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INTRODUCTION

The International Consortium on the
Ehlers-Danlos Syndromes

LARA BLOOM, * PETER BYERS, CLAIR FRANCOMANO, BRAD TINKLE,
AND FRANSISKA MALFAIT ON BEHALF OF THE STEERING COMMITTEE OF THE
INTERNATIONAL CONSORTIUM ON THE EHLERS-DANLOS SYNDROMES

Since 1998, two developments have led to concerns that the EDS nosology needs to be substantially revised. The
first development was the clinical and molecular characterization of several new EDS variants, which
substantially broadened the molecular basis underlying EDS. The second was the growing concern, in the
absence of genetic diagnosis, that the hypermobile type of EDS had an expanded phenotype, may be genetically
heterogeneous, and that the diagnostic criteria currently in use were inadequate. Furthermore, there is a dire
need for the development of guidelines for management for each type of EDS to allow both the specialist and the
generalist to care for affected individuals and their families. We have been meeting together as an international
consortium over the past 2 years to establish these new criteria and management and care guidelines

© 2017 Wiley Periodicals, Inc.

How to cite this article: Bloom L, Byers P, Francomano C, Tinkle B, Malfait F, on behalf of the Steering
Committee of The International Consortium on the Ehlers-Danlos Syndromes. 2017. The international

consortium on the Ehlers-Danlos syndromes. Am J Med Genet Part C Semin Med Genet 175C:5-7.

INTRODUCTION

The Ehlers—Danlos syndromes (EDS)
have fascinated people throughout the
ages. The first report of this disorder dates
back to Hippocrates (fourth century
BC). For many centuries, aftected indi-
viduals earned their livings as The Elastic
Skin Man, The India Rubber Man and
The Human Pretzel, amazing their
audiences in fairgrounds and circus side
shows by exhibiting contortionist tricks
and a remarkable ability to stretch their
skin. Job Janszoon van Meek’ren

[1657] provided a first partial description,
but the first classical description of the
syndrome in the medical literature is
attributed to Tschernogubow, a Russian
dermatologist in 1891 [Tschernogubow,
1891; Denko, 1978]. In 1901 and 1908,
respectively, the Danish and French
dermatologists Edvard Ehlers [Ehlers,
1901] and Henri-Alexandre Danlos
[Danlos, 1908] identified people with
striking alterations in the mechanical
properties of the skin and in the 1930s the
condition received its eponymous title,
and, by this, its scientific respectability

[Parkes Weber, 1936]. In the mid-20th
century it was suggested that a genetic
defect in the collagen “wickerwork” of
the connective tissues probably ac-
counted for the phenotype and not
much later the first genetic defect was
identified as a deficiency of lysyl hydrox-
ylase, a collagen modifying enzyme
[Krane et al., 1972].

The Ehlers—Danlos syndromes are
classically defined as a heterogeneous
group of heritable disorders of connec-
tive tissue characterized by articular
hypermobility, skin hyperextensibility
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and tissue fragility skin,

ligaments, joints, blood vessels, and

affecting

internal organs [Steinman et al., 1990].
Classification of this clinically and
genetically heterogeneous group of
conditions began in the late 1960s.
[1967] and then Beighton
[1970] recognized sufficient diversity

Barabas

in the clinical presentations and natural
history to delineate five apparently
discrete types of EDS. In 1986, a
nosology was proposed at a meeting in
Berlin, which formalized the nomen-
clature of the various types [Beighton
et al., 1988]. In the Berlin Nosology,
subtypes
and each subtype was designated a
Roman number. Developments in

eleven were recognized

the elucidation of the biochemical and
of EDS,
with increasing clinical experience,

molecular bases together
permitted refinement of the nosology,
leading to the Villefranche nosology
[Beighton et al., 1998]. This nosology
proposed a simplified classification into
six major subtypes, for which major
and minorclinical criteria were def-
ined, and substituted the previous
Roman numeral types by a descriptive
nomenclature.

Since 1998, two developments
have led to concerns that the EDS
nosology needs to be substantially
revised. The first development was
the clinical and molecular characteri-
zation of several new EDS variants,

which
molecular basis underlying EDS. The

substantially broadened the

second was the growing concern, in
the absence of genetic diagnosis, that
the hypermobile type of EDS had an
expanded phenotype, may be geneti-
cally heterogeneous, and that the
diagnostic criteria currently in use
were inadequate. Furthermore, there
is a dire need for the development of
guidelines for management for each
type of EDS to allow both the specialist
and the generalist to care for affected
individuals and their families.

At the First International Meeting
on EDS held in Ghent, Belgium, in
September 2012, an International Con-
sortium on EDS was formed with the
objective to convene a group of clini-
cians, scientists and lay members of the

EDS Community to come to grips with
difficult  aspects
of definition and management of EDS
types, to define research agenda’s,
and to continue EDS meetings.
Ehlers—Danlos Support UK (EDS UK)
and the Ehlers—Danlos National Foun-
dation (EDNF) took up the task to fund
this enterprise and develop a framework

the increasingly

in which this work could be completed.
Five working committees were estab-
lished, including a (i) Steering Com-
mittee (consisting of the chairs of each of’
the other four committees, a represen-
tative from EDS UK and EDNF and a
representative from OMIM), and com-
mittees on (ii) classical EDS, (iii) hyper-
mobile EDS, (iv) vascular EDS, and (v)
rare subtypes of EDS. Since it has
become clear that the clinical character-
istics of many of the types of EDS extend
well beyond the realms of skin and
joints, specific working groups (pain,
fatigue, cardiovascular, gastrointestinal,
physical
therapy, Beighton scoring, neurology,

orthopedic, oromandibular,
allergy/immunology, psychological as-
pects) engaging specialists from all areas
of medicine, were organized to review
specific manifestations and formulate
Each
and working group were made up of

recommendations. committee
several specialists representing multiple
countries and disciplines as well as had
representation from the patient support
groups worldwide.

The type-specific committees were
charged with performing a comprehen-
sive review of the literature and defining
the nosology and diagnostic criteria of
each EDS type. The working groups
also were charged with reviewing the
literature with a further focus on
management. Each group was also
charged in identifying the areas of
needed research. These groups met in
person or through tele/videoconferenc-
ing on a regular basis over a two-year
timespan.

The proposed criteria, literature
review and recommendations were
presented to other professionals working
in the field during an International
Symposium on the Ehlers—Danlos
Syndrome in New York, in May 2016,
and manuscripts were subsequently

circulated for critical review. The
work presented in this issue of the
American Journal of Medical Genetics,
Seminars in Medical Genetics represents
the consensus of the group after critical
review of the literature and considering
the professional experience of each of
the authors.

The Consortium is the beginning
of a process that should be ongoing. It
will (i) identify a set of participants that
can revise the classification on an
ongoing basis, (ii) implement both
general and type specific registries to
help better define the natural history,
medical history, and epidemiology of
EDS, (i) be the basis of periodic
international scientific meetings to
advance recognition and treatment,
and (iv) support smaller disorder specific
meetings to focus on advances and to
define needs for research. This effort
will continue forward with the support
of the newly formed international
charity The Ehlers—Danlos Society,
which was established with this mission

at its forefront.
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ARTICLE

The 2017 International Classification of the
Ehlers-Danlos Syndromes

FRANSISKA MALFAIT,* CLAIR FRANCOMANO, PETER BYERS, JOHN BELMONT,

BRITTA BERGLUND, JAMES BLACK, LARA BLOOM, JESSICA M. BOWEN, ANGELA F. BRADY,
NIGEL P. BURROWS, MARCO CASTORI, HELEN COHEN, MARINA COLOMBI,

SERWET DEMIRDAS, JULIE DE BACKER, ANNE DE PAEPE, SYLVIE FOURNEL-GIGLEUX,
MICHAEL FRANK, NEETI GHALI, CECILIA GIUNTA, RODNEY GRAHAME, ALAN HAKIM,
XAVIER JEUNEMAITRE, DIANA JOHNSON, BIRGIT JUUL-KRISTENSEN,

INES KAPFERER-SEEBACHER, HANADI KAZKAZ, TOMOKI KOSHO, MARK E. LAVALLEE,
HOWARD LEVY, ROBERTO MENDOZA-LONDONO, MELANIE PEPIN, F. MICHAEL POPE,
EYAL REINSTEIN, LEEMA ROBERT, MARIANNE ROHRBACH, LYNN SANDERS,

GLENDA J. SOBEY, TIM VAN DAMME, ANTHONY VANDERSTEEN,

CAROLINE VAN MOURIK, NICOL VOERMANS, NIGEL WHEELDON, JOHANNES ZSCHOCKE,
anp BRAD TINKLE

The Ehlers—Danlos syndromes (EDS) are a clinically and genetically heterogeneous group of heritable connective
tissue disorders (HCTDs) characterized by joint hypermobility, skin hyperextensibility, and tissue fragility. Over
the past two decades, the Villefranche Nosology, which delineated six subtypes, has been widely used as the
standard for clinical diagnosis of EDS. For most of these subtypes, mutations had been identified in collagen-
encoding genes, or in genes encoding collagen-modifying enzymes. Since its publication in 1998, a whole
spectrum of novel EDS subtypes has been described, and mutations have been identified in an array of novel
genes. The International EDS Consortium proposes a revised EDS classification, which recognizes 13 subtypes.
For each of the subtypes, we propose a set of clinical criteria that are suggestive for the diagnosis. However, in
view of the vast genetic heterogeneity and phenotypic variability of the EDS subtypes, and the clinical overlap
between EDS subtypes, but also with other HCTDs, the definite diagnosis of all EDS subtypes, except for the
hypermobile type, relies on molecular confirmation with identification of (a) causative genetic variant(s). We also
revised the clinical criteria for hypermobile EDS in order to allow for a better distinction from other joint
hypermobility disorders. To satisfy research needs, we also propose a pathogenetic scheme, that regroups EDS
subtypes for which the causative proteins function within the same pathway. We hope that the revised
International EDS Classification will serve as a new standard for the diagnosis of EDS and will provide a
framework for future research purposes. © 2017 Wiley Periodicals, Inc.

KEY WORDS: classification; Ehlers—Danlos syndromes; genetic basis; collagen
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INTRODUCTION

The Ehlers—Danlos syndromes (EDS)
are a heterogeneous group of heritable

connective tissue disorders (HCTDs)
characterized by joint hypermobility,
skin  hyperextensibility, and tissue

fragility. The clinical and genetic

heterogeneity of this condition has
long been recognized. The 1988 “Berlin
Nosology” recognized 11 subtypes,
defined by Roman numerals, based on

*Correspondence to: Fransiska Malfait, Center for Medical Genetics, Ghent University Hospital, De Pintelaan 185, B-9000 Ghent, Belgium.

E-mail: Fransiska.Malfait@Ugent.be
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clinical findings and mode of inheri-
tance [Beighton et al., 1988]. The
subjective interpretation of several semi-
quantitative clinical signs, such as joint
hypermobility, skin hyperextensibility,
tissue fragility and bruising, however, led
to clinical uncertainty, diagnostic con-
fusion regarding the type of EDS and the
inclusion of phenotypically similar con-
ditions under the broad diagnosis of
EDS. With the elucidation of the
biochemical and molecular basis of
many of these EDS types, a revised
classification, the “Villefranche Nosol-
ogy,” was published in 1998 [Beighton
et al.,, 1998]. This classification delin-
eated six subtypes, for which major
and minor clinical criteria were defined,
and which included the biochemical and
molecular basis, when known. The
Roman numerals were substituted by a
which  captured
manifestations  of

descriptive name,

the characteristic
each type. One underlying assumption
was that most, if not all, of these types
of EDS were a consequence of alter-
ations in fibrillar collagen genes or

in genes that encoded collagen

modifiers.

With the elucidation of the
biochemical and molecular
basis of many of these EDS
types, a revised classification,
the “Villefranche Nosology,”’
was published in 1998. This
classification delineated six
subtypes, for which major
and minor clinical criteria
were defined, and which
included the biochemical
and molecular basis, when
known.

Over the past two decades the
Villefranche Nosology has served its
purpose and has been widely used as the
standard for the clinical diagnosis of

EDS, and for clinical research on various
aspects of these conditions. However,
since its publication, a whole spectrum
of novel EDS subtypes has been
described, and with the advent of
next-generation sequencing (NGS)
facilities, mutations have been identified
in an array of new genes, that are
not always, at first sight, involved in
collagen biosynthesis and/or structure.
As such, the Villefranche classification
is showing its age. Furthermore, in
the persistent lack of a genetic defect,
there is a dire need for a better
clinical definition of the hypermobile
type of EDS and its delineation from
other hypermobility disorders. There-
fore, we undertook a comprehensive
review of the EDS-related literature,
and, based on our findings, revised the
EDS Classification.

THE 2017 INTERNATIONAL
CLASSIFICATION FOR THE
EHLERS-DANLOS
SYNDROMES

The new classification recognizes 13
subtypes, as outlined in Table I. After
careful discussions whether to maintain
a clinically orientated classification
versus a genetic classification, we pro-
pose to maintain a clinical classification,
in which the previously established
descriptive names are maintained, since
accepted and
widely used in the medical, scientific

they are generally
and patient community. For newly
defined EDS phenotypes, we propose
a novel descriptor that captures the

characteristic manifestations of the

phenotype.

We included all phenotypes that
present the basic clinical hallmarks of
EDS, that is joint hypermobility, skin
hyperextensibility and tissue fragility. In
particular, such features should distin-
guish the redefined hypermobile type
(hypermobile EDS, hEDS) from other
joint hypermobility disorders (See also ““A
framework  for the classification of Joint
Hypermobility and Related Conditions”
by Castori et al., this issue). Some of
the phenotypes clinically overlap with
other HCTDs, such as “myopathic
EDS,” which is caused by heterozygous

or biallelic mutations in COL12A1
(mEDS) and which clinically overlaps
with Bethlem Myopathy, and *
spondylodysplastic EDS” caused by bial-
lelic B3GALT6 mutations (spEDS-
B3GALTE®6), which clinically overlaps
with spondylo-epimetaphyseal dysplasia
with joint laxity type I (SEMD-JL1).
Since several patients with these con-
ditions are clinically suspected to have a
form of EDS, we believe that inclusion in
the EDS classification is justified. This is
also the case for Brittle Cornea Syn-
drome. We currently did not retain the
filaminA-related periventricular nodular
heterotopia (PVNH) with EDS-features
within the classification, as the majority
of patients primarily present with a
neurological phenotype. A minority of
patients has varying features of a HCTD,
which may include life-threatening
aneurysms, however, there is insufficient
published data to reliably differentiate
and prognosticate PVINH from PVNH-
EDS. We recommend that in- or exclu-
sion of these conditions in the EDS
classification is reviewed in future years,
when more information becomes
available.

In line with the 1997 Villefranche
Nosology, we propose a set of major
and minor clinical criteria for each
EDS subtype. A major criterion has
high diagnostic specificity because it is
present in the vast majority of the
affected individuals and/or it is char-
acteristic for the disorder and allows
differentiation from other EDS sub-
types and/or other HCTDs. A minor
criterion is a sign of lesser diagnostic
specificity, but its presence supports the
diagnosis. For each of the subtypes, we
defined minimal major & minor clini-
cal criteria that are suggestive for the
diagnosis of a specific subtype. How-
ever, in view of the wvast genetic
heterogeneity and phenotypic variabil-
ity of the EDS subtypes, and the
clinical overlap between many of these
subtypes, but also with other HCTDs,
the definite diagnosis relies for all sub-
types, except hEDS, on molecular confir-
mation with identification of (a)
causative variant(s) in the respective
gene. A molecular diagnosis is ex-
important  for

tremely counseling
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TABLE I. Clinical Classification of the Ehlers-Danlos Syndromes, Inheritance Pattern, and Genetic Basis
Clinical EDS subtype = Abbreviation P Genetic basis Protein
1 Classical EDS cEDS AD Major: COL5A1, COL5A1 Type V collagen
Rare: COL1A1 Type I collagen
c.934C>T, p.(Arg312Cys)
2 Classical-like EDS cIEDS AR TNXB Tenascin XB
3 Cardiac-valvular cvEDS AR COL1A2 (biallelic mutations that lead to COL1A2  Type I collagen
NMD and absence of pro a2(I) collagen chains)
4 Vascular EDS vEDS AD Major: COL3A1 Type III collagen
Rare: COL1A1 Type I collagen
c.934C>T, p.(Arg312Cys)
c.1720C>T, p.(Arg574Cys)
¢.3227C>T, p.(Arg1093Cys)
5 Hypermobile EDS hEDS AD Unknown Unknown
6 Arthrochalasia EDS aEDS AD COL1A1, COL1A2 Type I collagen
7 Dermatosparaxis EDS dEDS AR ADAMTS2 ADAMTS-2
8 Kyphoscoliotic EDS kEDS AR PLOD1 LH1
FKBP14 FKBP22
9  Brittle Cornea syndrome BCS AR ZNF469 ZNF469
PRDM>5 PRDM5
10 Spondylodysplastic EDS spEDS AR B4GALT7 B4GalT7
B3GALT6 B3GalT6
SLC39A13 ZIP13
11 Musculocontractural EDS mcEDS AR CHST14 DA4ST1
DSE DSE
12 Myopathic EDS mEDS AD or AR COL12A1 Type XII collagen
13 Periodontal EDS pEDS AD CIR Cilr
C1S8 Cls
IP, inheritance pattern; AD, autosomal dominant; AR, autosomal recessive, NMD, nonsense-mediated mRINA decay.

purposes, as it allows confirmation of
the precise diagnosis and gives infor-
mation on inheritance pattern, recur-
rence risk and prognosis, and it may
guide
allows for the formation of homoge-

management. Moreover, it
neous cohorts for research purposes,
and future therapeutic interventions.
Since the genetic basis of hEDS is
still unknown, the diagnosis of this
subtype rests on clinical findings, as
delineated in the revised criteria for
hEDS.

In view of the vast genetic
heterogeneity and phenotypic
variability of the EDS
subtypes, and the clinical
overlap between many of these
subtypes, but also with other
HCTD:s, the definite
diagnosis relies for all
subtypes, except hEDS, on

molecular confirmation with
identification of (a) causative
variant(s) in the respective

gene.

Molecular  diagnostic ~ strategies
should rely on NGS technologies,
which offer the potential for parallel
sequencing of multiple genes. Targeted
resequencing of a panel of genes,

for example, COL5A1, COL5A2,
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COL1A1 and COL1A2, is a time- and
cost-effective approach for the molecu-
lar diagnosis of the genetically hetero-
geneous EDS. When no mutation (or in
case of an autosomal recessive condition
only one mutation) is identified, this
approach should be complemented with
a copy number variant (CNV) detection
strategy to identify large deletions or
duplications, for example Multiplex
Ligation-dependent Probe Amplifica-
tion (MLPA), qPCR, or targeted array
analysis. Alternatively, or in a second
phase, whole exome sequencing
(WES) or whole genome sequencing
(WGS) and RNA sequencing techni-
ques can be used, with data-analysis
initially focusing on the genes of interest
for a given EDS subtype. In absence of
the identification of a causal mutation,
this approach allows to expand the
analysis to other genes within the
genome. This is particularly interesting
in view of the clinical overlap between
EDS subtypes and with other
HCTDs, and the observation that in
an important proportion of EDS-
patients, no pathogenic variants are
identified in any of the known EDS-
associated genes.

The interpretation of variants of
uncertain significance (VUS), espe-
cially missense variants, should include
correlation with the complete clinical
phenotype. In keeping with the
ACMG guidelines, variants that are
supported by some evidence of patho-
genicity (e.g., high in silico scores,
presence in a functionally active do-
main) can be considered “likely patho-
segregation
may help to interpret the pathogenicity

genic.” Familial studies
of the variant, and for some genes,

ultrastructural, biochemical and/or
functional protein assays are available,
as outlined below. Individuals harbor-
ing such a “likely pathogenic” variant
should be followed clinically. Initial
counseling for such patients should
point out that the true significance of
the variant will not be known until
these additional tests are completed.
In the longer term, assignment of
pathogenicity is likely to be facilitated
by data from large-scale genome-

sequencing projects in patient and

control cohorts [Weerakkody et al.,
2016].

For patients who fulfill the set of
minimal clinical requirements for a
specific EDS subtype, but (i) who have
no access to molecular confirmation;
(i) in whom one or more VUS is/are
identified in one the EDS subtype-
specific genes; or (iii) in whom no
causative variants are identified in any of
the EDS-subtype-specific genes, a “pro-
visional clinical diagnosis” of an EDS
subtype can be made, and patients
should be followed clinically. However,
alternative diagnoses and hence ex-
panded molecular testing should be
considered.

PATHOGENETIC
MECHANISMS
UNDERLYING THE
EHLERS-DANLOS
SYNDROMES

While the proposed clinically orien-
tated classification aims to be user-
friendly for the EDS non-specialist,
and offers the affected patients and
their family members a “descriptive”
diagnosis that he or she can identify
with, a genetic classification provides a
better framework for research purposes
and for the development of future
treatment strategies. To satisfy both
clinical and research needs, we propose,
in addition to the clinical classification,
a pathogenetic scheme, that regroups
EDS subtypes for which the proteins,
coded by the causative genes, function
within the same pathway, and which
are likely to have shared pathogenic
mechanisms, based on current knowl-
edge (Table II). A similar regrouping of
osteogenesis imperfecta (OI) subtypes
by gene function was proposed and is
widely adapted in clinical and in
research settings.

CLASSIFICATION OF EDS

Classical EDS (cEDS)

e Inheritance
Autosomal dominant

e Major criteria
1. Skin hyperextensibility' and atro-
phic scarring®
2. Generalized joint
(GJH)?

e Minor criteria

hypermobility

. Easy bruising”

. Soft, doughy skin’

. Skin fragility (or traumatic splitting)
. Molluscoid pseudotumors®
Subcutaneous spheroids’

. Hernia (or history thereof)

. Epicanthal folds”
. Complications
(e.g.,
subluxation, pain, flexible flatfoot)

of joint hyper-

mobility sprains, luxation/
9. Family history of a first degree

relative who meets clinical criteria

'Skin extensibility should be measured by
pinching and lifting the cutaneous and subcu-
taneous layers of the skin on the volar surface at
the middle of the non-dominant forearm as
described in Remvig et al. [2009]. Skin is
hyperextensible if it can be stretched over a
standardized cut-oft in three of the following
areas: 1.5 cm for the distal part of the forearms
and the dorsum of the hands; 3 cm for neck,
elbow, and knees.

2Abnormal scarring can range in severity. Most
patients have extensive atrophic scars at a
number of sites (Fig. 1). These can sometimes
be haemosiderotic. A minority of patients are
more mildly affected.

*GJH is evaluated according to the Beighton
score; a Beighton score of >5 is considered
positive for the presence of GJH (Fig. 2). Since
laxity decreases with age, patients with a
Beighton score <5/9 may be considered
positive based on their historical observations
(see “five-point questionnaire (5PQ)” (Table
D).

*Easy bruising can occur anywhere on the body,
including unusual sites. The pretibial area often
remains stained with hemosiderin from previ-
ous bruises.

*Subjective abnormality of the skin texture is
appreciable by touching the skin.

®Molluscoid pseudotumors are fleshy lesions
associated with scars, found over pressure points
(e.g., elbow, fingers).

Subcutaneous spheroids (Fig. 1F) are small
spherical hard bodies, frequently mobile, and
palpable on the forearms and shins. Spheroids
may be calcified and detectable radiologically.
SEpicanthal folds are often seen in childhood
but may also be seen in adults.
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Hypermobile EDS

Figure 1. The atrophic skin/widened scars seen in hypermobile EDS as compared
to classic EDS. Hypermobile EDS. Post-traumatic, atrophic, and widened scar in a
young man (A). Skin stretching between the examiner’s fingers discloses mild atrophy of
the underlying dermis (B). A further atrophic and widened scar due to wound healing
delay after excision of a melanocytic nevus in a young woman (C). Classical EDS. Typical
papyraceous and hemosideric scar after repetitive wound re-opening and molluscoid
pseudotumor in an adult man (D). Papyraceous, but not hemosideric scar and acquired
cutis laxa in a young woman (E). Subcutaneous spheroid (F). Huge molluscoid

pseudotumor of the elbow (G).

Classical EDS

&

Movre than 90% of cEDS

patients harbor a heterozygous

mutation in one of the genes
encoding type V collagen
(COL5A1 and COL5A2).

that includes at least the COL5A1,
COL5A2, COL1A1, and COL1A2
genes, or by WES or WGS, is
indicated. When no mutation is
identified, this approach should be
complemented with a CNV detection
strategy to identify large deletions or
duplications.

In case of unavailability of genetic
testing, transmission electron micros-
copy (TEM) findings of collagen
flowers on skin biopsy can support
the clinical diagnosis, but cannot
confirm it.

Absence of these confirmatory
findings does not exclude the diagno-
sis, as specific types of mutations (e.g.,
deep intronic mutations) may go
undetected by standard diagnostic
molecular techniques; however, alter-
native diagnoses should be considered
in the absence of (a) COLS5AI,
COL5A2, COL1A1, or COL1A2
mutation(s).

Classical-Like EDS (clEDS)

o Inheritance
Autosomal Recessive
e Major criteria
1. Skin hyperextcnsibilit:y,9 with vel-
vety skin texture and absence of
atrophic scarring
2. GJH’ with or without recurrent
dislocations (most commonly shoul-
der and ankle)
3. Easy bruisable skin/spontaneous
ecchymoses
e Minor criteria
1. Foot deformities: broad/plump fore-
foot, brachydactyly with excessive
skin; pes planus; hallux valgus;
piezogenic papules
2. Edema in the legs in absence of
cardiac failure
3. Mild proximal and distal muscle
weakness
4. Axonal polyneuropathy
5. Atrophy of muscles in hands and
feet
6. Acrogeric hands, mallet finger(s),
clinodactyly, brachydactyly
7. Vaginal/uterus/rectal prolapse
e Minimal criteria suggestive for clEDS:
— All three major criteria AND a family
history compatible with autosomal
recessive transmission.
Confirmatory molecular testing is
obligatory to reach a final diagnosis.

“For definitions of GJH and skin hyperexten-
sibility, see criteria for “Classical EDS.”
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Figure 2. The Beighton scoring system. Each joint is measured using a goniometer and each side is scored independently as outlined

9. Figure courtesy of Dr. Juul-Kirstensen.

[Juul-Kristensen et al., 2007]. (A) With the palm of the hand and forearm resting on a flat surface with the elbow flexed at 90°, if the
metacarpal-phalangeal joint of the fifth finger can be hyperextended more than 90° with respect to the dorsum of the hand, it is considered
positive, scoring 1 point. (B) With arms outstretched forward but hand pronated, if the thumb can be passively moved to touch the
ipsilateral forearm it is considered positive scoring 1 point. (C) With the arms outstretched to the side and hand supine, if the elbow extends
more than 10°, it is considered positive scoring 1 point. (D) While standing, with knees locked in genu recurvatum, if the knee extends
more than 10°, it is considered positive scoring 1 point. (E) With knees locked straight and feet together, if the patient can bend forward to
place the total palm of both hands flat on the floor just in front of the feet, it is considered positive scoring 1 point. The total possible score is

e Molecular basis
clEDS is caused by a complete lack of
Tenascin XB (TNX) due to biallelic
TNXB mutations, that lead to nonsense-
mediated mRNA decay, or biallelic
deletion of TNXB. As a result the
TNX protein is completely absent.
TNXB is the only gene associated with
cIEDS.
e Verification of diagnosis
Molecular analysis of the TNXB gene
should be used as the standard confir-
matory test. Difficulties in DNA testing
are related to the presence of a
pseudogene (TNXA), which is more
than 97% identical to the 3’ end of
TNXB (exons 32—-44). With the only
exception of exon 35, which partially
TNXB-specific
exon and intron sequences in this

shows a sequence,

region are identical or almost
identical in both the gene and the
pseudogene. This has

both for sequencing and deletion/

implications

duplication analysis.

For sequence analysis of TNXB, two

approaches are recommended.

1. Sanger sequencing of the entire
TNXB gene.

2. Next-generation
TNXB + Sanger sequencing of the
pseudogene region.

sequencing  of

Both
sequence analysis of the pseudogene-

approaches will require

homolog region in a few large multi-
exons amplicons.

If no or only one causative mutation
is identified by classic sequencing,
additional methods that allow detection
of large deletions/duplications should
be added. So far no method is able to
specifically detect TNXB CNVs in the
highly homologous exons 32-34 and
36—44. CNV analysis of exon 35 is
currently used to detect deletions in
this region, including the 30 kb deletion
previously described by Schalkwijk
et al. [2001].

TNX, a large 450kDa extracel-
lular matrix glycoprotein, secreted
by skin fibroblasts, can be detected
with antibodies directed against its
carboxyterminal end. Patients with
clEDS are completely depleted of the
TNX protein in serum. We refer to
the paper of Schalkwijk et al. [2001]
for more detailed information con-
cerning the used method to detect
TNX.

Absence of these confirmatory
findings does not exclude the diagnosis,
as specific types of mutations (e.g., deep
intronic mutations) may go undetected
by standard diagnostic molecular tech-
niques; however, alternative diagnoses
should be considered in the absence of a
TNXB mutation.

Cardiac-Valvular EDS (cvEDS)

e Inheritance
Autosomal recessive

e Major criteria
1. Severe progressive cardiac-valvular

problems valve,  mitral

10

(aortic
valve)
2. Skin involvement: skin hyperexten-
sibility,ll atrophic scars, thin skin,
easy bruising
3. Joint hypermobility (generalized or
restricted to small joints)
e Minor criteria
1. Inguinal hernia
2. Pectus
excavatum)
3. Joint dislocations

deformity (especially

4. Foot deformities: pes planus, pes
planovalgus, hallux valgus
e Minimal criteria suggestive for cvEDS:
— Major Criterion (1): severe progres-
sive cardiac-valvular problems
— AND a family history compatible
with autosomal recessive inheritance
Plus
— Either: one other major criterion
— And/or: at least two minor criteria
Confirmatory molecular testing is
obligatory to reach a final diagnosis.
e Molecular basis
cvEDS is caused by a complete lack of
the proa2-chain of type I collagen due
to biallelic COL1A2 mutations, that

"“The cardiac-valvular problems were reported
in all affected adult individuals, but were absent
in the two reported children (both <10 years of
age).

"For definition of skin hyperextensibility, see
criteria for “Classical EDS.”
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lead to nonsense-mediated mRNA
decay. COL1A2 is the only gene
associated with cvEDS.
Verification of diagnosis
Molecular screening by Sanger se-
quencing of COL1A2, or targeted
resequencing of a gene panel that
includes COL1A2 is indicated. When
no mutation is identified, this approach
should be complemented with a CNV
detection strategy to identify large
deletions or duplications.

In case of unavailability of genetic
SDS PAGE demonstrates
total absence of (pro-) a2(I) collagen

testing,

chains.

Whereas absence of these confirma-
tory biochemical findings allows to
exclude the diagnosis of cvEDS, absence
of confirmatory genetic findings does
not exclude the diagnosis, as specific
types of mutations (e.g., deep intronic
mutations) may go undetected by stan-
dard diagnostic molecular techniques.

Vascular EDS (VEDS)

Inheritance
Autosomal dominant
Major criteria
1. Family history of vEDS with
documented causative variant in
COL3A1
2. Arterial rupture at a young age
3. Spontaneous sigmoid colon perfora-
tion in the absence of known
diverticular disease or other bowel
pathology
4. Uterine rupture during the third
trimester in the absence of previous
C-section and/or severe peripartum
perineum tears
5. Carotid-cavernous sinus fistula (CCSF)
formation in the absence of trauma
Minor criteria
1. Bruising unrelated to identified
trauma and/or in unusual sites
such as cheeks and back
2. Thin, translucent skin with in-
creased venous visibility
. Characteristic facial appearance
. Spontaneous pneumothorax
Acrogeria
. Talipes equinovarus

N o Ul AW

. Congenital hip dislocation

8. Hypermobility of small joints
9. Tendon and muscle rupture
10. Keratoconus
11. Gingival recession and gingival
fragility
12. Early onset varicose veins (under
age 30 and nulliparous if female)

e Minimal criteria suggestive for vEDS:

A family history of the disorder, arterial
rupture or dissection in individuals
less than 40 years of age, unexplained
sigmoid colon rupture, or spontaneous
pneumothorax in the presence of other
features consistent with vEDS should all
lead to diagnostic studies to determine if
the individual has vEDS. Testing for
vEDS should also be considered in the
presence of a combination of the other
“minor” clinical features listed above.

A family history of the
disorder, arterial rupture, or
dissection in individuals less

than 40 years of age,
unexplained sigmoid colon
rupture, or spontaneous

pneumothorax in the presence

of other features consistent
with vEDS should all lead to

diagnostic studies to determine

if the individual has vEDS.

Even for experienced clinicians the
clinical diagnosis of VEDS may be
difficult. Because of implications for
treatment, natural history, and recur-
rence risk, the diagnosis of VEDS rests
on the identification of a causative
variant in one allele of COL3A1.

e Molecular basis

Patients with VEDS typically harbor a
heterozygous mutation in the COL3A 1
gene, encoding type III collagen, with
the rare exception of specific heterozy-
gous arginine-to-cysteine substitution
mutations in COL1A1 (c.934C>T, p.
Arg312Cys; ¢.1720C>T, p.Arg574Cys
and ¢.3277C>T, p.Argl093Cys) that

are also associated with vascular fragility,

mimicking COL3A1-vEDS [Malfait

et al., 2007b], (see also “Ehlers—Danlos

Syndrome, Rare Types,” by Brady et al.,

this issue).

In very rare instances, biallelic path-
ogenic variants in COL3A1 may be
identified.

e Verification of clinical diagnosis
Molecular screening by Sanger se-
quencing of COL3A1, or targeted
resequencing of a gene panel that
includes COL3A1 and COL1AT1 (the
latter to identify the above-listed argi-
nine-to-cysteine substitution muta-

tions) is indicated. When no mutation
is identified, this approach should be
complemented with a CNV detection
strategy to identify large deletions or
duplications.

Absence of these confirmatory find-
ings does not exclude the diagnosis, as
specific types of mutations (e.g., deep
intronic mutations) may go undetected
by standard diagnostic molecular tech-
niques; however, alternative diagnoses
should be considered in the absence of a
COL3A1 or COL1A1 mutation.

Hypermobile EDS (hEDS)

e Inheritance
Autosomal dominant
e Molecular basis
Unknown
e Clinical diagnosis
The diagnosis of hEDS remains clinical
as there 1s yet no reliable or appreciable
genetic etiology to test for in the vast
majority of patients. This, in part, likely
reflects genetic heterogeneity. In addi-
tion, the syndromic presentation may
vary according to age and gender. There
is also a clinical spectrum ranging
from asymptomatic joint hypermobility,
through “non-syndromic” hypermo-
bility with secondary manifestations,
to hEDS (see “A Framework for the
Classification of Joint Hypermobility and
Related Conditions” by Castori et al., this
issue). A diagnosis of hEDS should be
assigned only in those who meet all of
the criteria described below, which
should help to reduce heterogeneity
and facilitate efforts to discover the
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of the
syndrome which, in turn, may help

underlying genetic cause(s)

clinical management. Since there is
currently no “gold standard” laboratory
test to confirm or refute the diagnosis,
we anticipate that future research will
lead to further revisions of these clinical
criteria necessitating regular review of
the relevant medical literature. It is also
imperative, as this is a clinical diagnosis,
to be relatively confident that the
patient’s presentation does not repre-
sent one of the many other disorders of’
connective tissue. Therefore, the clini-
cian should be experienced at the
physical examination described herein
as well the historical and clinical
presentation of other HCTD and their
diagnoses.

The clinical diagnosis of hEDS needs
the simultaneous presence of criteria 1
AND 2 AND 3. Specific annotations
and further explanations (i.e., footnotes
[EN]) are reported for select features.

Criterion 1: Generalized Joint
Hypermobility (GJH)

To date, the Beighton score (Fig. 2) is
the most recognized tool for assessing
GJH (see “Measurement Properties of
Clinical Assessment Methods for Classifying
Generalized Joint Hypermobility—a Sys-
tematic Review” by Juul-Kristensen et al.,
this issue). According to the original
definition of the Beighton score and its
subsequent incorporation into the Vil-
lefranche nosology for the hEDS, the
cut-off for the definition of GJH is >5
points out of 9. However, joint range of
motion decreases with age [Soucie et al.,
2011; McKay etal., 2016] and there is an
inverse relationship between age at
ascertainment and the Beighton score
[Remvig et al., 2007], so the cut-off of
five may prompt an over-diagnosis in
children and an under-diagnosis among
adults and elders. As GJH is considered a
prerequisite for the diagnosis of hEDS
and GJH is a constitutional trait strongly
influenced by acquired and inherited
conditions (e.g., sex, age, past-traumas,
co-morbidities, etc.), some minor adap-
tations to the cut-off of five should
be considered for the diagnosis of
hEDS. The Committee on behalf of

the International Consortium on the
Ehlers—Danlos  Syndromes proposes
>6 for pre-pubertal children and ado-
lescents, >5 for pubertal men and
women up to the age of 50, and >4
for those >50 years of age for hEDS.
This may vary from other types of EDS
but such types
testing.

have confirmatory

According to the original
definition of the Beighton
score and its subsequent
incorporation into the
Villefranche nosology for the
hEDS, the cut-off for the
definition of GJH is >5
points out of 9. However,
joint range of motion decreases
with age and there is an
inverse relationship between
age at ascertainment and
the Beighton score, so the
cut-off of five may prompt an
over-diagnosis in children and
an under-diagnosis among
adults and elders.

In individuals with acquired joint
limitations (past surgery, wheelchair,

amputations,  etc.) affecting  the
Beighton score calculation, the assess-
ment of GJH may include historical
information using the five-point ques-
tionnaire (5PQ) (Table IIT) [Hakim and
Grahame, 2003; Mulvey et al., 2013],
although this has not been validated in
children (see “Measurement Properties of
Clinical Assessment Methods for Classifying
Generalized Joint Hypermobility—a Sys-
tematic Review” by Juul-Kristensen et al.,
this issue). If the Beighton score is 1 point
below the age- and sex-specific cut-oft
AND the 5PQ is ‘positive’ (= at least
two positive items), then a diagnosis of
GJH can be made.

For patients with lower Beighton
scores, the assessment of other joints is
often considered, including temporo-
mandibular joint, shoulder, hip, foot,
wrist, ankle, and other digits. Increased
ankle and wrist dorsiflexion, increased
internal and external hip rotation, and
pes planus have been correlated with
Beighton score [Smits-Engelsman et al.,
2011] However, similar concerns about
age, gender, and environmental influ-
ences as well as measurement method-
ology and reliable cut-oft values, limit
such analysis as too subjective in the
determination of GJH. Therefore, the
use of such measurements cannot be
factored into a diagnostic algorithm at
this time. Obviously, more information
regarding the assessment methodology
(ies) in the determination of GJH is
needed (see “Measurement Properties of
Clinical Assessment Methods for Classifying
Generalized ~ Joint ~ Hypermobility—a

TABLE III. The Five-Point Questionnaire. Adapted From
[Grahame and Hakim, 2003]

your knees?

or could you do the splits?

occasion?

sensitivity and 80-90% specificity

1. Can you now (or could you ever) place your hands flat on the floor without bending

2. Can you now (or could you ever) bend your thumb to touch your forearm?
3. As a child, did you amuse your friends by contorting your body into strange shapes

4. As a child or teenager, did your shoulder or kneecap dislocate on more than one

5. Do you consider yourself “double-jointed”?

A “yes” answer to two or more questions suggests joint hypermobility with 80-85%
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Systematic Review” by Juul-Kristensen
et al., this issue).

Lastly, the use of the Beighton
meant

scoring system is to be a

diagnostic screening method. It is
understood that gender, age, ethnicity,
strength training, stretching exercises,
and warming up all affect JH and
therefore GJH. However,

overcompensation, injury and surgery

muscular

can cause either joint hypermobility or
hypomobility. Muscular overcompensa-
tion, such as tight hamstrings, can affect
the degree of knee extension and lumbar
flexion negatively, while stretching ex-
ercises and warming up affects positively.
Injury can destabilize a joint or alterna-
tively reduce movement. Surgery can
similarly affect a joint. For example, a
person with lumbar spine fusion may
not be able to have a “positive” forward
spinal flexion for Beighton scoring.
There is a temptation by clinicians to
consider this a positive score but without
current ability or historical demonstra-
tion, it should be scored negative. An
argument could be made to invalidate
spinal flexion scoring thus the total score
would be eight and not nine. However,
it is not known if the numerator
(determinant of GJH) should be ad-
justed in this situation. In theory, this
makes sense but what is the appropriate
cut-off? Therefore, like any clinical tool,
there is some subjectivity and this is a
guideline not to replace the judgment of
the experienced clinician; however,
standardization of performance proce-
dures is required. One may want to
label such persons as having “probable
GJH” but at the present time, “probable
GJH” should not be considered an
alternative of the objectively diagnosed
GJH (as described above) into the
diagnostic flow-chart of hEDS. Stronger
scrutiny of phenocopies should be
contemplated.

Criterion 2: Two or More Among
the Following Features (A-C)
MUST Be Present (for Example:
A and B; A and C; B and C;

A and B and C)

Feature A: systemic manifestations of a

more generalized connective tissue

disorder
) 12

(a total of five must be
present

1. Unusually soft or velvety skin'?

2. Mild skin hyperextensibility'*

3. Unexplained striae such as striae
distensae or rubrae at the back, groins,
thighs, breasts and/or abdomen in
adolescents, men or prepubertal
women without a history of signifi-
cant gain or loss of body fat or weight

4. Bilateral piezogenic papules of the
heel®

5. Recurrent or multiple abdominal
hernia(s) (e.g., umbilical, inguinal,
crural)

"?If marfanoid features are present, consider
other conditions such as: Marfan syndrome,
Loeys—Dietz syndrome, congenital contractural
arachnodactyly, Shprintzen—Goldberg syn-
drome, Stickler syndrome, Homocystinuria,
multiple endocrine neoplasia type 2B, and the
familial thoracic aortic aneurysmal disorders
[Pyeritz and Loeys, 2012]. Molecular testing for
many of these conditions is clinically available.
PWhile skin softness and texture remain
subjective, it is often very notable in some
individuals and useful when present but not
quantifiable; we therefore recommend a high
threshold for positivity.

Skin extensibility as measured by pinching
and lifting the cutaneous and subcutaneous
layers of the skin on the volar surface at the
middle of the non-dominant forearm as
described in Remvig et al. [2009]. Skin
extensibility of >1.5 cm is considered the upper
end of normal. It is likely that the hyper-
extensibility of the skin in hEDS overlaps
significantly with that of “normal” skin.
Therefore, extensibility of more than 1.5cm
is “positive.” If extensibility >2.0 cm is present
especially in combination with other cutaneous
features, such as papyraceous scars, molluscoid
pseudotumors and/or subcutaneous spheroids,
consider other EDS types as possible alternative
diagnoses (mainly ¢EDS and classical-like
EDS).

!5piezogenic papules are herniations of subcu-
taneous fat often demonstrable in the heel upon
standing (Fig. 3). It is considered uncommon in
children but can be found in adults with history
of prolonged standing (occupational), mara-
thon runners, or weightlifters [Poppe and
Hamm, 2013] However, in a sex- and age-
matched study of 29 Dutch EDS patients,
piezogenic papules were found in 34.5% but
none in the control group [Kahana etal., 1987].

6. Atrophic scarring involving at least
two sites and without the formation of
truly papyraceous and/or hemosideric
scars as seen in classical EDS'®

7. Pelvic floor, rectal, and/or uterine
prolapse in children, men or nullipa-
rous women without a history of
morbid obesity or other known pre-
disposing medical condition

8. Dental crowding and high or narrow
palate'”

9. Arachnodactyly, as defined in one or
more of the following: (i) positive
wrist sign (Steinberg sign) on both
sides; (ii) positive thumb sign (Walker
sign) on both sides

10. Arm span-to-height >1.05

11. Mitral valve prolapse (MVP) mild or
greater based on strict echocardio-
graphic criteria'®

12. Aortic root dilatation with Z-score
>+2

Feature B: positive family history,
with one or more first degree relatives

!°Atrophic scarring is defined as scars from
linear traumatic lacerations or single-surgery
that are unusually shallow (i.e., thin and sunken)
and/or wider than the original wound due to
impaired repair and subsequent dermal hypo-
trophy. Atrophic scars as the result of multiple
incisions, wound infections, or inflammatory
conditions (such as viral infections, cystic acne,
etc.) are not to be considered. Elliptical
incisions (e.g., for removal of nevi) may be
difficult to assess without knowing the size of
the original wound. True skin fragility, such as
the propensity to have an open wound due to
trivial trauma, is not a typical feature of hEDS.
Atrophic scarring in hEDS is mildly to
moderately different from that usually consid-
ered typical of cEDS (Fig. 1).

YIncludes history of dental crowding or
orthodontic intervention(s) to correct such
problems. Both conditions must be positive to
meet this criterion.

8Some studies show no increase in the
frequency of clinically significant MVP [Dolan
et al., 1997; McDonnell et al., 2006; Atzinger
et al, 2011] and others show an MVP
frequency of 28-67% among hEDS patients
[Camerota et al., 2014; Kozanoglu et al., 2016].
This feature is included in the diagnostic
criteria because it can be a marker of connective
tissue laxity, but is usually not clinically
significant in patients with hEDS.
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independently meeting the current
diagnostic criteria for hEDS.

Feature C: musculoskeletal com-
plications (must have at least one):

1. Musculoskeletal pain in two or more
limbs, recurring daily for at least 3 months

2. Chronic, widespread pain for >3
months

3. Recurrent joint dislocations or frank
joint instability, in the absence of
trauma (a or b)"’

a. Three or more atraumatic disloca-
tions in the same joint or two or more
atraumatic dislocations in two difter-
ent joints occurring at different times

b. Medical confirmation of joint insta-
bility at two or more sites not related

20
to trauma

Criterion 3: All the Following
Prerequisites MUST Be Met

1. Absence of unusual skin fragility, which
should prompt consideration of other
types of EDS

2. Exclusion of other heritable and acquired
connective tissue disorders, including
autoimmune rheumatologic conditions.
In patients with an acquired connective
tissue disorder (e.g., lupus, rheumatoid
arthritis, etc.), additional diagnosis of
hEDS requires meeting both Features A
and B of Criterion 2. Feature C of
Criterion 2 (chronic pain and/or insta-
bility) cannot be counted towards a
diagnosis of hEDS in this situation.

3. Exclusion of alternative diagnoses that
may also include joint hypermobility
by means of hypotonia and/or connec-
tive tissue laxity. Alternative diagnoses
and diagnostic categories include, but
are not limited to, neuromuscular

“Dislocation” is defined as displacement of a
bone out of the joint socket (or out of normal
position in the case of sesamoid bones such as
the patella), sufficiently severe to limit motion
of the joint and requiring manual reduction.
*Refers to sites regardless of laterality. For
example, right and left patellar instability would
count as two. Instability should be evaluated
and determined by a qualified practitioner
using recommended guidelines.

disorders (e.g., myopathic EDS, Beth-
lem myopathy), other HCTD (e.g.,
other types of EDS, Loeys—Dietz
syndrome, Marfan syndrome), and
skeletal dysplasias (e.g., OI). Exclusion
of these considerations may be based
upon history, physical examination,
and/or molecular genetic testing, as
indicated.

o General comment

Many other features are described in
hEDS but most are not sufficiently
specific nor sensitive at the moment to
be included in formal diagnostic crite-
ria (see “Hypermobile ~Ehlers—Danlos
Syndrome (a.k.a. Ehlers—Danlos Syn-
drome Type III and Ehlers—Danlos syn-
drome  hypermobility  type):  Clinical
Description, and Natural History” by
Tinkle et al., this issue). These include
but are not limited to: sleep distur-
bance, fatigue, postural orthostatic
tachycardia, functional gastrointestinal
disorders, dysautonomia, anxiety, and
depression. These other systemic man-
ifestations may be more debilitating
than the joint symptoms, often impair
functionality and quality of life, and
should always be determined during
clinical encounters. While they are not
part of the diagnostic criteria, the
presence of such systemic manifesta-
tions may prompt consideration of
hEDS in the differential diagnosis.
Future research will need to focus on
such symptoms to validate any associa-
tion with hEDS, describe sub-groups
or sub-phenotypes, and be focused on
evidence-based management of the
symptoms in the context of hEDS.

Arthrochalasia EDS (aEDS)

e Inheritance
Autosomal dominant
e Major criteria
1. Congenital bilateral hip dislocation®'

1Al reported aEDS patients had congenital
bilateral hip dislocation. One unreported
molecularly proven aEDS patient is known to
have had congenital unilateral hip dislocation
[Byers et al., personal communication].

2. Severe GJH, with multiple disloca-
tions/subluxations>>
3. Skin hyperextensibility>*

e Minor criteria

1. Muscle hypotonia

2. Kyphoscoliosis

3. Radiologically mild osteopenia

4. Tissue fragility, including atrophic
scars

5. Easy bruisable skin

Minimal criteria suggestive for aEDS:

— Major criterion (1): Congenital
bilateral hip dislocation

Plus

— Either major criterion (3): skin
hyperextensibility

— Or major criterion (2): severe GJH
with multiple dislocations/subluxations
and at least two other minor criteria

Confirmatory molecular testing is

obligatory to reach a final diagnosis.

Molecular basis

aEDS is caused by heterozygous muta-

tions in either COL1A1 or COL1A2,

that cause entire or partial loss of exon 6

of the respective gene. No other genes

are associated with aEDS.

Verification of diagnosis

Molecular screening by Sanger sequenc-

ing of COL1A1 and COL1A2, or

targeted resequencing of a gene panel

that includes these genes, is indicated.

When no mutation is identified, this

approach should be complemented with

a CNV detection strategy to identify

large deletions or duplications.

In case of unavailability of genetic
testing, SDS PAGE of the pepsin-
digested collagen in the medium or
cell layer of cultured dermal fibroblasts
demonstrates the presence of a mutant
pNal(I) or pNa2(I) chain (precursor
procollagen chains in which the carboxy
(C)-but not the amino (N)-propetide is
cleaved oft).

TEM of skin specimens shows loosely
and randomly organized collagen fibrils
with a smaller and more variable diame-
ter, and an irregular outline. These
findings may support the diagnosis, but
cannot confirm it.

Absence of a causative mutation in
COL1A1 or COL1A2 that leads to

For definition of GJH, see criteria for
“Classical EDS.”
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complete or partial deletion of the exon
6 of either gene excludes the diagnosis of
aEDS.

Dermatosparaxis EDS (dEDS)

e Inheritance
Autosomal recessive
e Major criteria:
1. Extreme skin fragility with congeni-
tal or postnatal skin tears
2. Characteristic craniofacial features,
at birth or
early infancy, or evolve later in
childhood™
3. Redundant, almost lax skin, with

which are evident

excessive skin folds at the wrists and
ankles

4. Increased palmar wrinkling

5. Severe bruisability with a risk of
subcutaneous  hematomas  and

haemorrhage

Umbilical hernia

Postnatal growth retardation

Short limbs, hand and feet

Perinatal complications due to con-

o 0o N

nective tissue fragility>*
e Minor criteria
. Soft and doughy skin texture
. Skin hyperextensibility
. Atrophic scars
GJH*
. Complications of visceral fragility

I S O N

(e.g., bladder rupture, diaphrag-
matic rupture, rectal prolapse)

6. Delayed motor development®®

7. Osteopenia

ZCraniofacial features include: prominent and
protuberant eyes with puffy, oedematous eye-
lids and excessive periorbital skin, epicanthal
folds, downslanting palpebral fissures, blue
sclerae, large fontanels and/or wide cranial
sutures, delayed closure of fontanels and
hypoplastic chin.

**Reported perinatal complications due to
connective tissue fragility include: congenital
skull fractures, intracerebral hemorrhage, fria-
ble umbilical cord, congenital skin tears,
neonatal pneumothorax.

2For definition of GJH, see criteria for
“Classical EDS.”

*Most patients identified to date display a
severe phenotype, recognizable from birth or
first months of life. Milder forms of the
condition have recently been described.

8. Hirsutism

9. Tooth abnormalities

10. Refractive
astigmatism)

errors (myopia,
11. Strabismus

e Minimal criteria suggestive for dEDS:
— Major criterion (1): extreme skin fragility
— AND major criterion (2): character-

istic craniofacial features

Plus
— Either: one other major criterion
— And/or: three minor criteria
Confirmatory molecular testing 1is
obligatory to reach a final diagnosis.

e Molecular basis
dEDS is caused by biallelic mutations
in ADAMTS2, the gene encoding
ADAMTS-2, the main procollagen I
N-proteinase. It is the only gene
associated with dEDS.

e Verification of diagnosis
Molecular screening by Sanger sequenc-
ing of targeted resequencing of a gene
panel that includes ADAMTS?2 is indi-
cated. When no, or only one, causative
mutation is identified, this approach
should be complemented with a CNV
detection strategy to identify large
deletions or duplications.

In case of unavailability of genetic
testing, SDS PAGE demonstrates pres-
ence of pNa1(I) and pNa2(I) chains of
type I procollagen extracted from dermis
in the presence of protease inhibitors or
detected in fibroblast cultures.

TEM shows collagen fibrils in affected
skin specimens with a hieroglyphic
pattern. These ultrastructural findings
are usually typical but may be almost
indistinguishable from those observed in
aEDS. As such, they are not sufficient to
confirm the diagnosis.

Absence of these confirmatory find-
ings does not exclude the diagnosis
of dEDS, as specific types of mutations
(e.g., deep intronic mutations) may go
undetected by standard diagnostic mo-
lecular techniques; however, alternative
diagnoses should be considered in the
absence of ADAMTS2 mutations.

Kyphoscoliotic (kEDS)

e Inheritance
Autosomal recessive

e Major criteria

1. Congenital muscle hypotonia®’

2. Congenital or early onset kypho-
scoliosis  (progressive or non-
progressive)>®

3. GJH® with dislocations/subluxa-
tions (shoulders, hips, and knees in
particular)

e Minor criteria:
1. Skin hyperextensibility29
2. Easy bruisable skin

[SN)

. Rupture/aneurysm of a medium-
sized artery

. Osteopenia/osteoporosis

. Blue sclerae

. Hernia (umbilical or inguinal)

. Pectus deformity

. Marfanoid habitus

. Talipes equinovarus

S O 0 N N Ul

. Refractive errors

(myopia,
hypermetropia)
e Gene-specific minor criteria
1. PLOD1
1. Skin fragility (easy bruising, fria-
ble skin, poor wound healing,
widened atrophic scarring)
2 Scleral and fragility/

30
rupture

ocular

3. Microcornea
4. Facial dysmorphology”'
2. FKBP14
1. Congenital hearing impairment
(sensorineural, conductive, or
mixed)
2. Follicular hyperkeratosis
3. Muscle atrophy

4. Bladder diverticula

*’Muscular hypotonia can be very pronounced
and lead to delayed gross motor development.
This condition should be considered in the
initial differential diagnosis of a floppy infant.
Neuromuscular work-up is however normal.
*Kyphoscoliosis is usually present at birth or
develops in infancy. In patients with biallelic
PLOD1 mutations, it may be absent through-
out adulthood.

*For definitions of GJH and skin hyper-
extensibility, see criteria for “Classical EDS.”
**Scleral and ocular fragility were removed from
the major clinical criteria of kKEDS-PLOD1, as
rupture of the eye globe following minimal
trauma has only been reported in five individuals,
including one patient with both eyes affected.
*'Facial dysmorphic features include: low-set
ears, epicanthal folds, down-slanting palpebral
fissures, synophrys, and high palate.
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weight.

Figure 3. Piezogenic papules of the feet which are subcutaneous fat herniations
through the fascia. They often appear as blanching white nodules only while bearing

e Minimal criteria suggestive for kEDS:

— Major criterion (1): congenital mus-
cle hypotonia

— AND major criterion (2): congenital
or early-onset kyphoscoliosis

Plus

— Either major criterion (3): GJH

— And/or  three
(either general or gene-specific

minor  criteria
criteria)

Confirmatory molecular testing is

obligatory to reach a final diagnosis.
e Molecular basis

The majority of patients with kEDS

harbor biallelic mutations in PLOD1,

the gene encoding the collagen-

modifying enzyme procollagen-ly-
sine, 2-oxoglutarate 5-dioxygenase 1
(PLOD1 or LH1 [lysylhydroxylasel]).
LH1 plays an important role as a
post-translational modifying enzyme
in collagen biosynthesis through
(i) hydroxylation of helical lysyl
residues in—Xaa-Lys-Gly-collagen
sequences to hydroxy-lysyl residues
which serve as sites of attachment
for carbohydrate units (either galactose
or glucosyl-galactose) and (i) in
the formation of intra- and inter-
molecular collagen cross-links. LH1
deficiency results in underhydroxy-
lation of lysyl residues and underglyco-
sylation of hydroxylysyl residues in
collagens and, hence, impaired cross-
link formation with consequent me-
chanical instability of the affected

tissues.

The majority of patients
with kREDS harbor biallelic
mutations in PLODI1, the
gene encoding the collagen-

modifying enzyme
procollagen-lysine, 2-
oxoglutarate 5-dioxygenase
1 (PLOD1 or LH1
[lysylhydroxylasel]).

Recently, biallelic mutations have
been identified in FKBP14, encoding
FKBP22, a member of the F506-
binding family of peptidyl-prolyl cis-
trans isomerases, in patients displaying a
phenotype that clinically largely over-
laps with kEDS-PLOD1 [Baumann
et al., 2012].

Verification of diagnosis

Laboratory confirmation of kEDS
should start with the quantification of
deoxypyridinoline (Dpyr or LP for
lysyl-pyridinoline) and pyridinoline
(Pyr or HP for hydroxylysyl-pyridino-
line) cross-links in urine quantitated by
means of high-performance liquid
chromatography (HPLC). An increased
Dpyr/Pyr ratio is a highly sensitive and
specific test for KEDS caused by biallelic
PLOD1 mutations (kEDS-PLOD1),

but is normal for biallelic FKBP14
mutations (kEDS-FKBP14).

The normal ratio of Dpyr/Pyr cross-
links is approximately 0.2, whereas in
kEDS-PLOD!1 the ratio is significantly
increased (approximately 10-40 times
increase, range 2-9). This method is fast
and cost-effective and it can also be used
to determine the pathogenic status of a
VUS in PLODI1.

SDS—PAGE may detect faster migra-
tion of underhydroxylated collagen
chains and their derivatives in kKEDS-
PLOD1 but not in kEDS-FKBP14.
However, abnormalities in migration
can be subtle.

Molecular analysis for kEDS-
PLOD1 may start with MLPA analysis
of PLOD1, for the evaluation of the
common intragenic duplication in
PLOD1 caused by an Alu-Alu recom-
bination between introns 9 and 16 (the
most common mutant allele) [Hautala
et al., 1993].

Molecular screening by means of
targeted resequencing of a gene panel
that includes PLOD1 and FKBP14, is
indicated when MLPA of PLOD1 fails
to identify the common duplication.
Such a gene panel my also include other
genes associated with phenotypes that
clinically overlap with kEDS, such as
ZNF469,  PRDMS5,  B4GALT7,
B3GALT6, SLC39A13, CHST14,
and DSE. Alternatively, WES may be
performed. When no, or only one,
causative mutation is identified, this
approach should be complemented
with a CNV detection strategy to
identify large deletions or duplications
in these genes.

TEM on skin specimens has shown
variable diameters and abnormal con-
tours of the collagen fibrils and irregular
interfibrillar space, but these abnormal-
ities are not unique to this condition. As
such, whereas TEM on a skin biopsy can
support diagnosis, it cannot confirm it.

Whereas absence of an abnormal
urinary LP/HP ratio excludes the
diagnosis of kKEDS-PLOD1, absence of
the confirmatory genetic findings does
not exclude the diagnosis of kEDS, as
specific types of mutations (e.g., deep
intronic mutations) may go undetected
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by standard diagnostic molecular tech-
niques and/or other, yet to be discov-
ered, genes, may be associated with this
phenotype; however, alternative diag-
noses should be considered in the
absence of PLODI1 or FKBP14

mutations.

Brittle Cornea Syndrome (BCS)

e Inheritance
Autosomal recessive
e Major criteria
1. Thin cornea, with or without rup-
ture (central corneal thickness often
<400 pm)
2. Early onset progressive keratoconus
3. Early onset progressive keratoglobus
4. Blue sclerae
e Minor criteria
1. Enucleation or corneal scarring as a
result of previous rupture
2. Progressive loss of corneal stromal
depth, especially in central cornea
3. High myopia, with normal or
moderately increased axial length
4. Retinal detachment
5. Deafness, often with mixed conduc-
tive and sensorineural components,
progressive, higher frequencies of-
ten more severely aftected (“slop-
ing” pure tone audiogram),
6. Hypercompliant tympanic
membranes
7. Developmental dysplasia of the hip
8. Hypotonia in infancy, usually mild
if present
9. Scoliosis
10. Arachnodactyly
11. Hypermobility of distal joints
12. Pes planus, hallux valgus
13. Mild contractures of fingers (espe-
cially 5th)
14. Soft, velvety skin, translucent skin
e Minimal criteria suggestive for kEDS:
— Major criterion (1): thin cornea,
with or without rupture (central

corneal thinckness often <100
micrometer)
Plus

— Either: at least one other major
criterion

— And/or three other minor criteria

Confirmatory molecular testing 1is

obligatory to reach a final diagnosis

e Molecular basis
BCS is caused by biallelic mutations in
either ZNF469, encoding ZNF469, a
zinc finger protein of unknown func-
tion, or PRDMJ5, encoding a DNA-
binding transcription factor of the PR/
SET protein family that lacks the
intrinsic histon methyltransferase activ-
ity. At least one family with a clinical
BCS phenotype did not harbor muta-
tions in these genes, suggesting that at
least one other gene might be associated
with BCS [Rohrbach et al., 2013].

e Verification of diagnosis
Molecular screening by means of tar-
geted resequencing of a gene panel that

ZNF469 and PRDM)5 is

indicated. Such a gene panel my also

includes

include other genes associated with
phenotypes that clinically overlap with
BCS, such as PLODI1, FKBP14,
B4GALT7, B3GALT6, SLC39A13,
CHST14 and DSE. Alternatively,
WES may be performed. When no,
or only one, causative mutation is
identified, this approach should be
complemented with a CNV detection
strategy to identify large deletions or
duplications in these genes.

Absence of these confirmatory find-
ings does not exclude the diagnosis, as
specific types of mutations (e.g., deep
intronic mutations) may go undetected
by standard diagnostic molecular tech-
niques, and other, yet unknown genes,
might be associated with BCS.

Spondylodysplastic EDS (spEDS)

e Inheritance
Autosomal recessive
e Major criteria
1. Short  stature
childhood)
2. Muscle hypotonia (ranging from

(progressive  in

severe congenital, to mild later-
onset)
3. Bowing of limbs
e Minor criteria
1. Skin
doughy skin, thin translucent skin

hyperextensibility,”®>  soft,

2. Pes planus

*2For definitions of GJH and skin hyper-
extensibility, see criteria for “Classical EDS.”

3. Delayed motor development

4. Osteopenia

5. Delayed cognitive development

e Gene-specific minor criteria

— B4GALT7
— Radioulnar synostosis
— Bilateral elbow contractures or

limited elbow movement
~ gJH®
— Single transverse palmar crease
— Characteristic craniofacial
features™

— Characteristic radiographic
ﬁndings34

— Severe hypermetropia

— Clouded cornea

- B3GALTé6

— Kyphoscoliosis (congenital or early
onset, progressive)

— Joint hypermobility, generalized or
restricted to distal joints, with joint
dislocations

— Joint contractures (congenital or
progressive) (especially hands)

— Peculiar fingers (slender, tapered,
arachnodactyly,
broad distal phalanges)

— Talipes equinovarus

spatulate, with

— Characteristic craniofacial
features™
— Tooth discoloration,

teeth

dysplastic

33Characteristic craniofacial features associated
with biallelic B4GALT7 mutations include:
triangular face, wide-spaced eyes, proptosis,
narrow mouth, low-set ears, sparse scalp hair,
abnormal dentition, flat face, wide forehead,
blue sclerae, and cleft palate/bidif uvula.
**Reported radiographic findings associated
with biallelic B4GALT7 mutations include:
include radioulnar synostosis, metaphyseal
flaring, osteopenia, radial head subluxation or
dislocation, and short clavicles with broad
medial ends.

% Characteristic craniofacial features associated
with biallelic B3GALT6 mutations include:
midfacial hypoplasia, frontal bossing, proptosis,
or prominent eyes, blue sclerae, downslanting
palpebral fissures, depressed nasal bridge, long
upperlip, low-set ears, micrognathia, abnormal
dentition, cleft palate, sparse hair.
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Characteristic radiographic
findings™®

Osteoporosis with multiple spon-
taneous fractures
— Ascending aortic aneurysm

Lung hypoplasia, restrictive lung
disease
— SLC39A13:
— Protuberant eyes with Dbluish
sclerae
— Hands with finely wrinkled palms
— Atrophy of the thenar muscles, and
tapering fingers
— Hypermobility of distal joints
— Characteristic radiologic findings”’
e Minimal criteria suggestive for spEDS:
— Major criterion (1): short stature
— AND major criterion (2): muscle
hypotonia
Plus
— Characteristic radiographic abnor-
malities and at least three other minor
criteria (general or type-specific)
Confirmatory molecular testing 1is
obligatory to reach a final diagnosis
e Molecular basis
spEDS is caused by either:
— Biallelic mutations in B4GALT?7,
encoding  galactosyltransferase I
(B1,4-galactosyltransferase 7  or
B4GalT7), which catalyzes the trans-
fer of the first galactose to the
xylose residue in tetrasaccharide
linker region of glycosaminoglycans
(GAGsS).
— Biallelic mutations in B3GALTE,
encoding  galactosyltransferase I
(B1,3-galactosyltransferase 6 or

B3GalT6), which catalyzes the

**Reported radiographic features associated
with biallelic B3GALT6 mutations include:
platyspondyly, anterior beak of vertebral body,
short ilium, prominent lesser trochanter, ace-
tabular dysplasia, metaphyseal flaring, meta-
physeal dysplasia of femoral head, elbow
malalignment, radial head dislocation, over-
tubulation, bowing of long bones, generalized
osteoporosis, healed fractures. Craniosynostosis
and radioulnar dysostosis has been reported in
one patient.

"R eported radiologic findings associated with
biallelic SLC39A 13 mutations include: mild to
moderate platyspondyly, mild to moderate
osteopenia of the spine, small ileum, flat
proximal femoral epiphyses, short, wide femo-
ral necks.

transfer of the second galactose to the

first galactose residue in tetrasacchar-

ide linker region of GAGs.

— Biallelic mutations in SLC39A13,
encoding the homodimeric trans-
membrane Zrt/irt-like protein 13
(ZIP13) protein, a member of the
SLC39A/ZIP family that regulates
the influx of Zn into the cytosol.

Verification of diagnosis
Molecular screening by means of tar-
geted resequencing of a gene panel that
includes B4GALT7, B3GALT6, and
SLC39A13 i1s indicated. Such a gene
panel may also include other genes
associated with phenotypes that clini-
cally overlap with spEDS, such as
PLOD1,  FKBP14,  ZNF469,
PRDM5, CHST14, and DSE. Alterna-
tively, WES may be performed. When
no, or only one, causative mutation is
identified, this approach should be
complemented with a CNV detection
strategy to identify large deletions or
duplications in these genes.

For definite proof of GAG deficiency
(B4GALT7 and B3GALT6 mutations),
biochemical methods to assess GAG
synthesis in patients’ cultured fibroblasts
are currently available in many special-
ized laboratories [Talhaoui et al., 2010].

The laboratory measurement of uri-
nary pyridinolines, lysyl-pyridinoline
(LP) and hydroxylysyl-pyridinoline
(HP) quantitated by HPLC allows
the detection of an increased ratio LP/
HP to approximately 1, (compared to a
normal values of approximately 0.2) in
patients with mutations in SLC39A413
[Giunta et al., 2008]. This fast and cost-
effective method can also be used to
determine the pathogenic status of a
VUS (see also “verification of diagno-
sis” in kEDS-PLODYT).

Absence of confirmatory genetic
findings does not exclude the diagnosis
of spEDS, as specific types of mutations
(eg deep intronic mutations) may go
undetected by standard diagnostic
molecular techniques, and still other,
yet to be discovered, genes may be
associated with these phenotypes. In
case no B4GALT7, B3GALTS6, or
SCL39A13 mutations are identified,
alternative diagnoses should however be
considered.

Musculocontractural EDS
(mcEDS)

e Inheritance

Autosomal recessive

e Major criteria

1. Congenital multiple contractures,
characteristically adduction-flexion
contractures and/or talipes equino-
varus (clubfoot)

2. Characteristic craniofacial features,
which are evident at birth or in early
infancy™®

3. Characteristic cutaneous features in-
cluding skin hyperextensibility®’,
easy bruisability, skin fragility with
atrophic  scars, increased palmar
wrinkling

e Minor criteria
1. Recurrent/chronic dislocations*’
2. Pectus deformities (flat, excavated)
3. Spinal  deformities  (scoliosis,
kyphoscoliosis)

4. Peculiar fingers (tapering, slender,
cylindrical)

5. Progressive talipes deformities (val-

gus, planus, cavum)

. Large subcutaneous hematomas

. Chronic constipation

. Colonic diverticula

Nelie BN BN

. Pneumothorax/
pneumohemothorax

10. Nephrolithiasis/cystolithiasis

11. Hydronephrosis

12. Cryptorchidism in males

13. Strabismus

14. Refractive errors (myopia,
astigmatism)
15. Glaucoma/elevated intraocular

pressure

*8Characteristic craniofacial features include:
large fontanelle, hypertelorism, short and
downslanting palpebral fissures, blue sclerae,
short nose with hypoplastic columella, low-set
and rotated ears, high palate, long philtrum,
thin upper lip vermilion, small mouth, micro-
retrognathia.

**For definition of skin hyperextensibility, see
criteria for “Classical EDS.”

*OThe phenotypic features in the three reported
patients with EDS caused by DSE deficiency
seem to be milder than those in patients with
EDS caused by D4ST1-deficiency, but identi-
fication of additional patients with DSE-
deficiency is needed to confirm this correlation.
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e Minimal criteria suggestive for mcEDS:

— Atbirth or in early childhood: Major
criterion (1): Congenital multiple

contractures AND (2) characteristic
craniofacial features

— In adolescence and in adulthood:
Major criterion (1): Congenital mul-
tiple contractures AND (3) charac-
teristic cutaneous features

Confirmatory molecular testing 1is
obligatory to reach a final diagnosis.

e Molecular basis
mcEDS is caused by biallelic mutations
in CHST14, encoding DA4STI1, a
single-exon gene encoding carbohy-
drate sulfotransferase 14 or dermatan 4-
O-sulfotransferase 1, an enzyme in-
volved in the biosynthesis of the GAG
dermatan sulfate. It catalyzes 4-O-
sulfation of  N-acetylgalactosamine

(GalNAC) in the sequence “L-iduronic

acid (IdoA)-GalNAc,” immediately af-

ter epimerization of D-glucuronic acid

(GlcA) to IdoA by dermatan sulfate

epimerase (DSE).

mcEDS is caused by
biallelic mutations in
CHST14, encoding D4ST1,
a single-exon gene encoding
carbohydrate sulfotransferase
14 or dermatan 4-O-
sulfotransferase 1, an
enzyme involved in the
biosynthesis of the GAG
dermatan sulfate.

A few mutations have been identified in
the DSE gene, encoding DSE, in
patients with a similar phenotype.
e Verification of diagnosis

Molecular screening by means of tar-
geted resequencing of a gene panel that
includes CHST14 and DSE is indi-
cated. Such a gene panel my also include
other genes associated with phenotypes
that clinically overlap with mcEDS,
such as PLOD1, FKBP14, ZNF469,
PRDMS5, BAGALT?7, B3GALTS6, and
SLC39A13. Alternatively, WES may be

performed. When no, or only one,
causative mutation is identified, this
approach should be complemented
with a CNV detection strategy to
identify large deletions or duplications
in these genes.

Absence of these confirmatory find-
ings does not exclude the diagnosis of
mcEDS, as specific types of mutations
(e.g., deep intronic mutations) may go
undetected by standard diagnostic
molecular techniques. In case no
CHST14 or DSE mutations are iden-
tified, alternative diagnoses should be
considered.

Myopathic EDS (mEDS)

e Inheritance
Autosomal dominant or autosomal
recessive
e Major criteria
1. Congenital muscle hypotonia, and/
or muscle atrophy, that improves
with age*'
2. Proximal joint contractures (knee,
hip, and elbow)*?
3. Hypermobility of distal joints
e Minor criteria
1. Soft, doughy skin
2. Atrophic scarring

4180 far, five families have been reported: four
with an autosomal dominant condition and one
with an autosomal recessive condition. The
affected siblings from the family with the
autosomal recessive condition have a more
severe form of the condition than patients with
autosomal dominant inheritance [Zou et al.,
2014].

*“Muscle biopsy and skin fibroblast culture
studies: the diagnosis can be suspected in
patients that undergo a muscle biopsy and/or
in whom a fibroblast line is established. In the
autosomal recessive form in which there is no
collagen XII produced, immunostaining has
shown absence of collagen XII staining. In
missense mutations that lead to autosomal
dominant forms, collagen XII may be abnor-
mally secreted. The myopathic pattern on
muscle biopsy may be suggestive, but is not
diagnostic. Recently, muscle MRI has been
developed as an alternative, non-invasive
technique to study muscle involvement, how-
ever it is not specific enough to confirm the
diagnosis.

3. Motor developmental delay
4. Myopathy on muscle biopsy

e Minimal clinical criteria suggestive for
mEDS:
— Major criterion (1): congenital mus-

cle hypotonia that improves with age

Plus
— Either: one other major criterion
— And/or: three minor criteria
Confirmatory molecular testing is
obligatory to reach a final diagnosis.

e Molecular basis
mEDS is caused by heterozygous or
biallelic mutations in COL12A1, en-
coding type XII collagen. The clinical
phenotype highly overlaps with colla-
gen type VI-related myopathies, that is,
Bethlem Myopathy, and Ullrich Con-
genital Muscular Dystrophy. It is cur-
rently unknown whether other, yet to
be discovered genes, are associated with
this phenotype.

e Verification of diagnosis
Molecular screening by means of tar-
geted resequencing of a gene panel that
includes COL12A1 is indicated. Such a
gene panel my also include other genes
associated with phenotypes that clini-
cally overlap with mEDS, such as
COL6A1, COL6A2, COL6A3. Alter-
natively, WES may be performed.
When no, or only one, causative
mutation is identified, this approach
should be complemented with a CNV
detection strategy to identify large

deletions or duplications in these
genes.
Absence of these confirmatory

findings does not exclude the diag-
nosis, as specific types of mutations
(eg deep intronic mutations) may go
undetected by standard diagnostic
molecular techniques, and other,
yet to be discovered, genes may be
associated with this phenotype. In
case no COL12A1 mutations are
identified alternative diagnoses, espe-
cially collagen VI-related Ullrich
Congenital Muscular Dystrophy and
Bethlem  Myopathy, should be

considered.

Periodontal EDS (pEDS)

e Inheritance
Autosomal dominant
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e Major criteria
— Severe and intractable periodontitis
of early onset (childhood or
adolescence)
— Lack of attached gingiva
— Pretibial plaques
— Family history of a first-degree rela-
tive who meets clinical criteria
e Minor criteria
— Easy bruising
— Joint hypermobility, mostly distal

joints
— Skin hyperextensibility43 and fragil-
ity, abnormal scarring (wide or

atrophic)
Increased rate of infections

— Hernias
— Marfanoid facial features
— Acrogeria
— Prominent vasculature

e Minimal criteria suggestive for pEDS:
— Major criterion (1): severe and
intractable periodontitis of early on-
set (childhood or adolescence)

— OR major criterion (2): lack of
attached gingiva

Plus

— At least two other major criteria and
one minor criterion

Confirmatory molecular testing 1is
obligatory to reach a final diagnosis.

e Molecular basis
pEDS is caused by heterozygous gain-
of-function mutations in CIR or C1S,
encoding subunits Clr and Cls of the
first component of the classical comple-
ment pathway.

e Verification of diagnosis
Identification of known or compatible
mutations by sequence analysis of
C1R and C1S. Large deletions or null
mutations that completely remove Clr
or Cls protein function do not cause
pEDS.

At present it cannot be stated
whether absence of a CIR or CI1S
mutations excludes the diagnosis be-
cause the experience with the molecu-
lar diagnosis is limited.

CONCLUDING REMARKS

We hope that the revised International
EDS criteria will serve as a new, albeit
provisional, standard for the diagnosis
of EDS. Our proposal has the aim of

facilitating accurate and timely diagno-
sis, and improve the diagnostic unifor-
mity for clinical and research purposes,
genetic counseling, management, natu-
ral history studies, and identification of
potential areas of research. Future revi-
sion of this EDS Classification will be
planned within the framework of the
International EDS Consortium and the
Ehlers—Danlos Society.
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Classical EDS is a heritable disorder of connective tissue. Patients are affected with joint hypermobility, skin
hyperextensibilty, and skin fragility leading to atrophic scarring and significant bruising. These clinical features
suggest consideration of the diagnosis which then needs to be confirmed, preferably by genetic testing. The
most recent criteria for the diagnosis of EDS were devised in Villefranche in 1997 [Beighton et al. (1998); Am J
Med Genet 77:31-37].The aims set out in the Villefranche Criteria were: to enable diagnostic uniformity for
clinical and research purposes, to understand the natural history of each subtype of EDS, to inform management
and genetic counselling, and to identify potential areas of research. The authors recognized that the criteria
would need updating, but viewed the Villefranche nosology as a good starting point. Since 1997, there have
been major advances in the molecular understanding of classical EDS. Previous question marks over genetic
heterogeneity have been largely surpassed by evidence that abnormalities in type V collagen are the cause.
Advances in molecular testing have made it possible to identify the causative mutation in the majority of patients.
This has aided the further clarification of this diagnosis. The aim of this literature review is to summarize the
current knowledge and highlight areas for future research. © 2017 Wiley Periodicals, Inc.
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(Bowen and Sobey). The diagnostic
criteria presented here represent the
consensus of the group after review of
the literature and considering the pro-
fessional experience of each of the
authors.

The committee agrees to retain the
name “classical EDS.”

METHODS

Each member of the committee carried
out a literature search for classical EDS.
The results were collated. All articles
were reviewed for relevance and addi-
tional articles were identified from the
literature. The articles were summarized
and divided into themes. Themes that
were suggested by the Steering Com-
mittee of the International Consortium
on the Ehlers—Danlos syndromes were
also included to assess where there were
gaps in the literature. Each theme was
written up to include the relevant
literature in that area, focusing on
information since the Villefranche no-
sology. The original list of articles was
then reviewed to ensure all areas of the
current literature had been covered.

Organ System Review

Musculoskeletal: Joint hypermobility is
present. This will be evidenced by the
presence of a Beighton score of 5 or
greater, either on examination or his-
torically. Joint instability complications
may comprise sprains, dislocation/sub-
luxation, temporomandibular joint dys-
function, pain and pes planus, dyspraxia,
and early osteoarthritis. Mild muscle
hypotonia, and some skeletal morpho-
logical alterations (scoliosis, pectus de-
formities, elbow/genus/hallux valgus)
are regularly observed. Pre-menopausal
osteopenia or an increased bone fragility
in the presence of a bone mineral density
within the range may occur [Mazziotti
et al., 2016].

Skin: The skin involvement is key
to establishing the diagnosis of classical
EDS. Skin is hyperextensible and soft,
with severe atrophic scarring and hae-
mosiderin deposition over the shins and
extensor surfaces. Easy bruising is also a
hallmark of classical EDS.

Cardiovascular: While aortic root
dilation and mitral valve prolapse are
seen in classical EDS, they are rarely
clinically significant. Arterial aneurysm
and rupture have been reported in a few
individuals and families with COL5A1
mutations.

Gastrointestinal:  Gastrointestinal
complaints are more commonly de-
scribed in the hypermobile type of EDS,
although they can be present in patients
with classical EDS and may include:
dysphagia, dyspepsia, reflux disease with
or without hiatal hernia, irritable-bowel
disease-like symptoms, unspecified ab-
dominal pain, defecatory dysfunctions
(constipation, diarrhea), and rectocele
[Ritelli et al., 2013; Nelson et al., 2015].

Neurologic: Pain is a common
feature of EDS. One report suggests
that pain intensity in classical EDS
patients is mild and less frequent
compared to hypermobile EDS.

Literature Review

The literature was divided into 8
themes: The history of classical EDS,
the mechanism of disease,
description, testing strategy, manage-
ment, differential diagnoses, genetic

clinical

counselling, and gaps/future research.

THE HISTORY OF
CLASSICAL EDS

Classical EDS (OMIM #130000) is a
heritable disorder of connective tissue
characterized by skin hyperextensibility,
poor wound healing, and joint hyper-
mobility. Classical EDS was first noted to
be a distinct type of EDS in the 1960s
when Beighton reviewed 100 patients
and described a patient with distinct
features which he termed EDS gravis
[Beighton, 1968]. Patients were noted to
have characteristic findings on electron
microscopy, which helped to differenti-
ate between EDS diagnoses [Vogel et al.,
1979]. In 1988, gravis type was termed
EDS type I and the milder, mitis type was
labelled EDS type II [Beighton et al.,
1988]. Type V collagen was implicated
after mouse models with mutations in
COL5A2 showed features of the condi-
tion [Andrikopoulos et al., 1995]. This

was shortly followed by the first reports of
COL5A1 mutations in patients with
classical EDS [Nicholls et al.,, 1996;
Wenstrup et al., 1996; De Paepe et al.,
1997]. Linkage to COL5A1 also sug-
gested the EDS types I and II were
phenotypic variation of the same condi-
tion [Burrows et al., 1996]. In 1996, a
balanced translocation interrupting the
COL5AT1 gene was identified and hap-
loinsufficiency was suggested as the cause
of the patient’s EDS phenotype [Toriello
etal., 1996]. The name classical EDS was
given when the Villefranche nosology
was written in 1997 [Beighton et al,,
1998]. Initially other genes were thought
to be COL5A1 and
COL5A2 mutations were only found

involved, as

to account for around half of classical
EDS patients [Schwarze et al., 2000;
Malfait et al., 2005].
molecular testing have allowed more

Advances in

type V collagen abnormalities to be
identified, and recent reports indicate
that the majority of patients with classical
EDS do have a mutation in either
COL5A1 or COL5A2 [Symoens et al.,
2012; Ritelli et al., 2013].

Classical EDS (OMIM
#130000) is a heritable
disorder of connective tissue
characterized by skin
hyperextensibility, poor
wound healing and joint
hypermobility. Classical EDS
was first noted to be a distinct
type of EDS in the 1960s
when Beighton reviewed 100
patients and described a
patient with distinct features
which he termed EDS gravis.

THE MECHANISM OF
DISEASE

Reduction in the amount of type V
collagen is central to the pathogenesis of
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classical EDS [Symoens et al., 2008; De
Paepe and Malfait, 2012]. Type V
collagen has a regulatory function in
fibrillogenesis. The phenotype is caused
by disturbance in the regulatory func-
tion of type V collagen [Symoens et al.,
2012].

Type V collagen is a fibrillar
collagen present in small amounts in a
wide variety of tissues [Malfait and De
Paepe, 2005]. It is mainly found in
vertebrate tissues as the heterotrimer a1
(V),a2(V) [Viglio et al., 2008]. Type V
collagen and type I collagen come
together to form collagen fibrils.
COL5A1 haploinsufficiency 1is, there-
fore, a limiting factor for an adequate
production of heterotrimers, hence
compromising the regulatory role in
fibrils assembly. Most of the al(V),a2
(V) heterotrimer is embedded within
the fibril, apart from the amino-terminal
propeptide domain which remains ex-
posed on the surface and has a role in
fibril assembly and regulating fibril
diameter [Birk, 2001].

The COL5A1 gene encodes the a1
chain and is located at 9q34.2-q34.3.
The COL5A2 gene encodes the a2
chain and is located at 2q31. Both genes
are large, comprising 66 and 52 exons,
respectively. The majority of patients
have mutations in COL5A1. A report of
93 gene positive patients found 73 had
COL5A1 mutations, 13 had COL5A2
mutations, and in 7 cases the mutation
could not be identified; however, COL5
null allele testing confirmed the abnor-
mality was in type V collagen [Symoens
et al., 2012]. In this series two thirds of
the mutations were found to be de novo.
A series of 40 patients achieved a
mutation detection rate of 93% [Ritelli
et al., 2013]. Both studies confirmed
that COL5A1 and COL5A2 are the
major, if not the only genes involved.

The most common molecular de-
fects result in nonsense mediated decay
of the mutated COL5A1 mRNA
[Schwarze et al., 2000]. Whilst hap-
loinsufficiency is seen most often,
dominant-negative mutations are also
reported [Wenstrup et al., 2000]. In
general genotype—phenotype correla-
tions are not found, but there are a
possible

couple  of exceptions.

Mutations in the highly conserved
amino-terminal propeptide domain of
a1(V) that cause atypical splicing out-
comes have been associated with a more
severe classical EDS phenotype with
kyphoscoliosis and retinal detachment
[Symoens et al., 2011]. There is one
report that questions whether mutations
involving glycine substitutions near the
C-terminal end cause an increased
arterial risk [Monroe et al., 2015].
Although numbers are still limited,
COL5A2 gene mutations are thought
to result in a phenotype at the more
severe end of classical EDS spectrum
[Symoens et al., 2012].

CLINICAL DESCRIPTION

The Villefranche criteria list three major
criteria for classical EDS [Beighton
et al., 1998]:

(1) Skin hyperextensibility

(2) Widened atrophic scars (manifestation
of tissue fragility)

(3) Joint hypermobility

In addition, there are a number of
minor criteria which show less diagnos-
tic specificity:

(1) Smooth velvety skin

(2) Molluscoid pseudotumours

(3) Subcutaneous spheroids/spherules

(4) Complications of joint hypermobility
(e.g.,
tions, pes planus)

sprains, dislocations/subluxa-

(5) Muscle hypotonia, delayed gross mo-
tor development

(6) Easy bruising

(7) Manifestations of tissue extensibility
and fragility (e.g., hiatus hernia, anal
prolapse in  childhood, cervical
insufficiency)

(8) Surgical complications (postoperative
hernias)

(9) Positive family history

The Villefranche criteria are still
considered relevant for classical EDS.
A study of 126 suspected classical EDS
patients found that 93 out of the 102 that
demonstrated all three major Ville-
franche criteria for classical EDS were
found to have a type V collagen

abnormality [Symoens et al., 2012].
They suggested making the diagnostic
criteria more stringent as fulfilling all
three major criteria was seen to be a
reliable indicator of a type V collagen
mutation. Another review of 40 patients
also found that these three major criteria
are considered to still be useful for
clinical diagnoses in the majority of
patients [Ritelli et al., 2013].

A study of 126 suspected
classical EDS patients found
that 93 out of the 102 that
demonstrated all three major
Villefranche criteria for
classical EDS were found to
have a type V collagen
abnormality.

There have been a number of
typical case histories of classical EDS
described. These suggest that investiga-
tions into childhood bruising are often
the first presentation to medical pro-
fessionals, and if skin hyperextensibility
and joint hypermobility are noted at this
time, the diagnosis is generally made [De
Paepe and Malfait, 2012; Byers, 2013;
Morais et al.,, 2013; Sobey, 2014].
Bruising is generally a feature seen
when children start to crawl and walk,
with the characteristic scarring becom-
ing apparent after knocks and bumps
around the same time. Hypermobility
may delay motor development, but
intellectual development is unaffected.

Skin Features

Skin hyperextensibility has been shown
to be a reliable and reproducible feature
of classical EDS [Remvig et al., 2010].
This group confirmed that patients with
classical EDS show extensibility beyond
the normal range (Fig. 1). However,
they found skin consistency to be an
unreliable test and concluded that skin
consistency should not be included in
the diagnostic criteria for classical EDS.
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Figure 1. Hyperextensible skin in Classical Ehlers-Danlos Syndrome.

Figure 2. Typical scarring in classical EDS.
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Other reports have also found skin
hyperextensibility to be a good indicator
for classical EDS, as it quite specific to
this diagnosis [Heidbreder et al., 2008;
Catala-Pétavy et al., 2009] Skin fragility
with atrophic scarring and poor wound
healing is a hallmark of the classical type
of EDS [Beighton et al., 1998] (Fig. 2).

Cardiovascular Involvement

Nine patients (three in one family) have
been reported to have molecularly
confirmed classical EDS and vascular
events [Monroe et al., 2015]. To deter-
mine whether there is any reporting bias
it is helpful to compare these cases to the
larger patient series that have been
reported. Twenty-five patients with
proven type V collagen abnormalities
showed no vascular events at the time of
writing [Malfait et al., 2005]. A series of
102 patients, 93 with collagen type V
abnormalities, had two patients with
vascular complications which included
aneurysm and dissection of medium
sized artery [Symoens etal., 2012]. They
reported that severe or progressive
cardiac-valvular disease was absent in
their cohort. A report of 40 patients
showed no patients with type V collagen
abnormalities that had severe cardiovas-
cular involvement [Ritelli et al., 2013].

The family of three are two brothers
and their mother who were given a
clinical diagnosis of wvascular EDS
[Monroe et al., 2015]. One brother
died age 43 due to a subarachnoid bleed,
after previously having a ruptured left
subclavian artery age 15 years and a
coeliac artery aneurysm was resected age
18 years with significant bleeding. His
mother had died at age 28 while under
anaesthesia for dental extraction; the
post mortem revealed a renal artery tear.
The other brother died age 34 following
a right iliac artery rupture; his tissues
were compared to rice paper in the
operating theatre. They were all shown
to have a COL5A1 p.(Gly1537Val)
mutation. This family represents the
only report of familial vascular events
with a COL5A 1 mutation. The authors
wondered about modifying genes in the
family or whether there could be a
genotype—phenotype correlation. They

speculated there could be increased
arterial risk in cases involving glycine
substitutions near the C-terminal end.

Another report of a patient with a
glycine substitution at the C-terminal end
of the triple helix domain had a symp-
tomatic superior mesenteric artery aneu-
rysmage at 9 years [de Leeuw etal., 2012].
This patient was said to fit clinically with a
classical EDS diagnosis and was found to
have a COL5A1 p.(Gly1564Asp) muta-
tion. Two further vascular events have
been reported at young ages. One report is
of a 13-year-old girl with classical EDS
who had a superior mesenteric artery
rupture and was found to havea COL5A1
missense mutation c.1532G>T
p-(Gly511Val) [Yasuda et al, 2013].
Another patient with a COL5A1 p.
(Gly922Asp) mutation was diagnosed
with classical EDS at 4 years of age and
presented at age 11 with a superior
mesenteric artery aneurysm with throm-
bosis [Karaa and Stoler, 2013]. This
patient was treated with anticoagulation,
and a week later he ruptured his inferior
mesenteric artery.

Two patients with classical EDS and
hypertension have been reported follow-
ing vascular events. A patient with a
COL5A1 mutation ¢.3184C>T »p.
(Arg1062*) who already had a clinical
diagnosis of classical EDS went on to have
a left common iliac artery rupture at age
42 years [Borck et al., 2010]. This patient
had been diagnosed with hypertension at
40 and treated with clonidine, metopro-
lol and valsartan/hypochlorothiazide.
The authors felt they could not exclude
a chance association between the classical
EDS diagnosis and the rupture, but felt a
causal relationship was more likely. They
considered whether the concurrent hy-
pertension might have played a part,
causing a second hit. However, their
view was that a systematic counselling of
the risk of arterial rupture in classical
EDS should await confirmation of this
association in larger series. Another

patient with chronic hypertension
(although well controlled) with a
COLS5A1 nonsense mutation

c2185C>T p.(GIn729%) had an iliac
artery dissection whilst resistance training
[Mehta et al, 2012]. This time the
authors considered a triple hit effect;

chronic hypertension, elevated vascular
stress from resistance training, and his
underlying weakened collagen matrix
due to classical EDS. They suggested
avoiding intense resistance training and/
or tighter control of blood pressure.
Aortic root dilation has been re-
ported in classical EDS [Wenstrup et al.,
2002; McDonnell et al., 2006; Atzinger
et al., 2011]. It appears to be more
common in young patients and rarely
progresses [Atzinger et al., 2011]. Mitral
valve prolapse can occur in up to 6% of
cases but tends to be of little clinical
significance [Atzinger et al., 2011].

Newly recognized features

Features not mentioned in the Ville-
franche criteria that arise in the literature
include premature rupture of fetal
membranes, characteristic facial fea-
tures, absence of striae, scoliosis, cardiac
and blood vessel fragility. Premature
rupture of fetal membranes can result in
prematurity and this was reported to
affect half of classical EDS patients, but is
now thought not to be so common
[Wenstrup et al., 2000]. The character-
istic facial features described are; epi-
canthic folds, excess skin on eyelids, a
prematurely aged appearance, and scars
on the forehead and chin [Malfait and
De Paepe, 2005]. Absence of striae has
been noted in classical EDS patients
[Sobey, 2014], although some patients
with confirmed classical EDS have been
seen to have striae. Three patients out of
40 were reported to have striae in one
study [Ritelli et al., 2013]. Dual-energy
X-ray absorptiometry (DXA) and quan-
titative vertebral morphometry were
performed in 12 unrelated adult patients
with classical EDS which showed bone
mineral density below the expected
range for age (osteopenia) in about
33.3% of patients and pre-menopausal
osteoporosis Giant
bladder diverticula have been described

in one patient.

in four cases, all male [Burrows et al.,
1998]. In two reports the subtype of
EDS was not given but the descriptions
were compatible with classical EDS.

Gastrointestinal findings
Gastrointestinal ~ (GI)
were analyzed among a cohort of 73

manifestations
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unrelated adult patients with classical
EDS. The most common upper GI
symptoms were nausea (46.5%), vomit-
ing (30.2%), and gastroesophageal reflux
(30.2%); the most common lower GI
symptom was chronic constipation
(37.2%) [Nelson et al., 2015]. Gastro-
esophageal reflux and defecatory dys-
functions (i.e., chronic constipation)
were also described in the cohort of
39 classical EDS patients reported in
Ritelli et al. [2013].

Oral findings

Overall periodontal status in EDS is
poor. One case of abnormal pulp shape
and seven with pulp calcification were
seen out of nine classical EDS patients
examined [De Coster et al., 2005a]. It
has been suggested that the absence of
the inferior labial and lingual frenulae is
a helpful marker for hypermobile and
classical EDS, but the total numbers of
classical EDS patients reported to date
are too small to conclude that this is
useful sign in this subtype [De Felice
etal., 2001]. Pierro etal. [2006] reported
on ligneous periodontitis in Ehlers-
Danlos syndrome. Temporomandibular
joint dysfunction is a common feature
and a frequent cause of secondary
headache in classical EDS patients with
generalized joint laxity [De Coster et al.,
2005b].

Ocular findings

Macro- and microstructural changes of
the cornea were found in classical EDS
patients [Villani et al., 2013]. Classical
EDS patients have been shown to have
thin, steep and transparent corneas as
well as floppy eyelids [Segev et al,
2006; Villani et al., 2013]. Both studies
found that these changes did not cause
an increase in refractory errors (includ-
ing astigmatism) nor an increase in
keratoconus. This supports the lack of
correlation between corneal thickness
and refractive error. Villani et al.
[2013] also found that the patients
reported no complaints of ocular
surface symptoms, despite having ab-
normal ocular surface symptoms and
reduced tear secretion when compared
to controls. One caveat concerning the
report by Villani et al. [2013] is that the

diagnosis of classical EDS was not
supported by molecular testing in the
reported population.

Pain and Neurological Features

Pain is considered a common feature in
EDS patients, but it has been shown to
be more prevalent and more severe in
patients with hypermobile EDS than in
those with classical or vascular EDS
[Voermans et al., 2010]. The authors
correlate pain intensity with the degree
of joint hypermobility, dislocations, and
previous surgery. A decrease in quality of
life has been reported but found not to
be significantly different between classi-
cal and hypermobile patients, provided
they have been diagnosed and are under
multidisciplinary management [Castori
et al., 2010]. When compared to
patients with vascular EDS and patients
with homozygous and heterozygous
TNXB mutations, the patients with
classical EDS reported the most neuro-
muscular complaints [Voermans et al.,
2009]. This study found mild, moderate
or severe muscle weakness on examina-
tion of all of 10 classical EDS patients.
They suggest that the neuromuscular
involvement is due to the abnormal
extracellular matrix within muscle and
peripheral nerve. This is an alternative
explanation to the view that it is exercise
avoidance, for fear of dislocations and
sprains, which leads to muscle weakness
and fatigue. Rowe et al. [1999] reported
an association between orthostatic in-
tolerance, chronic fatigue, and Ehlers-
Danlos syndrome. Autonomic burden
has been reported to be lower in classical
EDS than in hypermobile EDS, and
classical EDS patients had levels more
comparable to those reported by vascu-
lar EDS patients [De Wandele et al.,
2014].

TESTING STRATEGY

The diagnosis of classical EDS can be
confirmed by identifying the pathogenic
causative mutation in COL5A1 or
COLS5A2. As the number of identifiable
mutations has increased, molecular test-
ing has been the main route for classical
EDS testing. Testing strategies generally

start with COL5A1 sequencing. If

COL5A1 is  negative, sequence
COL5A2 and proceed to Multiplex
Ligation-dependent Probe Amplifica-
tion (MLPA) for COL5A1 [De Paepe
and Malfait, 2012; Ritelli et al., 2013]. If
the causative mutation is not identified,
COL1A1 sequencing should be consid-
ered, at least in a subset of patients with
vascular and/or valvular involvement,
or history thereof [Ritelli et al., 2013;
Colombi et al., 2016] (see also “Ehlers—
Danlos Syndromes, Rare Subtypes” by
Brady et al., this issue).

The diagnosis of classical
EDS can be confirmed by
identifying the pathogenic
causative mutation in
COL5A1 or COL5A2. As
the number of identifiable
mutations has increased,
molecular testing has been the
main route for classical EDS
testing. Testing strategies
generally start with COL5A1
sequencing.

Molecular investigations identify
mutations in the majority, but currently
not all, patients with the diagnosis
[Symoens et al.,, 2012]. Pathogenicity
must be determined and there is a
registry of reported collagen gene
variants [Dalgleish, 1998].

The pathogenicity of one reported
variant  remains  unclear.  The
p-(Gly530Ser) variant in COL5A1 is
reported to be potentially disease modi-
fying in the heterozygous state and
disease causing in the homozygous state
[Giunta and Steinmann, 2000; Giunta
etal., 2002]. However, there is still some
uncertainty about whether this variant is
disease causing, due to its frequency in
the general population and the fact that
not all molecular causes of classical EDS
can currently be identified. Another
study found the frequency of the
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p-(Gly530Ser) variant to be similar in
patients with classical EDS, vascular
EDS, osteogenesis imperfecta (OI),
and the three control groups they used
as comparison [Mitchell et al., 2009].
They state that if homozygosity of this
variant did cause classical EDS, 1 in 400
people would be affected. This is much
higher than the current suspected
frequency of classical EDS. Hence,
they consider homozygosity of this
variant is unlikely to cause classical EDS.

When a pathogenic mutation can-
not be found, type V collagen abnormal-
ity can be sometimes be demonstrated by
the COL5A1 null allele test [Greenspan
and Pasquinelli, 1994; Schwarze et al.,
2000; Mitchell etal., 2009; De Paepe and
Malfait, 2012; Symoensetal., 2012]. The
patient must be heterozygous for a
polymorphic marker in COL5A1
gDNA. cDNA from a skin biopsy is
then tested to look for the presence of
one or both markers. If a marker is not
expressed that allele is assumed not to be
functional, thatis, “null” [Malfait and De
Paepe, 2005].

Typical frequent collagen flowers on
electron microscopy (EM) of skin can be
a helpful diagnostic tool for classical EDS,
however collagen flowers are not unique
to this condition. Electron microscopy of
a skin biopsy can be used to direct testing
[Sobey, 2015], and electron microscopy
can aid diagnosis [Vogel et al., 1979;
Hausser and Anton-Lamprecht, 1994].
The absence of typical collagen flowers
would go against the diagnosis, as there
are no reports of patients with type V
collagen abnormalities without collagen
flowers on EM [de Moraes et al., 2000;
Proske etal., 2006; Symoens etal., 2012].
However, collagen flowers are not
specific to classical EDS and have been
reported in other connective tissue
disorders including OI and Ullrich

congenital muscular dystrophy
(UCMD) [Kirschner et al.,, 2005;
Hermanns-Lé and Piérard, 2007;
Balasubramanian et al, 2015].

Collagen flowers on EM should be an
indicator to look for COL1A1 muta-
tions, when clinical features of classical
EDS are present in the absence of a
COL5 abnormality.

Collagen protein analysis of cultured
fibroblasts is not an effective diagnostic
tool for classical EDS as type V collagen is
only synthesized at low levels [Malfait
etal., 2010]. This analysis may be used to
exclude alternative diagnoses in the
absence of genetic confirmation and
may be helpful for the confirmation of
the mutation effect, that is, recognition of
splice site mutations.

MANAGEMENT

The key management advice is fairly
consistent and focuses on the skin and
joints [Steinmann et al., 2002; Proske etal.,
2006; Malfait et al., 2010; Sobey, 2014].

The advice on managing the skin is
to:

Avoid undue trauma. Children are
particularly prone to injury and benefit
from protective pads and bandages.

Custom made shin pads can be
obtained from local appliance depart-
ments. Contact sports should be
avoided.

Wounds should be expertly closed
via sutures without tension. Patients
should be known to their local plastic
surgeons to enable access in emergencies.
Stitches should be applied generously, in
layers and left in place twice as long as
usual. Tape can also help prevent stretch-
ing of the scar, but needs careful removal.

Wounds should be expertly
closed via sutures without
tension. Patients should be
known to their local plastic
surgeons to enable access in
emergencies. Stitches should
be applied generously, in
layers and left in place twice
as long as usual. Tape can
also help prevent stretching of
the scar, but needs careful
removal.

Ascorbic acid (2 g/day for adults)
may reduce bruising, but does not affect
the basic clinical picture.

Surgery may be difficult due to
tissue fragility and original problem may
reoccur, for example, hernia.

Deamino-Delta-D-Arginine Vaso-
pressin  (DDAVP) may be useful to
Although
bleeding is related to tissue and capillary

normalize bleeding time.

fragility rather than clotting time, it may
be beneficial in case of bruising, epistaxis
or before procedures such as dental
extractions.

Avoid excessive sun exposure to
reduce the risk of premature skin aging.

Plastic surgery to remove mollus-
coid pseudotumors may be considered
in presence of psychological/aesthetic
issues.

The musculoskeletal management
advice is:

Physiotherapy is beneficial for chil-
dren with hypotonia and delayed motor
development.

Light, non-weightbearing, muscle
strengthening exercise such as isometric
training and swimming are beneficial for

hypermobile  joints and pain
management.
Competitive activities, such as

gymnastics, repetitive heavy lifting,
and sports that cause heavy joint stress,
are not advisable. Mild strength training
has shown benefit in joint stabilization
and hypotonia.

Avoid “showing off” hypermobil-
ity and excessive stretching of the
hypermobile joints.

Joint hypermobility is best managed
by Rheumatology, Physiatry and Sports
Medicine, together with physiotherapy,
proprioception exercises, and occupa-
tional therapy (OT).

Ring splints, carefully considered
bracing, and orthotics may be beneficial.

Skin fragility, muscle hypotonia, joint
instability, and pain are key aspects of the
condition and should be recognized and
discussed with the patient. Lifestyle and
professional choices may need to be
adapted.

There are several articles giving
resistance

contradictory advice on

exercise. One report found heavy
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resistance training was both feasible and
safe, although their numbers were small
they saw an improvement in muscu-
lotendinous function and a reduction
[Moller et al., 2014].
Another report describes a case of iliac

in fatigue

artery dissection following vigorous
physical exercise [Mehta et al., 2012].
Schroeder and Lavallee [2006] offer
guidance for athletes with EDS of all
types.

The advice on pain management
includes:

Anti-inflammatory drugs and pain
medications using narcotics only as a
very last resort.

Neurological assessment in patients
with symptoms suggestive of neuro-
pathic pain/compression neuropathy.

Regular, light, non-weightbearing
exercise.

Relaxation techniques including
mindfulness-based stress reduction and
biofeedback.

Counselling support including cog-
nitive behavioral therapy. See also “Pain
Management in Ehlers-Danlos Syn-
drome” by Chopra et al., this issue.

Cardiac Management

Cardiac assessment including echo-
cardiography to look for aortic root
dilation and mitral valve prolapse.
Mitral valve prolapse may need man-
agement. Aortic root size and mitral
valve prolapse are increased in pa-
tients with classical EDS, but they
tend to be of little clinical signifi-
cance. Echocardiography may be
warranted, but in symptom-free
adults frequency can be reduced
[Atzinger et al., 2011]. If this is
normal in adulthood no follow up is
required [Malfait et al., 2010].

Consider vascular imaging/use of
blood pressure medication if the patient
has a glycine substitution identified near
the C-terminal end of the triple helix, or
on the basis of their family history
[Monroe et al., 2015].

Gastrointestinal Management

Endoscopy and colonoscopy should be
performed with care due to a possibly

increased risk of mucosal bleeding and
tissue fragility.

Pregnancy Management

Follow up throughout pregnancy is
warranted.

Preterm delivery is more likely when
the fetus is affected and is mainly due to
premature rupture of the membranes.

Breech presentation is more com-
mon if the baby is aftected.

After delivery, extension of episiot-
and pelvic prolapse
leading to urinary/faecal incontinence

omy incisions
may occur due to tissue fragility and
extensibility. Treatment of symptomatic
pelvic prolapse remains problematic in
classical EDS.

DIFFERENTIAL DIAGNOSIS

There are a large number of con-
ditions reported to be amongst the
differentials
classical EDS is being considered.

when a diagnosis of

One paper specifically on classical
EDS gives a detailed description of
18 differential diagnoses [Malfait et al.,
2010]. Another highlights the need to
distinguish hyperelastic skin from the
redundant skin seen in cutis laxa
syndromes and  Menkes
[Malfait and De Paepe, 2005].
A paper describing the differential

disease

diagnoses for connective tissue diseases
in general, mentions features similar to
those of classical EDS in four other
conditions [Murphy-Ryan et al., 2010]:

(1) Cardiac-valvular EDS—In this condi-
tion, patients sometimes present with
the skin and joints of classical EDS but
have an increased risk of cardiac
valvular complications and autosomal
recessive  inheritance  (see  also
“Ehlers—Danlos Syndromes, Rare Sub-
types” by Brady et al., this issue).

(2) Classical-like EDS due to complete
tenascin X deficiency—can present
with a phenotype similar to classical
EDS but without the typical scarring,
and with autosomal recessive inheri-
tance (see also “Ehlers—Danlos Syn-
dromes, Rare Subtypes” by Brady
et al., this issue).

(3) Spondylodysplastic EDS due to
SLC39A13 mutations—a rare reces-
sive condition caused by mutations in
SLC39A13, which presents with
atrophic scarring similar to that seen
in classical EDS, in addition to fragile
skin which appears prematurely aged

Muscle

atrophy, pes plans, postnatal growth

on hands and feet.

deficiency, and small  joint
contractures are also characteristic
[Giunta et al, 2008] (see also
“Ehlers—Danlos  Syndromes, Rare
Subtypes” by Brady et al., this issue).

4

fass

Loeys—Dietz syndrome—which can
present with a whole spectrum of
features including the translucent and
velvety skin and joint laxity seen in
classical EDS, but also craniofacial
features and vascular tortuosity not
typical of cEDS.

A review on the differential diag-
noses of joint hypermobility syndrome
(JHS)/EDS hypermobile type (hEDS)
includes classical EDS [Colombi et al.,
2015]. In a small number of cases,
patients with classical EDS and those
with JHS/hEDS can present similarly. In
one study, two adult patients with
confirmed classical EDS were reported
to have no atrophic scars [Ritelli et al.,
2013]. Another study reported hEDS
patients with hyperextensible skin
[Castori et al., 2015].

Also to be included in the difteren-
tial diagnosis of classical EDS is the
dermatosporatic type of EDS, which is
an autosomal recessive disorder charac-
terized by extreme skin fragility with
congenital or post-natal skin tears.
Typically the skin is redundant, with
excessive palmar wrinkling and severe
bruisability with a risk of subcutaneous
hematomas and haemorrhage Postnatal
growth retardation with short limbs,
hand and feet, which are not typically
features of cEDS,
dermatosporatic ~ type  (see  also
“Ehlers—Danlos Syndromes, Rare Sub-
types” by Brady et al., this issue).

A review of case reports and patient

are seen in the

series reveals a number of incidences
where a clinical diagnosis of classical EDS
was altered after genetic testing identified
an alternative diagnosis. In all cases, they
all involved mutations in type I collagen.



RESEARCH REVIEW

AMERICAN JOURNAL OF MEDICAL GENETICS PART C (SEMINARS IN MEDICAL GENETICS) 35

There are currently three reported
forms of type I collagen abnormality
that can present with EDS features:

(1) Cardiac valvular EDS—an autosomal
recessive condition caused by total
absence of a2(1) collagen chain [De
Paepe and Malfait, 2012]. The condi-
tion was named because three patients
were reported to have aortic or mitral
valve requiring replacement surgery in
adulthood [Schwarze et al., 2004]. A
review of all reported cases concludes
that loss of function mutations result in
a phenotype similar to hEDS or
classical EDS but with cardiac valve
disease in adulthood while gain of
function mutations lead to a severe OI
phenotype [Malfait et al., 2006] (see
also “Ehlers—Danlos Syndromes, Rare
Subtypes” by Brady et al., this issue).

(2) “Classic EDS-like with a propensity
for arterial rupture”/“vascular-like
classical EDS” are two names that
have been used for the condition
caused by COL1A1 mutations involv-
ing substitutions of arginine for cyste-
ine. This condition can present as
classical EDS with an increased risk for
arterial dissection [Malfait et al., 2007,
Ritelli etal., 2013; Gaines et al., 2015].
Three patients were described who
had arginine to cysteine substitutions
in the pro-alpha (I) collagen chain and
one had presented as classical EDS
[Malfait et al., 2007]. They suggest
that this shows the need to differentiate
COL1 patients (given the phenotypic
similarity) as there is vessel fragility in
patients with COL1A1 arginine to
cysteine mutations. The molecular
characterization of 40 patients with
classical EDS showed that one patient
had a COL1A1 p.(Arg312Cys) muta-
tion [Ritelli et al., 2013]. This patient
was reported to be similar to the other
classical EDS patients except that he
had wvascular involvement (see also
“Ehlers—Danlos Rare
Subtypes” by Brady et al., this issue).

(3) OI/EDS overlap syndrome.

Syndromes,

Patients with mutations at the
N-terminal end of both COL1A1 and
COL1A2, which are seen to affect the
processing of the N-propeptide, can

present phenotypically as EDS rather
than OI [Malfait et al., 2013]. This is in
contrast to patients with mutations in the
same region who do not show delayed type
I procollagen N-propeptide processing on
SDS-PAGE analysis, who present with an
OI phenotype. The potential risk for
vascular rupture associated with these
mutations means they need to be diagnosed
correctly, particularly given the clinical
overlap. This again highlights the need to
consider type I collagen in patients
presenting with EDS features. The authors
recognized that the further work was
needed to fully characterize this pheno-
type, but suggest being aware of the
potential for vascular aneurysm or rupture
atayoung age and recommend caution and
consideration of the risk of vascular fragility
in event of surgical or other invasive
procedures.

GENETIC COUNSELING

EDS is
autosomal dominant pattern. Affected
have a 50%
passing on the condition in each

Classical inherited in an

individuals chance of
pregnancy. For siblings of an affected
person it will depend on whether one
of the patents is also affected. If a parent
is affected the other children will have a
50% chance of being affected. Intra-
familial variability has been reported
[Burrows et al., 1996]. About 50% of
cases are thought to be de novo
[Malfait et al., 2010]. If the parents
are unaffected there is a theoretical risk
to the other children due to gonadal
mosaicism, however, this has not yet
been reported [Malfait et al., 2010].

Once the molecular cause is known
for a patient, cascade testing is possible to
confirm or exclude the diagnosis in
relatives who may have a milder phenotype
[Ritelli et al., 2013]. Prenatal testing and
preimplantation genetic diagnosis are pos-
sible once the mutation is known; how-
ever, requests for these are not common for
conditions that do not affect intellect or life
span [Malfait et al., 2010].

Diagnostic Criteria

After review of the literature, and
considering the clinical experience of

the authors, we recommend the follow-
ing diagnostic criteria:

Major criteria

(1) Significant skin hyperextensibility and
atrophic scarring.
(2) Generalized joint hypermobility.

Minor criteria

(1) Easy bruising.

(2) Soft, doughy skin.

(3) Skin fragility (or traumatic splitting).

(4) Molluscoid pseudotumours.

(5) Subcutaneous spheroids.

(6) Hernia (or history thereof).

(7) Epicanthal folds.

(8) Complications of joint hypermobility
(e.g., sprains, dislocation/subluxation,
pain, pes planus).

(9) Family history of a first degree relative
who meets clinical criteria.

Minimal criteria suggestive for a diagnosis
of dlassical EDS

Major criteria (1)—Skin hyperextensi-
bility and atrophic scarring

Plus
Either: Major criteria (2)—generalized
joint hypermobility

Or: three of the nine minor criteria

Comments

Skin is hyperextensible if it can be
stretched over a standardized cut off in
the following areas: 1.5 cm for the distal
part of the forearms and the dorsum of
the hands; 3 cm for neck, elbow and
knees; 1 cm on the volar surface of the
hand (palm).

Abnormal scarring can range in
severity. Most patients have extensive
atrophic scars at a number of sites. A
minority of patients are more mildly
affected. The relevance of surgical scars
should be considered with caution in
classical EDS, they can appear normal in
patients with classical EDS if well man-
aged. Atrophic surgical scars can be found
in the general population due to mechan-
ical factors and site of the incision.

Joint hypermobility (JHM) is eval-
uated according to the Beighton score; a
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Beighton score of >5 is considered
positive for the presence of generalized
joint hypermobility. Since joint hyper-
mobility decreases with age, patients
with a Beighton score <5/9 may be
considered positive based on their
historical observations.

Easy bruising can occur anywhere
on the body, including unusual sites.
The pretibial area often remains stained
with hemosiderin from previous bruises.

Subjective abnormality of the skin
texture is appreciable by touching the skin.

Molluscoid pseudotumors are fleshy
lesions associated with scars, found over
pressure points (e.g., elbow, fingers).

Subcutaneous spheroids are small
spherical hard bodies, frequently mobile
and palpable, on the forearms and shins.
Spheroids may be calcified and detect-
able radiologically.

Epicanthal folds are often seen in
childhood but may also be seen in adults.

Verification of clinical diagnosis
Confirmatory analysis is recommended
for any patient meeting the above
clinical criteria.

Molecular analysis of COL5A1 and
COL5A2 genes identifies a causal muta-
tion in more than 90% of the patients
[Symoens et al., 2012; Ritelli et al., 2013].
Molecular screening by means of targeted
resequencing of a gene panel that includes
at least the COL5A1, COL5A2, and
COL1AT1 gene, or by WES or WGS is
indicated. When no mutation is identi-
fied, this approach should be comple-
mented with a copy number variant
(CNV) detection strategy to identify large
deletions or duplications.

If genetic testing is not available,
electron microscopy findings of collagen
flowers on skin biopsy can support the
clinical diagnosis.

Absence of these confirmatory
findings does not exclude the diagnosis;
however, alternative diagnoses should
be considered in the absence of a type V
collagen gene mutation or electron
microscopy findings.

GAPS/FUTURE RESEARCH

A study of the management of vascular
complications in EDS described 15

patients with clinical diagnoses of classi-
cal EDS with two having thoracic aortic
aneurysm repair and two having ab-
dominal aortic aneurysm repair [Brooke
et al.,, 2010]. The authors recognized
that they were limited by reliance on
clinical criteria for diagnosis when
biochemical and genetic testing is
The evidence that
COL1 mutations have an increased

more accurate.

vascular risk raises this particular ques-
tion for these patients. This highlights
the benefit of molecular confirmation of’
patients for research purposes.

A large proportion of the current
literature on patients that have had
molecular testing focuses on con-
while the
literature on clinical features and

firming the diagnosis,
management is often not based on
molecularly characterized popula-
tions. Further studies of associated
features in confirmed classical EDS
patients is warranted. There are some
recent large patient reviews that have
helped to develop the understanding
of classical EDS. There

potential for research using these

is huge

large patient groups with molecularly
confirmed diagnoses.

Mutations in COL5A2 account for
a relatively small number of cases. As
more mutation analysis is carried out,
genotype-phenotype correlations may
become more apparent.

Large scale studies on vascular risk
and cardiac features would aid manage-
ment. A few cases studies may be
skewing the data and further clarifica-
tion of this would be helpful for patients
with type V collagen mutations. How-
ever, it is clear that in the absence of
molecular testing, the potential for a
type 1 collagen mutation with an
increased risk of arterial rupture cannot
be ruled out.

Another question that would ben-
efit from further research is whether a
lack of striae can be used as a good
indicator for classical EDS and help to
direct molecular testing.

Literature is lacking on the fre-
quency of dysautonomia, chronic fatigue
syndrome, gastrointestinal involvement,
Chiari and cranio-cervical instability in
this patient population.

Pregnancy and delivery in classical
EDS is another area that would benefit
from clear management guidelines.

More data are needed in regard to
mild, persistent strength training in
relation to the treatment of the hypoto-
nia seen in some cases of classical EDS.
The role of fitness,
rehabilitation in the functional ability

exercise, and

and quality of life measure in those with
classical EDS is an area for further
investigation.

Finally, there is a lack of good
prevalence and natural history data for
classical EDS.

SUMMARY

A diagnosis of classical EDS is indicated
by the well-described triad of hyper-
extensible skin, atrophic scarring, and
hypermobile joints. Although a set of
clinical criteria has predominated diag-
do present
similarly. Confirmation of diagnosis

nosis, other conditions
informs management and is vital for
research purposes. Much of the early
literature on classical EDS is limited by
the lack of laboratory confirmation of
diagnoses.

The diagnosis of classical EDS can
be confirmed by identifying the path-
ogenic causative mutation in COL5A1
or COL5A2. Molecular investigations
identify mutations in the majority, but
currently not all patients with a clinical
picture compatible with the diagnosis.
Where genetic confirmation has not
a type V collagen
abnormality can sometimes be demon-
strated by the COL5A1 null allele test.
Typical frequent collagen flowers on

been possible,

electron microscopy (EM) of skin can
be a helpful diagnostic tool for classical
EDS, however, collagen flowers are not
unique to this condition. Collagen
flowers on EM should be an indicator
to test COL1A1 and COL1A2 when
clinical features of classical EDS are
present in the absence of a COL5
abnormality. Patients with a type 1
collagen abnormality can present with
a similar initial clinical appearance to
classical EDS, but they have a higher
risk of wvascular

events and need

appropriate management.
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The management advice for classi-
cal EDS has remained consistent over a
number of years. There are now a large
number of patients with molecularly
classical EDS and these
provide a basis for further research on

confirmed

management. Further evidence on car-
diac risks, skin care management, exer-
cise potential, and associated features
would aid the understanding and man-
agement of the condition.
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Diagnosis, natural history, and management in
vascular Ehlers-Danlos syndrome

PETER H. BYERS (),* JOHN BELMONT, JAMES BLACK, JULIE DE BACKER, MICHAEL FRANK,
XAVIER JEUNEMAITRE, DIANA JOHNSON, MELANIE PEPIN, LEEMA ROBERT,
LYNN SANDERS, ano NIGEL WHEELDON

Vascular Ehlers Danlos syndrome (vEDS) is an uncommon genetic disorders characterized by arterial aneurysm,
dissection and rupture, bowel rupture, and rupture of the gravid uterus. The frequency is estimated as
1/50,000-1/200,000 and results from pathogenic variants in COL3A1, which encodes the chains of type Ill
procollagen, a major protein in vessel walls and hollow organs. Initial diagnosis depends on the recognitions of
clinical features, including family history. Management is complex and requires multiple specialists who can
respond to and manage the major complications. A summary of recommendations for management include:
Identify causative variants in COL3A1 prior to application of diagnosis, modulate life style to minimize injury, risk
of vessel/organ rupture, identify and create care team, provide individual plans for emergency care (“vascular
EDS passport”) with diagnosis and management plan for use when traveling, centralize management at centers
of excellence (experience) when feasible, maintain blood pressure in the normal range and treat hypertension
aggressively, surveillance of vascular tree by doppler ultrasound, CTA (low radiation alternatives) or MRA if
feasible on an annual basis. These recommendations represent a consensus of an international group of
specialists with a broad aggregate experience in the care of individuals with vascular EDS that will need to be
assessed on a regular basis as new information develops. © 2017 Wiley Periodicals, Inc.
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INTRODUCTION

Vascular Ehlers—Danlos syndrome (vas-
cular EDS, vEDS, or VEDS, previously
known as Ehlers—Danlos type IV) is a
dominantly inherited disorder that re-
sults from mutations in COL3A1, the
gene that encodes the chains of type III
collagen [Pope et al., 1975; Pepin et al.,
2014; Frank et al., 2015a]. The initial
diagnosis is usually suspected on the basis

of family history, or a clinical history of
arterial rupture, dissection or aneurysm,
rupture of the large intestine, or preg-
nancy complications at young ages.
Because of clinical overlap with some
forms of Loeys—Dietz syndrome, Mar-
fan syndrome, and familial arterial
aneurysm and dissection syndromes,
the diagnosis should be confirmed by
identification of pathogenic variants in

COL3A1 to allow for appropriate

surveillance, treatment, and family stud-
ies. Type III collagen is a major protein
in the walls of blood vessels and hollow
organs, which explains increased bruis-
ing, arterial and bowel fragility, and
uterine, cervical and vaginal fragility
during pregnancy and delivery. Muta-
tions in COL3A1 are currently the only
explanation for the vascular EDS phe-
notypic spectrum. The clinical spectrum
(see below) is explained, in part, by
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striking allelic heterogeneity. Clinical
heterogeneity among individuals with
the same pathogenic variant is probably
explained by other genetic modifiers.
About half of the probands identified
have no family history of vascular EDS,
which means the diagnosis is often made
in the context of the major complica-
tions of the condition. Biallelic muta-
tions have been found in less than 1% of’
all affected individuals [Plancke et al.,
2009; Jorgensen et al., 2015].

Diagnostic Testing

Sequence analysis of COL3A1 in a
qualified clinical laboratory is very sensi-
tive and is thought to identify the
underlying pathogenic variant in more
than 98% of individuals with vascular
EDS. The sensitivity differs little among
sequencing strategies so that analysis by
Sanger sequencing, sequence
analysis, or genome sequence analysis

exome

appear to be equally effective although
genome sequence analysis could identify
deep intronic mutations that result in
splicing alterations. For individuals with
clinical features consistent with vascular
EDS in whom no COL3A 1 mutation has
been identified, routine sequence analysis,
genome sequence analysis, examination
of mRNA from cultured fibroblasts, or
genome sequence of the region can
identify deep intronic variants that alter
splicing. Whole exome sequencing is
unlikely to uncover a COL3A1 patho-
genic variant in a patient who has
previously been tested with a gene panel.
In individuals with clinical features of
vascular EDS in whom no COL3A1
mutation has been identified, consider-
ations should be given to analysis of other
genes such as those that disrupt the TGF3
signaling pathways and may be referred for
research studies to search for additional
genetic alterations.

NATURAL HISTORY

The key element to the creation of an
effective assessment and management
plan for people with vascular EDS is a
comprehensive knowledge of the natu-
ral history of the disorder. The most
common presentation in childhood is

easy bruising that may be accompanied
by striking skin lucency and vascular
visibility. There may be excessive bleed-
ing with circumcision. In some instan-
ces, childhood bruising has been
sufficient to raise the question of abuse
[Roberts et al., 1984]. Other signs such
as talipes, congenital hip dislocation, and
the facial features are often recognized
only in retrospect. There appears to be
an increased risk of sudden death under
the age of 20, as a consequence of
vascular rupture in males [Pepin et al.,
2014]. The reason for the selective effect
in males is not clear but does not appear
to be related exclusively to sporting
injuries. In most instances, the diagnosis
had not been
identified prior to death, so that, in

in these individuals
part, because they had no family history
of the disorder, the diagnosis was made
post-mortem. Usually, in the absence of
family history, the diagnosis of vascular
EDS is rarely considered in childhood,
even in the face of unexplained bruising.

The key element to the
creation of an effective
assessment and management
plan for people with vascular
EDS is a comprehensive
knowledge of the natural
history of the disorder.

In the absence of a family history, the
diagnosis of vascular EDS is often not
considered until after a vessel or hollow
organ rupture. Additional features which
can raise concern about the diagnosis
include with less severe consequences
which should raise the suspicion of
vascular EDS include unusual bruising
without identified cause, acrogeria, re-
current pneumothorax talipes, early
onset varicose veins, and characteristic

facial features with prominent eyes.

Life Span and Predictors

At present, the life span for aftected
individuals is a median age of about 51

years (49 for males and 53 for females)
but with a very large range (roughly
from 10 to 80 years) [Pepin et al., 2014,
Frank et al., 2015a]. The major cause of
death is arterial dissection or rupture
with organ failure. The nature of the
underlying mutation in COL3A1 in-
fluences life expectancy. Splice site
mutations that lead to exon skipping
have the lowest median survival al-
though numbers with this mutation type
are small. Substitutions of bulky residues
(arginine, aspartic acid, glutamic acid,
and valine) for triplet glycine residues in
the triple helical domain (Gly-Xaa-Yaa)
are usually less severe than splice site
mutations, but more consequential than
substitutions by smaller residues (ala-
nine, serine, cysteine). Pathogenic var-
iants that
carboxyl-terminal propeptide of the

alter sequences in the
chains can have the full range of effects.
Heterozygosity for COL3A1 null alleles
(which accounts for less than 5% of
recognized mutations) delays onset of
complications on average by almost 2
decades. In some instances, individuals
in those families may have few clinical
manifestations, even into the 9th decade
even though the family was ascertained
through an individual with a typical
presentation, which emphasizes that life
span estimates are population estimates
and not strictly applicable to the
individual. Knowledge of the familial
mutation facilitates care choices, assists
with reproductive options, and may be
important in the choice of treatment
modalities.

Heterozygosity for COL3A1
null alleles (which accounts for
less than 5% of recognized
mutations) delays onset of
complications on average by
almost 2 decades. In some
instances, individuals in those
families may have few clinical
manifestations, even into the
9th decade even though the
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family was ascertained
through an individual with a
typical presentation, which
emphasizes that life span
estimates are population
estimates and not strictly
applicable to the individual.

Bowel rupture is uncommon in
early childhood, begins to be recognized
in the late childhood, and continues as a
risk into adulthood. Bowel rupture
ultimately affects about 25-30% of
individuals but rarely leads to death.

Spontaneous pneumothorax can
also occur during the late childhood
with a high risk of recurrence. Active
interventions that range from simple
needle aspiration to chest drain are often
needed and surgical pleurectomy, bleb
removal, or chemical pleurodesis may
control

be necessary  to recurrent

pneumothoraces.

Pregnancy

The Kaplan—Meier survivals of women
who have been pregnant and those
who have not are similar [Murray et al.,
2014]. However, disease-related com-
plications during pregnancy remain the
most common cause of death in
women of childbearing age. Pregnancy
is associated with death in about 5% of
women and first pregnancies seem to
account for 50% of those maternal
pregnancy-related deaths [Pepin et al.,
2014], but only a small number have
complications that lead to death that
are pregnancy specific (e.g., uterine
rupture). The remainder die from
arterial complications that are similar
to those seen in non-pregnant women.
Complications occur in about half the
pregnancies and include premature
rupture of membranes with preterm
delivery, rare uterine rupture during
labor, severe perineal tears, and ante-
partum and post-partum hemorrhage.
Some of these complications may be
avoided by delivery by cesarean.

OVERALL MANAGEMENT

Life Style—Sense and Sensibility

The goals of medical management are to
minimize the likelihood of adverse
events and to assure that quality of life
is minimally impaired. The general
approach to medical management in-
cludes the creation of an informed care
team, the avoidance of activity choices
that are likely to cause adverse eftfects,
and the management of ordinary medi-
cal conditions where there is additional
risk in individuals with vascular EDS
such that this risk is minimized

In general, most of the usual aspects
of daily living and recreational activities
are within the expected possibilities.
Collision sports and isometric activities
are generally discouraged. There are
examples of individuals who have played
football, rugby, soccer, and water polo
with only bruising occurring during the
activity. However, there are rare deaths
that can be attributed directly to the
involvement in these activities. The
increase risk for early death in young
males does not seem to be explained by
athletic activities in most individuals.
The two concerns in high level sports
activities are that the trauma of collisions
can lead to vascular rupture and that
rapid and recurrent increase in blood
pressure and rate can compromise
normal vascular structure and lead to
dissection or rupture. Specific limits on
the extent of activity are difficult to
establish. The concept that to retain the
capacity to converse with a partner
during activity, good breath control
while lifting, and light weights to retain
tone and strength rather than building
mass seem like appropriate guidelines.
Weight limits depend not only on
previous strength and fitness, but also
on history of joint hypermobility, pain,
and dislocations. Shoulder, hip, and
knee injuries can be minimized by use
of light resistance and/or weights.
Aerobic fitness through mild to moder-
ate conditioning exercises are encour-
aged, but with use of pools, stationary
bicycle, elliptical trainers, or well cush-
ioned treadmills. Running on hard
surfaces and for long distances may

exacerbate foot, ankle, knee, and hip
pain. Activities with rapid acceleration/
deceleration should be discouraged as
these may increase the risk of vessel
dissection.

Creation of a Care Team

A frequent concern is that the physician
does not know anything about this type
of EDS. Given the rarity of vascular
EDS, outside of medical geneticists,
vascular surgeons, and cardiologists
few clinicians would be expected to
have had significant (any) experience
with people with the disorder. With this
in mind, at the time of diagnosis, an
affected individual should be referred to
a center in which there is both experi-
ence and expertise. The referral pattern
will vary depending on the geographic
region. In some settings, centers of
excellence have been established and
referral patterns institutionalized. This is
the case in France and the United
Kingdom and in European countries
in which reference networks have been
set up. In others, the search for an expert
may be ad hoc and success not guaran-
teed. Consultation with the national or
international peer groups or University
Medical Centers or large free-standing
clinical centers with large referral pop-
ulations may help to identify clinicians
with experience and knowledge.

Each individual with vascular EDS
should have a primary physician, who
acts as the care coordinator, and who is
linked to a geneticist or other specialist
with detailed knowledge of the disorder.
The care team should include the
primary care practitioner, a vascular
surgeon, and a general surgeon. A
genetic consultation will help in identi-
fying possible affected relatives who
should be offered cascade testing. The
psycho—social impact of the disease is
too often neglected and often requires
psychological care. It is helpful to have
backups, and the team members should
be introduced to the patient and family.
This team exists to care for the affected
individual in the case of major compli-
cations, such as bowel rupture, arterial
dissection or rupture. A clear protocol
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should be created, the local emergency
room or rooms should have data about
the individual and both the affected
individual and relevant family members
should know the protocol for contact. A
protocol for the emergency room
evaluation needs to be established and
the on-call caretakers must recognize
the needs of the patient. Each affected
individual should have letter or “pass-
port”/Emergency Care Card to be
carried and provided to the ER physi-
cians at the time of consultation. Copies
of such documents are available from
several resources once the diagnosis has
been established by genetic testing. For
younger women planning pregnancy, a
high risk team should be assembled that
includes experienced obstetricians and
vascular surgeons.

Each individual with vascular
EDS should have a primary
physician, who acts as the
care coordinator, and who is
linked to a geneticist or other
specialist with detailed
knowledge of the disorder.
The care team should include
the primary care practitioner,
a vascular surgeon, and a
general surgeon.

Surveillance

The objective of surveillance is to
identify the potential for complications
before they occur and substitute a
planned elective procedure in an expe-
rienced setting for an ad hoc approach
that may occur in the closest available
resource. Currently there are no guide-
lines for surveillance that have been
created on an evidence-based formula
and, as a consequence programs and
institutions vary in their approach.
These approaches range from no interim
evaluations other than routine and
directed physical examination following

an interim medical history with perhaps
some imaging of the aorta, to detailed
assessment of the arterial tree by MRA
or CTA on a periodic basis, usually
yearly. Even in the latter settings, the
criteria for intervention have not been
well established and the use of endovas-
cular stenting compared to open surgical
replacement of arterial segments
remains uncertain. It is hoped that data
emerging from established centers with
broad experience will provide well-
vetted protocols for surveillance and

intervention.

TREATMENT

Medical Intervention

The major target of medical interven-
tion has been the maintenance of blood
pressure in the normal or low normal
range and prevention of surges in blood
pressure with the intent to minimize the
likelihood of arterial dissection or
rupture. Over time, a variety of med-
ications have been suggested that in-
clude diuretics, B-adrenergic blockers,
angiotensin processing blockers or re-
ceptor blockers, and other antihyper-
tensive agents that may depend on
knowledge and experience of the clini-
cian. Reports of only one systematic
investigation of efficacy of any of these
drugs is available, a trial of the mixed 1
antagonist and (2 agonist, celiprolol
[Ong et al., 2010]. The study suggests
that treatment of individuals with
vascular EDS with the drug extends
the time to wvascular complications
compared to those not treated. Selection
of subjects was made on clinical grounds
and the allocation to treatment or
control was based on demographic and
clinical criteria for the whole group. Part
way through the study it was determined
that for about a third of participants no
COL3A1 mutation could be identified.
Although individuals with COL3A1
mutations who were treated appeared
to benefit in the secondary prevention of
vascular events, the failure to determine
if the comparison groups were equiva-
lent compromises the ability to come to
clear conclusions whether treatment
with the drug can delay or prevention

of vascular events in people with vascular
EDS. The drug has been used in this
population in Europe and Great Britain
(it 1s not yet available in the US) and it is
hoped that analysis of those individuals
can clarify whether and under what
circumstances there is benefit.

Surgical Intervention

Arterial events

Many symptomatic arterial events are
dissections that are self-limiting and may
not require radiologic intervention or
surgery. In the case of arterial rupture,
urgent repair by any possible means is
required.

Not all dissections are symptom-
atic. Indeed, it is not uncommon to
discover silent arterial defects during
[Frank
et al,, 2015a]. Symptoms of arterial

routine arterial monitoring
dissection may be pain secondary to the
tear in the arterial wall, to capsular
stretch, or related to ischemia in organs
or limbs located distal to the dissection.
Locations that are commonly symp-
tomatic are iliac and femoral arteries,
mesenteric and celiac vessels, renal
arteries, aorta (any location), and
peripheral arteries of the limbs. Acute
management of symptomatic dissection
requires pain control, blood pressure
control, and monitoring for signs of
deterioration in case of ischemia.
Anticoagulant or antiplatelet therapy
may be required when there is a high
risk of ischemia due to narrowing of
the vessel or peripheral embolization.
Given the risk of complication due to
these therapies, their use is generally
limited to a short period of time.

In the event of arterial rupture,
interventional therapy may be indi-
cated. Anatomically contained (partial)
ruptures may be treated medically but
require close monitoring to detect
recurrent bleeding. Non-contained
ruptures or clinically unstable aneur-
ysms (pre-rupture) or false aneurysms
most often require intervention.
According to the location, interven-
tional radiology or open surgery may
be indicated, although invasive proce-
dures may be more likely to provoke

further morbidity. The nature of
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treatment depends on the location of
the arterial rupture. Often occlusion
by embolization of the bleeding artery
1S necessary.

The best setting for vascular surgery
is the planned repair of aneurysms and
dissecting aneurysms, especially those
affecting the aorta or iliac vessels. Open
intervention however requires specific
repair techniques because of the inher-
ent vessel friability and should be
avoided as much as possible.

Repeated arterial events
Patients  with
events may present during the acute

symptomatic  arterial
phase of their dissection/rupture with
repeated arterial accidents in distant
arterial territories in the hours/days
following the initial event. The risk of
secondary accidents may increase with
the severity of the initial event, the
length of the hospital stay, the invasive
character of treatment, and the extent of
fluid overload. No specific causal factors
have been formally identified to explain
these events.

We suggest a protocol of “permis-
sive hypotension” in which hypotension
is permitted as long as it does not
compromise intellectual or other organ
function, the avoidance of inotropic
agents, and the judicious use of IV fluids
to increase pressure. Additional precau-
tions are required with indwelling
catheters because of the risk to the
integrity of vascular or organ walls.

Evaluation

Evaluation at the time of emergency
referral depends on the signs and
symptoms. In general, non-invasive
evaluation of the abdomen, chest, and
head are preferred using MRI, CT, and
angiographic approaches to

understand blood loss. Use of arteriog-

venous

raphy with high pressure injection is
generally avoided because of the risk of
further vascular injury. Some vascular
events can be dealt with effectively with
embolization [Brooke et al., 2010;
Okada et al., 2014]. Although covered
stents are being placed in life-threaten-
ing situations to forestall active bleeding,
it is not known if and how arteries will

withstand the pressure of the stents over
the long course. Aneurysmal dilation
may occur in some while others may
require open surgical intervention.
Bowel rupture almost always re-
quires surgical intervention and usually
leads to isolation of the distal bowel,
removal of the ruptured segment, and
creation of a colostomy. Repair of
colostomy has become more common-
place and is frequently successful. Re-
current surgery may be associated with
ilio-colic fistula formation and subtotal
colectomy may prevent further colonic
ruptures [Frank et al,, 2015a]. This
possibility could be discussed at the
time of the first colonic rupture if the
diagnosis of vascular Ehlers—Danlos
syndrome has been established.

ORGAN SYSTEM
INVOLVEMENT

Cardiac

There is no increased risk of cardiac
valvular abnormalities or structural
cardiac defects. Mitral valve prolapse
probably occurs at the same frequency
as in the general population. There is
an increased risk of coronary artery
dissection and, as a consequence,
myocardial infarction [Pepin et al.,
2014]. In the event of myocardial
infarct, there is an increased risk of
ventricular rupture and pericardial
tamponade with sudden death. Non-
MI related mitral valve papillary muscle
rupture has been described in vascular

EDS patients.

Gastrointestinal

The most common complication is
spontaneous rupture of the colon,
usually the sigmoid [Pepin et al., 2014,
Frank et al.,, 2015a]. The clinical
presentation is one of rapid crescendo
of unremitting pain, generally in the
lower left quadrant. Treatment is similar
to that in individuals without vascular
EDS and generally leads to colostomy
which can be successfully reversed a few
months after the initial event without

further complications. Recurrence is
more frequent than in the non-EDS
population and may lead to partial
colectomy. Awareness of the genetic
diagnosis may help to shape care.

Small bowel rupture appears to be less
common and may in some result from
intramural hemorrhage and in others as a
consequence of adhesions from previous
surgery. Fistula formation is not uncom-
mon following abdominal surgery and
may lead to rapid transit time and
problems with nutrition. Surgical inter-
vention with partial bowel resection can
be successful.

Esophageal and gastric rupture have
also been reported [Reis et al., 1998].

Pulmonary

Spontaneous pneumothorax is seen in
12% of individuals, often as a first
manifestation. It is not clear if there is
a male predominance as there is with the
idiopathic presentation. Rupture of
pulmonary blebs is probably the major
cause of pneumothorax.

Spontaneous pneumothorax is
seen in 12% of individuals,
often as a first manifestation.
It is not clear if there is a
male predominance as there is
with the idiopathic
presentation. Rupture of
pulmonary blebs is probably
the major cause of
pneumothorax.

Spontaneous pulmonary hemor-
rhage resulting in hemoptysis is a rare
complication and can result from rup-
ture of small pulmonary vascular nod-
ules or arteriovenous fistulae [Ishiguro
et al., 2009; Kawabata et al., 2010].

Treatment of this complication
follows the same pathways as for those
without vascular EDS.
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Vascular

Superficial venous insufficiency (SVI) is
more prevalent in patients with vascular
EDS than in the general population
(37% vs. 17-23%; Frank et al., 2015b).
SVI is characterized by its precocity
(44% of patients with SVI declare their
venous disease before the age of 20 years;
Frank et al., 2015a) and is characterized
by the early presence of significant
(>3 mm) (stage C2
CEAP). Vein stripping may result in

varicose veins
extensive vascular damage (femoral
vein/artery rupture) and/or in uncon-
trolled bleeding and should therefore be
avoided. Commonly however, the early
onset of SVI competes with the first
vascular EDS-related events and thus the
genetic diagnosis of the patient’s condi-
tion. Because of this, it is not rare that
the diagnosis of vVEDS is suspected after
an unusually complicated surgical strip-
ping. Therapy primarily consists in
medical compression. Endovenous laser
or radiofrequency endovenous thermal
ablation have been successfully reported
in patients with vEDS [Okada et al.,
2014; Frank et al., 2016]. In countries
where it is available, foam sclerotherapy
may also be a complementary or alter-
nate treatment.

Skin

Although thin skin with readily visible
venous patterning is one of the typical
features described in individuals with
vascular EDS, it is often a subtle finding
and bruising that is not explained by trauma
is more common. Acrogeria is uncommon
and usually accompanies mutations that
appear near the carboxyl-terminal end of
the triple helical domain. Bruising may
increase with aspirin or non-steroidal anti-
inflammatory medications and certain in
the presence of anti-coagulant treatment.
Alopecia occurs inconstantly but can be
striking in some women.

Musculoskeletal

Height varies through the normal range
although small for family may be more
common. Congenital hip dislocation is
increased as is congenital talipes and

limb reduction defects (perhaps second-
ary to amputations by amniotic bands)
[Young et al., 1985] when compared to
the average population but these alone
are generally insufficient to warrant
diagnostic testing.

Distal joint contractures occur in a
small proportion of individuals, these are
progressive and can be disabling.

There also appears to be an increase
in the relative frequency of muscle and
tendon rupture, but these data have not
been aggregated.

Ocular

Carotid cavernous fistula: Globe pro-
trusion as a consequence of retrograde
arterial flow through the venous system
around the globe occurs as a result of
“carotid-cavernous sinus fistula” forma-
tion and is a medical emergency. This
may be recognized by the affected
individual because of sudden onset of
a swishing sound in the temporal region
of the head followed by injection of the
veins of the eye, pain around the eye, and
protrusion with slow loss of visual acuity.
The only treatment is closure of the
fistula, usually by an arterial catheter and
coiling or occlusion of the carotid
proximal to the fistula [Halbach et al.,
1990; Linfante et al., 2015].

Subtle globe protrusion is also a
common feature of the “characteristic
facial appearance” and may result in
failure to completely close the lids during
sleep with recurring conjunctivitis.

Keratoconus, thinning of the cornea,
is a very rare feature of vascular EDS but the
frequency has not been determined. The
diagnosis requires measure of the corneal
thickness and architecture. It can lead to
sufficient visual distortion that cannot be
well treated with contact lenses so that the
only effective remedy is corneal transplant,
which has been successful. Retinal disor-
ders do not appear with increased fre-
quency. Keratoconus, globe rupture, and
blue sclerae are features of a different type of
EDS that results from mutations in two
separate genes (ZNF469 and CHST14)
[Rohrbach et al., 2013; Kosho, 2016].
Globe rupture is not a feature of vascular
EDS. Isolated keratoconus is a rare disorder
that does not appear to result from

mutations in COL3A1 or the other
Ehlers—Danlos-related genes. Isolated ker-
atoconus may be more frequent than
vascular EDS.

Oral

The most common oral problem is gum
fragility with bleeding after brushing or
flossing [Ferré et al., 2012]. In some
individuals, there is marked loss of
gingival tissue with recession that can
lead to tooth loss. This may lead to
confusion about the diagnosis and raise
the concern of the periodontal form of
EDS [Kapferer-Seebacher et al., 2016].
Therapy is limited to fastidious oral
hygiene but even that may not be
sufficient to safe guard gingival integrity.
Hyperlaxity of the temporoman-
dibular articulation can also result in
repetitive subluxations and pains.

Renal

Intrinsic renal disease is not increased.
The major renal concern results from
renal artery dissection that may lead to
diminished renal blood flow, loss of renal
parenchyma, and renal hypertension. In
some instances, stenting of the stenotic
vascular regions can restore flow and
result in normalization of blood pressure
(unlikely approach in these patients in
clinical practice). In others, appropriate
and aggressive treatment of blood pressure
to maintain the normal range is indicated,
in first instance with a blocker of the renin
angiotensin system (ACEI, ARB).

Genitourinary

There do not appear to be specific
genitourinary complications. Iatrogenic
bladder perforation has been reported
during C-section.

ANIMAL MODELS

Currently there are two available mouse
models for vascular EDS, both are
homozygous or heterozygous nulls
which represent only about 5% or less
of all known instances of human vascular

EDS [Liu et al., 1997; Cooper et al.,
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2010; Smith et al, 2011]. In these
models, a very small proportion of the
homozygotes survive until birth and then
they uniformly develop arterial ruptures
and died by about 6 months of age.
Hypertension converts an asymptomatic
heterozygote to one that develops large
arterial rupture. In one model, use of
doxycycline to inhibit matrix metal-
loproteinases appeared to change the
arterial topography but the effect on
aortic rupture was unclear. Animal
models with missense and splicing muta-
tions are currently under investigation.

FUTURE NEEDS

Vascular EDS is an uncommon genet-
ically homogeneous, but with sub-
stantial allelic heterogeneity, disorder
(perhaps as frequent as 1/50,000) that
results from pathogenic variants in
COL3A1. There is no consensus on
the best practice for medical surveil-
lance, for medical intervention, or for
surgical intervention. In part, these
limitations result from the rarity of
the disorder, the difficulty in assem-
bling clinical data, and the relative
paucity of natural history data. The
lead to
better diagnosis, management, and

following pathways may

treatment:

e make educational materials about the
disorder available to the medical com-
munity: Undergraduate medical educa-
tion, medical and surgical teaching
programs, and ER facilities,

e collect all sequence data from testing
laboratories and facilitate contact with
all individuals with pathological variants
and those with VUS for follow-up,

e create centers of excellence to provide
expert periodic evaluation to develop
standardized care, surveillance, and
intervention,

® assist in the provision of local “care
teams” for each individual identified,

® create an international web-based reg-
istry of individuals with vascular EDS
with permission to contact and re-
contact for both clinical information
and involvement in clinical trials,

international

® promote cooperation

and collaboration through yearly

scientific/clinical meetings in revolving
venues,

® use registry and other clinical data to
provide clear natural history descriptions,

® create animal models with common types
of mutations—heterozygous substitutions
for glycine in the triple helical domain and
splice site mutations,

e identify or develop “biomarkers” for
surveillance (enrollment closed),

o develop clinical trials for small molecu-
lar intervention (enrollment about to
begin), and

o develop models for genetic intervention.

Summary of Management
Recommendations

e identify causative variants in COL3A1
prior to application of diagnosis,

e modulate life style to minimize injury,
risk of vessel/organ rupture,

e identify and create care team,

o provide individual plans for emergency
care (“vascular EDS passport”) with
diagnosis and management plan for use
when traveling,

e centralize management at centers of
excellence (experience) when feasible,

e maintain blood pressure in the normal
range and treat hypertension aggres-
sively, and

e surveillance of vascular tree by doppler
ultrasound, CTA (low radiation alter-
natives) or MR A if feasible on an annual
basis.
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Hypermobile Ehlers-Danlos Syndrome
(a.k.a. Ehlers-Danlos Syndrome Type lll and
Ehlers-Danlos Syndrome Hypermobility Type):

Clinical Description and Natural History
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The hypermobile type of Ehlers-Danlos syndrome (hEDS) is likely the most common hereditary disorder of
connective tissue. It has been described largely in those with musculoskeletal complaints including joint
hypermobility, joint subluxations/dislocations, as well as skin and soft tissue manifestations. Many patients
report activity-related pain and some go on to have daily pain. Two undifferentiated syndromes have been used
to describe these manifestations—joint hypermobility syndrome and hEDS. Both are clinical diagnoses in the
absence of other causation. Current medical literature further complicates differentiation and describes multiple
associated symptoms and disorders. The current EDS nosology combines these two entities into the hypermobile
type of EDS. Herein, we review and summarize the literature as a better clinical description of this type of

connective tissue disorder.
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INTRODUCTION

Hypermobile Ehlers—Danlos syndrome
(hEDS; previously known as EDS type
III according to the Berlin nosology
[Beighton et al., 1988] and EDS hypermo-
bility type in the Villefranche nosology
[Beighton et al, 1998]) is a heritable
connective tissue disorder (HCTD) pri-
marily identified as having generalized joint
hypermobility (GJH), related musculoskel-
etal manifestations, and a milder involve-
ment of the skin, which lacks the degree of
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cutaneous features typically observed in
the classical and vascular types of EDS.
Since the Villefranche nosology, the clinical
description of hEDS in the medical
literature has expanded considerably to
include more features, such as chronic pain,
chronic fatigue, dysautonomia, and anxiety
among other associated symptoms.
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In a similar timeframe, joint hyper-
mobility syndrome (JHS; also called
hypermobility syndrome or benign joint
hypermobility syndrome) has been fur-
ther delineated since its original descrip-
tion [Kirk et al., 1967; Grahame et al.,
2000]. The clinical spectrum of JHS is
often clinically indistinguishable from
hEDS according to an international
panel of experts [Tinkle et al., 2009].
[2014]
demonstrated the evolving natural his-

Subsequently, Castori et al.

tory by studying multi-generational
pedigrees and applying the then current
diagnostic criteria for each (hEDS and
JHS) concluding that both disorders
may co-exist in the same pedigrees and
could not be distinguished in the familial
cases. It is, therefore, the consensus of
the authors on behalf of the Interna-
tional Consortium on the Ehlers—
based on the
present state of our knowledge, that

Danlos Syndromes,
the two conditions are part of the same
clinical spectrum ranging from appar-
ently symptomatic GJH to the most
disabled individuals fitting the new
diagnostic criteria for hEDS.

Grouping all phenotypes com-
prised in this spectrum under the same
heading may be misleading on both
nosologic and therapeutic perspectives.
Although it is reasonable that the
congenitally “double-jointed” gymnast
and the chronically disabled hEDS
patient may share a strong genetic and
pathophysiological background, to date,
we have not any proof unequivocally
demonstrating that they carry the same
genetic trait, unless, perhaps, they are
linked by a close blood relationship. But
also in this case, as the molecular bases of
these phenotypes remain unknown, we
cannot exclude that these two individu-
als share a part only of the causative
genetic milieu (i.e., oligogenic/poly-
genic disorder) in the absence of shared
additional clinically or structurally rele-
vant signs.

The new criteria of hEDS are
stricter than the old Villefranche nosol-
ogy [Beighton et al., 1988] and the
Brighton criteria [Grahame etal., 2000].
This is intended to define a more
homogeneous phenotype shared among
patients who require long-term medical

attention for hEDS and to facilitate
scientific identification of the underly-
ing genetic cause(s) of the condition.
Accordingly, some patients meeting the
old Villefranche and Brighton criteria
will not meet the new hEDS criteria.
For all these individuals not showing a
sufficiently convincing hEDS pheno-
type, some alternative labels within the
above-mentioned spectrum are pre-
sented elsewhere in this issue (see “A
Framework for the Classification of
Joint Hypermobility and Related Con-
ditions” by Castori et al., this issue).
Given the variability
within this spectrum and the age-

extreme

influenced progression of the pheno-

type,

probably remain under a relaxed pro-

some of these patients will

gram of follow-up in order to promptly
detect the possible evolution into a full-
blown hEDS phenotype.

METHODS

The Committee on hEDS of the Inter-
national Consortium on the Ehlers—
Danlos Syndromes met by telepresence
or through electronic correspondence
throughout 2015 and 2016 to discuss the
nosology and clinical description of
hEDS. The following reflects extensive
literature review and the professional
experience of the committee members
as well as insights from various contribut-
ing members of the international eftort
on EDS through the Consortium.

CLINICAL DESCRIPTION

The of this paper
describing the phenotype and natural
history of hEDS are extracted by the
literature available on EDS hypermobil-
ity type, EDS type III and JHS (old
nomenclature). To date, we are not sure

below sections

that all available data will stand true for
the newly defined hEDS. However, they
are considered a good proxy for the
delineation of the hEDS phenotype. In
the following sections, the acronym
hEDS is used as a substitute for EDS
hypermobility type, EDS type III, and
JHS, unless the distinction between
these phenotypes is necessary for reasons
of clarity.

Prevalence

Accurate prevalence estimation studies
are still lacking for hEDS. Steinmann
et al. [2002] reported a minimum
prevalence of 1/5,000 for all types of
EDS collectively. As hEDS likely rep-
resents 80-90% of cases of EDS, the
prevalence is presumed not lower than
1/5,000. A much higher prevalence of
7.5/1,000 to 20/1,000 (0.75-2%) for
“symptomatic” GJH has been proposed,
considering that about 10% of individ-
uals with GJH may develop related
symptoms in their lifetime [Hakim and
Sahota, 2006]. Others confirmed such
an estimation [Hamonet et al., 2015]. A
much higher prevalence for the associa-
tion of JH and widespread pain is
reported by Mulvey et al. [2013] and
Morris et al. [2016]. Based on data
obtained from a large epidemiological
study undertaken on a population of
12,853, 3.4% had joint hypermobility
and widespread pain which was been
used as a proxy for hEDS [Mulvey et al.,
2013]. Accordingly, hEDS is likely the
most common systemic inherited con-
nective tissue disorder in humans which
translates in approximately 2 million in
the United Kingdom, 10 million in the
United States, 17 million in Europe, and
255 million affected worldwide. How-
ever, the diagnostic criteria proposed
herein are more selective than the
Villefranche nosology for EDS hyper-
mobility type and the Brighton criteria
for JHS, so the prevalence of hEDS
under these criteria may be somewhat
lower than some of these estimates.

Genetics

hEDS, for the most part, is inherited as
an autosomal dominant disorder of
connective tissue but other patterns of
inheritance can be seen in some families;
however, this may be confounded by
non-penetrance, sex-influence as well as
genetic heterogeneity. Unfortunately,
unlike the other types of EDS, hEDS
has no known genetic etiology respon-
sible for any significant portion of this
population. JH itself is multifactorial
with age, gender, weight, training,
and other aspects that influence this
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phenotype. Twin studies have deter-
mined that the concordance of JH
among dizygotic twins was 36% in 472
female twin pairs, whereas monozygotic
twins had a concordance rate of 60% in
483 female twin pairs suggesting a strong
genetic trait with multifactorial influ-
ences [Hakim et al., 2004].

Unfortunately, unlike the
other types of EDS, hEDS
has no known genetic etiology
responsible for any significant
portion of this population. JH
itself is multifactorial with
age, gender, weight, training,
and other aspects that
influence this phenotype.

Various studies have suggested that
hEDS is a phenotypically and presum-
ably genetically heterogeneous disorder
[De Wandele et al., 2013; Pacey et al.,
2015a]. A minority of cases have been
reported to be due to a haploinsuffi-
ciency of tenascin X (TNXB) [Zweers
et al., 2003]. However, the haploin-
sufficiency was not penetrant in males
and only partially in females (9 out of
14). TNXB lies near CYP21A2, the
gene associated with congenital adrenal
hyperplasia (CAH). The region con-
tains several pseudogenes including
TNXB and CYP21A2.
Intragenic recombination and resultant

those for

microdeletion is a common cause of
CAH. Merke et al. [2013] reported in
several CAH individuals, an hEDS-like
phenotype due to chromosomal micro-
deletion and coined the syndrome
CAH-X. More recently, a novel mis-
sense variant of TNXB was shown in
10 individuals of seven families and was
associated with the hEDS phenotype
[Morissette et al., 2015]. Tenascin-X is
an extracellular matrix protein and
potentially can affect connective tissue
in its various forms. However, the
exact physiologic process remains un-
known and heterozygous tenascin-X

deficiency accounts for only a small
percentage of hEDS.

A few case reports have pointed to
other genetic factors in hEDS. A
collagen type III (COL3AT1) variant
was found in one family without the
arterial or intestinal fragility typical of
vascular EDS [Narcisi et al., 1994], but
no subsequent reports of COL3AT
mutation have been published in
hEDS. More recently, a variant of the
LZTS1 gene was found in four families
with a hEDS phenotype among 231
individuals evaluated, but the causal
nature of these variants remains unex-
plored [Syx etal., 2015]. It is believed by
many that the hEDS phenotype repre-
sents substantial genetic heterogeneity.
With the wider use of whole exome or
whole genome sequencing with strict
phenotyping, it is expected that addi-
tional hEDS-related genes will be
identified. Eventual identification of
validated genetic etiologies will allow
objective clinical testing and better
delineation of the full phenotype.

The Evolving Natural History

The Villefranche criteria for EDS
hypermobility type and Brighton crite-
ria for JHS were originally conceived for
the diagnosis of two conditions per-
ceived as distinct. However, they were
subsequently recognized as separate
tools for describing a single disorder
[Tinkle et al., 2009; Castori and
Colombi, 2015]. Such a dichotomy
likely reflects the protean progression
of the same entity. Anecdotally, many
families were identified that had diag-
noses of EDS hypermobility type and
JHS in various family members usually
segregated on age. The clinical identity
between EDS hypermobility type and
JHS was provisionally demonstrated in
a single multiplex family with affected
individuals
Villefranche and Brighton
[Hermanns-Le et al., 2012].
Definitive support to such a clinical

fitting  alternatively the

criteria

overlap in families with EDS hypermo-
bility type and JHS came from a study in
23 TItalian pedigrees [Castori et al.,
2014]. In these families, the formal
diagnosis was influenced by age, with

children usually meeting the Ville-
franche criteria only and the elderly
mostly ascertained by the Brighton
criteria alone, while both diagnoses
often coexisted in young adults and
middle-aged affected members. This
implied that the mean Beighton score,
frequency (and distribution) of muscu-
loskeletal pain, manifestations of skin
involvement, and appearance of other
complications were strongly influenced
by age. Such a phenomenon seems not
limited to the items included in the
Villefranche and Brighton criteria, but
also extends to other disease manifes-
tations not originally considered, such
as the gastrointestinal
[Castori et al., 2015a].
In an Italian study on disease

involvement

progression with 21 hEDS patients,
the existence of three “discrete” disease
phases was proposed: a “hypermobility”
phase, a “pain” phase, and a “stiffness”
phase [Castori et al., 2010a]. Subsequent
observations and speculations on the
same ethnic group reinforced the con-
cept and smoothed the rigid approach
on three separate phases [Castori et al.,
2011a, 2013, 2015b]. The three-step
model can remain a prototypical de-
scription of the potential disease course,
but not every patient experiences all
three phases and the rate of transition
between phases can be highly variable.
The decrease of the Beighton score in
the symptomatic individual may be
considered a proxy for disease evolution
in hEDS [Castori et al., 2011a, 2015b].
In cross-sectional studies on patients
with different ages at diagnosis, a
tendency of the Beighton score to turn
“negative” (i.e., <5) around the fourth
decade of life has identified
[Castori et al., 2011a].

The “hypermobility” phase domi-

been

nates the first several years of life with
contortionism and propensity for sprains
and dislocations. Pain is often limited to
lower limbs (i.e., persistent “growing
pains”) but pain with fine motor or
repetitive tasks such as handwriting is
also commonly encountered [Gedalia
et al.,, 1996; Murray and Woo, 2001].
Easy fatigability may be a feature,
together with voiding dysfunction
[Beiraghdar et al., 2013; Kajbafzadeh
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et al., 2014]. Some hypermobile chil-
dren experience developmental dys-
praxia (or developmental coordination
disorder), manifesting with mild hypo-
tonia and non-specific developmental
delay in gross and fine motor skills
attainment [Adib et al., 2005; Kirby
et al., 2005; Easton et al., 2014].

The “pain” phase is characterized
and  progressive
chronicity of musculoskeletal

by generalization
pain,
which is often diagnosed as fibromyalgia
[Ting et al., 2012], summation of other
forms of chronic pain, such as pelvic
pain (in women) and headache, as well as
exacerbation of fatigue. This phase
typically starts in the second to the
fourth decade of life and often associates
with a variegated constellation of addi-
tional complaints, such as paresthesias,
mixed and treatment-resistant func-
tional gastrointestinal disorders, ortho-
static intolerance, and pelvic
dysfunction.

A generalized reduction of joint
mobility dominates the “stiffness” phase,
in which patients usually experience
significant reduction in their function-
ality due to the combination of disabling
symptoms (e.g., pain and fatigue) as well
as motor limitations due to the coexis-
tence of reduced muscle mass and
proprioception,
prior injuries, and arthritis. In this

weakness, defective
phase, observed in a few adults and
elderly only, the symptomatology that
appeared in the “pain” phase escalates
and GJH is usually not appreciated.
hEDS is considered to be an
autosomal dominant trait with variable
expressivity. Yet, many studies point out
a strong excess of affected females, at
least in adults [Castori et al., 2010a]. The
to ~2:1,
depending upon how patients are

ratio ranges from 8-9:1

selected. The lowest ratio was registered
in familial cases only with the inclusion
of affected relatives [Castori et al., 2014].
In early childhood, the male to female
ratio of affected is similar. However, in
the general population, as children enter
puberty, joint mobility tends to increase
in females and decrease in males [Fig. 1;
Quatman et al., 2008]. The reason for
the sex bias

remains incompletely

understood with speculation of a greater

influence of female sex hormones [Wolf,
2009; Shultz et al., 2012; Boyan et al.,
2013]. hEDS is best defined as an
autosomal disorder “influenced by
sex,” with a predominance of symptoms
in females. It should also be recognized
that most chronic pain syndromes also
have a female predominance, and this
may be another contributing factor
[Wijnhoven et al., 2006].

The phenotype of hEDS is one that
evolves over time and has a gender bias
that also changes over time. Previous
attempts at diagnostic criteria (Ville-
franche and Brighton) have often not
fully accounted for the natural transition
from EDS hypermobility type to JHS
with age within the above described
disease evolution [Castori et al., 2013].
Such a nosological conundrum is solved
by the use of unified diagnostic criteria.

Symptomatic Joint Hypermobility

Clinical problems associated with JH
may present at any time of life.
Syndromic or excessive JH can be
difficult to diagnose in children, who
are normally more flexible than adults
[Tofts et al., 2009; Castori, 2012]. GJH is
often diagnosed using the Beighton
score (see also “Measurement properties

for local and generalized joint hyper-
mobility—a systematic review,” Juul-
Kristensen et al., this issue), although
this has major limitations in selected
populations, such as the very young and
the elderly [Dolan et al., 2003; Castori,
2012]. It can be asymptomatic, and is
more common among dancers and elite
athletes where it may confer a constitu-
tional advantage [Day et al, 2011,
Beighton et al., 2012]; however, it
may predispose to higher injury rates
[Briggs et al., 2009; Konopinski et al.,
2015].

When symptomatic, it often man-
ifests in childhood or adolescence, along
with associated features, but is often
poorly recognized [Engelbert et al.,
2003]. Adults may recall being flexible
as a child, and being able to perform
“party tricks” with their joints. The two
more common patterns of presentation
are with: (1) a limited number of painful
and/or unstable joints or (2) chronic
widespread musculoskeletal pain (which
may have been diagnosed as fibromyal-
gia). In the former group, the more
common problematic or unstable joints
often presenting with recurrent sublux-
ations/dislocations or pain are the
shoulder, knee, and ankle [Tobias
et al., 2013]. Iliotibial band syndrome

of existing clinical assessment methods (sometimes called “snapping hip”
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Figure 1. Gender and pubertal maturation status as compared to Beighton score

(BHJMI) in a general population of male (N = 143) and females (N =275). Beighton
scores representing joint laxity increased during puberty in females and decreased in
males. Published with permission [Quatman et al., 2008].
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syndrome) is also common, and is
frequently perceived by the patient as
hip instability, even though the sense of
motion occurs over the greater tro-
chanters and not in the groin. In the
group with chronic widespread muscu-
loskeletal pain, the pain distribution and
descriptions often overlap with fibro-
myalgia to such an extent that it can be
virtually impossible to  distinguish
[Ofluoglu et al,, 2006; Ting et al,
2012]. It is important to recognize that
there are many causes for both localized
and widespread joint or musculoskeletal
pain, and that the presence of pain alone
without associated JH is insufficient to
establish a diagnosis of EDS. Over time,
many patients lose their former joint
laxity, while others remain hypermobile
[Castori, 2012]. This reduction in JH
over time further complicates the diag-
nostic evaluation of chronic pain pa-
tients over approximately age 40.

In common with other chronic pain
syndromes, there may also be overlapping
diagnoses such as chronic fatigue, irrita-
ble bowel syndrome, temporomandibu-
lar joint dysfunction, sleep disturbance, as
well as depression and anxiety. The
specific associated impairments and their
severity can vary markedly, and are not
necessarily associated with the degree of
joint laxity. Higher rates of anxiety and
depression have been noted in GJH,
hEDS, andJHS since 1994 [Lumley etal.,
1994; Mallorqui-Bagué et al.,, 2015].
Distress, kinesiophobia, and individuals’
coping strategies and behavioral re-
sponses are more likely to predict
impairment and quality of life (QoL)
than the intensity of pain [Celletti et al.,
2013]. Physical deconditioning can ex-
acerbate joint laxity, contributing to an
ongoing cycle of deconditioning, weak-
ness, joint instability, and worsening pain
[Castori, 2012].

In common with other chronic
pain syndromes, there may
also be overlapping diagnoses
such as chronic fatigue,
irritable bowel syndrome,

temporomandibular joint
dysfunction, sleep disturbance,
as well as depression and
anxiety. The specific
associated impairment and
their severity can vary
markedly, and are not
necessarily associated with the
degree of joint laxity.

Pain

The specific underlying cause(s) and
mechanism(s) of pain in EDS, and in
particular hEDS, are not well under-
stood, but both acute and chronic
pain are common manifestations and
often contribute to disability [Rombaut
et al., 2010, 2011a,b, 2012; Voermans
et al., 2010a,b; Castori et al., 2012a;
Murray et al., 2013]. Nociceptive pain
directly related to affected muscles,
joints, and connective tissue is frequent.
Neuropathic pain, characterized by allo-
dynia and/or typical quality descriptors,
such as electrical, burning, numb, or
tingling, is also common. Anatomic
imaging (e.g., for impingement of the
central spine or foraminal nerve roots)
and functional electrodiagnostic studies
(e.g., nerve conduction studies or elec-
tromyography) are often negative even in
the face of subjective symptoms highly
suggestive of a neuropathic etiology. Skin
biopsy may reveal reduction of intrader-
mal nerve fiber density, suggestive of
small fiber neuropathy [Cazzato et al,,
2016].

Some potential etiologies of pain
include spasm of muscles, tendons, and
other connective tissue; direct trauma
due to joint instability; and nerve
entrapment [Granata et al., 2013].
Osteoarthritis, secondary to joint in-
stability, is also a likely factor. Central
sensitization, generalized hyperalgesia,
chronic regional pain syndrome, and
similar systemic or regional pathogenic
mechanisms may contribute in later
stages [Castori et al., 2013; Rombaut
et al., 2015; Scheper et al., 2015,
2016a; Di Stefano et al., 2016]. See

also “Pain Management in the Ehlers—
Danlos Syndromes” by Chopra et al.,
this issue.

Skin and Fascia

The Ehlers—Danlos syndromes are pri-
marily due to disorders of connective
tissue matrix proteins, in particular, but
not exclusively collagen (see also “The
Ehlers—Danlos Syndromes: The New”
by Malfait et al.,, this issue). It is
presumed that the genetic determinants
of hEDS are also likely of collagen or
collagen-related genes. The dermis
comprises 70% dry-weight collagen so
that the skin presents itself as a visible,
palpable, and readily accessible organ for
the study of collagen-related genetic
in hEDS is
different from normal skin and these

aberrations. The skin

differences constitute an important aid
to diagnosis. In hEDS, the skin texture is
characteristically soft, silky, or velvety to
the touch. It may be semi-transparent so
that veins and tendons are more easily
visible than normal, but this is subtle in
comparison with the skin transparency
of vascular EDS.

The skin in hEDS is also hyper-
extensible. The technique used is im-
portant in obtaining reliable results. The
stretchiness is subtle in hEDS and can
easily be overlooked if the clinician is
anticipating the degree of stretch seen in
classical EDS. The “rubber glove skin
test” may distinguish between hEDS
skin and normal, by raising a skin fold on
the dorsum of the hand in patients with
hEDS, the skin is seen to stretch over a
much wider area than is normal,
extending to the wrist and beyond.
However, the clinical evaluation of skin
laxity follows that outlined in the new
diagnostic criteria for hEDS (see also
“The 2017 International Classification
of the Ehlers—Danlos Syndromes” by
Malfait et al., this issue).

The hEDS skin is more fragile
than normal, but much less so than in
the other types of EDS. Easy bruising is
common but poorly defined. Wound
healing may be impaired with the
production of mildly atrophic scars,
which may be wider than the original

wound and/or sunken below the
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surface of the surrounding skin. Again,
the degree of atrophic scarring in
hEDS is less severe than in and usually
distinguishable from the other types of
EDS (Fig. 2). However, its occurrence
may be exacerbated by the use of local
or systemic steroids [Jacks and Zirwas,
2016].

Striae atrophicae often appear dur-
ing the adolescent growth spurt usually
between the ages of 11-13 years and not
necessarily associated with rapid weight
gain; however, this can also be seen in
adolescents without an underlying con-
nective tissue disorder as well [Feldman
and Smith, 2007]. By contrast, striae

Hypermobile EDS

Figure 2.

pseudotumor of the elbow in a man.

Classical EDS

Comparison between abnormal scarring and satellite cutaneous signs in
hEDS and classical EDS due to mutations in COL5A1/COL5A2/COL1A1. hEDS
(A—C). A: Post-traumatic mildly atrophic scarring of the knee in a boy. B: Dermal
hypotrophy is more evident by stretching between the observer’s fingers. C: Post-
surgical enlarged scar in a young woman. Classical EDS (D—-G). D: Typical papyraceous
and hemosiderotic scar of the knee in a man. E: A milder scar in a young woman; in
comparison with A and B, the atrophic nature of the scar is appreciable without passive
skin stretching and the surrounding skin is redundant with a cutis laxa-like appearance.
F: The typical, though rare, subcutaneous spheroid. G: An enlarged molluscoid

gravidarum may be minimal or non-
existent in some as skin of the mature
hEDS female is inherently stretchy so
that the elastic limit is never reached
despite  the  enlarging
abdomen.

maternal

Other important collagen-bearing
tissues may also fail in hEDS due to their
inherent fragility. Cerebrospinal fluid
(CSF) leaks, spontaneous or induced,
are a possible cause of orthostatic head-
aches. One case-control study of pa-
tients with spontaneous CSF leak
reported a greater than expected
frequency (16/50) of patients with
classical EDS, hEDS, or an unclassified
hereditary disorder of connective tissue
[Reinstein et al., 2013], while a similar
study found no increase in features of
hereditary connective tissue disorders
between patients with spontaneous
intracranial hypotension and controls
[Liu et al., 2011].

Both of the musculotendinous
support of the diaphragm and the pelvic
floor can fail mechanically leading to
hiatal hernia [Nelson et al., 2015] or
pelvic floor weakness further leading to
uterine/rectal prolapse, rectocele, cys-
tocele, and/or enterocele [Veit-Rubin
etal., 2016]. Fascial weakness can lead to
hernias in the inguinal, femoral, or
umbilical areas or at sites of previous
surgical incisions as after abdominal
surgery [Nazem et al., 2013].

Fatigue

Fatigue is common among adolescents
in general, affecting approximately one-
third of the general population and can
interfere with activities of daily living
including school performance and at-
tendance [Kizilbash et al., 2014; Sleep
Working Group et al., 2014]. However,
chronic fatigue defined as fatigue lasting
longer than 6 months, occurs in ~1% of
adolescents in the general population
[Werker etal., 2013]. The entity chronic
fatigue syndrome (CFS) occurs more
commonly in women and particularly in
those over 45 years of age but is often
underdiagnosed [Yancey and Thomas,
2012; Wright Clayton, 2015]. It can be
associated with impaired memory, cog-
nitive deficits, muscle pain, joint pain,
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headaches, non-restorative sleep, post-
exertional malaise, as well as psycholog-
ical issues [Fossey et al., 2004; Nijs et al.,
2006; Meeus et al., 2007]. The etiology
of the chronic fatigue (syndrome) is
multifactorial and includes infectious
agents, immune dysregulation, allergies,
endocrinopathy, nutritional deficiency,
and abnormally low blood pressure
often associated with postural ortho-
static tachycardia syndrome (POTS) or
neurally mediated hypotension (NMH)
[Kanjwal et al., 2010; Werker et al.,
2013; Kizilbash et al., 2014].

Fatigue is one of the most com-
mon complaints among those with
hEDS [Gazit et al., 2003; Maeland
et al., 2011; De Wandele et al., 2013;
Murray et al., 2013]. Chronic fatigue
in hEDS includes bodily and mental
fatigue which only minimally improves
with rest and often fits well into the
diagnostic criteria of CFS [Castori
et al.,, 2011b]. In a small series of 12
EDS patients (six classical EDS; six
hEDS), Rowe et al. [1999] character-
ized that all had chronic fatigue, post-
exertional malaise, and unrefreshing
sleep, whereas 92% had
cognition/memory; 83% with polyar-
thralgia and headache; and 58% with
muscle pain. Sore throat and lymph-

impaired

adenopathy occurred in the minority at
25%. In a subsequent study of 58
consecutive children with CFS, Barron
[2002] described GJH was
significantly more common in the

et al.

CES population than in healthy con-
trols. In 273 EDS patients, pain and
fatigue comprised 31% of the func-
with
having a slightly greater impact overall
[Voermans et al., 2010a].

The fatigue in hEDS, as in the
general population, is under recognized

tional  impairment fatigue

[Rombaut et al., 2015] and may increase
in prevalence with age [Castori et al.,
2011a]. Like in the general population,
fatigue in hEDS is multifactorial with
contributing factors including pain,
sleep disturbance, dysautonomia, med-
ications, and/or allergies. It has been
associated with greater pain, functional
impairment, and psychological distress
as well as decreased QoL [Voermans
et al.,, 2010b; Ali Zekry et al., 2013;

Scheper et al., 2013; Pacey et al., 2015a,
b; Hershenfeld et al., 2016].

Fatigue may also be a factor in
musculoskeletal pain and injury. Exer-
cise to the point of physical fatigue has
been shown to alter kinematics, postural
stability, and coordination, which may
increase the risk of direct injury and also
the risk of falls causing secondary injury
[Sparto et al., 1997; Dickin and Doan,
2008]. A study of 30 EDS patients, five
of whom had hEDS, showed correlation
between fatigue and objectively mea-
sured muscle weakness [Voermans et al.,
2011]. Exercise-induced fatigue in-
creases knee laxity [Skinner et al.,
1986], which may also increase the
risk of knee injury. Fatigue is also
associated with reduced ground reactive
force during gait, suggestive of de-
creased proprioception [Celletti et al.,
2012], which could also increase the risk
for falls and injury. Severity of fatigue
also correlated with kinesiophobia in
hEDS and, therefore, became an activ-
ity-limiting factor [Celletti et al., 2013].

In conclusion, fatigue and espe-
cially chronic, debilitating fatigue is
common in hEDS. Fatigue decreases
muscle control and coordination, can
inhibit physical activity, and may in-
crease risk for injury. The fatigue is
mental as well as physical, leading to
impaired cognition and memory recall.
It is also associated with multiple
comorbidities linked to pain, sleep
disturbance, anxiety and depression, as
well as decreasing function and QoL.
See also “Guidelines on the Assessment
and Management of Chronic Fatigue in
Ehlers—Danlos by Alan
Hakim et al., this issue.

Syndrome”

Cardiovascular

Mild dilation of the aortic root may
develop in up to one-third of children or
young adults [Wenstrup et al., 2002;
McDonnell et al., 2006; Atzinger et al.,
2011], but is unlikely to progress and
typically does not require any specific
treatment [Atzinger et al., 2011]. Base-
line echocardiography is not recom-
mended based on these findings alone
but depend on other symptoms and
differential diagnoses upon presentation.

POTS, NMH,
intolerance are common manifestations
in hEDS [Rowe et al., 1999; Gazit et al.,
2003; Mathias et al., 2011]. Head-up tilt
test may or may not establish a specific

and orthostatic

etiology, but often does not affect
therapeutic decision-making and, there-
fore, may not be necessary. See also
“Guidelines on the Assessment and
Management of Cardiovascular Dysre-
gulation in Ehlers—Danlos Syndrome”
by Hakim et al., this issue.

Mitral valve prolapse (MVP) was
previously considered a common feature
of EDS and many other HCTDs, but
that was prior to the establishment of
more rigorous criteria for the diagnosis
of MVP. Since then, some studies show
no increase in the frequency of clinically
significant MVP [Dolan et al.,, 1997,
McDonnell et al., 2006, Atzinger et al.,
2011] and others show an MVP fre-
quency of 28—67% among hEDS pa-
tients [Camerota et al., 2014; Kozanoglu
et al,, 2016]. Increased prevalence of
mitral and tricuspid insufficiency has
also been reported [Camerota et al.,
2014]. Since the mitral valve relies upon
collagen for its tensile strength, and
myxomatous MVP is characterized by
disruption of the collagen layer with
expansion of glycosaminoglycans within
the middle layer of the valve [Delling
and Vasan, 2014], it is reasonable to still
consider MVP as a potential clue for
hEDS, but the true clinical significance
is not yet known.

Gastrointestinal Disorders

Systematic attention on gastrointestinal
involvement in hEDS started in 2004
with the study by Hakim and Grahame
[2004], who found a wide range of
functional complaints in adults. The
relevance of gastrointestinal manifesta-
tions in hEDS is increasing in both
scientific and clinical perspectives. In
fact, while the link between a congenital
laxity of the soft connective tissue and
gut diseases is still unclear as is the role of’
comorbidities and concurrent medica-
tions, its better understanding will
certainly help better delineate patients’
complaints, which remain without spe-
cific management protocols. In a recent
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review on this topic, a total of 42 works
were identified exploring the relation-
ship between hEDS or GJH with
gastrointestinal disorders [Castori et al.,
2015a]. Among them, 12 were specifi-
cally addressed for better defining the
spectrum of gastrointestinal symptoms
in syndromic patients [Manning et al.,
2003; Hakim and Grahame, 2004;
Castori et al., 2010b, 2011a; Zarate
et al., 2010; Danese et al., 2011;
Mastoroudes et al., 2013a; De Wandele
etal., 2013, 2014a; Kovacic et al., 2014;
Fikree et al., 2015; Pacey et al., 2015b],
and various clinical reports on single
complications and/or surgical treatment
in EDS [Douglas and Douglas, 1973;
Defuentes et al., 2004; Sardeli et al.,
2005; Chen and Jao, 2007; Reinstein
etal., 2012; Dordoni et al., 2013; Fogel,
2013; Plackett et al., 2014].

Systematic attention on
gastrointestinal involvement
in hEDS started in 2004 with
the study by Hakim and
Grahame [2004], who found
a wide range of functional
complaints in adults. The
relevance of gastrointestinal
manifestations in hEDS is
increasing in both scientific
and clinical perspectives.

Based on these publications, gas-
trointestinal involvement in hEDS may
have functional and morphological
manifestations, although most papers
were focused on the former. Collec-
tively, functional features may be ob-
served in 1/3 to 3/4 of the patients with
an increasing rate by age. Manifestations
variably include gastroesophageal reflux,
heartburn, bloating, recurrent abdomi-
nal pain, irritable bowel syndrome,
constipation, and diarrthea [Maeland
etal., 2011]. Dysphagia may be a further
common complaint in hEDS, but the
literature is scanty except for an early

report highlighting a high prevalence of
speech, voice, and swallowing disorders
in a heterogeneous group of EDS
patients [Hunter et al., 1998]. Zarate
et al. [2010] provisionally identified
dysphagia in 14.3% of their JHS patients.

Constipation with or without other
features of voiding dysfunction is usually
the earliest sign of gastrointestinal
involvement, which tends to manifest
with multiple, sometimes severely dis-
abling symptoms at any age. Repeated
evidence indicates that gastrointestinal
aggregate with other
chronic symptoms and, then, is more

involvement

commonly encountered in the complex
patient [De Wandele et al., 2013; Fikree
et al., 2015; Pacey et al, 2015b].
Standard investigations are usually car-
ried out without severe complications
in hEDS, but they often have negative
or inconsistent results. Functional tests,
including esophageal manometry, 24-hr
pH-metry, gastric emptying study, small
bowel manometry, and colorectal transit
study, may lead to positive results
although these too are sometimes inter-
mittent [Zarate et al., 2010].

More recently, rectal evacuatory
disorder has been confirmed by ano-
rectal manometry in 60% of the cases
from a mixed population of 30 classical
EDS, hEDS, and vascular EDS patients
[Nelson et al., 2015]. Treatment of
functional GI complaints in hEDS is
problematic due to the absence of
tailored strategies and an apparent resis-
tance to pharmacologic treatments at
standard dosages/regimens. The exclu-
sion of common comorbidities, such as
celiac disease, lactose intolerance, and
Helicobacter pylori infection, is reasonable
at first examination. Preliminary results
suggest an increased rate of celiac disease
[Danese et al., 2011; Laszkowska et al.,
2016] and eosinophilic esophagitis
[Abonia et al., 2013] in hEDS, but
additional studies are required to deter-
mine the significance of these potential
associations.

Morphological findings with a
presumed higher rate in hEDS com-
population
may include abdominal hernias, rectal

pared to the general

prolapse, ptosis of internal organs,
diaphragmatic hernias, and intestinal

intussusceptions. Systematic data are
abdominal  hernias
2016]

prolapse [Manning et al., 2003] only,

available  for
[Harrison et al., and rectal
while all other features are described in
single reports only and their relationship
with hEDS remains to be further
scrutinized. Abdominal hernias occur
in up to one-fifth of the patients; the
chance of occurrence increases with age,
and their surgical treatment seems
effective under standard procedures
[Harrison et al., 2016]. Rectal prolapse
is observed in more than one tenth of
women [Mastoroudes et al., 2013b]. It
can occur in nulliparous women but its
rate is highest in those who underwent
episiotomy but has been associated with
JH and pelvic floor dysfunction
[Lammers et al,, 2012]. The rate of
rectal prolapse in men and children with
hEDS remains unknown, as such an
association has been reported in single
case reports only [Douglas and Douglas,
1973; Chen and Jao, 2007]. See also
“Gastrointestinal Involvement in the
Ehlers—Danlos Syndromes” by Fikree
et al., this issue.

Dysautonomia

The first evidence for a tight link between
hEDS and autonomic dysfunction was
published by Rowe et al. [1999], who
studied eleven pediatric patients (classical
EDS and hEDS) all showing either POTS
or NMH. Four years later, Gazit et al.
[2003] found orthostatic hypotension,
POTS, and uncategorized orthostatic
intolerance in 21 out of 27 (78%) JHS
adults. More specifically, this study re-
vealed a greater drop in systolic blood
pressure during hyperventilation and a
greater increase in systolic blood pressure
after a cold pressor test in patients
compared to controls. The authors sug-
gested the existence of alpha- and beta-
adrenergic  hyper-responsiveness  in
hEDS. The concept was reinforced by
Hakim and Grahame [2004], who dem-
onstrated, for the first time, a significant
increase of the rate of systemic dysauto-
nomic symptoms in hEDS.

More recently, a study focused on
hEDS found an increase of the physio-
logical heart rate variability, a greater
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blood pressure fall during Valsalva
maneuver and a smaller initial systolic
blood pressure increase during tilt in a
cohort of 39 hEDS women compared to
controls [De Wandele et al., 2014b].
This study also highlighted POTS as the
most prevalent autonomic profile in
hEDS and identified sympathetic neu-
rogenic dysfunction as the most likely
explanation for dysautonomia in this
condition, although connective tissue
laxity and vasoactive medication may
also play a role.

Cardiovascular dysautonomia can
easily explain orthostatic intolerance,
palpitations, tachycardia, and atypical
chest pain, as well as a series of
neurological secondary manifestations,
including fatigue, dizziness, fainting,
syncope, memory, and concentration
troubles. A primary sudomotor involve-
ment was recently demonstrated in
hEDS with a significant reduction of
sweat volume production [De Wandele
etal., 2014b]; a finding than can explain
dry skin and mucosa. A possible wider
involvement of the autonomic nervous
system could contribute to other rela-
tively common features of hEDS that
affect the gastrointestinal and urinary
systems, such as gut dysmotility and
underactive/overactive bladder. The
link between abdominal symptoms and
dysautonomia, possibly via an increased
visceral sensitization, still needs addi-
tional research [Farmer et al., 2014].
Dysautonomia could be also a patho-
genic contributor to selected psycho-
logical traits of hEDS, as recently
proposed [Eccles et al., 2015]. General
assessment strategy and treatment of
POTS are available in Mathias et al.
[2011]. Minor adaptations specifically
addressed for hEDS were also published
[Castori et al., 2012a]. See also “Guide-
lines on the Assessment and Manage-
ment of Cardiovascular Dysregulation in
Ehlers—Danlos Syndrome” by Hakim
et al., this issue; as well as “Gastrointes-
tinal Involvement in the Ehlers—Danlos
Syndromes” by Fikree et al., this issue.

Bone Mass

Osteoporosis and osteopenia are consid-
ered features of the rare kyphoscoliotic

and arthrochalasis types of EDS as well as
the classic-like EDS with propensity to
arterial rupture [Beighton et al., 1998].
“Ehlers—Danlos Syndomes:
Rare Types” by Malfait et al., this issue.

See also

Reports of reduced bone mass in the
more common EDS variants, mainly
classical and hypermobile types, remains
controversial.

Coelho et al. [1994] described four
adults with classical EDS and bone
mineral density (BMD) values persistently
below 1 standard deviation consistent
with osteopenia. In this very limited
series, they found that bone mass appears
reduced in EDS, predominantly affecting
trabecular bone, but the degree of
involvement is less marked than other
HCTDs. In the same year, Deodhar and
Woolf [1994] reported EDS as a diagnosis
among seven adults referred for low bone
density (one with classical EDS and the
others with less defined phenotypes
which may have included hEDS). Simi-
larly, reduced bone mass was also demon-
strated at the calcaneum by ultrasound
and previous fractures were 10 times more
common in EDS than general population
(86.9% vs. 8.7%) [Dolan et al., 1998]. In
this work, the cause of reduced bone mass
in EDS was considered multifactorial
with a possible contribution of reduced
mobility and proprioceptive defect.
However, Carbone et al. [2000] did not
confirm this finding in 23 hEDS adults.
The authors also noted that the femoral
neck BMD was significantly reduced as
compared to controls but once age,
weight and activity-level were corrected
for, the difference became not significant.
More Mazziotti et al
[2016] found no significant difference in
BMD among 52 EDS patients (37 hEDS).
However, a urrogate radiographic marker

recently,

for vertebral fracture was more prevalent
in the EDS group as compared to
controls. If the fractures are true (patients
only report chronic low back pain) then
this observation is not likely due to
reduced BMD but mechanical stress of
the hypermobile spine. Critics of the
above-mentioned studies have speculated
that those patients with EDS were often
less active and this should be taken into
account in comparing bone density.
Opverall, there is no convincing evidence

that hEDS is associated osteoporosis or
fragility fractures, especially in children.
Such persons should be evaluated for
other underlying disorders as outlined in
the American Academy of Pediatrics
Guideline [Flaherty et al.,, 2014]. The
bone fragility disorder, osteogenesis im-
perfecta, as well as the EDS/osteogenesis
imperfecta overlap (see EDS rare types,
this issue), have JH and may be mistaken
for hEDS [Castori, 2015].

The association between GJH and
BMD was further investigated in three
additional studies. Reduced BMD by
ultrasound and lower excretion of
urinary hydroxylysylpyridinoline cross-
links and lysylpyridinoline cross-links
were demonstrated in 15 children with
“symptomatic” GJH compared to 95
healthy prepubertal children [Engelbert
et al., 2003]. By contrast, another study
suggests that a high Beighton score may
be a marker of fitness, reduced rate of
knee osteoarthritis and increased (rather
than reduced) hip BMD in postmeno-
pausal women [Dolan et al., 2003]. A
third study showed reduced BMD (mild
osteopenia) in 23 premenopausal hyper-
mobile women compared to controls by
DXA at some sites but not others
[Gulbahar et al., 2006].

As expected from the early litera-
ture and the nosologic confusion among
EDS, GJH, and JHS, the published data
may be hard to apply to “pure” hEDS
and, then, translated in clinical practice.
In the above-mentioned studies, it is
unclear if hEDS is associated with
osteoporosis in adults, especially pre-
menopausal women. An increase in
fractures or risk of bone fragility
fractures was not well-established. There
is no evidence at present to suggest that
children or infants have a lower bone
mass in hEDS nor that they are predis-
posed to fragility fractures.

Osteoarthritis

Osteoarthritis (OA) has been postulated
as a long-term consequence of JH [Scott
etal., 1979]. Itis possible that an increase
in the prevalence of OA is due to the
same underlying collagenopathy or by
trauma  that

repetitive commonly

occurs in JH and altered joint mechanics
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[Bird et al., 1978; Grahame, 1989;
Klemp, 1997]. Knee hypermobility is
common among patients with knee OA
[Dolan et al., 2003; van der Esch et al,,
2006; Gurer etal., 2016]. In a study of 34
patients with severe thumb (carpome-
tacarpal) OA, 62% had generalized JH
[Jonsson and Valtysdottir, 1995]. In a
small series of 24 EDS patients with a
mean age of 16 years, 16% already had
radiographic evidence of trapezial-
metacarpal OA [Gamble et al., 1989].
In that same study, 66% had evidence of
subluxation and 29% with dislocation.
This association adds evidence that joint
hypermobility and presumably altered
joint biomechanics may increase the
susceptibility of such joints to OA [Wolf,
2009].

Headaches

Much like headaches in the general
population, headaches in hEDS vary by
type and severity [Jacome, 1999; Murray
et al., 2013; Neilson and Martin, 2014;
Castori et al., 2015¢]. Headache itself
has been show to occur in a larger
portion of EDS patients (multiple types
of EDS) as compared to historical
controls [Sacheti et al., 1997]. It is a
frequent complaint among those having
hEDS as well [Jacome, 1999; Maeland
et al, 2011; Murray et al., 2013;
Hamonet et al., 2015]. More specifically,

migraines were seen at a greater
frequency and disability compared to
a control population [Hakim and

Grahame, 2004; Bendik et al., 2011;
Puledda et al., 2015].

Rozen et al. [2006] described new
daily persistent headaches in a series of
12 patients of which 11 demonstrated
cervical spine hypermobility. Further
work revealed that 10 of the 11 with
cervical spine hypermobility showed
GJH. Headache due to CSF leak has
been demonstrated in a few case reports
and affects a very small minority of
hEDS patients but can cause significant
disability [Reinstein et al., 2013]. Cra-
instability  is
thought to be linked to cervicogenic
and Chiari-like headaches [Milhorat
et al., 2007]. This instability or simply
the musculature strain throughout the

niocervical  junction

upper body can cause widespread
spasms and muscular tension leading
to headaches as well. Temporal head-
aches, unilateral or bilateral, may again
be related to muscular dysfunction but
involving the temporomandibular
joint. Such headaches can be associated
also with ear symptoms such as pain,
sense of fullness, or tinnitus. Those
patients with dysautonomia, ortho-
static intolerance, or POTS can also
complain of intense pounding head-
aches. Medications and medication-
overuse can also be responsible for
headaches in this population. As in the
general population, individual patients
often suffer from more than one type of
headache, making both the etiology of
the headache and the intervention less
certain.

Temporomandibular Joint and
Dental Issues

Several studies have linked temporo-
mandibular joint (TM]) hypermobility
to temporomandibular joint dysfunction
(TMD), including in children [Adair
and Hecht, 1993]. Nosouhian et al.
[2015] characterized 69 patients with
TMJ hypermobility and found that a
maximal mouth opening (MMO) of
<55 or >65mm, was associated with
more TM]J discomfort than an interme-
diate degree of MMO. TM]J hypermo-
bility was more common in women than
men, and increased MMO was also
correlated with more TM]J sounds
(“clicks” or “pops”) and more pain in
the masticatory muscles. The jaw in
hEDS is often also hypermobile until
such time that damage occurs in the
TM]J, which will further limit MMO.
Jaw sounds, locking, dislocation, brux-
ism, and temporal headaches are also
frequently described in this population.
Indeed, Murray et al. [2013] found thata
significant portion of 466 adults with
hEDS self-reported TMD as a major
issue.

Westling [1992] studied 360 pa-
tients with TMD. Among that group, a
subset analysis of 74 females with GJH
were compared to 73 age and gender
matched controls. Using stepwise re-
gression analysis, the study was able to

show a significant association of GJH
and TMD.

In a recent national study in Finland
involving 6227 participants, TM] pain
was often associated with palpable pain
of the neck and shoulder musculature,
widespread pain, chronic illness, and
female gender [Sipila et al., 2011]. Given
that those with hEDS often have most if’
not all of the additional variables, it
would suggest that TMD in this popu-
lation is complex, common, and must
use a more holistic approach to treat.

The oral mucosa in hEDS is often
friable and easily injured giving rise to
episodes of painless bleeding [Hagberg
etal., 2004; Berglund and Bjorck, 2012].
The lingual or labial frenulum may be
hypoplastic or altogether absent [Machet
et al., 2010]. Periodontitis may also be
common. However, periodontal disease
with early-onset and widespread tooth
loss is thought to represent another form
of EDS, the periodontal type [Rahman
et al,, 2003], that has been recently
associated with defects in complement
type 1 [Kapferer-Seebacher et al., 2016]
(see also “Ehlers—Danlos Syndromes:
Rarer Types” by Malfait et al., this issue).
Many patients report being less respon-
sive to local anesthetics during dental
procedures [Arendt-Nielsen et al., 1990;
Hakim et al., 2005]. A Swedish study
utilizing a self-reported oral health
questionnaire showed that mucosal prob-
lems in different areas of the body were
reported by 206/223 (92%) women, and
that 75% of respondents with hypermo-
bility type self-reported problems with
their oral mucosa [Berglund and Bjorck,
2012].

The teeth in hEDS are described
with slightly altered morphology with
higher cusps and deeper fissures of the
premolars and molars with shortened
roots. Enamel hypoplasia has also been
described as well as tooth fracture
(unclear if fracture intrinsic to the tooth
or due to bruxism or similar mechanical
pressures) [De Coster et al., 2005]. With
the use of orthodontia, it is a common
anecdotal experience that the teeth will
migrate faster than expected and, un-
fortunately, migrate back toward their
pre-treatment location after the removal
of the orthodontic appliance. See also
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“Oral and Mandibular Manifestations in
Ehlers—Danlos Syndrome” by Mitakides
and Tinkle, this issue.

Spine

Postural kyphosis is commonly encoun-
tered in those with hEDS [el-Shahaly
and el-Sherif, 1991]. This is thought to
be primarily due to loose ligamentous
structure and poor postural ergonomics.
Scoliosis is also common occurring in
up to half of all patients [Ainsworth and
Aulicino, 1993; Stanitski et al., 2000;
Adib et al., 2005; Czaprowski, 2014;
Stern et al., 2016]. The scoliosis is
acquired, often mild as well as flexible
and may continue to progress beyond
the adolescent period but most do not
require intervention.

The spine is a series of joints, the
most mobile of which involves the
craniocervical junction. Multiple con-
nective tissue disorders have been re-
ported to have craniovertebral instability
including Marfan [Herzka et al., 2000],
Loeys-Dietz [Rodrigues et al., 2009],
and EDS [Milhorat et al., 2007]. Cervi-
cal hypermobility has been associated
with headaches and hEDS [Rozen etal.,
2006]. In a large series of patients
presenting with signs of Chiari type I
(neck pain, gait disturbance, numbness
and tingling of the hands and feet,
dizziness, dysphagia, and speech diffi-
culties), Milhorat et al. [2007] described
nearly 13% had features consistent with
hEDS. Compared to the other patients
with Chiari-like symptoms, the patients
with hEDS were more likely to have a
reduction of the basion-dens interval,
clival-axial angle, clival-atlas angle, and
the atlas-axial angle as well as an
enlargement of the basion-dens inter-
val—all of which are concerning for
excessive laxity or instability. There was
also an increase in retro-odontoid
pannus formation, a pathophysiologic
process thought to represent abnormal
stress of the transverse ligament. A
portion of these patients did not have
radiologic findings of Chiari and were
labeled as Chiari Type 0, a controversial
label. Moreover, the Chiari-like symp-
toms of headache and dysautonomia are
common in hEDS and the vast majority

are not likely attributable to dysfunction
at the craniocervical junction. See
also “Neurologic Manifestations in
the Ehlers—Danlos
Henderson et al., this issue.

Syndrome” by

Similarly, laxity of the lumbar spine
increases movement and decreases sta-
bility. Kim et al. [2013] showed that
young males with GJH had excessive
lumbar segmental motion which was
associated with increased low back pain,
disability, and limited physical activity.
Lumbar hypermobility is also an under-
lying risk factor for degenerative disc
disease [Nef and Gerber, 1998] and facet
fractures [Mazziotti et al., 2016].

Gynecologic Issues

Gynecologic complaints from patients
with hEDS are commonly encountered.
In a study with 223 women with EDS,
67% self-reported mucosal problems
with their genital area [Berglund and
Bjorck, 2012]. Heavy menstrual bleed-
ing (menorrhagia) was reported by
26-76% of hEDS females [Ainsworth
1993; Hugon-Rodin
et al., 2016]. Painful intercourse was

and Aulicino,

also reported by 30-57% of women with
EDS and hEDS [MclIntosh et al., 1995;
Castori et al.,, 2010a; Hugon-Rodin
et al., 2016].

Pelvic Dysfunction

Pelvic floor disorders include urinary
incontinence (UI), pelvic organ pro-
lapse (POP), and other sensory and
emptying abnormalities. Childbirth has
a very substantial impact on a woman’s
probability of developing pelvic floor
disorders. It has been reported that
about a third of women have UI after
childbirth [Hallock and Handa, 2016].
In addition to parity, a positive family
history of prolapse increases a woman’s
risk of prolapse, even among nulliparous
women [Buchsbaum et al., 2006;
Buchsbaum and Duecy, 2008].

Several case-control studies in the
past suggested that hEDS is associated
with pelvic floor disorders [Al-Rawi and
Al-Rawi, 1982; Norton et al., 1995;
Mclntosh et al., 1996; Aydeniz et al.,
2010]. However, most of these studies

controlled for childbirth
history or age and included patients

have not

affected by various types of EDS.

Castori et al. [2012¢] found that
POP represented a common late-onset
complication in women with hEDS.
Interestingly, most (90.9%) prolapses
occurred in women with positive
history for episiotomy. The reason(s) as
to why episiotomy associates with POP
in hEDS is unknown.

The largest prospective
control study to date to address these

case-

issues was published in 2013 and
involved 120 women [Mastoroudes
et al., 2013a,b]. Sixty women diagnosed
with JHS, according to the Brighton
criteria, were recruited from a tertiary
referral hypermobility clinic. Controls
were recruited from hospital personnel.
All women in the study group were
matched with healthy control women
according to age, parity and ethnicity.
Both groups completed specific health
Objective
assessment of POP was undertaken.

and QoL questionnaires.

The prevalence of Ul in those with
hEDS were significantly higher than in
controls (73.3% vs. 48.3%) as was
voiding difficulties. The impact of Ul
on QoL was also statistically significant.
Objective findings of prolapse of the
anterior vaginal wall were more severe
than in controls.

However, another recent study
[Derpapas et al., 2015] reported a lack
of strong association of JH with UI or
POP. The study involved 270 women
scheduled to undergo urodynamic
investigations. JH was not assessed
clinically but was based on the self-
completed five-part JH questionnaire.
Women underwent a full gynecologi-
cal history and examination. The
prevalence of reported JH in this
study was 31.1%; however, the re-
did not find a
association between JH and any Ul

searchers strong
subtype. They reported a trend to-
prolapse staging in
women with JH, which becomes

ward higher

significant only after adjustment for
the confounding negative association
between age and JH.

As childbirth has a very substantial
impact on a woman’s probability of
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developing pelvic floor disorders, such
as Ul and POP, pregnancy remains a
source of anxiety to patients and their
doctors.

Pregnancy and Childbirth

Several pregnancy-related complica-
tions have been more commonly re-
ported in women with hEDS in some
studies but as often, not substantiated in
others. In an online survey of EDS
patients (N =497), self-reported infer-
tility was more commonly encountered
in women with hEDS [Hurst et al.,
2014] although this was not reproduced
by others [Castori et al., 2012b; Hugon-
Rodin et al.,, 2016; Sundelin et al.,
2017]. Premature birth has been re-
ported as more common among patients
with EDS than in the general popula-
tion, but this appears to be primarily
among women with classic EDS; it is
unclear if there is an increased risk for
preterm birth specifically in the hEDS
population as the few studies are con-
flicting [Sorokin et al., 1994; Lind and
Wallenburg, 2002; Castori et al., 2012b;
Hurst et al., 2014]. Some works report
that miscarriage is increased in hEDS
[Ainsworth and Aulicino, 1993; Hurst
et al, 2014; Hugon-Rodin et al,
2016] but not in other studies [Sundelin
et al., 2017].

In a comprehensive study, Castori
[2012¢]
gynecological and obstetric features in

et al. collected a set of
82 women with hEDS attending two
Italian centers. All patients were origi-
nally assessed by physical examination
and questionnaire administration fo-
cused on collecting information about
selected aspects of their gynecological
Only post-
pubertal women meeting diagnostic

and obstetric history.
criteria for the hypermobility type of
EDS or JHS were included. Other
HCTDs were excluded clinically. The
study did not include gynecological
examination. A total of 93 pregnancies
were registered among the 82 women
with at least one pregnancy. In this
study, fertility was overall preserved, as
were mean age at menarche and
menopause, rate of pregnancy/woman
and of spontaneous abortion that were

comparable with those in the Cauca-
sian population.

EDS-related symptom evolution
during pregnancy seemed unpredictable
as 40% of patients reported worsening
symptoms (especially gastrointestinal
complaints, asthenia, and pain), 13% of
patients improved, and the symptoms
were unchanged in the remaining 47%.
Preterm delivery due to premature
rupture of the membrane was reported
in 10% pregnancies, which is not
different from the general population,
and none of which led to major
complications. Rapid labor occurred
in more than 1/3 of the cases.

EDS-related symptom
evolution during pregnancy
seemed unpredictable as 40%
of patients reported worsening
symptoms (especially
gastrointestinal complaints,
asthenia, and pain), 13% of
patients improved, and the
symptoms were unchanged in
the remaining 47%.

The risk of intra- and post-partum
hemorrhages was 1/5 irrespective to the
delivery modality. They reported a high
rate of abnormal scar formation in both
Caesarean and vaginal delivery with
episiotomy. In all cases, hemorrhages
were always successfully managed with-
out life-threatening complications and
no internal organ/vascular accidents
were registered after Caesarean. It was
reassuring that all delivery options
showed a very limited number of local
and systemic short-term complications.
In this sample, the group did not find
any life-threatening complication re-
lated to local and general anesthesia.

It has long been recognized that
joint laxity increases over the course of
pregnancy, allowing the bony pelvis to
adapt to accommodate vaginal birth
[Calguneri et al,, 1982]. The same

phenomenon occurs in women with
hEDS, which may lead to increased joint
instability later in pregnancy.

A large study was conducted to
investigate the association between JH,
obstetrical outcomes, and pelvic floor
disorders [Knoepp et al., 2013]. It
involved 587 parous women (partici-
pants in a longitudinal cohort study of
pelvic floor disorders after childbirth).
Their obstetrical histories were obtained
from review of hospital records. Pelvic
floor disorders were assessed using
validated questionnaires and a structured
examination for prolapse. JH and pelvic
floor disorders were evaluated at enroll-
ment (5—10 years after first delivery).
The main weakness of this study was the
inclusion criteria. The researchers de-
fined JH as Beighton score >4 and did
not use the Brighton or Villefranche
criteria. They compared obstetrical
outcomes and pelvic floor disorders
between women with and without JH.
JH was diagnosed in 46 women (7.8%)
and was associated with decreased odds
of caesarean after complete cervical
dilation or operative vaginal delivery.
In this study, anal sphincter laceration
was less likely to occur in women with
JH and was not associated with any
pelvic floor disorder. Although this
study did not address the issues related
to hEDS specifically, the results are quite
reassuring for women with asymptom-
atic hypermobility as JH seem to
facilitate spontaneous vaginal birth but
does not appear to be a risk factor for
pelvic floor disorders in the first decade
after childbirth.

Urinary System

De Kort et al. [2003] evaluated 89
families of children with GJH. The
children with GJH showed an increase
in daytime and nighttime urinary in-
continence as well as urinary tract
infections (UTTIs). Voiding dysfunction
was also significantly associated with
GJH in children but this is unclear if this
is secondary to constipation [Kajbafza-
deh et al., 2014]. Adib et al. [2005]
evaluated 125 children with a diagnosis
of hEDS and catalogued their multisys-
tem disorders. UTIs and urinary tract
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dysfunction were more common in girls
than controls. Vesicouretal reflux was
also more common in children with
hEDS as compared to the control
population [Beiraghdar et al., 2013].

Sleep Disturbance

Sleep is a restorative process for the
body. During the deeper stages of non-
rapid eye movement sleep, the body

builds bone and
muscle, and positively affects the im-

regenerates tissue,
mune system. Sleep deprivation is
considered unhealthy leading to fatigue,
a decrease immune response, poor
muscle coordination, susceptibility to
injury, impaired cognition and memory,
increased pain, moodiness, and depres-
sion [Owens, 2014]. Insomnia can be
reported as delayed sleep (sleep-onset)
or due to sleep fragmentation (sleep-
maintenance). Sleep deprivation due to
sleep maintenance insomnia has been
related to impairment of the endoge-
nous pain inhibitory function and
therefore increases spontaneous pain
and pain amplification [Smith et al.,
2007].

Many patients with hEDS report
poor sleep including insomnia and
unrefreshing sleep [Verbraecken et al.,
2001; Hakim and Grahame, 2004;
Murray et al., 2013]. In a study of 115
patients with hEDS, Albayrak et al.
[2015] found a significant decrease in
sleep quality as compared to controls.
Comorbid conditions such as restless
legs syndrome and sleep apnea have been
described in small series of patients with
hEDS [Guilleminault et al.,, 2013].
However, of the 34 patients with EDS,
only one was described as having hEDS
but details on the diagnostic criteria
were not described. Fibromyalgia is also
a common comorbidity [Ofluoglu et al.,
2006; Ting et al., 2012] and is strongly
associated with sleep disturbance, in-
cluding abnormal sleep architecture
[Dauvilliers and Touchon, 2001,
Besteiro Gonzalez et al., 2011]. Many
other factors may also interfere with
population
pain, dysautonomia, poor sleep hygiene,
and medications [Voermans et al.,
2010b].

sleep in  this including

Mast Cell Activation Disorder

Mast cell activation syndrome (MCAS)
refers to an increased number of mast
cells, increased mast cell mediators
(e.g., histamine, tryptase, etc.), or
both. The clinical symptoms of
MCAS include flushing, pruritis, hy-
potension, asthma, diarrhea, abdominal
bloating, and cramping. The diagnosis
of MCAS is increasingly recognized in
the general population [Afrin et al.,
2016] and is likely among those with
hEDS as well. It remains unclear if
MCAS is more common in hEDS or
perhaps represents a phenocopy of
hEDS (with similar joint laxity and
Those
with EDS report a higher incidence

multi-system  involvement).
of food sensitivities suggestive of hista-
mine reaction [Berglund, 2015]. Re-
gardless of any possible association, the
presence of MCAS in hEDS might
complicate the known symptoms of
POTS, chronic fatigue, and gastroin-
testinal manifestations. Elevated serum
tryptase, a marker of MCAS, followed a
dominant inheritance pattern that
overlapped with a “hypermobile con-
nective tissue phenotype” in eight of
nine studied families [Lyons et al.,
2014]. Subsequent evaluation of 35
families with elevated serum tryptase
showed this phenotype to be due to
increased copy number of the alpha-
tryptase gene, TPSAB1 [Lyons et al.,
2016]. See also “Mast Cell Activation
in Ehlers—Danlos Syn-
drome” by Seneviratne et al., this issue.

Syndrome

Psychiatric

Psychological dysfunction and emo-
tional problems, including depression,
anxiety, affective disorder, low self-
confidence, negative thinking, hope-
lessness, and desperation, are also
common among those with EDS
[Hagberg et al., 2004; Castori et al.,
2010b; Baeza-Velasco et al., 2011;
Branson et al., 2011; Rombaut et al.,
2011a; Berglund et al., 2015; Sinibaldi
et al., 2015; Hershenfeld et al., 2016].
These problems may exacerbate the
other

pain experience, as well as

organ system manifestations (especially

gastrointestinal and autonomic). This
can lead to avoidance behavior, ex-
acerbation of dysfunction and disabil-
ity, and marginalization. Resentment,
distrust, and hostility between the
patient, family, and healthcare team
may develop. To be ignored, being
assigned a psychological and/or psy-
chiatric explanation, not being re-
spected and treated as an object could
have consequences such as mistrusting
health-care and create difficulties in
encounters with care [Berglund et al.,
2010]. Equally, to ignore or avoid
confronting the presence of significant
comorbid psychological problems can
lead to suboptimal treatment. See
“Psychiatric and Psychological Aspects
in the Ehlers—Danlos Syndromes” by
Bulbena et al., this issue.

Quality of Life

In a national cohort of 134 patients,
functional  gastrointestinal ~ disorders
correlated with a poorer QoL in EDS
patients [Zeitoun et al., 2013]. When
comparing SF-36 scores as a measure of
QoL in EDS in a Swedish population
study, the EDS group reported signifi-
cantly lower scores [Berglund et al.,
2015]. Also, probable anxiety on the
Hospital Anxiety and Depression Scale
was rated as 74.8% and probable
depression was rated as 22.4%. Physical
pain, psychological discomfort, and
handicap has considerable impact on
health-related QoL in EDS. Adults
with hEDS reporting neck and shoul-
der pain had a significant association
with generalized pain and a decreased
health-related QoL [Johannessen et al.,
2016]. Children with hEDS and fa-
tigue experienced poor health-related
QoL [Pacey et al., 2015b]. In 38 hEDS
patients, baseline QoL was significantly
reduced and worsened with experien-
ces in physical therapy and iatrogenic
injury [Bovet et al.,, 2016]. A recent
meta-analysis revealed significant dis-
ability related to pain, fatigue, and
psychological  distress in  hEDS
[Scheper et al., 2016b]. These results
indicate a lower quality of health in
those with EDS than in the general
population.
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MANAGEMENT

Assessment of a person with or sus-
pected of having hEDS is based on
symptoms. Musculoskeletal symptoms
should be approached conservatively.
Physical therapy, education, and pacing
are paramount [Simmonds and Keer,
2007]. “The Evidence-Based Rationale
for Physical Therapy Treatment of
Children, Adolescents and Adults Diag-
nosed with Joint Hypermobility Syn-
Ehlers
Syndrome” by Engelbert et al., this

drome/Hypermobile Danlos
issue. Frank joint instability should be
evaluated by orthopedics or other well-
qualified personnel. Symptoms of or-
thostatic intolerance, tachycardia with
palpitations, near-syncope
should be also treated conservatively

and/or

by fluid and salt intake along with
education and the appropriate exercise.
Syncope should be evaluated further by
specialists such as neurology or cardiol-
ogy for concerns of arrhythmia, seizure
disorder, cardiomyopathy, and so on.

The management of hEDS includes
treatment of acute/emergency manifes-
tations (e.g., dislocations), attenuation of’
chronic symptoms (e.g., pain and fa-
tigue), as well as primary and secondary
prevention of acute and chronic com-
plications. Acute complications are
usually managed far away from the
reference center and treatment follows
guidelines and procedures applied in the
general population. As many patients
with hEDS have multiple symptoms, a
coordinated effort is required as other
specialists (if needed) are incorporated
into the medical team. The approach
should be holistic focusing on the
desire(s) of the
patient, QoL and functionality, as well
as the psychological aspects.

complications, the

The management of hEDS
includes treatment of acute/
emergency manifestations
(e.g., dislocations),
attenuation of chronic
symptoms (e.g., pain and

fatigue), as well as primary
and secondary prevention of
acute and chronic
complications.

Pain

Primary prophylaxis and treatment of
nociceptive pain relies upon physical
approaches to improve joint stability and
prevent or reduce myofascial spasm.
Although there is only limited evidence,
avoidance of joint hyperextension may
not be necessary [Pacey et al., 2013].
High impact and resistance exercise
should be minimized, but regimens
need to be individualized and this is
not a strict contraindication. Myofascial
release, stretching, and other mechanical
techniques to reduce spasm can provide
up to 24hr of pain reduction. Joint
stabilization is best achieved by working
on muscle tone (the resting state of
muscle contraction) and propriocep-
tion, with only gentle attention to
strength (voluntary force exerted at
will) [Simmonds and Keer, 2007,
Palmer et al., 2014]. Exercises should
be low resistance, with very gradual
increase in repetitions but not resistance.
Water-based exercise is often a good
choice for some individuals because
water reduces effective body weight
and protects against impact. Exercise
regimens are often initiated with formal
physical therapy, but once learned by the
patient, can and should be continued
indefinitely, independent of formal in-
struction or supervision. It is important
to understand that physical therapy
should be done by experienced and
learned professionals as many patients
commonly report increased pain and
decreased QoL with improper exercise
regimens [Bovet et al., 2016]. It often
takes several months of routine toning
exercise to halt progressive deterioration
in pain, and it may be several years
before substantial reduction in pain is
recognized.

Scheduled use of multiple medica-
tions together is often more effective
than
two medications at a time. Systemic

as-needed use of one or

non-opioid oral analgesics should be
maximized first, including both acet-
aminophen and either a non-steroidal
anti-inflammatory (NSAID) or cyclo-
oxygenase-2 (COX2) inhibitor.
NSAIDs may be helpful after episodes
of dislocation or subluxation or as an
addition during flares of pain. Topical
agents such as lidocaine, NSAIDs and/
or custom compounded creams can also
be helpful. Where allowed by law,
cannabinoids can be considered, but
the treatment effect must be measured
against potential long-term consequen-
ces [Mandelbaum and de la Monte,
2017]. Muscle relaxants may help to
reduce myofascial spasm and nociceptive
pain [Abdel Shaheed et al., 2017; Chou
et al.,, 2016]. Benzodiazepines can be
considered for cautious short-term
muscle relaxation, but are poor choices
for long-term use due to loss of muscle-
relaxing effect over time, in addition to
problems with tolerance, dependency,
and sometimes addiction. Neuropathic
pain often requires one or more of
a tricyclic antidepressant, serotonin-
norepinephrine  reuptake inhibitor,
and/or an anti-epileptic drug. Topical
lidocaine and capsaicin may also provide
some benefit. Opioids are rarely needed
for the treatment of chronic musculo-
skeletal pain [NGC, 2013] and are no
higher than third line agents for neuro-
pathic pain [Finnerup et al., 2015].
Opioids and tramadol are best reserved
for acute pain episodes or for patients
whose pain is inadequately managed on
all of the above medications, require
close monitoring, and should be added
on to the above regimen in the lowest
possible doses rather than replacing the
above medications. There are particular
concerns regarding the risks of co-
prescribing opioids and benzodiazepines
[Babalonis and Walsh, 2015]. Recent
guidance by the Centers for Disease
Control recommends that providers
should prescribe opioids only when
benefits outweigh expected risks and
that they should avoid prescribing
opioids and benzodiazepines concur-
rently whenever possible [Dowell et al.,
2016].

There is theoretical risk and anec-
dotal description that muscle relaxant
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medications and/or too much stretching
can exacerbate joint instability and
ultimately increase nociceptive pain,
but many patients tolerate these modal-
ities well and treatment should be
tailored to each individual’s response.
NSAIDs and COX2 inhibitors may
exacerbate gastritis, bleeding and/or
bruising, but are often well-tolerated.
Chronic high dose NSAID therapy may
also increase the risk of coronary artery
disease and renal insufficiency; this risk
needs to be weighed against the severity
of the patient’s pain and the patient
should be encouraged to make his or her
own choice about these risk and
benefits.
medications increase serotonin levels,

Many of the above pain

so patients should be monitored for signs
and symptoms of serotonin syndrome.

Many patients with hEDS may
develop chronic generalized pain which
becomes their primary problem. This
type of presentation should be consid-
ered as a centralized pain state belonging
to the spectrum of chronic widespread
pain, with additional superimposed
musculoskeletal components. Some pa-
tients who continue to struggle to cope
with their pain may need consideration
of a multidisciplinary pain management
program [Bathen et al., 2013].

The overall goal should be to
maintain adequate control of pain to a
tolerable level, not to completely elimi-
nate pain. Such expectation manage-
ment can help to reduce the overall
subjective pain experience, even when
objective
completely controlled. See “Pain Man-

somatic pain cannot be
agement in Ehlers—Danlos Syndrome”
by Chopra et al., this issue.

Fatigue

Both mental and physical fatigue are as
commonly encountered as pain in
hEDS [Castori et al.,, 2011b]. It is
often multifactorial. Stimulant medica-
tions are often effective for very short
periods of time. However, the various
contributors of fatigue should be con-
sidered such as anemia, nutritional
deficiencies, deconditioning, medica-
tions, sleep disturbance, dysautonomia,

and/or psychological aspects. Screening

questionnaires should be used for diag-
nosis and ongoing monitoring. Fatigue,
much like pain, often responds to
treatment such as exercise therapy but
only very slowly over time [Edmonds
et al.,, 2004]. See “Chronic Fatigue in
Ehlers—Danlos Syndromes” by Hakim
et al., this issue.

Orthostatic Intolerance

Non-pharmacologic management in-
cludes avoidance of rapid orthostatic
change or prolonged upright posture,
lower extremity compression garments,
and supplementation of water and
electrolytes to maximize blood volume.
Routine low resistance exercise in-
creases both skeletal muscle and vascular
tone, improving venous return to the
heart. Beta adrenergic blockade often
improves symptoms, perhaps by slowing
the heart rate or perhaps by reducing
autonomic sympathetic activity. Beta
blockade is not strictly contraindicated
in patients with low resting blood
pressure, but does require close moni-
toring in such patients. Some additional
medication options include midodrine,
fludrocortisone, and pyridostigmine
[Mathias et al., 2011]. See also “Auto-
nomic Dysregulation in Ehlers—Danlos
Syndromes,” by Hakim et al., this issue.

Neuropsychiatric

Management starts with validation of
the patient’s symptoms and efforts to
establish rapport and trust with the
patient.
should focus on accepting and coping

Psychological ~ counseling
with chronic pain and chronic disease.
Cognitive behavioral therapy is particu-
lar beneficial, if the patient is willing to
actively engage in the process [Bathen
et al., 2013]. Distraction, hypnosis, and
judicious use of anti-depressant medica-
tion can also help.

Surgery and Anesthesia

In hEDS, surgical risks are generally
lower that other EDS variants due to the
only minor fragility of skin, vessels, and
internal organs. The greatest surgery
related issue of hEDS is the possibility of

delay in wound closure and tissue repair.
Hence, surgical procedures should be
carried out with gentle dissection and
use of mild lateral force during incisions,
retraction and suturing. Skin closure
should be performed in two layers with
minimal tension, sufficient amount of
sutures, deep stitches, and the support of
steri-strips, by using proper distance to
the incision in order to avoid sutures
cutting through the fragile tissue, and
without the use of skin clips. Finally,
sutures should be left twice as long as
normally recommended in order to
avoid wound re-opening [Burcharth
and Rosenberg, 2012].

Anesthesia and perioperative man-
agement may also deserve special care in
hEDS. This is mostly influenced by some
primary disease features, including mu-
cosal fragility, propensity to ecchymosis,
and the risk of hemorrhage (that are,
however, usually limited in hEDS), the
risk of orthostatic headache due to spinal
anesthesia, but also by several common
comorbidities, such as autonomic dys-
function, occipitoatlantoaxial joint insta-
bility, and spondylosis. A freely
downloadable summary of recommen-
dations concerning pre-surgical evalua-
tion, patient monitoring and positioning,
airway management, circulatory and
bleeding issues, pharmacology, use of
tourniquets, central venous catheteriza-
tion, obstetrical, regional and local
anesthesia, and other aspects, is available
at  the
(http://www.orphananesthesia.eu/en/

OrphanAnesthesia  website
rare-diseases/published-guidelines/cat_
view/61-rare-diseases/ 60-published-gui
delines/89-ehlers-danlos-syndrome.
html) or in the work by Wiesmann et al.
[2014]. In both works, recommendations
are offered for EDS in general, therefore,
specific considerations for hEDS should
be carefully extracted by the reader.

FUTURE DIRECTIONS

hEDS is a common clinical entity that
affects many disciplines of healthcare.
The precise description both in the
diagnostic criteria as well as the natural
history of hEDS need a great deal of
further refinement. Management of this
disorder has drawn many parallels to
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other disorders as few large-scale studies
have been performed in this patient
population. The areas of future interest
represent a limited partial set but those of
higher priority.

hEDS Diagnostic Criteria

The new nosology will have to be
applied to all populations and be deter-
mined where deficiencies and gaps lie
within the criteria. This includes the
evaluation of and validation of the
modified Beighton scoring system.
Formulation of such questions and
addressing these concerns will need to
be an ongoing mission.

As joint hypermobility is common
in many disorders and may be the
presenting sign, differentiating hEDS
from other HDCTs, especially those
with vascular involvement, is important.
As hEDS is a clinical diagnosis, refine-
ment of the diagnostic criteria is even
more important as is the search for a
genetic cause. In a systematic approach
to pursuing a molecular diagnosis,
Weerakkody et al. [2016] found 28
patients with pathogenic variants in-
cluding one with suspected hEDS
emphasizing the need for a systemic
diagnostic approach to EDS that will
need to be further refined.

Molecular Basis

hEDS remains the sole EDS major type
without a known molecular defect.
Such a lack of knowledge is likely due
to various complexities. First, although
hEDS is inherited as a dominant trait,
that is, sex-influenced, this inheritance
model may not explain all cases. Locus
heterogeneity is very likely which may
explain some of the cases with apparent
different inheritance patterns. Second,
the current diagnostic criteria are gen-
erally broad to cover what is suspected to
phenotypic sub-groups.
Therefore, the diagnosis of one individ-

be various

ual may be ultimately attributable to a
mutation of a particular gene while in
another person with a similar or differ-
ent phenotypic presentation may be due
to mutation of another gene altogether.
Without

recognition and eventual

separation of these sub-groups, efforts
to define this group under a diagnosis of
hEDS may complicate studies on an
exomic or genomic basis. Last, as several
factors play into the phenotype presen-
tation such as gender, training, pain
threshold, etc.
non-genetic factors may be contribut-

multiple genetic and

ing. It is obvious that there needs to be a
broader recognition and recording of
the features of hEDS (such as in a
database registry) so that phenotypic
patterns may emerge that can help the
design and interpretation in the pursuit
of the genetic etiology(ies).

Dysautonomia

The presence of orthostatic intolerance
and POTS or NMH in the hEDS
population needs further and large-scale
validation. A full descriptive inventory
of all of the dysautonomic symptoms
also is in need. The link between
abdominal symptoms and dysautono-
mia, possibly via an increased visceral
sensitization, still needs additional vali-
dation [Farmer et al., 2014].

Bone Density

Due to a few small case reports and series,
there is some concern for possible loss of
bone density with hEDS. This has been
popularized through social media and in
the courts as a defense against charges of
child abuse in the case of an infant with
multiple fractures of unknown etiology.
There is no credible studies demonstrat-
ing bone fragility fractures in hEDS.
Subsequently, hEDS is not considered
one of the bone fragility syndromes and
the diagnosis of hEDS is far too subjective
to rely on in these situations. Those
infants with features of a connective
tissue disorder and multiple unexplained
fractures, should be considered for
genetic testing [Byers et al, 2006;
Flaherty et al., 2014]. Larger and well-
controlled studies of bone density in
hEDS are needed at all ages.

Physical Therapy Management

Physical therapy is considered the

mainstay of management in hEDS.

However, many questions remain in-
cluding validation of physical therapy in
the treatment of EDS. See “The Evi-
dence-Based Rationale for Physical
Therapy Treatment of Children, Ado-
lescents and Adults Diagnosed with
Joint Hypermobility Syndrome/Hyper-
mobile Ehlers—Danlos Syndrome” by
Engelbert et al., this issue.

Craniocervical Junction

As the cervical spine, and most especially
the craniocervical junction, comprise a
joint(s), it is to be
susceptible to the same strain and

also believed

injuries as seen in other joints in EDS.
As these joints protect the central
nervous system, it is plausible that
neurologic symptoms might also occur.
Which symptoms, the proper imaging
(and measurements) as well as manage-
ment are not well-established. Although
upright MRI reproduces a more physi-
ologic strain on the craniocervical
junction, its routine use has not been
recommended [Health Quality Ontario,
2015]. Further studies about the preva-
lence as well as the symptoms, imaging,
and management are needed.

Mast Cell Activation Syndrome

MCAS can complicate management of’
dysautonomia and may contribute to
fatigue and decreased QoL. Further
studies of MCAS in the hEDS popula-
tion are needed to detail the possible
comorbidity and its impact on disease
manifestation and management.

SUMMARY

hEDS is a heritable connective tissue
disorder without a clear etiology. It is
common, representing up to 1-3% of
the general population. It is multi-
systemic with primary musculoskeletal
manifestations but various other comor-
bidities exist such as pain, fatigue,
orthostasis, sleep disturbance, anxiety,
and a poorer health-related quality of
life. Much work in the area of diag-
nostics, prevalence of hEDS, and the
associated comorbidities as well man-
agement specific to hEDS is needed.
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AnD RAOUL H. H. ENGELBERT

The purpose was to perform a systematic review of clinical assessment methods for classifying Generalized Joint
Hypermobility (GJH), evaluate their clinimetric properties, and perform the best evidence synthesis of these
methods. Four test assessment methods (Beighton Score [BS], Carter and Wilkinson, Hospital del Mar, Rotes-
Querol) and two questionnaire assessment methods (Five-part questionnaire [5PQ], Beighton Score-self reported
[BS-self]) were identified on children or adults. Using the Consensus-based Standards for selection of health
Measurement Instrument (COSMIN) checklist for evaluating the methodological quality of the identified studies,
allincluded studies were rated “fair” or “poor.” Most studies were using BS, and for BS the reliability most of the
studies showed limited positive to conflicting evidence, with some shortcomings on studies for the validity. The
three other test assessment methods lack satisfactory information on both reliability and validity. For the
questionnaire assessment methods, 5PQ was the most frequently used, and reliability showed conflicting
evidence, while the validity had limited positive to conflicting evidence compared with test assessment methods.
For BS-self, the validity showed unknown evidence compared with test assessment methods. In conclusion,
following recommended uniformity of testing procedures, the recommendation for clinical use in adults is BS
with cut-point of 5 of 9 including historical information, while in children it is BS with cut-point of at least 6 of 9.
However, more studies are needed to conclude on the validity properties of these assessment methods, and
before evidence-based recommendations can be made for clinical use on the “best” assessment method for
classifying GJH.  © 2017 Wiley Periodicals, Inc.

KEY WORDS: Beighton tests; Carter and Wilkinson; Rotes-Querol; Hospital del Mar; five-part questionnaire; self-reported; clinimetrics; quality
assessment; COSMIN; best evidence synthesis
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INTRODUCTION

Generalized joint hypermobility (GJH)
is relatively common, occurring in
about 2-57% of different populations
[Remvig et al., 2007b]. Important

reasons for this may be the use of
many different clinical assessment meth-
ods and criteria for classification and
interpretation of GJH by these clinical
assessment methods [Remvig et al.,
2007a,b]. GJH 1is characterized by an

ability to exceed the joints beyond the
normal range of motion in multiple
joints, either congenital or acquired
[Remvig et al., 2011]. Many individuals
with GJH are asymptomatic, which also
makes it difficult to accurately estimate
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the number of people with this condi-
tion, as they are not recorded in the
health system.

When GJH is accompanied with
symptoms, itis defined as a health-related
disorder, for example, Joint Hypermo-
bility Syndrome (JHS) or the Ehlers—
Danlos Syndrome—Hypermobile Type
(hEDS) with several complications as
described below. The two conditions
(JHS and hEDS) have very close overlap
to the point of being clinically indistin-
guishable [Tinkle et al., 2009; Remvig
etal., 2011], and in the present study it is
referred to as JHS/hEDS. The condition
of JHS/hEDS can be defined as an under-
and often misdiagnosed heritable con-
nective tissue disorder, characterized
generally by GJH, complications of joint
instability, musculoskeletal pain, skin
involvement, and reduced quality of life
[Rombaut et al., 2010; Castori et al,,
2014; Scheper et al., 2016]. Until now,
JHS is diagnosed by the Brighton tests
and criteria [Grahame et al., 2000], and
hEDS by the Villefranche criteria
[Beighton et al., 1998], both including
the Beighton scoring (BS) system of nine
tests for assessment of GJH [Beighton
et al., 1973].

BS consists of four bilateral tests
and one test including low back and
lower extremities (first finger opposi-
tion, fifth finger extension, elbow
extension, knee extension, and back
forward bending), with scores ranging
from 0 to 9. Influencing factors on BS
are age, gender, ethnicity, and physical
fitness [Remvig et al., 2007b; Tinkle
et al., 2009]. For adults, a cut-point of
4/9 for GJH is included in the
Brighton criteria for JHS [Grahame
et al., 2000], while 5/9 for GJH is the
criteria for hEDS in the Villefranche
criteria [Beighton et al., 1998]. For
children, there is no consensus on a
specific cut-point for GJH, but cut-
points of 5/9, 6/9, and 7/9 have been
suggested [Jansson et al., 2004]. A
previous review has listed different
test assessment methods of which the
[Beighton et al.,
1973] was most frequently used. The

Beighton score
review concluded that reproducibility
of Beighton or similar tests is good, but
there is lack of evidence for the validity

of this test assessment method [Remvig
et al., 2007a].

For adults, a cut-point of 4/9
for GJH is included in the
Brighton criteria for JHS,
while 5/9 for GJH is the
criteria for hEDS in the
Villefranche criteria. For
children, there is no consensus
on a specific cut-point for
GJH, but cut-points of 5/9,
6/9, and 7/9 have been
suggested.

Further, also questionnaire assess-
ment methods are used for classifying
GJH, among which the five-part ques-
tionnaire (5PQ) [Hakim and Grahame,
2003; Mulvey et al., 2013]. The 5PQ, so
far used only for adults, consists of five
questions, including actual and historical
information about joint hypermobility
(forward bending of the back, first finger
opposition, the ability to amuse friends
with strange body shapes, dislocation of’
shoulder/knee, perception of being
double-jointed). The 5PQ is claimed
to have good reproducibility, in addition
to satisfactory sensitivity and specificity
[Hakim and Grahame, 2003]. However,
clinimetric properties (reliability, differ-
ent aspects of validity, and responsive-
ness) have not been described fully for
BS, 5PQ, or other potential clinical
assessment methods for classifying GJH.

Clear and valid diagnostic clinical
assessment methods and criteria for
classiftying GJH with or without symp-
toms are essential, both for diagnosing
JHS/hEDS and measuring treatment
effects of JHS/hEDS, in children
[Scheper et al., 2013] as well in adults
[Palmer et al., 2014; Smith et al., 2014;
Scheperetal., 2016]. In summary, there is
lack of knowledge of clinimetric proper-
ties on clinical assessment methods for
classiftying GJH. Therefore, the purpose
of this study was to perform a systematic

review for identifying the clinical assess-
ment methods for classifying GJH, to
evaluate their clinimetric properties
(reliability and wvalidity), and finally to
summarize the best evidence synthesis of
these clinical assessment methods.

MATERIALS AND
METHODS

This systematic review followed the
Preferred Reporting Items for System-
atic Reviews and Meta-Analysis state-
ment guidelines, PRISMA, [Moher
etal., 2009] and used the PICOS method
to present the chosen research questions:
Participants (humans with GJH and
healthy controls, ranging from childhood
to  adults),
methods for evaluation and classification
of GJH), Comparison (e.g., healthy
control groups), Outcomes (reliability/
validity), and Study design (e.g., reliabil-
ity/case control/longitudinal studies).
The overall method used in this
review can be divided into four steps: (1)

Intervention (assessment

Compile an exhaustive list of assessment
methods for GJH on the basis of an
initial search (Search 1); (2) Additional
search for studies including clinimetrics
of the identified assessment methods
from Search 1 (Search 2); (3) Critically
appraisal of the methodological quality
of the identified measurement proper-
ties in each study; and (4) synthesizing of
the evidence as “a best evidence
synthesis.”

Selection Criteria

Search 1

With restrictions on the date of publi-
cation (January 01, 1965 to Decem-
ber 31, 2015), humans and English, the
included articles had to meet the
following criteria: (1) be originally
published in peer-reviewed journals
involving human participants; (2) in-
clude a clinical assessment method (test
or questionnaire) to classify GJH; and (3)
be reported in English. Studies were
excluded if they: (1) contained other
advanced assessment methods used as
primary assessment method and not as a
reference assessment; (2) were reviews,
abstracts, theses, unpublished studies
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(“gray literature”); or (3) were animal
studies.

Search 2

By using the names of the different
assessment methods found in Search 1,
Search 2 was initiated, and the articles
were included if they: (1) explicitly
outlined a purpose for evaluating clini-
metric properties of an assessment
method (test or questionnaire) for
classifying GJH; and (2) included at least
one of the clinimetric properties of
reliability, validity, and responsiveness.
To avoid confusion in relation to the
terminology of clinimetric properties,
this study relates to the COSMIN
terminology, including reliability (reli-
ability and measurement error), validity
(criterion validity and hypotheses test-
ing), and responsiveness [Schellingerh-
out et al., 2008; Mokkink et al., 2010].

Search Strategy and Data Sources

Search 1 (production of a list of clinical
assessment methods)

The systematic review was performed by
electronic and manual searches in CI-
NAHL (n=153), Embase (n=1,027),
SportDiscus (n=272), and MEDLINE
(n=833). Furthermore, reference lists of
relevant articles were hand-searched for
additional literature,
conferred with experts within the field

and the authors

of GJH, in order to make sure no relevant
articles would be missing. In each of the
four databases, the following search terms
were used for the Electronic Search 1 for
producing a method list: (joint"; hyper-
mobility; instability; laxity; general”) AND
(evaluation™; rating”; rate™; questionnaire™;
test™; scale™; assess™; examin®; observ™;
diagnos®; measure*) NOT (fracture®;
surgical). The search terms were adjusted
to the different databases where necessary.
In all databases, the search fields included
title, abstract, and keywords.

Search 2 (identifying clinimetric properties)

For the Electronic Search 2, using the
same databases as described in Search 1,
and with a total of six identified assess-
ment methods at this point, a total of 24
searches were conducted; one in each
database, on each assessment method.

The following search terms were used,
for retrieving studies with clinimetric
properties on each of the six identified
assessment methods:  (psychometric*;
clinimetric*; reproducibility; reliability;
repeatability; responsiveness; sensitivity;
specificity; validity; diagnos™; feasibility).
When including the questionnaire as-
sessment methods, the terms test® and
tool”* were left out. See PRISMA flow

chart (Fig. 1) for the selection process.

Data Extraction and Quality
Assessment

Two authors (KS/BJK) independently
screened the titles and abstracts, and agreed
upon a final list of assessment methods to be
included in the current review. If there
were any disagreements, the full paper was
retrieved for detailed assessment, and
consensus was achieved. A third reviewer
(RHE) was included if disagreement still
existed. The handling of data were
performed with the use of EndNoteWeb
(https://www.myendnoteweb.com/), for
easy access and organizing of data. Screen-
ing for additional references were per-
formed based on the retrieved articles.
Eligible studies for each of the
retrieved assessment methods were eval-
uated by the Consensus-based Standards
for the selection of health Measurement
Instruments (COSMIN) checklist for
evaluating the methodological quality
on clinimetric properties—reliability,
validity, and responsiveness [Mokkink
et al., 2010]. The COSMIN checklist is
currently the only recommended stan-
dardized method [Terwee et al., 2012],
and has been used in several different
studies of clinical test assessment methods
[Larsen etal., 2014; Kroman etal., 2014].
The complete COSMIN checklist in-
cludes 12 boxes, covering internal con-
sistency, reliability, measurement error,
validity, and responsiveness. The current
study used the reliability and validity
domains, in particular box B—reliability
(14 items), box F—hypothesis testing (10
items), and box H—criterion validity (7
items). After inclusion of studies, these
were grouped based on the clinimetric
property assessed, in reliability (intra-,
inter-tester and test-retest) and validity
(hypothesis testing or criterion validity).

No studies on the responsiveness domain
were obtained.

A compiled list for the assessment of
the item “minor methodological flaws”
as used previously [Larsen et al,
2014] was included (no inclusion of the
target population, only for reliability
domain; only one trial per measure-
ment/lack of information on repetition;
no random order of investigators/meas-
urements; no description of any training
phase; inadequate description on demo-
graphic details). For the item “other
important methodological flaws” an
additional list was included (inadequately
described/lacking of information about
subject eligibility criteria; doubt regard-
ing the site of measurement). Final
scoring of the methodological quality
of each items, evaluated on a four-point
scoringsystem, (excellent, good, fair, and
poor methodological quality) was based
on the “worse score counts method” in
the checklist [Terwee et al., 2012].

Finally, a best evidence synthesis was
performed, by compiling the assessment
of the methodological quality, the actual
results of the included studies, the
number of studies, and the total sample
size, as outlined in connection to the
COSMIN evaluation [Terwee et al.,
2007], and asalso performed in a previous
study [Kroman etal., 2014]. The rating of
the best evidence synthesis ranged from
strong, moderate, limited, positive/neg-
ative, conflicting, or unknown. A note
was made whenever a study was rated
“poor” due to only one single item. In
the reliability domain this mainly con-
cerned the item “only one measure-
ment” (in box B), as often used in clinical
examinations and always in questionnaire
studies; in the validity domain studies
were mainly rated “poor” due to one
rating based on the item “no information
on the measurement properties of the
comparator instrument(s)”’; in addition, a
note was made to studies rated “poor”
due to “subject eligibility criteria inade-
quately described/lacking.” Studies rated
“poor” due to only one “poor” item
were upgraded to “fair,” in line with
previous systematic reviews, describing
the limitations of the COSMIN when
used for clinical test assessment methods
[Kroman etal., 2014; Larsen et al., 2014].
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Figure 1. Flow diagram showing identification, screening, eligibility, and inclusion procedures.
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(n = 20) studies
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Studies with more than one “poor”-rated
item were omitted from the final evi-
dence synthesis.

RESULTS

Identification of Clinical
Assessment Methods

In total 2,285 references were identified,
and after removal of duplicates 1,338

references were included in the

screening procedure of titles and ab-
stracts, of which 298 full-text articles
were eligible according to the inclusion
criteria. In Search 1, a total of six
primary clinical assessment methods for
classifying GJH were identified, corre-
sponding to four test assessment meth-
ods (BS, Carter, and Wilkinson [CW],
Hospital del Mar [HdM], Rotes-Querol
[RQ]), and two questionnaire assess-
ment methods (5PQ, Beighton Score
self-reported [BS-self]). In Search 2, 163

references were identified, and after
removal of duplicates 33 studies were
identified describing the clinimetric
properties of the six clinical assessment
methods (Fig. 1).

Clinimetric Properties

Methodological quality in relation to
reliability of the four test assessment
methods (BS, CW, HdM, and RQ) was

evaluated from eleven studies, and
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reliability of one of the two questionnaire
assessment methods (5PQ) was evaluated
from two studies, while there were no
reliability studies on BS-self (Table I).

Methodological quality in relation to
validity of the four test assessment
methods (BS, CW, HdM, RQ), was
evaluated from twenty studies, and validity
of the two questionnaire assessment
methods (5PQ, BS-self) was evaluated
from six studies (Table II).

All four tests were rated as having
poor quality in all reliability studies, while
64% (7 of 11) for BS, and 50% (1 of 2) for
RQ could be upgraded to fair quality,
when one rating (“only one measure-
ment”) was omitted. Both studies of 5PQ
were rated as having poor quality in test-
retest reliability [Moraes et al., 2011,
Bulbena et al., 2014], but both could be
upgraded to fair. CW, RQ, and HdM
were all rated as having fair quality (3/3),
while for BS 82% (14/17) were upgraded
and thus rated as having fair quality. All
studies on validity for the two question-
naire assessment methods (for 5PQ: 5/5;
for BS-self: 1/1) were upgraded, and
therefore, rated as fair (Table III).

As seen in Tables I and II, all test
assessment methods BS, CW, HdM, and
RQ, have been tested for reliability, and
for validity when compared with each
other. BS has further been tested for
different validity types, such as range of
motion (ROM), associations with pain,
injuries, and other diseases, whereas
HdM has further been tested for validity
on associations with shoulder injuries.
5PQ is the only one of the questionnaire
assessment methods that has been tested
for reliability, and for validity when
compared with test assessment methods,
associations with pain, diseases, and
anxiety. BS-self has only been tested
for validity
(Table IIT).

compared with BS

Best Evidence Synthesis: Levels of
Evidence

Test assessment methods

Of the 11 reliability studies for test
assessment methods, 5 studies had poor
ratings on methodological — quality
[Bulbena et al., 1992; Mikkelsson et al.,
1996; Hansen et al., 2002; Boyle et al.,

2003; Aslan et al., 2006], and since they
could not be upgraded to fair, they were
not included in the best evidence synthe-
sis. For the only two studies including
intra-rater reliability on BS there was
limited positive evidence [Erkula et al.,
2005; Hirsch et al., 2007] (Table IV).

For inter-rater reliability four stud-
ies had limited positive evidence [Hicks
et al., 2003; Erkula et al., 2005; Hirsch
et al., 2007; Juul-Kristensen et al.,
2007], while two studies had negative
evidence [Karim et al., 2011; Junge
etal., 2013], leaving the final evidence as
limited positive to conflicting evidence.
A total of four out of the eleven studies
included children [Mikkelsson et al.,
1996; Hansen et al., 2002; Erkula et al.,
2005; Junge et al., 2013].

Validity of BS compared with other
test assessment methods showed limited
positive to conflicting evidence in three
studies [Bulbena et al., 1992; Ferrari
et al., 2005; Junge et al., 2013], while
compared with ROM (trunk rotation,
lower, and upper extremities) the validity
in five studies showed limited negative to
conflicting evidence (two on children)
[Sauers et al., 2001; Erkula et al., 2005;
Pearsall et al., 2006; Smits-Engelsman
et al.,, 2011; Naal et al.,, 2014]. The
validity for BS and the association with
pain showed moderate positive to con-
flicting evidence in five studies (all on
children) [El-Metwally et al.,, 2004,
2005, 2007, Tobias et al., 2013; Sohr-
beck-Nohr et al., 2014]. For the validity
of BS and the association with injuries
the validity showed conflicting evidence
in three studies (one in children) [Rous-
sel et al., 2009; Cameron et al., 2010;
Junge et al., 2015]. For the validity of BS
and the
diseases (Temporo-Mandibular Disor-

association with different

ders, Chronic Fatigue Syndrome, Adhe-
sive Capsulitis) there was limited positive
to conflicting evidence in three studies
[Nijs et al., 2004; Hirsch et al., 2008;
Terzi et al., 2013].

CW (almost similar to the BS), and
RQ had unknown evidence for both
inter-rater reliability and validity com-
pared with other test assessment methods
[Bulbena et al, 1992], while HdM
showed unknown evidence for inter-rater
reliability and validity in the association

with injuries, such as anterior shoulder
dislocation [Bulbena et al., 1992; Chahal
et al., 2010].

Questionnaire assessment methods

For reliability 5PQ showed conflicting
evidence in the two studies [Moraes
et al., 2011; Bulbena et al., 2014]. For
the validity 5PQ showed limited positive
to conflicting evidence compared with
test assessment methods (BS, HdM) in
the same two studies, while in the
association with pain and tissue diseases
(chronic widespread pain, JHS) 5PQ
showed limited positive evidence in two
studies [Hakim and Grahame, 2003;
Mulvey et al., 2013], and with anxiety it
showed unknown evidence [Sanches
et al., 2014]. BS-self showed unknown
evidence in the validity compared with
BS in one study [Naal et al., 2014].

DISCUSSION

Four test assessment methods (BS, CW,
HdM, RQ) and two questionnaire
methods (5PQ, BS-self)
were identified for classifying GJH, in
children and adults, with 33 studies
reporting their measurement properties.

assessment

The four test assessment methods and
one of the questionnaire assessment
methods (5PQ) reported measurement
properties on both reliability and valid-
ity. Most studies were on BS, and only
BS and 5PQ reported aspects of validity.

Four test assessment methods
(BS, CW, HdM, RQ) and
two questionnaire assessment
methods (5PQ, BS-self) were
identified for classifying GJH,
in children and adults, with
33 studies reporting their
measurement properties.

The majority of the reliability
studies showed limited positive to con-
flicting evidence for BS, and thus, may
seem acceptable to be used in clinical
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TABLE IV. Levels of Evidence of Included Studies

R eliability Validity
Intra/inter Quality/(n)/pop Hypothesis testing Quality/ (n)/pop
Clinical assessment tools
Beighton Aslan”®: ++ P (72) vs. other tests:
Boyle™: ++ P (42/36) (CW/RQ) Bulbena®: + P (173)
Bulbena®: + P (30) (LLAS) Ferrari®: + F (225) C
Erkula®®: ++ P (50) (A/B) Junge'?: — F (103) C
Hansen®%: — P (100) (+) to (+/—) Limited
Hicks™: + P* (50) pos. to conflicting
Hirsch””: ++ P* (50)
Junge'?: — P (39) vs. ROM:
Juul-Kr%7: + P* (40) (Trunkrot.) Erkula®: — P (1273) C
Karim'": — P (30) (Hip) Naal'*: — P (55)
Mikkelss.”®:++ P (29/13) (k/a lax) Pearsall®®: — F (57)
(sh lax) Sauers"': — F (51)
Ia (gon) Smits—Eng”: + P (551) C
(4) Limited pos. (—) to (+) Limited neg. to
conflicting
Ie
(4) to (+/—) Limited pos. to vs. pain:
Conflicting (p/1) El—MetwallyM: + F (430) C
(LLP) El-Metwally”: + F (1284) C
(inc) El-Metwally””: — F (1113) C
(inc) Sohrb.-Nohr'*: + F (301) C
(s/k/a)(inc/p) Tobias'>:+ P (2901) C
(++) to (+/-)
Moderate pos. to Conflicting
BS vs. injuries:
(GI) Cameron'’: + F (714)
(KI) Junge': — P (999) C
(PT) Roussel””: — P (58)
(4+/—) Conflict
vs. diseases:
(TMs) Hirsch®: + F (895)
(CES) Nijs™*: — F (44)
(ACprev) Terzi'®: + P (240)
(+)to (+/—) Limited
pos. to conflicting
Carter & Wilkinson Bulbena®: + P (30) vs. other tests:
Inter: Unknown (BS/RQ) Bulbena™: + P (173)
Unknown
Rotes-Quérol Bulbena”™: + P (30) vs. other tests:
Juul-K:e”: + (3) P*(40) (CW/BS) Bulbena’: + P (173)
Inter: Unknown Unknown
Hospital del Mar ~ Bulbena®: + P (30) (ASD) Chahal'’: + F (149)

Inter: Unknown

Unknown

continued




144 AMERICAN JOURNAL OF MEDICAL GENETICS PART C (SEMINARS IN MEDICAL GENETICS)

RESEARCH REVIEW

TABLE IV. (Continued)

Reliability Validity
Intra/inter Quality/(n)/pop Hypothesis testing Quality/(n)/pop
Questionnaires
5-part Q. Bulbena'*: + P* (33) vs. other tests:
Moraes'"': — PF(211) (HdM) Bulbena'*: + P (191)
Retest: (+/—) (BS) deMoraes'!: —/+ F (394)
Contflicting (+) to (+/—) Limited
pos. to Conlflicting
vs. pain/tissue diseases:
Criterion val. (CWP) Mulvey'’: + (BJHS) F (2354)
(BS) deMoraes'': — F (394) Hakim®*: P (489)
(BS) Hakim*:? F (489) (+) Limited pos.
Unknown
vs. anxiety/psych. disease:
(anx) Sanches'*: — F (2300)
Unknown
BS-self-reported vs. tests:
(BS) Naal'*: + P (55)
Unknown

Ia, Intra-rater; Ie, Inter-rater; P, poor; E fair; pop, population; BS, Beighton Score; CW, Carter & Wilkinson; HdM, Hospital del Mar; RQ,
Rotes-Quérol; 5-part Q, 5-part questionnaire; LLAS, Lower Limb Assessment Score; k/a lax, Knee/ankle laxity; sh lax, Shoulder laxity; gon,

goniometry; p, persistent; r, recurrent; inc, incidence; s/k/a, shoulder/knee/ankle; GI, Glenohumeral joint instability; Y, youth; C, children,

AID, Primary traumatic anterior shoulder dislocation; KI, knee injuries; PI, pelvic injuries; TMs, Temporomandibular symptoms; CFS, chronic

fatigue syndrome; ACprev, Adhesive capsulitis prevalence; ASD, Anterior Shoulder Dislocation; CWP, chronic widespread pain; BJHS, benign

joint hypermobility syndrome; Anx, anxiety; °%, Superscripts shows year of publication.

*Reliability studies rated poor on the basis of one single rating, based on ”only one measurement.”

**Validity studies rated poor on the basis of one single rating “no information on the measurement properties of the comparator instrument(s).”

BS (5/9, 6/9, and 7/9). In one test
assessment method the total score was
11 with a cut-point of 7/11 for
classifying GJH based on only tests in
the lower extremities [Ferrari et al.,
2005], and another study used two cut-
points the lower being 5/9 and the
upper being 7/9 [Smits-Engelsman
et al.,, 2011]. Since JHS and hEDS in
the current review are recognized as
one and the same condition, a specific
cut-point needs to be decided, and 5/9
may be suggested for future use in
adults. However, since joint mobility,
and therefore, BS is known to decrease
by age [Remvig et al., 2007b], there is
a need for adults
additional historical information, as

also to include

described in the appendix of the
reliability study using the BS, with
phrasing “can you now or have you
previously been able to ... ” [Juul-
Kristensen et al., 2007], and in the
study describing 5PQ [Hakim and
Grahame, 2003].

Generally, for adults, one cut-
point, varying from 4 to 5 was
used in BS (4/9 and 5/9), and

2/5 in 5PQ have been used.
For children, one cut-point

varying from 5 to 7 was used
in BS (5/9, 6/9, and 7/9).

Since children have individual
growth periods, this may be the reason
for using two cut-points (a lower and an
upper) as recently suggested [Smits-
Engelsman et al., 2011], and therefore,
the upper cut-point is suggested to be at
least 6/9 as used in previous population
studies [El-Metwally et al., 2004, 2005,
2007; Tobias et al., 2013].
Warming-up before performing
flexibility
outcome of a test assessment method.

tests may influence the
However, almost no studies reported

whether participants did warm-up, and
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the influence of such performance is
therefore, unknown.

This review highlights a number
of areas warranting future research.
Because of the limited studies on the
clinical assessment methods for classi-
fying GJH, more high quality studies,
and especially those evaluating aspects
of validity are required (concurrent,
predictive, measurement error, respon-
siveness, and interpretability). Addi-
tional clinical test assessment methods
may further be considered in order to
support and endorse the presence of
GJH in the diagnostic procedure of
heritable connective tissue disorders.
Also of importance is that consensus is
warranted regarding selection of spe-
cific test and questionnaire assessment
methods for classifying GJH, the test
performance, and the cut-points by
which age, gender, and ethnicity may
be taken into account.

Limitations of the study are the
small amount of studies, for which
reason it was decided only to rate
reliability (intra- and inter-rater) and
validity (hypothesis testing or criterion
validity). Use of COSMIN is recom-
mended to be the best evaluation
method until now, as has also been
used previously to evaluate clinical test
assessment methods [Kroman et al.,
2014; Larsen et al., 2014]. However,
since the COSMIN originally was
designed for the evaluation of pa-
tient-reported outcomes, there are
some adjustments that need to be
considered when using COSMIN for
clinical test assessment methods. For
example, although rating of the num-
ber of measurements taken may be
useful in settings with continuous scales
as in performance-based methods,
rating scales in many clinical assessment
methods (test or questionnaire) are
(positive/negative). To
adjust for this shortcoming, the present

dichotomous
review adjusted the evaluation of
methodological quality, corresponding
to when “only one measurement” was
rated poor in reliability, the study was
upgraded from poor to fair, meaning
that the study thereby could be
included in the best evidence synthesis.
Furthermore, the sample size in clinical

studies is often much smaller than in
questionnaire studies, and therefore, it
may be suggested that minor sample
sizes should not be rated that strictly as
in questionnaire assessment methods,
when studying clinical test assessment
methods. For validity studies, one poor
rating including “no information on
the measurement properties of the
comparator instrument” or “subject
eligibility criteria inadequately de-
allowed upgrading
to fair, and the study could thereby
be included in the best
synthesis.

scribed/lacking,”
evidence

Strengths of this review are the
systematic and rigid use of recom-
mended strategies for systematic re-
views of clinical assessment methods,
the evaluation of their clinimetric
properties
evidence synthesis.

and rating of the best

CONCLUSION

In the current review, four test and two
questionnaire assessment methods for
classifying GJH were found with mea-
surement properties of varying method-
ological strength and results of varying
weight. Most of the studies used the BS.
The inter-rater reliability of this method
seems acceptable to be used in clinical
practice, provided that uniformity of
testing procedures are included in the
testing procedures, in addition to his-
torical information, especially in adults.
However, shortcomings were found in
studies on the validity of BS, while the
three other test assessment methods
(CW, RQ, HdM) lack satisfactory
information on both reliability and
validity. Regarding questionnaire assess-
ment methods, 5PQ is the most fre-
quently method used, however, only in
adult population studies. In conclusion
provided uniformity of testing proce-
dures, the recommendation for clinical
use in adults is BS with cut-point of 5 of
9 including historical information,
while in children it is BS with cut-point
of at least 6 of 9. However, more studies
are needed to conclude, especially on
the validity properties of these assess-
ment methods, and before evidence-
based recommendations can be made for

clinical use on the “best” assessment
method for classifying GJH.

In the current review, four test
and two questionnaire
assessment methods for

classifying GJH were found
with measurement properties
of varying methodological
strength and results of varying
weight. Most of the studies
used the BS.
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The Ehlers—Danlos syndromes comprise a clinically and genetically heterogeneous group of heritable connective
tissue disorders, which are characterized by joint hypermobility, skin hyperextensibility, and tissue friability. In the
Villefranche Nosology, six subtypes were recognized: The classical, hypermobile, vascular, kyphoscoliotic,
arthrochalasis, and dermatosparaxis subtypes of EDS. Except for the hypermobile subtype, defects had been
identified in fibrillar collagens or in collagen-modifying enzymes. Since 1997, a whole spectrum of novel, clinically
overlapping, rare EDS-variants have been delineated and genetic defects have been identified in an array of other
extracellular matrix genes. Advances in molecular testing have made it possible to now identify the causative
mutation for many patients presenting these phenotypes. The aim of this literature review is to summarize the
current knowledge on the rare EDS subtypes and highlight areas for future research. © 2017 Wiley Periodicals, Inc.
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INTRODUCTORY
STATEMENT

For each genetic EDS subtype, a sub-
committee of authors performed a com-
prehensive literature search. All articles
were reviewed for relevance and addi-
tional articles were identified from the
literature. The articles were summarized
and divided into themes: (1) the history of
the EDS subtype, (2) mechanisms of
(3) allelic heterogeneity, (4)
clinical description, (5) genotype—phe-

disease,

notype correlations and penetrance, (6)

management, and (7) differential diagno-

sis. The summary of these themes was

critically reviewed by all authors.
Subcommittees:

e Classical EDS due to COL1A1
p.(Arg312Cys) (cEDS-COL1A1):
Fransiska Malfait

o Classical-like EDS due to Tenascin-X
deficiency (clEDS): Serwet Demirdas,
Nicol Voermans

e Cardiac-valvular EDS (cvEDS): Fran-
siska Malfait

o Arthrochalasia EDS (aEDS): Tomoki
Kosho, Cecilia Giunta,
Rohrbach, Fransiska Malfait

e Dermatosparaxis EDS (dEDS): Tim
Van Damme, Fransiska Malfait

e Kyphoscoliotic EDS (kEDS-PLOD1):
Angela Brady, Neeti Ghali, Cecila

Marianne Rohrbach, Tim
Van Damme, Anthony Vandersteen

e Kyphoscoliotic EDS (kEDS-FKBP14):
Cecila Giunta, Marianne Rohrbach,
Tim Van Damme, Fransiska Malfait

Marianne

Giunta,

Part C Semin Med Genet 175C:70-115.

® DBrittle cornea syndrome (BCS): Ma-
rianne Rohrbach, Tim Van Damme

e Spondylodysplastic ~ EDS  (spEDS-
B4GALT7 and spEDS-B3GALTE6):
Sylvie Fournel-Gigleux, Tim Van
Damme, Fransiska Malfait

e Spondylodysplastic ~ EDS
SLC39A13): Cecilia Giunta

e Musculocontractural (mcEDS):  To-
moki Kosho, Fransiska Malfait

® Myopathic EDS (mEDS): Roberto
Mendoza-Londono, Fransiska Malfait

e Periodontal EDS (pEDS): Ines Kapferer-
Seebacher, Michael Pope, Anthony Van-
dersteen, Johannes Zschocke

(spEDS-

CLASSICAL EDS DUE TO
COL1A1 p.(Arg312Cys)
(COL1A1-cEDS)

Synonyms: Classic-like Ehlers—Danlos
syndrome with propensity to arterial
rupture, Vascular-like EDS

The History of Classical EDS
due to COL1A1 p.(Arg312Cys)
(COL1A1-cEDS)

Nuytinck et al. [2000] reported two
children with a classical EDS phenotype,
including skin hyperextensibility, easy
bruising, atrophic scarring, and joint
hypermobility, with a ¢.934C>T,
p-(Arg312Cys) mutation. Malfait et al.
[2007] identified the same mutation in
an adult who suffered from a rupture
of medium-sized arteries, reminiscent
of wvascular EDS.
other arginine-to-cysteine (Arg-to-Cys)

In addition, two

substitutions in the proo1(I) chain of type
I collagen, c.1720C>T, p.(Arg574Cys)
and ¢.3277C>T, p.(Argl093Cys®), were
identified in two other adults with
vascular rupture, but without EDS-signs
[Malfait et al., 2007]. The p.(Arg312Cys)
mutation has subsequently been identi-
fied in two other individuals with EDS
and complications of vascular fragility
[Ritelli et al., 2013; Gaines et al., 2015].
In view of the major clinical overlap of
the p.(Arg312Cys)-associated phenotype
with classical EDS due to COL5A1 or
COL5A2 mutations, both conditions
are grouped within the same clinical
entity (“Classical EDS”) in the new
EDS classification. Patients with the
p-(Arg312Cys) mutation are particularly
atrisk for vascular events, highlighting the
benefit of molecular confirmation in
classical EDS patients for management
purposes.

In view of the major clinical
overlap of the p.(Arg312Cys)-
associated phenotype with
classical EDS due to COL5A1
or COL5A2 mutations, both
conditions are grouped within
the same clinical entity
(“Classical EDS”’) in the new
EDS classification.
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The prevalence of this condition is
unknown.

Mechanism of Disease

The pathogenetic basis for the phenotype
resulting from these specific Arg-to-Cys
substitutions is currently not well under-
stood. Ultrastructural studies of dermal
collagen fibrils
with variable diameters, and slightly
irregular contour, and, in case of the
p-(Arg312Cys), flower-like abnormali-
ties [Malfait et al., 2007].

Several mechanisms have been sug-
gested to be involved in the pathogenesis
[Malfait et al., 2007], including local
destabilization of the triple helix due to
loss of the stabilizing arginine residue;
introduction of a cysteine residue, which
can lead to disulfide-bonding with

have shown fibrils

other collagenous or non-collagenous
proteins, either intracellularly or in the
extracellular matrix (ECM), thereby
disturbing normal physiological interac-
tions; interference with pericellular
processing of the amino-propeptide of
procollagen type I, and/or local unwind-
ing of the region surrounding the
mutations, thereby disturbing specific
interactions with type I collagen ligands
[Malfait et al., 2007].

Allelic Heterogeneity

Three different heterozygous COL1A1
mutations, leading to a Arg-to-Cys
substitution have been reported in
association with vascular fragility:
c.934C>T, p.(Arg312Cys); ¢.1720C>T,
p-(Arg574Cys); and ¢.3277C>T, p.
(Arg1093Cys).

Clinical Description

To date, six patients from five families
have been reported with the p.
(Arg312Cys) (Table S1). These include
two females (respectively 5 and 43 years
old) and five males (respectively 7, 16,
39, and 53 years old). [Nuytinck et al.,
2000; Malfait et al., 2007; Ritelli et al.,
2013; Gaines et al., 2015].

The hallmark of this condition is
the “vascular fragility,” leading to spon-
dissection or

taneous rupture of

medium-sized arteries, in combination

with other EDS signs. It is a rare, but
important differential diagnosis of vas-
cular EDS.

Reported clinical features for the
p.(Arg312Cys) substitution

® Reproductive, including pregnancy
Premature preterm rupture of the fetal
membranes (PPROM) was reported in
one patient. One patient was reported
to have neonatal hypotonia. No preg-
nancy-related complications were re-
ported (one known pregnancy in an
affected female).

o Craniofacial features
None of the patients had characteristic
features of vascular EDS. One patient
was reported to have redundant skin
folds on the eyelids and soft earlobes,
reminiscent of classical EDS. One
patient had blue sclerae, high palate,
and hypoplastic uvula.

o Musculoskeletal system
Generalized joint hypermobility was
reported in four patients. One patient
had congenital bilateral hip dislocation
and a traumatic shoulder dislocation.
Another patient was also reported to
have sporadic joint dislocations. Pectus
excavatum was reported twice. Two
patients complained from chronic joint
pain. None of the patients had a history
of fractures; DEXA Z-score was normal
in two patients.

e Skin and integument
Skin involvement included skin hyper-
extensibility (n=4); soft, doughy skin
(n="2); thin or translucent skin (n = 3);
friable skin/skin splitting (n = 2); atro-
phic scars (n = 4); delayed wound heal-
ing (n=1); unusual tenderness upon
touch (hyperalgesia) (n = 1); piezogenic
papules (n=1); molluscoid pseudotu-
mors (n = 1); varicose veins (n = 1). Easy
bruising was reported in all patients
(n = 06). Finally one patient had hiatal and
abdominal and inguinal hernias.

e Ocular involvement
Blue sclerae were observed on one
patient. One patient was operated for
strabismus.

o Cardiovascular system
All three adults had severe cardiovascu-
lar complications. The patient repo-
rted by Malfait et al. [2007] had a

spontaneous dissection of the right iliac
artery at 43 years. Her affected 16-year-
old son did not have complications of
vascular fragility, except for unusual
bruising. The patient, reported by
Gaines et al. [2015] suffered from a
spontaneous rupture of the common
iliac artery at 39 years. The patient,
reported by Ritelli et al. [2013] had
mild mitral and aortic valve regurgita-
tion, left ventricular wall thickening,
aortic root dilatation, vertebral artery
tortuosity, and a hepatic hemangioma at
53 years. The two children reported by
Nuytinck et al. [2000] did not show
signs of vascular fragility at the time of
report. Clinical follow-up is not avail-
able for these patients.

Other Arg-to-Cys substitutions that lead to
vascular fragility

EDS-like signs have only been observed
in association with the p.(Arg312Cys)
mutation. One patient harboring a
p-(Arg574Cys) (male, 42 years) suffered
from a dissection of the left femoral
artery and an aortic aneurysm. One
patient harboring a p.(Arg1093Cys)
(male, 40 vyears) had a left kidney
infarction at age 34 vyears, and a
dissection of the infrarenal aorta and
left iliac artery, with aneurysm of the left
renal artery at age 39 years. He also had
mitral valve bulging [Malfait et al.,
2007].

Genotype—Phenotype Correlation
and Penetrance

The Arg-to-Cys substitutions in the ol
(I) collagen chain seem to be associated
with specific phenotypes: Classical EDS
with vascular fragility for p.(Arg312Cys)
and isolated wvascular fragility for
p-(Arg574Cys) and p.(Arg1093Cys).
In addition, three other Arg-to-Cys
substitutions have been reported for
this gene: ¢.3040C>T,p.(Arg1014Cys)
is associated with autosomal dominant
Caftey disease [Gensure et al., 2005],
whereas  ¢.3106C>T,p.(Arg1036Cys)
and  ¢.3196C>T,p.(Argl066Cys) are
reported in patients with an OI/EDS
overlap phenotype without signs of
vascular fragility [Cabral et al., 2007;
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Lund et al., 2008]. The pathogenic basis
for theses specific clinical consequences
is unknown.

Penetrance is unknown.

Management

Key management guidelines focus on
the cardiovascular system.

Specific management guidelines
include:

— Measurement of aortic root size and
assessment of heart valves by echocar-
diogram at the time of diagnosis or by
age 5 years

— Echocardiogram at 5-year intervals,
even if the initial echocardiogram is
normal

— Vigilant observation and control of
blood pressure can reduce the risk of
arterial rupture

— Further vascular surveillance ought to
be considered

— Consider bone densitometry evaluation

Guidelines for management of
musculoskeletal problems, skin in-
volvement, ophthalmologic and dental
follow-up, and pregnancy should fol-
low those formulated for other forms
of EDS (for reference: See “manage-
ment guidelines for the classical
Ehlers—Danlos syndrome,” by Bowen

et al., this issue).

Differential Diagnosis

e Vascular EDS

o Classical EDS due to COL5A1 or
COL5A2 mutations

e OI

CLASSICAL-LIKE EDS
DUE TO TENASCIN-X
DEFICIENCY (clEDS)

The History of the Classical-Like
EDS

This type of EDS was first described by
Burch et al. [1997]. The authors
described a 26-year-old male patient
with congenital adrenal hyperplasia

(CAH) due to 21-hydroxylase defi-
ciency as well as hyperextensible skin,
easy bruising,
and poor wound healing. Skin biopsy

hypermobile joints,

of this patient showed small collagen
fibers of normal shape and a complete
absence of tenascin XB (TNX).
Cultured dermal fibroblasts also
lacked TNX. PCR of the patients
DNA revealed a 30kb deletion in
chromosome 6 overlapping both the
CYP21B gene and the TNXB
gene. Subsequently, Schalkwijk et al.
[2001] measured TNX in the serum of
151 EDS patients (classical and vascular
type), 168 diseased controls (psoriasis
and rheumatoid arthritis), and 21
healthy They detected a
complete TNX deficiency in five
EDS patients and three aftected
siblings (one of which with the contig-

controls.

uous gene syndrome). Mutation analy-
ses revealed mostly homozygous
in the TNXB gene for
these patients. The authors concluded
that the TNX-deficient type is very

similar to the classical type of EDS with

mutations

two major differences: (1) No atrophic
scarring was apparent, and (2) the
inheritance pattern was autosomal
recessive.

The prevalence of this condition is

unknown.

Mechanism of Disease

TNX is one of the three known large
matricellular proteins of the tenascin
family [Mao and Bristow, 2001;
Valcourt et al., 2015]. Although the
precise function of TNX is unknown,
it is known to play a role in the ECM
as it is highly expressed in connective
around tendons,
[Mao and
Bristow, 2001]. The glycoprotein is
encoded by the TNXB gene in
humans. Classical-like EDS is caused
by a complete lack of TNX due to
homozygous or compound heterozy-
gous TNXB mutations, that lead to
nonsense-mediated mRNA  decay
(NMD), or biallelic deletion of
TNXB. As a result, the TNX protein
is completely absent [Mao and Bris-
tow, 2001].

tissue of muscle,
ligaments, and in skin

Allelic Heterogeneity

A total of 24 patients with a complete
TNX-deficiency without involvement
of the CYP21B gene have been
reported. In 19 of these patients (15
families), the molecular diagnosis is
known. Homozygous and compound
heterozygous mutations have been iden-
tified. Mutations have been identified
throughout the TNXB gene, and in-
clude missense, frameshift, and nonsense
mutations.

There is a registry of reported
TNXB gene variants [Dalgleish, 1998].

In five out of the 24 reported
patients, no genetic confirmation of
the clinical diagnosis after TNX serum
measurement was performed.

Clinical Description

The clinical phenotype of the 24
patients TNX-
deficiency without involvement of the
CYP21B gene was reviewed (Table S1)
[Schalkwijk et al., 2001; Peeters et al.,
2004; Lindor and Bristow, 2005; Voer-
mans et al., 2007, 2009b; O’Connell
et al., 2010; Hendriks et al., 2012,
Pénisson-Besnier et al., 2013; Sakiyama
et al., 2015; Demirdas et al., 2016].
The absence of TNX throughout
the body leads to a phenotype resem-
bling the classical type of EDS. The
hallmarks of the disorders are GJH,
hyperextensible, soft and/or velvety

with a complete

skin, without the typical atrophic scar-
ring seen in classical EDS, easy bruising,
and an autosomal recessive inheritance
pattern.

® Reproductive, including pregnancy
Egging et al. [2008] retrospectively
investigated genitourinary and obstetric
complications in seven women with
classical-like EDS, aged 3857 years (six
from the cohort of Schalkwijk et al.
[2001] and Patient 1 from the series of
Lindor and Bristow [2005]). These
women have had a total of 13 pregnan-
cies and 12 deliveries. Two women (one
with CAH due to 21-hydroxylase
deficiency as a contiguous gene syn-
drome; one with additional spina bifida
who decided to have no biological
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children) did not have any pregnancies.
One out of 13 pregnancies ended in
intrauterine death of the fetus, and one
out of 12 deliveries was complicated
with post-partum hemorrhage. No
premature births or neonatal complica-
tions were reported. No urinary incon-
(n = ])’
(n=1)
prolapse were present. One undefined

tinence was seen. Vaginal
uterine (n=2), and rectal
prolapse was mentioned. Three out of
five women had partus-related compli-
cations (vaginal uterine extirpation after
uterine prolapse, post-partum hemor-
rhage, intra-uterine death at 24 weeks
with post-partum hemorrhage, and
precipitous second stage during at
term deliveries). The authors con-
cluded that pregnancy is without major
complications in TNX-deficient pa-
tients, apart from one incident of
postpartum  hemorrhage. However,
uterine and vaginal prolapse regularly
occurs in TNX-deficient women, even
at a young age, suggesting laxity of the
genitourinary tissues. Furthermore, no
premature births have been observed in
the offspring; however, some patients
had been born prematurely themselves.

Demirdas et al. [2016] described the
gynecologic and obstetric history of
seven women in their cohort. Three of
these women had previously been
included in the study by Egging et al.
[2008]. The other four women reported
a total of 10 pregnancies, two of which
ended in intrauterine demise of the
fetus. Furthermore, four out of 10
deliveries were complicated with post-
partum hemorrhage, two women had
perineal rupture, and one pregnancy
was complicated by PPROM. In this
cohort, another woman was reported to
have pelvic instability without ever
having been pregnant [Egging et al.,
2008].

Obviously, some caution must be
taken in making conclusions and ex-
trapolating data from such a small group
of TNX-deficient patients (n=11)
[Egging et al., 2008].

Age of onset

Symptoms of patients with the TNX-
deficiency have been described as
starting as early as 5 years of age in a
girl by Hendriks et al. [2012] and 7 years

of age by O’Connell et al. [2010].
Furthermore, in some adult cases, a
childhood onset of hypermobility and
dermatological symptoms was reported.
Demirdas et al. [2016] reported that all
patients (n =17) had a clinical onset in
childhood, ranging from the neonatal
age to puberty. The most encountered
initial symptoms in this group were
(sub)luxations, hypermobility, and vel-
vety/hyperextensible skin. Based on the
data we found, we conclude that
patients already experience symptoms
such as skin hyperextensibility, a velvety
skin, easy bruising/spontaneous ecchy-
mosis, subluxations, and joint hyper-
mobility in childhood. Piezogenic
papules of the feet and pes planus are
also apparent at the pediatric age.
Craniofacial features

Craniofacial features reported in the
patients included a slight asymmetry of
the face (n=1), lax skin of the cheeks
(n=1), and a narrow and/or high
arched palate (n =4).

Musculoskeletal system

Frequently described musculoskeletal
features included joint and/or muscular
pains. Furthermore, one paper reported
frequently observed deformities of the
hands and feet. Twelve out of 17
included patients had pes planus and
four patients had short/broad feet with
brachydactyly of the toes. Four of the
patients had deformities of the fingers
and acrogeric hands [Demirdas et al.,
2016].

Skin and integument

It is noted that all reported patients had
hyperextensible skin, frequently de-
scribed to be soft and velvety of
structure. The atrophic scars typical
for classical EDS were not observed.
Bilateral inguinal hernia was described
in a male patient and unilaterally in a
female patient. An umbilical hernia was
described in a 6-year-old male.

Ocular involvement

Ocular involvement was infrequently
reported in patients with TNX-defi-
cient classical-like EDS. One patient
was described to have esotropia/ambly-
opia [Lindor and Bristow, 2005], an-
other to have astigmatism, and a third
patient was described to have bilateral
conjunctivochalasis. Five out of 17

patients from the cohort of Demirdas
et al. [2016] were described to have
frequent subconjunctival hemorrhage.
Dental involvement

Recurrent periodontitis was reported in
one, and another patient was described
to have dental crowding due to a narrow
palate.

Cardiovascular system

Peeters et al. [2004] investigated the
cardiac features in seven TNX-deficient
patients (all from the cohort of Schalk-
wijk etal. [2001]). They found a systolic
murmur at the apex in one patient.
Three of the seven patients were found
to have mitral valve abnormalities
(billowing of the mitral valve in two
patients of the same family and a severe
mitral valve prolapse (MVP) in another
Although the number of
patients was small and such abnormali-

patient).

ties are not infrequent in the general
population, the authors recommended
echocardiography at baseline and if a
cardiac murmur appears [Peeters et al.,
2004]. Subsequently, Lindor and Bristow
[2005] also described a patient who had
mitral valve surgery due to a MVP.
Demirdas et al. [2016] also described
cardiologic features of their patients. Four
out of 17 of the patients had hypertension
and two patients (4/17 patients were
previously included by Peeters et al
[2004]) had mitral valve abnormalities.
One patient developed a post-partum
cardiomyopathy [Demirdas et al., 2016].
Gastrointestinal system

Two patients reported by Lindor and
Bristow [2005] suffered from bleeding of
gastrointestinal - structures, namely the
sigmoid and duodenum, secondary to
diverticulitis and as complications of
Hendriks et al.
[2012] reported a gastric hemorrhage

spontaneous  ileus.

due to ulcers in a male patient initially
reported by Schalkwijk et al. [2001]. He
died at the age of 57 years due to a septic
shock following elective mitral valve
replacement surgery, which was compli-
cated by a sinuspiriformis perforation by
a transesophageal ultrasound probe
[Hendriks et al., 2012; Knuijt et al,
2014]. Sakiyama et al. [2015] also pre-
sented a patient who had recurrent
gastrointestinal perforation due to tissue
fragility (diverticulitis, spontaneous ileus
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and a subsequent perforation of the
duodenum). Demirdas et al. [2016] did
not observe severe gastrointestinal
problems in their patients. However,
one patient had a gastric ulcer at age 16
and a bowel perforation due to
diverticulitis at age 48 years [Demirdas
et al., 2016].

e Neuromuscular features and motor
development
A total of six articles describe
research concerning muscular func-
tion in patients with TNX-deficiency
or their muscle tissue [Voermans
et al.,, 2007, 2009b; Ottenheijm
et al., 2012; Gerrits et al., 2013;
Pénisson-Besnier et al., 2013;
Sakiyama et al., 2015]. All papers
conclude that there is some degree of
muscle weakness in patients with
TNX-deficiency. Voermans et al.
[2007] studied a cohort of 40 EDS
patients, among which 10 with
TNX-deficiency (six of the cohort
of Schalkwijk et al. [2001], and four
additional patients). Muscle weakness,
myalgia, and easy fatigability were
reported by the majority of patients,
whereas all patients were able to walk
independently without aids. Mild-to-
moderate muscle weakness (80%) and
reduction of vibration sense (60%)
were common. Other findings were
axonal polyneuropathy (40%) on
nerve conduction studies and mild
myopathic features on muscle biopsy
(20%). Patients with hypermobile
EDS (hEDS) caused by TNXB hap-
loinsufficiency were less affected
[Voermans et al., 2009b]. This was
confirmed in a quantitative study on
isometric function of the thigh
muscles in seven patients (four of
the cohort of Schalkwijk et al
[2001] and three of the other patients
in the study of Voermans et al
[2009b] and Gerrits et al. [2013]).
The results showed that muscle
weakness in this type of EDS is
most likely due to increased compli-
ance of the series-elastic component
of muscle tissue and failure of maxi-
mal voluntary muscle activation. Fur-
ther proof of this concept was
obtained in single fiber study of
muscle tissue of four of these patients

(one of the cohort of Schalkwijk et al.
[2001] and three of the other patients
in the study of Voermans et al
[2009b] showing that in response to
the increased compliance of the
extracellular matrix in muscle of
TNX-deficient EDS patients, a
marked intracellular stiffening of the
sarcomere protein titin occurs. The
stiffening of titin most likely com-
pensates for the muscle weakness
[Ottenheyjm et al., 2012]. The
report by Pénisson-Besnier et al.
[2013] 42-year-old
male patient with proximal limb

presented a

muscle weakness, subclinical heart
involvement, minimal skin hyperex-
tensibility, no joint abnormalities,
and a history of easy bruising. He
had been asymptomatic until age 30
but mentioned low performances
at upper bodybuilding exercises.
Since then, he experienced gradually
worsening lower limb weakness, lead-
ing to inability to run from age 40,
frequent falls, and the recent need of a
banister for stairs. He was initially
diagnosed as having a primary myop-
athy and only later diagnosed
with EDS [Pénisson-Besnier et al.,
2013].

Motor development was not stud-
ied in the included papers. We detected
no comments on delayed motor devel-
opment other than mild to moderate
muscle weakness.

Neurological features and neuromotor
development

Cognitive development was not studied
in the included papers. Intellectual
disability was not reported.

Other

Severe edema of the ankles and/or feet
was described in four patients.

Family history

Demirdas et al. [2016] asked their
patients about family history and found
that 4/11 mothers and 5/11 fathers
complained of (sub)luxations (n=4),
pes planus (n = 2), easy bruising (n = 1),
artralgia (n=4), hyperextensible skin
(n=3), hypermobility (n=1), and
inguinal hernia (n=1). Of the 17
patient’s siblings, 11 out of 26 were
tested and proven heterozygous car-
riers. Three of these 11 carrier siblings

reported hypermobile joints [Demirdas
et al., 2016].

Genotype—Phenotype Correlations
and Penetrance

No genotype—phenotype correlations
are reported within the group. We
assume that penetrance is high, but the
research to support this assumption is
lacking. Family members with a hap-
loinsufficient mutation in the TNXB
gene have been described to have
symptoms of joint hypermobility in
60% of the cases, but more research is
needed to confirm this [Zweers et al.,
2003].

Management

No specific guidelines for management
of patients with classical-like EDS are
available. Guidelines for management
of musculoskeletal problems, skin in-
volvement, cardiovascular involve-
ment, and pregnancy should follow
those formulated for other forms of
EDS (for reference: See “management
guidelines for the classical Ehlers—
Danlos syndrome,” by Bowen et al,
this issue).

Specific management guidelines

may include:

® Musculoskeletal
In case of operations, special attention
for the effect of general anesthesia and of’
adequate positioning and support is
important to prevent pressure or stretch
neuropathies [Voermans et al., 2006].
Furthermore, intubation and endo-
scopic studies should be performed
carefully in order to prevent rupture of
trachea or esophagus [Besselink-Loba-
nova et al., 2010; Hendriks et al., 2012]
® Pregnancy
Gynecological follow-up throughout
pregnancy is not warranted based on
the retrospective study in five patients
[Egging et al., 2008]. However, the
severe complications that have been
reported during insertion of a trachea
tube and a transesophageal ultrasound
probe call for a very careful handling
of patients, especially in emergency
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situations. Therefore, we advise a clini-
cal delivery for all patients

Differential Diagnosis

o Classical EDS

e Congenital myopathies, including col-
lagen VI- and collagen XII-related
disorders

THE CONTIGUOUS
GENE SYNDROME WITH
CONGENITAL ADRENAL
HYPERPLASIA AND
TNX-DEFICIENCY

Burch et al. [1997] first described the
TNX-deficient pheno- and genotype in
a male patient (26 years old) with
hyperextensible  skin, hypermobile
joints, easy bruising and 21-hydroxylase
deficiency. A heterozygous 30 kb dele-
tion was found on chromosome 6
involving both the CYP21B gene and
the TNX gene as a causative explanation
for all symptoms. They also reported
that TNX in serum, skin and muscle was
The authors
concluded that a small deletion or

measured and absent.

missense mutation had probably re-
mained undetected on the maternal
allele [Burch et al., 1997].

The second patient with this
Continuous gene syndrome was in-
cluded in the initial series of Schalk-
wijk et al. [2001] (Patient 3) and
subsequent cohorts [Egging et al.,
2008; Voermans et al., 2009b; Gerrits
et al., 2013]. She was homozygous for
the 30-kb deletion detected in the
index case reported by Bristow. Both
her parents and two siblings were
heterozygous for the deletion and
were clinically normal, providing evi-
dence of recessive inheritance in this
family. This 32-year female patient
was described to have recurrent (sub)
luxations, hypermobile joints, hyper-
extensible, and velvety skin that
easily bruises, musculoskeletal pain,
and CAH. Besselink-Lobanova et al.
[2010] presented the follow-up of this
case in order to draw attention to
the severe complications encountered

during intubation. During elective
surgery at the age of 41 years (because
of a luxation of the left knee joint) a
tracheal rupture developed, despite
the initially uneventful intubation.
The authors acknowledge that the
patient had other anatomic risk factors
for a tracheal rupture (obesity and
short stature for example). However,
the authors also state that TNX alters
the characteristics of the ECM and
therefore advise caution when intu-
bating patients with TNX-deficiency,
or even to refrain from intubating
entirely [Besselink-Lobanova et al.,
2010].

TNXB Haploinsufficiency

Zweers et al. [2003] studied the 20
heterozygous family members of the
in Schalkwijk et al.
[2001] regardless of clinical symptoms.

index cases
In all of these individuals, significantly
reduced serum TNX levels
detected, and in 17 of them, they
confirmed heterozygosity for a trun-

were

cating TNXB mutation. Clinical ex-
amination in these family members
showed generalized joint hypermobil-
ity (GJH) in nine family members
(45%; all female). Skin hyperextensi-
bility and easy bruising, frequently seen
in the individuals with complete TNX
deficiency, were absent. Subsequently,
they measured serum TNX levels (by
ELISA) in an unselected cohort of 80
patients with hEDS. Six of these
patients (7.5%; all female) had serum
TNX levels more than 2.5 SD below
the mean for unaffected individuals.
Clinically, patients with reduced TNX
levels showed hypermobile joints, of-
ten associated with joint subluxations
and chronic musculoskeletal pain. The
authors concluded that TNXB hap-
loinsufficiency is associated with hEDS
[Zweers et al., 2003].

Merke et al. [2013] investigated the
prevalence of a Continuous gene syn-
drome in a cohort of 192 consecutive
unrelated CAH patients. TNXB hap-
loinsufficiency, here termed CAH-X
syndrome, was present in 13 patients
(and two sibs). Twelve of 91 patients
carrying a CYP21A2 deletion (13%)

carried a contiguous deletion that
extended into TNXB. One patient
carried a TNXB premature stop codon.
Twelve of 13 patients with CAH-X had
EDS clinical features. Patients with
CAH-X were more likely than age-
matched controls to have joint hyper-
mobility (P < 0.001), chronic joint pain
(P=10.003), multiple joint dislocations
(P=0.004), a structural cardiac valve
abnormality by  echocardiography
(P=0.02), and reduced TNX expres-
sion by Western blot and immuno-
staining. Piezogenic papules on the feet
were also observed. A subset of parents
was investigated (five mothers, two
fathers), of which three had GJH with
a Beighton score of 5 or more [Merke
et al., 2013].

Morissette etal. [2015] investigated
the genetic background of this cohort
in the same natural history study
(n=246). Seven families (10 patients)
harbored a novel TNXB missense
¢.12174C>G,p.(Cys4058Trp)
and had a clinical phenotype consistent
with hEDS. Fourteen CAH probands
carried previously described TNXA/
TNXB chimeras, resulting in a CAH-
X prevalence of 8.5%. This highly
conserved pseudogene-derived variant
in the TNX fibrinogen-like domain is
predicted to be deleterious and disul-

variant

fide-bonded, resulting in reduced der-
mal elastin and fibrillin-1 staining and
altered TGF-1 binding, and represents
a novel TNXA/TNXB chimera. TNX
protein expression was normal in
dermal fibroblasts, suggesting a domi-
nant-negative effect. They concluded
that the CAH-X syndrome is com-
monly found in CAH due to 21-
hydroxylase deficiency and may result
from various etiological mechanisms
[Morissette et al., 2015]. Patients in this
cohort were considered to be hetero-
zygous for the TNXB deletion, and
had reduced but not absent TNX levels
in serum. Therefore, this phenotype is
likely be more in line with what is
reported by Zweers et al. [2003] in
patients with reduced serum levels of
TNX, and with the reported features
in some of the sibs who are obligate
carriers of the mutation in their
affected family member.
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CARDIAC-VALVULAR EDS
(cvEDS)

History of Cardiac-Valvular EDS

In 1987 and 1988, Sasaki et al. [1987],
Kojima et al. [1988], and Hata et al.
[1988] reported two Japanese patients
with complete absence of the proa2(I)
collagen chains, both presenting EDS-
like features, including joint hypermobil-
ity, skin hyperextensibility, abnormal
wound healing, but also cardiac-valvular
problems. Nicholls etal. [2001] reported a
total absence of a2(I) collagen chains in a
9-year-old girl with phenotypic manifes-
tations of both OI and EDS, but without
cardiovascular anomalies. A homozygous
splice site mutation led to the introduc-
tion of a premature termination codon
(PTC). Schwarze et al. [2004] reported
four patients from three independent
families (including the patient reported
by Kojima et al. [1988]) with a rare,
recessively inherited form of EDS, char-
acterized by joint hypermobility, skin
hyperextensibility, and severe cardiac-
valvular defects, resulting from biallelic
COL1A2 mutations, leading to complete
absence of proo2(I)-chains. Because of
the severe cardiac valve problems in most
of the adult patients, this phenotype was
called “cardiac-valvular EDS” [Schwarze
et al., 2004]. One additional child with
this condition was subsequently reported
by Malfait et al. [2006].

The exact prevalence of this rare
condition is unknown.

Mechanism of Disease

The biallelic COL1A2 mutations result
in the complete absence of proa2(I)-
chains. Cells from affected individuals
produce type I collagen molecules that
contain only proal(I) chains. The
mRNA from the mutant alleles is
unstable and degraded so that no protein
is produced. Nicholls et al. [1984]
reported a 5-year-old boy with severe,
progressively deforming OI (OI type
III). No cardiac abnormalities were
reported in this patient [Nicholls et al.,
1984]. A homozygous 4-nucleotide
frame shift deletion within the carboxy
(C)-terminal propeptide of pro-a2(I)
collagen was identified. This mutation

escapes nonsense-mediated mRINA de-
cay (NMD) and the mRNA is stable, but
the proa2(I) chains fail to fold normally
and are degraded, which eventually also
results in the production of pro-al(l)
homotrimers [Pihlajaniemi et al., 1984].
Given that proa(I) homotrimer forma-
tion alone does not lead to OI, the OI
phenotype in the latter patient suggests
that the intracellular accumulation of
mutant proa2(I) chains and the cellular
alterations, resulting from a high rate of’
degradation of these chains, contributes
to the skeletal phenotype. In contrast,
the EDS phenotype that results from
unstable mRINA and no proa2(I) chains
reflects what appears to be a more
limited response in the ECM.

Allelic Heterogeneity

Seven different mutations have been
reported in five independent cardiac-
valvular EDS patients. These include
one homozygous nonsense mutation
(c.213dupC,p.(Arg99")), and six splice
site  mutations (two homozygous
(€.31054+2T>C and ¢.3601G>T)) and
two compound heterozygous
(c.70+717A>G; ¢.14044+-1G>A and
¢.54045G>A; ¢.1404G>C). The pa-
tient reported by Sasaki et al. [1987] was
only analyzed at the biochemical level
and no molecular data were reported.

Clinical Description

To date, six patients from five indepen-
dent families have been reported
(Table S1). Their age at diagnosis ranged
from 6 to 65 years [Hata et al., 1988;
Kojima et al., 1988; Nicholls et al,
2001; Schwarze et al., 2004; Malfait
et al., 2006].

The hallmark of the condition is the
severe cardiac-valvular disease, necessi-
tating valve replacement surgery at adult
age, in conjunction with variable skin
hyperextensibility, atrophic scarring and
joint hypermobility, and autosomal
recessive inheritance.

® Muscoloskeletal system
Three patients were reported to have
GJH, whereas in the other three the
hypermobility was restricted to the

small joints. One patient had shoulder
dislocations, pectus excavatum, and
muscle and tendon tears. One patient
had recurrent patellar dislocations. Foot
deformities were reported in three
patients: A 6-year-old boy displayed
pes planus with valgus heels, hallux
valgus, and subluxations of the toes; a
9-year-old girl had pedes palonvalgi
with secondary shortening of Achilles
tendon; and in an adult man pes planus
and calcaneovalgus were reported. One
patient had increased bone fragility.
Skin and integument

Reported skin abnormalities included:
Skin hyperextensibility (n = 4) (ranging
from mild to severe), soft skin (n=2),
atrophic scar formation (classical EDS-
like) (n=2), easy bruising (n=2)
delayed wound healing (n=1), thin
skin (n=1), striae (n=1). Inguinal
hernia was reported in two males,
including congenital bilateral inguinal
hernia in one.

Ocular involvement

Myopia and astigmatism was reported in
one patient; one patient was reported to
have blue sclerae.

Cardiovascular system

All four reported adults had severe
cardiac-valvular problems, resulting in
valve replacement surgery. A 45-year-old
male had severe mitral valve regurgitation
due to MVP, resulting in left atrium and
ventricle dilatation and mild ventricular
hypertrophy. He also had aortic valve
insufficiency, eventually necessitating
mitral and aortic valve replacement.
Post-surgery, there was dehiscence of
the mitral annulus from the ventricle, and
of the aortic valve from the atrioventric-
ular groove. Finally, there was massive
leakage through the left ventricular
myocardium with disintegration of the
entire left ventricle, from which the
patient died. A 65-year-old woman had
mitral valve insufficiency with uncom-
plicated replacement surgery. A 30-year-
old male had a secundum-type atrial
septum defect (ASD), MVP with regur-
gitation, and aortic valve regurgitation.
He underwent mitral and aortic valve
replacement with no complications. His
25-year-old brother had aortic valve
replacement because of aortic insuffi-
ciency [Schwarze et al., 2004].
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The two reported children had no
severe cardiovascular features, although
mitral valve bulging was noted in one
[Nicholls et al., 2001; Malfait et al.,
2006].

Genotype—Phenotype Correlations
and Penetrance

All mutations result in complete absence
of the proo2(I) chains. There are no
reported genotype—phenotype correla-
tions. Obligate carriers displayed no
overt symptoms. Penetrance is presum-
ably complete.

Management

Key management guidelines focus on
the cardiovascular system.

Specific management guidelines
include:

— Measurement of aortic root size and
assessment of heart valves by echocar-
diogram at the time of diagnosis or by
age 5 years

— Yearly echocardiogram, even if the
initial echocardiogram is normal

— Cardiac valve replacement surgery

— Consider bone densitometry evaluation

Management guidelines for mus-
culoskeletal problems, skin, ophthal-
mologic and dental follow-up, and
pregnancy should follow those formu-
lated for other forms of EDS (for
reference: See “management guide-
lines for the classical Ehlers—Danlos
syndrome,” by Bowen et al., this
issue).

Differential Diagnosis

o Classical EDS
e Hypermobile EDS

ARTHROCHALASIA EDS
(aEDS)

Synonyms: Ehlers—Danlos syndrome,
type VII (VIIA, VIIB); Arthrochalasis
multiplex congenita

The History of EDS Arthrochalasia
Type

Hass and Hass [1958] proposed pres-
ence of a distinct entity of congenital
flaccidity of the joints, which they
called ““arthrochalasis multiplex con-
genita” and which may or may not
involve skin changes. In 1973, three
patients with the condition “EDS VII”
were reported with accumulation of
procollagen in their skin and tendon
[Lichtenstein et al., 1973a]. The disor-
der was therefore supposed to be
caused by a defect in the conversion
of procollagen to collagen, resembling
dermatosparaxis in cattle, and the
activity of the converting proteinase
in the cultured fibroblasts from these
patients was found to be reduced to
between 10 and 40% of normal
[Lichtenstein et al., 1973b]. However,
Steinmann et al. [1980] demonstrated,
through reinvestigation of the fibro-
blasts from one of the patients, the
presence of mutant pNa2(I) collagen
chains (precursor procollagen chains
in which the (C)- but not the
N-propeptide is cleaved off) in colla-
gen extracted from skin or produced
by fibroblasts and the normal activity
of procollagen N-proteinase in cell
extracts. They concluded the condition
to be caused by a structural abnormal-
ity in the portion of the pro-a2(l)
chain that is normally cleaved by
N-proteinase (and other proteinases)
[Steinmann et al., 1980]. Subsequently,
Cole et al. [1987] found
pNal() in a patient with similar
features. EDS VII was, therefore,
subdivided into types VIIA and
type VIIB, depending on whether
the al(I) or the a2(])
affected, respectively [Beighton et al.,
1998].

Prevalence of this condition is

mutant

chain 1is

unknown.

Mechanism of Disease

Arthrochalasia EDS is caused by
heterozygous mutations in either
COL1A1 (previously EDS type

VIIA) or COL1A2 (previously EDS
type VIIB). Heterozygous mutations

that lead to entire or partial loss of
exon 6 of either COL1IA1 or
COL1A2 determines lack of the N-
telopeptide linking the N-propeptide
to the major triple helical domain of
the a1(I) or the a2(I) chain. Deletion
of the respective 24 and 18 amino acid
residues in the pro-a1(I) and the pro-
0a2(I) chain results in loss of the small
globular region of the N-propeptide
(present only in the pro-al1(I) chain),
the procollagen N-proteinase cleavage
site (Pro-Gln and Ala-Gln at positions
4-5, respectively), the cross-linking
lysine residue at position 13 and 9,
respectively, of the N-telopeptide
and the first triplet of the main helical
Gly-X-Y domain [Giunta et al.,
1999].

Allelic Heterogeneity

Most of the mutations are splice site
mutations leading to skipping of exon 6
in COL1A1 (intron 5—2A>G/T; in-
tron 5—1G>A/C/T; exon 6—1G>A/
C) or COL1A2 (intron 5—2A>G;
intron 5—1G>A/C; exon 6—1G>A;
intron 6+1G>A/T/C; intron
6+2T>C/G) [Steinmann et al., 2002].
Genomic deletions of exon 6 [Byers
et al.,, 1997] and exon 546 [Nicholls
et al., 2000] were also reported.

There is a registry of reported
COLI gene variants [Dalgleish, 1998].

Clinical Description

At present, 49 patients from 36
families have been published (Table
S1). The ages at the publication
ranged from 2.5 months to 46 years
(n=235; Median age, 7.5 years of age)
[Steinmann et al., 1980; Eyre et al,,
1985; Cole et al., 1986; Viljoen et al.,
1987; D’Alessio et al., 1991; Nicholls
etal., 1991; Vasan et al., 1991; Chiodo
et al., 1992; Pope et al., 1992; Carr
et al., 1994; Ho et al., 1994; Lehmann
et al., 1994; Byers et al., 1997; Giunta
et al.,, 1999; Hudgins et al., 1999;
Nicholls et al., 2000; Whitaker et al.,
2009; Giovannucci Uzielli et al.,
2011; Klaassens et al., 2012; Giunta
and Steinmann, 2014; Hatamochi
et al., 2014].
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The hallmarks of the disorder are
severe generalized joint hypermobility,
congenital bilateral hip dislocation, and
recurrent subluxations and dislocations
of both small and large joint
[Steinmann et al., 2002] (Representative

picture of the phenotype are given in
Fig. 1).

® Reproductive, including pregnancy
At least four affected women were
reported to be pregnant, and to deliver

a total of 11 children, including seven
affected ones. Pregnancy or delivery-
related complications included breech
presentation (n=4), PPROM (n=2),
polyhydramnios (n = 2), and decreased
fetal movement (n =2).

with permission).

Figure 1. Clinical photographs and radiological images of patients with aEDS. A girl (A-G) with a ¢.279+1G> mutation in
COL1A2 and a mother and her two sons (H-J) with a ¢.279+4+2T>C in COL1A2. (A) X-rays of the hip at age 7 days showing congenital
bilateral hip dislocation and femoral and acetabular deformities. (B and C) Status of the hip dislocation at age 5 months and 3 years,
respectively. (D) An anterioposterior total body radiograph at age 11 years showing unsuccessful treatment of the hip dislocation with
harness and bracing. (E) A left lateral total body radiograph at age 11 years showing lumbar lordosis. (F and G) The patient at age 9 years
with umbilical hernia, lordotic posture of the spine, and foot deformities. Foot deformities of an affected mother at age 38 years (H), her
first son at age 14 years (I), and her second son at age 5 years (J) (Images A—G kindly provided by Prof. Maria Luisa Giovannucci-Uzielli,
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o Craniofacial characteristics
Characteristic craniofacial features in-
clude large fontanelle (n=26), frontal
bossing (n=29), hypertelorism (n=4),
blue sclerae (n=23), epicanthal folds
(n=23), depressed nasal bridge (n=06),
midfacial hypoplasia (n=3), and mi-
crognathia (n = 6).

® Musculoskeletal features
Congenital bilateral hip dislocation
was described in all reported patients
(n=41). One unreported patient is
known to have had a unilateral congen-
ital hip dislocation (Byers et al, personal
communication). Joint hypermobility
(n=29) and recurrent dislocations or
subluxations affecting both large and
small joints (n=26) were frequent.
Foot deformities (n=15), including
pes equinovarus (n=38), pes planus
(n=7), pes valgus (n=2) and hallux
valgus (n=6) (Fig. 1), and spinal

deformities (n = 13), including scoliosis

(n=9), (n=2), and

lordosis (n=3), were also frequent.

kyphoscoliosis

Swan neck deformity of hands was

described in several adults (n=23).

Pectus excavatum was observed in

some (n=23). Fractures (n=9) and
Wormian bones on cranial radiographs
(n=1>5) suggested bone fragility, similar
to patients to mild OI.

e Skin and integument
The skin was often described to be
hyperextensible; hyperelastic or redun-
dant (n =26); soft, doughy, or velvety
(n=17); and/or fragile (n=09). Easy
bruising (n=12), atrophic scarring
(n=10),
(n=3), and crisscross patterning of

abnormal wound healing

palms/soles (n=4) were also noted.
Umbilical hernia was sometimes de-
scribed (n=8).

e Ocular involvement
Blue sclerae (n=3) and ectopia lentis
(n=1) were recorded.

e Dental involvement
Dentinogenesis imperfecta was re-
corded in a few patients (n = 3).

e Neuromuscular features and motor
development
Motor developmental delay was re-
corded in 16 patients, six of whom were
not ambulatory at the time of publica-
tion because of hypotonia and/or foot
deformity.

e Neurological features and neuro-
development

Mild learning disability was recorded in
a patient with leptomeningocele and
intracranial hemorrhage, presenting
with seizures, the 3rd cranial nerve
palsy, left hemiparesis, and left homon-

ymous hemianopsia.

Genotype—Phenotype Correlations
and Penetrance

Interfamilial and intrafamilial variability
seems to be slight [Steinmann et al.,
2002]. Type I collagen consists of two a1
(I) and one a2(I) chains, thus three
quarters of the collagen I molecules in
aEDS due to COL1A1 mutations
contain one or two mutant pNal(I)
chains, whereas only half of the collagen
I molecules in aEDS due to COL1A2
mutations are affected [Steinmann et al.,
2002; Giunta et al.,, 2008a]. This
difference in the stoichiometry suggests
that COL1A1-associated aEDS might
be more severe than COL1A2-assiated
aEDS. Because the number of patients
with a COL1A1 mutation is small, it is
uncertain whether this correlation holds
true [Giunta et al., 2008a]. Severe
phenotypes in  patients
COL1A1 mutation have been de-
scribed: A patient with a COL1A1
“intron 5—1G>A" leading to complete

with a

loss of exon 6 presented with dermato-
sparaxis EDS-like features [Nicholls
et al, 2000] and a patient with a
COL1A1 mutation “intron 5—2A>T”
had multiple congenital dislocations and
dermatosparaxis EDS-like skin features
(doughty, redundant) [Giunta et al.,
2008a].
Penetrance is complete.

Management

Key management guidelines focus on
the musculoskeletal system and the skin.

o The advice to management of the
musculoskeletal system is:

— At diagnosis a whole body skeletal
survey is recommended

— Management of orthopedic problems

is the center of care for patients with

the disorder. Stable reductions of
congenital hips dislocations were not
achieved frequently through closed
reductions with orthoses or hip spica.
Anterolateral open reductions with
capsular plication were also ineffective.
In contrast, open reductions with an
iliac osteotomy, with or without femo-
ral osteotomy, were favorable in some
patients. Appropriate surgical interven-
tion is therefore difficult to plan but is
crucial for reducing the risk of recur-
rence of hip dislocations, avascular
necrosis, and premature osteoarthritis
[Giunta et al., 1999; Steinmann et al.,
2002; Giunta and Steinmann, 2014]

— Recurrent and/or persistent disloca-
tions and hypermobility of upper
limb joints are also disabling, but
operative intervention is rarely con-
sidered because limited effectiveness
of operative procedures is predicted
[Giunta et al., 1999; Steinmann et al.,
2002; Giunta and Steinmann, 2014]

— Orthotic
intervention, including physical and

management and early
occupational therapy are recom-
mended to assist standing, walking,
and activities of daily living [Giunta
et al., 1999; Steinmann et al., 2002;
Giunta and Steinmann, 2014]

— Contact sports should be avoided to
prevent dislocations

— Consider bone mineral density studies

e The advice to management of the skin,
cardiovascular, and ophthalmological
features is similar to that for patients
with classical EDS (see “management
guidelines for the classical Ehlers—
Danlos syndrome,” by Bowen et al.,
this issue)
® Pregnancy management
— Follow-up throughout pregnancy is
warranted

— Delivery should be performed in a
medical center where intensive treat-
ment could be given to an affected
pregnant woman and an affected
neonate

— Breech presentation is frequent if the
fetus is affected. Though not de-
scribed previously, aftfected pregnant
women might be predisposed to
tearing of the perineal skin and
to have postpartum extension of
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episiotomy incisions as well as pro-
lapse of the uterus and/or bladder, as
described in cEDS

Differential Diagnosis

Larsen syndrome

Classical EDS
Dermatosparaxis EDS
Kyphoscoliotic EDS
Musculocontractural EDS
Loeys—Dietz syndrome
PYCR1-related autosomal
cutis laxa

recessive

DERMATOSPARAXIS EDS
(dEDS)

Synonyms: Dermatosparaxis; Ehlers—
Danlos dermatosparaxis type; EDS-
VIIC; EDS7C

The History of Dermatosparaxis
EDS

Dermatosparaxis was first reported in
cattle [Lenaers et al., 1971; Hanset and
Lapiere, 1974] and subsequently in
sheep [Fjolstad and Helle, 1974], cats
[Counts et al., 1980; Holbrook and
Byers, 1982] and dogs [Holbrook and
Byers, 1982]. Affected animals display a
loose and extremely fragile skin (der-
matosparaxis means ‘“‘tearing of the
skin”), resulting in large skin lacerations
during delivery or early in life, with
subsequent infections and premature
death. Early ultrastructural studies
showed alterations in the dermis of
these animals, with loosely packed, thin,
and twisted ribbon-like collagen fibrils
that displayed a typical “hieroglyphic
aspect” on cross sections, pointing
toward impaired collagen biosynthesis
and fibrillogenesis. Subsequent bio-
chemical studies performed on derma-
tosparactic cattle revealed that these
abnormal collagen molecules were
composed of incompletely processed
type I procollagen precursor molecules,
in which the N-propeptide was insuffi-
ciently cleaved [Lenaers et al.,, 1971].
Deficient activity of the endopeptidase

that excises the N-propeptide of

procollagen chains was eventually dem-
onstrated [Smith et al., 1992]. Although
animal dermatosparaxis was the first
recognized collagen disorder, it took
more than 20 years to confirm the
existence of a human counterpart for
the disorder. In 1992, three independent
infants were reported with clinical signs
resembling dermatosparaxis [Nusgens
1992; Smith et al., 1992].
Ultrastructural studies of the dermis

et al.,

demonstrated the same ‘“hieroglyphic”
pattern of the collagen fibrils as those
observed in dermatosparactic animals,
and biochemical studies on cultured
human fibroblasts confirmed deficient
cleavage of the proal(I) and proa2(I)
N-propeptides. Seven additional pa-
tients were identified subsequently, all
of them displaying a severe phenotype
with an extremely fragile and lax skin,
severe bruising, and a characteristic
dysmorphic face, leading to a diagnosis
usually within the first few months of
life. It lasted until 1999 to identify the
first biallelic mutations in ADAMTS2,
the gene encoding the procollagen I N-
proteinase ADAMTS-2 (a disintegrin
and metalloproteinase with thrombo-
spondin motifs 2), in several patients
with the dermatosparaxis type of EDS as
well as in a strain of dermatosparactic
cattle [Colige et al., 1999].

The exact prevalence of this rare
condition is unknown.

Mechanism of Disease

Dermatosparaxis EDS (dEDS) is caused
by homozygous or compound hetero-
zygous mutations in ADAMTS?2, the
gene that encodes ADAMTS-2.
ADAMTS-2 is a metalloproteinase con-
taining properdin repeats and a cysteine-
rich domain with similarities to the
disintegrin domain of reprolysin. This
enzyme is the main procollagen I N-
proteinase, but it can also cleave the N-
propeptides of type II and type III
procollagens [Colige et al., 2005]. The
mutations result in decreased activity of’
ADAMTS-2, which leads to defects in
processing of type I procollagen to
mature type I collagen [Colige et al.,
1999; Colige et al., 2004; Van Damme
etal., 2016]. There is an accumulation of

pN-collagen type I, resulting in poly-
merization of abnormal collagen fibers
that appear thin, irregular, branched and
“hieroglyphic” in cross-section.

Allelic Heterogeneity

Up till now eight biallelic mutations have
been reported in 15 patients (14 indepen-
dent families), including a recurrent
homozygous
(GIn225") in six patients, a unique

nonsense mutation p-

homozygous nonsense mutation p.
(Trp795*), a homozygous in-frame skip
of exons three to five a homozygous in-
frame skip of exon 17 and compound
heterozygosity for an out-of-frame exon-
skip of exon 3 and an in-frame skip of
exons 14-16, three homozygous loss-of-
function mutations (c.2927_2928delCT,
p-(Pro976Argfs*42); c.669-670dupG, p.
(Pro224Argfs*41); ¢.2751-2A>T) and
one compound heterozygous mutation
(c.2T>C, p.? and ¢.888-891delTGAA, p.
(Met295Thrfs25%)). All mutations result
in deficient activity of ADAMTS-2.
There is a registry of reported
ADAMTS?2 gene variants [Dalgleish, 1998]

Clinical Description

To date 15 patients from 14 independent
families have been reported. Three
patients were born to known consan-
guineous parents (Table S1). Age at
diagnosis ranged from birth to 13 years.
[Nusgens etal., 1992, Smith et al., 1992;
Wertelecki et al., 1992; Reardon et al.,
1995; Fujimoto et al., 1997; De Coster
et al., 2003; Malfait et al., 2004; Bar-
Yosef et al., 2008; Solomons et al., 2013;
Van Damme et al., 2016]. Clinical
follow-up into puberty and early adult-
hood is reported for only two patients.

The hallmark of the disorder is the
extreme skin fragility with redundant,
almost lax skin, and the severe suscepti-
bility of bruising.

® Reproductive, including pregnancy
Preterm birth was reported in nine
patients, and was preceded by PPROM
in six. Mean gestational age was 34
weeks and 4 days (n = 14, range: 28—41
weeks). The umbilical cord was noted
to be friable in two infants; one of them
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also had a short umbilical cord that
ruptured after clamping. Perinatal com-
plications were reported in several
patients. One patient died shortly after
birth (39 weeks gestation) due to severe
hemorrhage and shock. A boy with a
gestational age of 33 weeks was born
with multiple skull fractures and an
extensive subgaleal hemorrhage. A dural
tear at the site of the skull fracture led to
the development of a large cerebrospinal
fluid collection, and he died due to
secondary infection at 145 days of age.
Three other prematurely born infants
were admitted to a neonatal intensive
care unit for several weeks for a range of’
complications, including cerebral hem-
orrhage (n=2); pneumothorax and
respiratory distress (n = 1); hydroneph-
rosis (n=1); and hypoglycemia, hypo-
calcemia, and hypothyroidism (n=1).
No pregnancies have been reported in
affected individuals.

Craniofacial involvement

Most patients were born with a severe
and recognizable facial gestalt, including
prominent and protuberant eyes with
puffy, edematous eyelids and excessive
periorbital skin, large fontanels and/or
wide cranial sutures, a hypoplastic chin
and bluish or greyish discoloration of the
sclerae (n=12). Less frequent findings
included gingival hyperplasia (n=06),
dental lamina cysts (n = 2), and general-
ized hypertrichosis (n=6). These pa-
tients also presented extreme skin fragility
with tearing of the skin, either at birth
(n = 2) or within the first few years of life
(n=10). In addition, they had a lax and
sagging skin with redundant skin folds,
especially in the neck, and around wrists
and ankles (n=10). Together, these
findings led to an early diagnosis in these
patients. A number of patients displayed a
strikingly milder phenotype, with ab-
sence of obvious congenital facial dys-
morphic features, skin fragility or
redundancy. Mild dysmorphic features,
skin fragility, and features of generalized
connective tissue fragility however grad-
ually became more apparent during
childhood and adolescence.
Musculoskeletal system

Whereas height, weight, and orofacial
circumference were usually within
normal limits at birth, postnatal growth

retardation was reported in all patients,
except for those that died shortly after
birth (n=13). Eleven patients pre-
sented with non-rhizomelic shortening
of the limbs and short, plump hands and
feet with stubby fingers and toes. Joint
hypermobility was a consistent finding
(n=11), but often mild at birth.
Follow-up data in older patients dem-
onstrated that the joint hypermobility
becomes more pronounced later on.
Four patients had a history of fractures,
including (congenital) skull fractures in
three. Several other skeletal abnormali-
ties were reported, including delayed
ossification of the cranial vault (n = 3),
Wormian bones (n=2), delayed bone
age (n=2), and persistence of woven
bone in the ribs of one patient 15.
Osteopenia was reported in only two
patients.

Skin and integument

Frequently occurring skin features,
apart from the severe skin fragility
(n=14) and loose, lax, or hyperexten-
sible skin (n=15), included a soft and
doughy skin texture (n = 12), increased
palmar wrinkling (n=6), and atrophic
One of the most
clinical findings was an
umbilical hernia at birth (n = 14).
Ocular involvement

scarring (n=>5).
consistent

One patient had severe, congenital
myopia, whereas several others pre-
sented with early onset and progressive
(n=>5). Three others had
astigmatism, and one patient developed

myopia

severe glaucoma at very young age.
Dental involvement

In addition to gingival hyperplasia and
dental lamina cysts, several other dental
abnormalities have been reported.
These include microdontia (n=06) or
even agenesis of several permanent
teeth (n=3), and tooth discoloration
(n=3). Abnormal morphology of the
molars (n =2) and severe enamel attri-
tion of the deciduous teeth (n = 2) have
been reported in a limited number of
patients [De Coster et al., 2003; Malfait
et al., 2004].

Cardiovascular system

Easy bruising was frequent (n = 11) and
often very severe with the formation of’
large subcutaneous hematomas. Bleed-
ing problems were encountered in

seven patients, ranging from severe
epistaxis and gum bleeds to internal
and (congenital) cerebral hemorrhages.
Arterial rupture or aortic dilatation has
not been reported so far.

e Neuromuscular features and motor
development
A mild delay in gross motor develop-
ment was reported in about half of the
patients (n=8).

® Visceral complications
A 9-year-old girl ruptured her dia-
phragm due to postoperative vomiting.
She subsequently developed a para-
esopagheal hernia with incarceration of’
the stomach that was further compli-
cated by the occurrence of a large
abdominal hematoma after reduction.
Two patients had bladder diverticula,
complicated by spontaneous bladder
rupture, and two other patients devel-
oped rectal prolapse with profuse anal
bleeding in puberty.

Genotype—Phenotype Correlations
and Penetrance

The patients harboring the
€.2927_2928delCT and the c¢.2751-
2A>T mutations have a relatively milder
phenotype compared to the others.
These mutations lead to introduction
of a PTC. The milder phenotype could
be due to the fact that NMD might be
only partially efficient for these alleles
and some transcripts can escape NMD.
As such, these alleles could produce
truncated ADAMTS-2 enzymes lacking
either the last thrombospondin 1 (TSP1)
domain and the PLAC (protease and
lacunin) domain (¢.2927_2928delCT),
or the two most C-terminal TSP1
domains and the PLAC domain
(c.2751-2A>T) [Van Damme et al.,
2016]. Interestingly, investigation of
the N-endopeptidase activity of various
forms of recombinant ADAMTS-2 has
previously shown that removal of one or
two of the most C-terminal TSP1 and
the PLAC domain results in an enzyme
which is still significantly active [Colige
et al.,, 2005]. In addition, two other
members of the ADAMTS family,
ADAMTS-3 and ADAMTS-14, have
been shown to possess procollagen
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N-endopeptidase activity, and could
compensate for the reduced activity of
ADAMTS-2 [Fernandes et al., 2001;
Colige etal., 2002; Le Goft et al., 2006].

Penetrance is presumably complete.

Management

No specific guidelines for management
of patients with dEDS are available.
Management guidelines should follow
those formulated for other forms of EDS
(for reference: See “management guide-
lines for the classical Ehlers—Danlos
syndrome,” by Bowen et al., this issue).

Differential Diagnosis

Classical EDS

Cutis laxa syndromes
O1

Arthrochalasia EDS
RIN2 syndrome
Achondroplasia

KYPHOSCOLIOTIC EDS
(kEDS) DUE TO LYSYL
HYDROXYLASE 1
DEFICIENCY (kEDS-PLODY)

Synonyms: Kyphoscoliotic EDS; EDS
Type 6; EDS Type VIA; Ocular-
scoliotic EDS; Nevo syndrome; Cutis
hyperelastica;
deficient EDS

Lysyl  hydroxylase-

The History of Kyphoscoliotic
EDS

Kyphoscoliotic EDS was the first inborn
error of human collagen metabolism to
be defined at the biochemical level, as
early as 1972. Based on a family study in
which two sisters had marked muscular
hypotonia, severe progressive scoliosis
from birth, marked joint hypermobility,
and recurrent joint dislocations [Krane
et al.,, 1972; Pinnell et al., 1972], the
authors found lysyl-hydroxylase defi-
ciency in fibroblasts from the two
siblings that produced hydroxylysine-
deficient collagen. Because the sisters
also presented microcornea, fragility of
ocular tissues, and a distinct biochemical

defect, it was suggested that they be
classified as a new subtype, EDS VI, the
ocular type or the ocular-scoliotic type
[McKusick, 1972]. Later, it was recog-
nized that the ocular signs, though
dramatic, were far less frequent than
initially reported, prompting the Ville-
franche Nosology to reclassify the
disorder as the kyphoscoliotic type of
EDS [Beighton et al.,, 1998]. At that
time it was recognized that in the
majority of cases, the condition was
caused by the lysyl hydroxylase 1
enzyme deficiency and specified as the
kyphoscoliotic form of EDS (EDS
VIA), whereas a rarer, clinically similar
condition with normal lysyl hydroxylase
activity was designated EDS VIB [Stein-
mann et al., 2002; Walker et al., 2004b].
Thereafter, it was recognized that the
Nevo Syndrome, first reported in 1974,
was an allelic condition to kEDS
[Giunta et al., 2005a].

Recently, a number of rare autoso-
mal recessive entities with distinct mo-
lecular and biochemical abnormalities
that clinically overlap with kEDS have
been described, and are discussed below:
kEDS due to FKBP14 mutations,
the Brittle cornea syndrome (BCS)
(ZNF469 and PRDM35), the spondylo-
dysplastic form of EDS caused by
SLC39A13 mutations (previously called
spondylocheirodysplastic ~ EDS), and
musculocontractural EDS (CHST14
and DSE).

The exact prevalence of kEDS due
to lysylhydoxylase 1
unknown.

deficiency s

Mechanism of Disease

kEDS-PLOD1 is caused by deficiency of
the collagen-modifying enzyme procolla-
gen-lysine, 2-oxoglutarate 5-dioxygenase
1 (PLOD1 or LH1 [lysylhydroxylase1])
due to homozygosity or compound
heterozygosity for mutated PLOD1 al-
leles. Lysylhydroxylase 1 (LH1) plays an
important role as a post-translational
modifying enzyme in collagen biosynthe-
sis through (1) hydroxylation of helical
lysyl residues in Xaa-Lys-Gly collagen
sequences to  hydroxylysyl
which serve as sites of attachment for

residues

carbohydrate units (either galactose or

glucosyl-galactose), and (2) in the forma-
tion of intra- and intermolecular collagen
cross-links. LH1 deficiency results in
underhydroxylation of lysyl residues and
underglycosylation of hydroxylysyl resi-
dues in collagens and, hence, impaired
cross-link formation with consequent
mechanical instability of the affected
tissues [Rohrbach et al., 2011].

Allelic Heterogeneity

A total of 139 mutations in PLOD1 have
been identified in the 84 confirmed
cases, of these there are 39 different
mutations. The 8.9kb duplication of
7 exons (exons 10-16; c.1067_1846
dup) is the most common and has been
reported in 42/139 (30%) mutations (20
individuals homozygotes; 2 patients
compound heterozygotes). Nine pa-
tients from six families are homozygous
for the nonsense mutation p.Arg319*, all
of Arab descent. The nonsense mutation
p. Tyr511% has been identified in five
patients, two of whom are homozygous.

There is a registry of reported
PLOD1 gene variants [Dalgleish, 1998].

Clinical Description

At present, 84 patients from 73 families
with confirmed kEDS-PLOD1 (either
by demonstration of biallelic PLOD1
mutations or by urinary analysis) have
been identified [Beighton, 1970b; Krieg
et al., 1979; Ihme et al., 1983; Dembure
et al., 1984; Chamson et al., 1987;
Wenstrup et al.,, 1989; Hyland et al.,
1992; Hautala et al., 1993; Ha et al.,
1994; Al-Gazali et al., 1997; Yeowell and
Walker, 1997; Brinckmann et al., 1998;
Heikkinen et al., 1999; Walker et al.,
1999, 20044, 2005; Yeowell et al., 2000a,
b, 2005; Brunk et al., 2004; Giunta et al.,
2005b; Yis et al., 2008; Esaka et al., 2009;
Voermans et al., 2009a; Kariminejad
et al., 2010; Rohrbach et al., 2011;
Gok et al., 2012; Busch et al., 2014;
Tosun et al., 2014; Abdalla et al., 2015].
The ages at publication ranged from 5
months to 54 years. Clinical features were
adequately reported in 74 patients with
kEDS-PLOD1 (either by demonstration
of biallelic PLODI mutations or by
urinary analysis) (Table S1).
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include

The hallmarks of the disorder
(congenital)  kyphoscoliosis,

muscle hypotonia, and joint hypermo-

bility (Representative pictures of the
phenotype are given in Fig. 2).

Reproductive, including pregnancy

Pregnancy of an affected fetus is usually
although reduced fetal
movements have been reported
(n=7). PPROM was reported in three
cases, four patients were known breech

uneventful

presentation and there were three
reports of oligohydramnios.

Affected pregnant women may be at
increased risk for spontaneous abor-
tions, premature rupture of mem-
branes, and rupture of arteries. The
patient reported by Esaka et al
[2009] experienced minor trauma at
29 weeks gestation resulting in a
stillbirth and maternal death. Post
mortem autopsy showed a spontane-
ous rupture of the right iliac artery
[Esaka et al., 2009]. Two affected
women had a total of seven pregnan-
cies resulting in three miscarriages and
four healthy children, three of whom
were born vaginally at term and one of
whom was born at 24 weeks; there
maternal

were  no complications

[Steinmann, unpublished].

e Craniofacial features

A number of dysmorphic features have
been reported. However, individual
case series often report the same
feature in a number of patients. As a
of certain

result, the occurrence

features may be over-represented.
The most frequently observed features
are high palate, epicanthal folds,
down-slanting palpebral fissures, syn-
ophrys and low-set ears.
Musculoskeletal system

Kyphoscoliosis is present and usually
severe and progressive. In most pa-
tients, this is congenital (n=>55) but
postnatal kyphoscoliosis (n=12) or
scoliosis alone (n=1) have been
reported. Almost all patients have joint
hypermobility (n=69). Joint disloca-
tions/subluxations are common. Con-
genital hip dislocations has been
reported in 15 patients and post-natal
hip dislocation in an additional three
patients.  Besides  hip,  shoulder
(n=12), knee (n=5), and wrist
(n=2) were the most commonly
noted dislocations/subluxations. Gen-
erally,

noted in 18 patients. Hand deformities

recurrent dislocations were
were noted in 13 patients. Foot
deformities were also noted in 17,
which included four cases of talipes

equinovarus. Pes planus was reported
in 11 patients.

A marfanoid habitus has been
reported in 19/74 patients. Arach-
nodactyly was reported in eight
separate patients. High palate was
recorded in 11 patients, and in
association with arachnodactyly in
five, or with marfanoid habitus in
three patients. A pectus deformity
was observed, with pectus excavatum
being more common (n=12) than
pectus carinatum (n =2). Osteopenia
(n=17) or osteoporosis (n=2) was
sometimes seen on X-ray; however,
fractures were not reported in any
patients.

Skin and integument

Skin abnormalities are almost univer-
sally described. Skin hyperextensibility
(n=48) and soft, doughy, or velvety
skin (n=43) were most frequently
observed. Fragility was reported
(n=26) with easy bruising (n=26);
thin, translucent skin (n=38); and
(n=17).
Atrophic scarring was reported in 35

abnormal wound healing

patients. Criss-cross patterning of the
palms was only reported in one patient.
Hernia was reported in 12 patients
and five

including six umbilical

inguinal.

Figure 2.

C

Clinical findings in patients with kEDS: (A and B) Kyphoscoliosis in two unrelated patients homozygous for causative
mutations in PLOD1. (C) Severe kyphoscoliosis in a patient homozygous for a causative mutation in FKBP14 (Images kindly provided by

Prof. Ebtesam Abdalla and Dr. Matthias Baumann, with permission).
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o Ocular involvement

Ophthalmic features are variable and
include bluish sclerae (n=18), mi-
(n=16),
(n=16). Rupture of the eye globe,

crocornea and myopia
following minimal trauma has been
reported in five individuals including
one patient with both eyes affected
[Beighton, 1970a; Pinnell et al.,
1972; Thme et al., 1983; Kariminejad
et al., 2010].

Cardiovascular system

Medium-sized vessel rupture has been
reported in several individual case
reports. These events appear to be
more prevalent from teenage years and
into adulthood; however, there have
been six cases of antenatal/neonatal
brain haemorrhage [Wenstrup et al.,
1989; Yeowell and Walker, 1997;
Yeowell et al., 2000a; Giunta et al.,
2005b; Rohrbach et al., 2011; Tosun
et al., 2014]. Arterial rupture has been
reported in various locations and during
pregnancy as mentioned above [Esaka
et al., 2009].

In one of the first reported siblings
[Beighton, 1970b], the sister died
from a dissecting aortic aneurysm at
the age of 50 and the brother had a
cerebral bleed in the distribution of the
right middle cerebral artery at the
age of 19. Dembure et al. [1984]
reported a patient, who was then
followed up by Ha et al. [1994] who
had a spontaneous arterial rupture into
his upper thigh at the age of 15. In
Wenstrup et al. [1989], one patient
had a rupture of a vertebral artery
and another patient had multiple
ruptures of the femoral artery and
two episodes of spontaneous intra-
thoracic arterial rupture. Brinckmann
et al. [1998] reported two patients
with vascular complications; one
suffered a stroke at the age of 15 years
and subsequently at age 30 years,
he had

minor pancreatic arteries;

spontaneous bleeding of
and at
age 32 years, he had spontaneous
branches of the

femoral

bleeding from

right  profundal artery
[Brinckmann et al.,, 1998; Busch
et al., 2014]; another patient had an
aneurysm of the mesenteric artery age

12 years.

The patient reported by Yeowell
[2000a] had an intracranial
haemorrhage and brachial plexus inju-

et al.

reported by Hyland et al. [1992]. The
younger sibling appears be much less
severely affected. Intrafamilial variation

ries at birth; he had dextrocardia and
mild aortic root dilatation with mild
aortic insufficiency due to a biscuspid
aortic valve and he died from arterial
rupture age 14 years. Voermans et al.
[2009a] followed-up patient 7 from
Giunta et al. [2005b] who had a
ruptured aneurysm of the left popliteal
artery at the age of 15 years. Rohrbach
etal. [2011] reported a 27-year-old man
with chest symptoms who during
coronary angiography had a spontane-
ous dissection of the ramus interven-
tricularis anterior (RIVA) and main
coronary artery causing acute cardiac
failure. A Turkish boy presented with a
left brachial artery pseudo-aneurysm at
the age of 12 [Gok et al., 2012]. There
has been one report of aortic stenosis
[Thme et al,, 1983]. Another three
patients were reported to have MVP
[Pinnell et al., 1972; Rohrbach et al.,
2011].
e Neuromuscular features and motor
development
One of the key features of the condition
is congenital muscular hypotonia
(n=56), with associated feeding prob-
lems (n=17). Gross motor delay is
common (n = 54) with varying severity,
but with only one non-ambulatory case.
® Neurological features and neuro-
development
Intelligence is usually normal but
learning disabilities have been reported
in eight patients (two of these
patients were reported to have antena-
tal or perinatal intracranial bleeds)
[Wenstrup et al., 1989; Rohrbach

et al., 2011].

Genotype—Phenotype Correlation
and Penetrance

A range of clinical severity is observed in
individuals with kEDS-PLOD1 for each
of the systems discussed as detailed in the
above section [Steinmann et al., 2002;
Rohrbach etal., 2011]. No specific work
has been carried out looking at geno-
type—phenotype correlations. There are
two siblings with the same mutations

has been observed.

Penetrance is complete.

Management

Key management guidelines focus on
the musculoskeletal system, skin, and
the cardiovascular system.

o The advice to management of the

musculoskeletal system is:

— According to that for patients with
classical EDS (for reference: See
“management guidelines for the
classical Ehlers—Danlos syndrome,”
by Bowen et al., this issue)

— Photographic and radiologic docu-
mentation of the spine is recom-
mended in view of the progressive
kyphoscoliosis. Regular follow-up
by an orthopedic surgeon for man-
agement of  kyphoscoliosis  is
appropriate

— Any surgery should be carried out
with caution due to the risk of
vascular complications

— Consider bone densitometry eval-
uation

— Consider sleep study to assess for
nocturnal hypoxemia, and night-
time ventilation in case of severe
muscle hypotonia

e The advice to management of the skin

is:

— According to that for patients with
classical EDS (see ‘“management
guidelines for the classical Ehlers—
Danlos syndrome,” by Bowen et al.,
this issue)

— Routine examination for hernia and
surgical referral as necessary

e The advice for management of the

cardiovascular system is:

— Measurement of aortic root size and
assessment of heart valves by echo-
cardiogram at the time of diagnosis or
by age 5 years

— Echocardiogram at 5-year intervals,
even if the initial echocardiogram is
normal

— Vigilant observation and control of
blood pressure can reduce the risk of
arterial rupture
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— Further vascular surveillance ought

to be considered
e The advice for management of the
ophthalmologic system is:

— Formal ophthalmologic evaluation at
diagnosis for myopia, astigmatism,
and potential for retinal detachment

— Routine ophthalmologic examina-
tion for management of myopia
and early detection of ophthalmic
complications

— Myopia and/or astigmatism may be
corrected by glasses or contact lenses

— Laser treatment of the retina is

indicated in case of imminent
detachment
e Pregnancy management
— Follow-up throughout pregnancy

and delivery should be performed
in a specialized fetal medicine center

— Measurement and monitoring of
aortic root size by echocardiogram
during pregnancy

Differential Diagnosis

Kyphoscoliotic EDS-FKBP14

Brittle cornea syndrome
Spondylodysplastic EDS
Musculocontractural EDS

Classical EDS

Congenital myopathies, including col-

lagen VI and collagen XII-associated
myopathies (myopathic EDS)
Metabolic disorders

Vascular EDS

Marfan syndrome

Loeys—Dietz syndrome

KYPHOSCOLIOTIC EDS
(kEDS) DUE TO
FKBP22-DEFICIENCY
(kEDS-FKBP14)

Synonyms:  FKBP14-related EDS,
FKBP22-deficient EDS

The History of Kyphoscoliotic
EDS (kEDS) due to FKBP22-
Deficiency (KEDS-FKBP14)

Baumann et al. [2012] reported five
families with an autosomal recessive

variant of EDS, characterized by severe
congenital muscle hypotonia, joint hy-
permobility, skin hyperextensibility,
progressive kyphoscoliosis, and sensori-
neural hearing loss. The condition was
shown to be caused by biallelic muta-
tions in FKBP14 [Baumann et al.,
2012]. In view of the major clinical
overlap of this phenotype with kEDS-
PLOD1, both conditions are grouped
within the same clinical entity (“Ky-
phoscoliotic EDS” in the new EDS
classification).

Baumann et al. [2012]
reported five families with an
autosomal recessive variant of
EDS, characterized by severe
congenital muscle hypotonia,

joint hypermobility, skin
hyperextensibility, progressive
kyphoscoliosis, and
sensorineural hearing loss.
The condition was shown to
be caused by biallelic
mutations in FKBP14.

The prevalence of kKEDS-FKB14 is
unknown.

The Mechanisms of Disease

FKBP14 encodes FKBP22, a member of
the F506-binding family of peptidyl-
prolyl cis—trans isomerases found in the
lumen of the endoplasmic reticulum
(ER), where it is thought to catalyze
cis—trans-isomerization of peptidyl-prolyl
peptide bonds and to accelerate protein
folding, particularly of procollagens
[Galat, 2003]. FKBP22 interacts with
types I1I, VI, and X collagen, but does not
show direct binding to other types of
collagen, such as type I or V collagen
[Ishikawa and Bachinger, 2014]. Defi-
ciency of FKBP22 was shown to result in
enlarged ER cisterns in dermal fibroblasts,
and an altered assembly of the ECM
[Baumann et al., 2012].

Allelic Heterogeneity

Four different FKBP14 mutations have
been identified to date [Baumann et al.,
2012; Aldeeri et al., 2014; Murray et al.,
2014; Dordoni et al.,, 2016]. The
c.362dup, p.(Glul22Argfs*7) has been
identified in homozygous state in five
independent families. Furthermore, this
mutation was twice identified in com-
pound heterozygosity with another
mutation: One with a nonsense muta-
tion (c.42_60del, p.(Thr15*)) and once
with a 3-bp deletion (c.573_576del, p.
(Gly191del)). A homozygous deletion
of four amino acids was recently
reported:  ¢.197+5_19748delGTAA
[Alazami et al., 2016].

Clinical Description

To date, 10 patients with kEDS-
FKBP14 from nine independent fami-
lies have been described: Five pediatric
(<12 years), three adolescents (16 years),
and two adults (42- and 48-year-old)
(Table S1) [Baumann et al., 2012,
Aldeeri et al., 2014, Murray et al.,
2014, Alazami et al., 2016, Dordoni
et al., 2016]. Sufficient clinical data are
available for nine patients.

The hallmarks of the disorder in-
clude kyphoscoliosis (either progressive
or non-progressive), severe congenital
muscle hypotonia with muscle atrophy,
joint hypermobility, and congenital hear-
ing loss (sensorineural, conductive, or
mixed) (Representative pictures of the
phenotype are given in Fig. 2).

e Craniofacial features
Facial dysmorphisms are not always
described and a facial “gestalt” is not
recognizable. Some patients had epi-
folds (n=23),
(n=3), hypotelorism (n=1), square

canthal micrognathia
nasal root (n=1), or long-narrow face
(n=1).

® Musculoskeletal
Kyphoscoliosis was noted at a mean age
of 12 months (range 2—18 months) and
was either non-progressive (n=3) or

(n=7). Orthotic

ment seemed successful in case of

progressive treat-

non-progressive kyphoscoliosis, pro-

gressive  kyphoscoliosis  required a
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surgical approach. Atlantoaxial insta-

bility was reported in one patient, the

other patients presented uncompli-

cated joint hypermobility without

recurrent  dislocations/sprains  or
chronic pain (mean value of Beighton
score 7/9).
within the normal range, but at lower
level (10th—25th centile in 4 of 8), two
patients had short stature (lower than
third centile).

e Skin and integument

Height was generally

The most distinctive cutaneous fea-
tures in kKEDS-FKBP14 are soft skin
(n=38), hyperextensible skin (n=7)
and hyperkeratosis follicularis
(n=05). Other skin features include
atrophic scarring, umbilical skin re-
dundancy, and multiple merging
comedones in a few patients. Four
patients had a hernia, including
umbilical hernia in three and inguinal
hernia in one.
® Ocular features
Opthalmologic features include myo-
pia, hypermetropia, and blue sclerae.
e Hearing
Hearing impairment was noted in
most patients. It varied from sensori-
neural (n=6), to conductive (n=2),
or mixed. In one patient, because
of the mixed origin of this sign,
hearing improved after transtympanic
drains.
e Cardiovascular system
Vascular complications were de-
scribed in an adult patient, who
presented a celiac artery pseudoa-
neurysm rupture at the age of 41
years, and in the older likely affected
sister of a patient, likely affected but
without molecular confirmation,
who died due to unspecified aortic
rupture at age 12 years. Celiac artery
pseudoaneurysm rupture was ob-
served in a child at age 6 years.
e Neuromuscular features and motor
development
Myopathic signs include muscle hy-
head

control in infancy, and delayed motor

potonia and atrophy, poor

development.  Muscular ~ weakness
seemed to regress with age and all
of the subjects-but one-became able
to walk at the mean age of 33 months.

The outcome was very variable and

the final ability to walk ranged from
myopathic ~ gait, impossibility — of
walking without aids, to a motor
self-sufficiency from 200m to 1km.
Muscle biopsy showed pathological
results in six patients, with myopathic
changes and/or fiber atrophy; creatine
kinase was generally within the normal
range or slightly elevated and electro-
myographic patterns were usually nor-
mal at very young age, but sometimes
myopathic later on [Baumann et al,,
2012].

® Visceral complications

Large bladder diverticula (n=23)
or rectal prolapse (n=1) were
reported.

Genotype—Phenotype Correlation
and Penetrance

No genotype—phenotype correlations
have been described. Penetrance is
presumably complete.

Management

Key management guidelines focus on
the musculoskeletal, cardiovascular,
and auditory systems. No specific
guidelines for management of patients
with kEDS-FKBP14 are available.
Guidelines for management of

musculoskeletal problems, skin in-

volvement, cardiovascular involve-
ment, ophthalmologic and dental
follow-up, and pregnancy should

follow those formulated for kEDS-
PLOD1.

Specific management guidelines
should also include hearing evaluation
at initial diagnosis and annual hearing
evaluation.

Differential Diagnosis

Kyphoscoliotic EDS-PLOD1
Musculocontractural EDS
Spondylodysplastic EDS

Congenital myopathies, including col-

lagen VI and collagen XII-associated
myopathies (myopathic EDS)

e Vascular EDS

o Classical EDS

e Marfan syndrome
e Loeys—Dietz syndrome

BRITTLE CORNEA
SYNDROME (BCS)

Synonyms: EDSVIB

History of Brittle Cornea
Syndrome

Brittle cornea syndrome is a rare autosomal
recessive generalized HCTD, hallmarked
by a thin and fragile cornea that tends to
perforate spontaneously or after minor
trauma. It was originally described as a
constellation of brittle cornea, blue sclerae,
and red hair [Ticho et al., 1980; Cameron,
1993]. On the basis of overlapping clinical
features, BCS and EDS kyphoscoliosis
type were previously considered to repre-
sent the same disorder [Cameron, 1993].
Because of subtle clinical differences, this
claim was later questioned and proven
wrong on the basis of biochemical studies.
In kEDS-PLOD1 there is deficient activ-
ity of LH1 whereas in BCS the LH1-
activity is normal [Royce et al., 1990; Al-
Hussain et al., 2004].

Abu et al. [2008] first mapped the
BCS gene to a 4.7Mb region on
chromosome 16g24 and later identified
recessive mutations in ZNF469 (MIM
612078). The single exon gene ZNF469
encodes a C2H2 zinc finger protein of
which the function is yet to fully be
understood. Because not all BCS patients
harbored ZNF469 mutations, a second
locus for BCS was suspected. This was
confirmed by the discovery of mutations
in PRDMS5 (MIM 614161) [Burkitt
Wright et al., 2011]. PRDM)5 encodes
a C2H2 zinc finger protein of the PR/
SET family of proteins. PRDM5 was first
characterized as a potential tumor sup-
pressor gene in the development of
several types of cancer [Watanabe et al.,
2007, 2009; Cheng et al., 2010], but has
now been shown to regulate transcrip-
tion of collagen and several other ECM
genes in a mouse osteoblast cell line
(MC3T3) [Gallietal., 2012]. In addition,
expression profiling studies suggest that
both PRDM5 and ZNF469 might be
part of a common pathway regulating the
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expression of ECM genes such as
fibrillary collagens, and several studies
have suggested a role for ZNF469
normal corneal development [Lu et al,,
2010; Vitart et al., 2010; Vithana et al.,
2011; Rohrbach et al., 2013].

The report of a single BCS family
with mutations in neither PRDMS5 or
ZNF469 suggests the existence of a
third genetics locus, but the large
majority of cases is probably attributable
to mutations in ZNF469 or PRDMS5
[Rohrbach et al., 2013].

The exact prevalence of BCS is
unknown.

Mechanism of Disease

ZNF469 encodes ZNF469, a zinc finger
protein of unknown function, but lim-
ited homology (~30%) with a number of
collagens suggests that ZNF469 could be
involved in collagen transcription and
fibrillogenesis. Genome-wide associa-
tion studies have consistently associated
single nucleotide polymorphisms (SNPs)
in the vicinity of the ZNF469locus with
central corneal thickness (CTT) [Lu
et al., 2010; Vitart et al., 2010; Vithana
et al., 2011; Hoehn et al., 2012; Ulmer
et al., 2012], and pathogenic ZNF469
alleles have been identified as the single
most significant genetic risk factor in the
development of keratoconus (relative risk
of 12) [Lechner et al., 2014].

PRDM5 encodes a protein of the
PR/SET protein family that lacks the
intrinsic histon methyltransferase activity
of other PR -domain containing proteins,
but suppresses or activates the transcrip-
tion of its target genes by recruiting the
histone methyltransferase G9a and class I
histone deacetylases [Duan et al., 2007].
In line with its role in BCS, PRDM5 was
shown to regulate transcription of ECM
genes, including several collagen genes
and small leucine-rich proteoglycans
(SLRP) in pre-osteoblastic mouse cells.
More specifically, it regulates collagen
transcription and fibrillogenesis by bind-
ing collagen genes and maintaining RNA
polymerase II occupancy [Galli et al,
2012].The role of PRDMS5 does not
appear to be limited to ECM develop-
ment. Early studies focused on hyper-
methylation of the PRDMJ5 promotor in

several types of cancer and its tumor
suppressor activity by modulating the
Wnt signaling pathway and expression of
oncogenes [Watanabe et al., 2007, 2009;
Meani et al., 2009; Cheng et al., 2010]. Its
involvement in vertebrate development has
been addressed in zebrafish studies; prdm5
was shown to be essential for convergent
extension movements through regulation
of Wnt signaling [Meani et al., 2009].

Allelic Heterogeneity

The following ZNF469 mutations have
been reported: 13 frameshift mutations:
c.9611del, p. (GIn3206Argfs*23); c.9483
delG, p.(His3162Thrfs*20); ¢.8901_89
14dup, p.(Glu2972Glyfs*50); c.6647
delA, p.(GIn2216Argfs*19); c.6444
delG, p.(Gln2149Serfs*51); ¢.6638del,
p-Leu2210Trpfs*27); ¢.6027delA, p.
(Gly2011Alafs*16); ¢.5787ins, p.(GInl
902Profs*13); ¢.5787delG, p.(GIn190
2Argfs*6); c¢.3476del, p.(Glyl159Ala
fs*15); ¢.2234del, p.(Phe717Serfs*15);
¢.2150delT, p.(Phe717Serfs*15); and
¢.350dupC, p.(Gln118Thrfs*32), five
missense mutations: ¢.10106G>C, p.
(Arg3369Pro); ¢.10100G>A, p.(Cys
3339Tyr);  ¢.7508C>A, p.(Arg2478
Glu); ¢.7424C>A, p.(Arg2478Glu);
and ¢.5686C>G, p.(Pro1896Ala), and
four nonsense mutations: ¢.5353C>T, p.
(GIn1785%); ¢.4258G>T, p.(Glu1420%);
c.3304G>T, p-(Glu1109%); and
¢.2029G>T, p.(Gly677").

The following PRDM5 mutations
have been reported: Three frameshift
mutations:  ¢.1517_1527del11,  p.
(Val506Glufs*5);  ¢.974delG, p.(Cy-
s325Leufs*2); and ¢.711_714delTGTT,
p-(Val238Alafs*35), one  nonsense
mutation (c.1768C>T, p.(Argb90")),
two missense mutations (¢.320A>G,
p-(Tyr107Cys) and c.17T>G, p.
(Val6Gly)), one splice site mutation
(c.934+1G>A), and one multiple-exon
deletion (exons 9—14) [Burkitt Wright
et al., 2011; Avgitidou et al., 2015a].

Clinical Description

To provide a comprehensive overview of
the clinical phenotype of BCS, we
reviewed the data on 51 patients
(ZNF469: n=32; PRDM5: n=19)

(Table S1) [Al-Hussain et al., 2004; Abu
et al., 2008; Christensen et al., 2010; Khan
et al., 2010; Burkitt Wright et al., 2011;
Al-Owain et al., 2012; Aldahmesh et al.,
2012; Rohrbach et al., 2013; Ramappa
etal., 2014; Avgitidou et al., 2015b; Porter
et al,, 2015]. Only those patients with
individual clinical and molecular data were
included in the review. Their age ranged
between 6 months and 48 years.

The hallmarks of the condition in
the thin, fragile cornea, with an in-
creased risk for spontaneous corneal
rupture (Representative pictures of the
phenotype are given in Fig. 3).

o Craniofacial involvement
In the experience of the authors, patients
with BCS present with a somewhat
recognizable facial gestalt, including
frontal bossing, high palate, depressed
nasal bridge, and/or prominent chin.
These features may however be mild.

® Musculoskeletal system
Joint hypermobility was a frequent finding
(n = 40), and was sometimes complicated
by joint dislocations (n = 6), but appeared
mostly limited to small joints. Other
frequent features include developmental
dysplasia of the hip (DDH, n=16),
kyphoscoliosis (n = 22), foot deformities
(n=22) including pedes planovalgi and
hallux valgus, and arachnodactyly (n = 6).
Fractures (n=15) and osteopenia/osteo-
porosis (n=2) have been reported in a
limited number of patients.

e Skin and integument
Patients with BCS have a mild skin
phenotype with soft, velvety (n=16),
and transparent (n = 11) skin. A hyper-
extensible skin was noted in a minority
of patients (n=23), and is often mild.
Wound healing and easy bruising was
sometimes delayed (n = 4), but atrophic
scarring was absent.
Soft connective tissue herniations were
reported in five patients.

e Ocular
BCS is associated with a severe ocular
phenotype. Its most striking feature is a
high
(n=306), either spontaneously or after

risk of corneal perforation
minor trauma, due to extreme corneal
thinning (central corneal thickness
or CCT: 220-450 wm, normal range
520-560 wm), and often leading to
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Figure 3.
causative mutation in PRDM5: (A) Marfanoid habitus with heigth on P75 and weigth on
P3; velvety skin, hematomas lower leg and hallux valgus bilaterally, pectus excavatum.
Shoulder symmetrical, spine straight. Facial: depressed nasal bridge and/ prominent
chin. (B) Blue sclerae. (C) Current protective spectacles after bilateral successful cornea-
crosslinking (Images kindly provided by Dr. Marianne Rohrbach, with permission).

Clinical findings of a 13 year old female BCS patient homozygous for a

irreversible blindness. Ocular rupture
frequently occurred at young age, but
several adults without ocular rupture
have been described. Prior to rupture,
visual acuity in BCS patients was often
affected by keratoconus and/or kerato-
globus (n=27)
(n=17). The most consistent ophthal-
mic feature was blue sclerae (n=49).

and high myopia

Secondary glaucoma was reported in
several patients (n = 5), particularly those
with extensive corneal damage following
rupture. Retinal detachment and neo-
vascularization were both reported once.
Of note and in contrast to kEDS-
PLOD1, microcornea was never ob-
served. Megalocornea, on the other
hand, was reported in three cases. BCS
usually presents as a generalized connec-
tive tissue disorder with multi-tissue
involvement, but one adult case with
isolated ocular findings has been de-
scribed [Khan et al., 2012]. This suggests
that recessive mutations in ZNF469 and
PRDMS5 could be a rare cause of isolated
keratoconus or corneal rupture. It should
be noted however that the majority of
BCS cases has been reported in ophthal-
mological journals, and that extraocular
findings might be underestimated.
e Hearing

Hearing loss has been recognized as a
predominant feature, but has not yet

been comprehensively studied. Ap-
proximately, one third was affected
with hearing loss (n=19). The most
frequent type was mixed conductive/
sensorineural hearing loss (n = 11) with
a predominance of conductive hearing
loss in childhood. Both inter- and
intrafamilial variability with respect to
age of onset and progression of deafness
were observed. The combined hearing
loss and decreased visual acuity often led
to severe sensorineural disability.
e Cardiovascular

Cardiovascular defects were uncom-
mon, but mitral valve insufficiency has
been described (n=3). Notably and in
contrast to kEDS, vascular and visceral
fragility has not been described in the
context of BCS.

Genotype—Phenotype Correlation
and Prevalence

There is currently no evidence of a clear
genotype—phenotype correlation: All
types of mutations scattered across
both genes appear to cause indistin-
guishable clinical phenotypes.
Penetrance is presumably complete.
heterozygous for BCS-
associated mutations have been reported

Individuals

to have blue sclerae and small joint
hypermobility. These are not always

present, and in particular may not be
striking in adult carriers. Heterozygous
carriers may have very mild corneal
thinning (e.g., CCT around 500 um).
Keratoconus has also been diagnosed in a
young adult, heterozygous fora PRDM5
mutation [Burkitt Wright et al., 2011].

Management

Early diagnosis (prior to ocular rupture)
is possible and desirable to make
anticipatory management as effective
as possible. The distinctive syndromic
teatures of BCS, such as DDH, kypho-
scoliosis, blue sclerae, soft and/or
translucent skin, and hypercompliant
tympanic membranes, serve as impor-
tant diagnostic clues in the early recog-
nition of patients with this condition,
particularly where they are the only
affected individual in their family.

Key management guidelines focus
on the ocular system, with primary
prevention of corneal rupture by provi-
sion of protective polycarbonate eye-
glasses and careful screening of vision,
but also hearing. An overview of clinical
management strategies for BCS patient
is given in Burkitt Wright et al. [2013].

Guidelines for management of
musculoskeletal problems, skin involve-
ment, cardiovascular problems, and
pregnancy should follow those formu-
lated for other forms of EDS (for
reference: See “management guidelines
for the classical Ehlers—Danlos syn-
drome,” by Bowen et al., this issue).

Differential Diagnosis

Kyphoscoliotic EDS
Spondylodysplastic EDS
Musculocontractural EDS
Ol

SPONDYLODYSPLASTIC
EDS DUE TO
B4GALT7-DEFICIENCY
(spEDS-B4GALT7)

Synonyms: EDS progeroid type, EDS
progeroid type 1, EDS with short stature
and limb anomalies
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The History of Spondylodysplastic
EDS due to B4GalT7-Deficiency
(spEDS-B4GALT?)

Hernandez et al. [1979, 1981, 1986]
reported five patients with EDS-features
and features of early aging, including
wrinkled facies, significant growth failure,
fine/curly hair, periodontitis, bilateral
cryptorchidism, apparent intellectual def-
icit. Kresse et al. [1987] reported a patient
with a similar phenotype, and showed its
skin fibroblasts converted only half of
the core protein of the small dermatan
sulfate proteoglycan decorin to a mature
glycosaminoglycan (GAG) bearing pro-
teoglycan. This defective proteoglycan
biosynthesis was shown to result from
biallelic mutations in B4GALT7, encod-
ing galactosyltransferase I [Quentin et al.,
1990; Okajima et al., 1999]. Cartault et al.
[2015] detected a homozygous missense
mutation (c.808C>T, p.(Arg270Cys)) in
B4GALT?7 in a series of 22 patients with
Larsen of Reunion Island syndrome
(LRS), a skeletal dysplasia with clinically
overlaps with spEDS-B4GALT7.

In view of the major clinical overlap
of EDS caused by B4GALT7 mutations
with the phenotypes caused by
B3GALT6 and by SLC39A13 muta-
tions, these three conditions are now
grouped within the same clinical entity
(“Spondylodysplastic EDS”) in the new
EDS classification.

In view of the major clinical
overlap of EDS caused
by B4GALT?7 mutations
with the phenotypes caused
by B3GALT6 and by
SLC39A13 mutations,
these three conditions
are now grouped within the
same clinical entity
(“‘Spondylodysplastic EDS”’)
in the new EDS
classification.

The prevalence of spEDS-B4GALT7
is unknown.

Mechanism of Disease

B4GALT?7 encodes galactosyltransfer-
ase I (B1,4-galactosyltransferase 7 or
B4GALT7), a Golgi-resident enzyme,
that is involved in synthesizing the GAG
linker region of proteoglycans. GAGs
are long, unbranched polysaccharides
composed of repeating disaccharide
units, which consist of alternating
uronic acids and amino sugars. Most
GAGs are covalently attached to specific
serine residues of core proteins via a
defined linker region of xylose, two
galactoses and one glucuronic acid, thus
assembling to proteoglycans (PG). Al-
ternative addition of N-acetylglucos-
amine or N-galactosylglucosamine to
the terminal glucuronic acid of the
linker region leads to the formation of
heparan sulfate (HS) or chondroitin/
dermatan sulfate (CS/DS), respectively
(Fig. 4). Cosynthetic modifications such
as epimerization and sulfation result in
the formation of diverse motifs in the
GAG chains, that allow binding of a
variety of ligands, thus regulating
growth factor signaling, cell adhesion,
proliferation, differentiation, and motil-
ity. The B1,4-galactosyltransferase 7 is a
glycosyltransferase catalyzing the trans-
fer of the first galactose onto the xylose
residue of the PG core protein-GAG
linker region.

Seidler et al. [2006] studied fibro-
blasts of a patient harboring the homozy-
gous p.(Arg270Cys)
showed reduced 1,4-galactosyltransfer-

substitution and

ase 7 activity, reduced glycanation of
decorin and biglycan, and reduced
epimerization of the decorin GAG chain.
In addition, morphological alterations
and intracellular accumulation of degra-
dative vacuoles were seen in the patient’s
fibroblasts. Analysis of the collagen fibrils
showed that the B4GalT7-deficient cells
had an altered suprastructure, no banded
collagen fibrils and an altered ratio of ot1—
a2 collagen chains. Finally the $4GalT7-
deficient cells showed reduced prolifera-
tion rates compared to controls. Gotte
etal. [2008] analyzed structural alterations
in HS and their functional consequences

in fibroblasts harboring this mutation.
They showed a reduced sulfation degree
of HS, delayed in vitro wound repair, and
increased fibronectin adhesion, impaired
actin stress fiber formation, delayed
collagen gel extraction with reduced
formation of pseudopodia and filopodia,
and finally diminished formation of
collagen suprastructures.

Bui et al. [2010] studied the
ability of mutant 34GalT7 harboring
either the homozygous p.(Argl186Asp),
p-(Leu206Pro), and p.(Arg270Cys)
substitution to prime GAG biosynthesis
in recombinant cells. Whereas the
p.(Argl85Asp) did not affect GAG
biosynthesis severely, the p.(Leu206Pro)
mutation led to complete inhibition and
the p.(Arg270Cys) to significant reduc-
tion of GAG biosynthesis. Molecular
modeling predicted that the p.(Leu206-
Pro) mutation located in a conserved
affected  the
overall structure of the protein, whereas
p-(Argl186Asp) 1is
structural critical domain and the p.
(Arg270Cys) in the vicinity of the
substrate active site.

secondary  structure

located in a less

Allelic Heterogeneity

In total, seven missense and two frame-
shift mutations have been reported
for B4GALT7. The ¢.808C>T,
p-(Arg270Cys) is most frequent. It has
once been reported in homozygous state,
once in compound heterozygosity with
c.122T>C, p.(Leu41Pro), and once in
compound heterozygous state with
c421C>T, p.(Argl41Trp). Further-
more, the ¢.557C>A, p.(Ala186Asp)
mutation was identified in compound
heterozygosity with the c.617T>G, p.
(Leu206Pro) mutation, the c.641G>A,
p-(Cys214Tyr)  with  ¢.277dup, p.
(His93Profs*73) and finally a homozygous
c.970T>A, p.(Cys324Ser) was reported.
All mutations are localized in the
luminal catalytic domain, except for the
p-(Leud1Pro), which is localized in
the transmembrane domain.

Clinical Description

At present seven patients from six
families with molecularly confirmed
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Biosynthesis of the HS and CS/DS GAG chains is initiated by the attachment of a common tetrasaccharide linker region to a
specific serine residue of the core protein. This linker region is synthesized by the stepwise action of specific enzymes: Xylosyltransterase 1/
II (encoded by XYLT1 and XYLT2, respectively), galactosyltransferase I (34GalT7, encoded by B4GALT?7) and I (B3GalT6, encoded by
B3GALTES), and glucuronyltransterase I (encoded by B3GAT3). Following completion of the linker region, the addition of the next
residue determines whether HS or CS/DS is synthesized. CS is formed by the alternating addition of N-acetylgalactosamine (GalNAc) and
glucuronic acid (GlcA) residues, which are subsequently modified by several sulfotransferases. The formation of DS requires the
epimerisation of GlcA residues to iduronic acid (IdoA), an event catalyzed by dermatan sulfate epimerases I and IT (DS-epil encoded by
DSE and DS-epi2 encoded by DSEL, respectively), and subsequent 4-O-sulfation of the adjacent GalNAc residue by dermatan 4-O-
sulfotransferase-1 (D4ST1, encoded by CHST14). Defects in the initiation and modification of the GAG chains are associated with
different EDS subtypes (indicated in black boxes). Defects in linker enzymes B4GALT7 and B3GALT6 lead to spEDS and affect the
formation of both HS and CS/DS whereas alterations in DSE and CHST14 result in mcEDS and compromise the formation of DS.

@ amino acid
0 serine residue

spEDS-B4GALT?7 have been identified
(Table S1). The ages at publication
ranged from 2 years to 33 years [Kresse
et al., 1987, Faiyaz-Ul-Haque et al,,
2004, Guo et al., 2013, Arunrut et al.,
2016, Salter et al., 2016]. The clinical
features reported in the patients with
LRS are not included in this review.
The hallmarks of the disorder
include short stature, muscle hypotonia,

radio-ulnar synostosis, and intellectual

disability.

® Reproductive, including pregnancy
Antenatal
asymmetrical ventriculomegaly in one

ultrasonography  showed
patient and severe intrauterine growth
retardation in another patient. No
pregnancies have been reported in
affected individuals.

e Craniofacial features
The most consistent craniofacial fea-
tures include triangular face (n=7),
wide-spaced eyes (n=6), proptosis
(n=6), narrow mouth (n=35), low-
set ears (n =>5), sparse scalp hair (n =4),
abnormal dentition (n=4), flat face
(n=4), wide forehead (n=4), blue
sclerae (n=3), cleft palate/bidif uvula
(n=2), high palate (n=1), small jaw
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(n=1). Of note, none of the patients
described
features.

was to have progeroid
Musculoskeletal features

The most consistent musculoskeletal
features include severe growth retarda-
tion (n=7), present at birth but
progressing later on, generalized joint
(n=7),
noted to be quite severe in several

hypermobility which  was
patients, bowing of limbs (n=>5), and
foot deformities (pes planus (n =4), pes
equinovarus (n=1)). Other reported
symptoms include dislocations/sublux-
ations (n = 3), bilateral elbow contrac-
tures or limited elbow movement
(n=23), syndactyly (n=2), pectus car-
inatum (n=2), scoliosis (n=1), long
fingers (n=4), thin fingers with bul-
bous tips and broad thumbs (n=1).
One patient with low-impact rib and
vertebral fractures in infancy received
bisphosphonate treatment, with im-
provement of bone pain and muscle
function [Salter et al., 2016].

Skeletal X-ray imaging

Reported
Radio-ulnar synostosis (n =06), meta-

abnormalities include:

physeal
(n=4),
dislocation (n = 3), short clavicles with

flaring (n=4), osteopenia

radial head subluxation or

broad medial ends (n=3), anterior
splaying of ribs (n=2), swedish key
feature of the femur (n=1), bulbous
appearance of distal phalangeal tufts
(n=1), coxa valga (n=1), reduced
height of vertebral bodies (n =1).

Skin and integument

Hyperextensible (n=6), single trans-
verse palmar crease (n=>5), loose skin
(n=23), atrophic scarring (n=23), soft
(n=2),
subcutaneous fat (n=1), prominent

and doughy skin reduced
scalp veins (n=1), prominent venous
pattern on chest (n=1).

Ocular features

Hypermetropia at very young age was
reported in 5/7 patients. In most of
them, it was severe. One patient was
operated at age 3 months for unilateral
ptosis. He also had astigmatism and
intermittent exotropia. Small optic
nerves (n=1), and strabismus (n=1)
were reported. Arunrut et al
[2016] reported a patient with congen-
bilateral high

ital cloudy cornea,

hypermetropia, pendular nystagmus,
coloboma of iris and optic nerves, and
posterior subcapsular cataracts.

e Dental features
Yellowish teeth with defective enamel
was reported in one patient.

e Hearing
Mild conductive hearing loss was
reported in one patient, likely related
to cleft palate.

e Neuromuscular features and motor
development
Muscle hypotonia was reported in all
patients but ranged from mild to very
severe. Three patients were reported to
be “floppy” at birth, one had mild
congenital hypotonia, and the other
three were reported to be mildly
hypotonic later in childhood. Delayed
motor development was reported in 6/7
patients, but none of them remained
non-ambulatory. In none of the re-
ported patients, a muscle biopsy was
taken.

e Neurological features and neuro-

development

Five patients were reported to have mild

deficit.  This

speech delay in three patients, mild

intellectual included
learning difficulties in one, and a
somewhat more severe delay in one
patient.

Genotype—Phenotype Correlation
and Penetrance

Although marked differences in ability
to prime GAG biosynthesis
been described for different missense
(see
section), no

have

“Mechanism of

genotype—
phenotype correlations have emerged

substitutions
Disease”

to date. It remains also unclear why
the p.(Arg270Cys) is associated with
either an EDS phenotype or with
LRS. Cartault et al. [2015] hypothe-
sized this could be due to the high
levels of homozygosity among the
LRS population and modification
by interaction with other variants
in close linkage disequilibrium to
B4GALTY7.

Penetrance is presumably complete.
Obligate carriers display no overt clini-
cal symptoms.

Management

No specific guidelines for management
of patients with spEDS-B4GALT7 are
available.  Management  guidelines
should be tailored to the individual’s
specific problems and should follow
those formulated for other forms of
EDS.

Specific management guidelines
may include:

® Musculoskeletal:

— At diagnosis a whole body skeletal
survey and bone densitometry studies
are recommended

— In patients with recurrent fractures,
bisphosphonate therapy should be
considered, with treatment protocols
following those formulated for pa-
tients with OI

Differential Diagnosis

Spondylodysplastic EDS-B3GALT6
Spondylodysplastic EDS-SLC39A13
Musculocontractural EDS

kEDS (PLOD1 and FKBP14)
Chondrodysplasia

SPONDYLODYSPLASTIC
EDS DUE TO
B3GALT6-DEFICIENCY
(spEDS-B3GALTE6)

Synonyms: EDS progeroid type 2

The History of 33GalT6-Deficient
EDS

In 2013, two independent research
studies identified biallelic mutations in
B3GALTS, encoding 3GalT6 (galacto-
syltransferase II or 1,3-galactosyltrans-
ferase 6), in two different conditions.
[2013]  identified
B3GALT6 mutations in seven Japanese

Nakajima et al

families with spondyloepimetaphyseal
dysplasia with joint laxity type 1
(SEMD-JL1 or SEMD-JL Beighton
type) by whole exome sequencing. In
three other families with a phenotype
resembling  (4GalT7-deficient EDS,
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targeted B3GALT6 sequencing subse-
quently identified causal mutations in all
of them. Coincidently, Malfait et al.
[2013] identified B3GALT6 mutations
in three unrelated families with a pleio-
tropic EDS-like connective tissue disor-
der, characterized by severe
kyphoscoliosis, joint hypermobility and
contractures, multiple early-onset frac-
tures, SEMD, skin fragility, and intellec-
tual disability. Following  the
identification of B3GALT6 as the causal
gene for SEMD-JL1, Vorster et al.
[2015] identified the same mutations
and a novel p.(Thr79Ala) mutations, all
located in or in the vicinity of the stem
region, in eight prototype South African
families. A few additional patients with an
EDS/SEMDJL1 overlap phenotype have
also been reported [Sellars et al., 2014;
Ritelli et al., 2015; Alazami et al., 2016].

In view of the major clinical overlap
of EDS caused B3GALT6 mutations,
with the phenotypes caused by
B4GALT?7 and by SLC39A13 muta-
tions, these three conditions are grouped
within the same clinical entity (“Spon-
dylodysplastic EDS”) in the new EDS
classification.

The exact prevalence of spEDS-
B3GALT6 is unknown.

Mechanisms of Disease

B3GALT6 encodes galactosyltransfer-
ase II (B1,3-galactosyltransferase 6 or
3GalT6), a membrane Golgi-resident
enzyme, that catalyzes the addition of
the third galactose onto the second
galactose of the GAG linker region (for
introduction, see also “Mechanism of
Disease for spEDS-B4GALT7” sec-
tion). Malfait et al. [2013] showed, using
cultured dermal fibroblasts, that GAG
synthesis and activity was strongly
reduced by the homozygous or com-
pound p.(Asp207His) mutation found in
two patients, as well as by the homozy-
gous p.(Gly217Ser) mutation present in
one of the patients. Expression of both
HS and CS GAG chains was affected in
these patients. This study also showed
that the GAG defects were associated
with abnormal collagen structure and
delayed migration in a wound healing
assay, emphasizing the role of GAG in

collagen fibril formation, as well as in
various physiological functions of con-
nective tissue, such as cicatrisation.
Nakajima et al. [2013] showed that a
recombinant mutant, lacking the initia-
tion codon (p.Metl) produced a trun-
cated protein that was mislocalized to
the cytoplasm and nucleus, presumably
inactive. Also using recombinant pro-
teins, they reported that both enzyme
mutants (p.(Ser65Gly), p.(Pro67Leu))
were inactive, emphasizing the role of
the conserved N-terminal end of the
catalytic
activity of the enzyme. Other mutants

domain in the functional
studied, harboring mutations in the
central or C-terminal part of the
catalytic domain, that is, p.(Asp156Asn)
and p.(Cys300Ser), also exhibited se-
verely impaired enzyme activity except
for p.(Glu174Asp) (50% loss in activity).
Importantly, in the lymphoid cells of
three SEMD-JL1 patients, the amount
of HS was reduced whereas CS/DS was
increased (2-5-fold). The molecular
basis of these observations remains to
be established. In two patients harboring
a compound deletion and catalytic
[Ritelli et al,
2015] showed by micro-array transcrip-

domain mutation
tome and immunofluorescence analyses
a reduced expression of cartilage oligo-
meric matrix protein (COMP) and
osteopontin (SPP1). Interestingly, these
authors reported reduced expression and
disassembly of HS GAG chains and of
the HS-matrix PG perlecan.

Allelic Heterogeneity

In total, 22 missense mutations, eight
frameshift mutations, two in-frame dele-
tions, two start codon mutations, one
splice site, and one in-frame duplication
have been reported for B3GALTE.

The most frequent mutation is the p.
(Pro67Leu) substitution, which is fre-
quent among South Africaner patients,
but which was also reported in a
Vietnamese patient, followed by the p.
(Thr79Ala) mutation, identified seven
times among South Africaner patients.
Other recurrent substitutions include p.
(Arg232Cys) (n=4 families), p.(As-
p207His) (n=3 families), p.(Phel86-

Leu) (n=3 families), p.(Arg6Trp)

(n=2 families), p.(Glu265Asp) (n=2
families), p.(Ser309Thr) (n =2 families),
and p.(Glul74Alafs*266) (n=2 fami-
lies). The p.(Met1?) was reported in five
families.

Other reported missense mutations
include: p.(Val61Leu), p.(Ser65Gly), p.
(Asp144Asn), p.(Asp156Asn), p.(Ser158-
Tyr), p.Tyr182Cys, p.(Pro211Ser), p.
(Gly217Ser), p.(Arg256Trp), p.(Ar-
¢261His), p.(Cys300Ser), p.(Tyr310Cys),
and p.(Pro318Leu).

Other reported frameshift muta-
tions are: p.(Ile76Thrfs*202), p.(Ala108
Glyfs*163), p.(Asp118Alafs*160), p.
(Met  139Alal41del), p.(Phel80Se
rfs*118), and p.(Argl97Alafs*81). Fi-
nally, p.(Argl179_Argl180dup), and p.
(Ala66_Arg84del) were each reported
once.

Out of 36 families, 25 were com-
pound heterozygous and 11 were homo-
zygous. Except for the homozygous p.
(Argl179_Arg180dup), compound het-
erozygosity always included a missense
mutation on one of the two alleles.

Four highly deleterious mutations
are found outside the catalytic domain,
one mutant lacking the initiation Met
codon (p.(Met1?), one mutant in the
cytoplasmic tail (p.(Arg6Trp)), and two
in the stem region (p.(Ser65Gly) and p.
(Pro67Leu)). Other mutations are lo-
cated in the luminal catalytic domain.

Clinical Description

At present, 47 patients from 36 families
with molecularly confirmed spEDS-
B3GALTG6 have been identified (Table
S1). The ages at publication ranged from
birth to 33 years [Malfait et al., 2013;
Nakajima et al., 2013; Sellars et al,,
2014; Ritelli et al., 2015; Alazami et al.,
2016; Honey, 2016, Van Damme et al.,
unpublished]. Detailed clinical data are
available for 36 patients. This overview
includes the SEMD-JL1 patients re-
ported by Nakajima et al. [2013], but
not those reported by Vorster et al.
[2015], since detailed clinical data of the
latter patients were not available.

The hallmarks of the
include: (1) Characteristic craniofacial

disorder

features, (2) kyphoscoliosis, (3) joint
hypermobility, mostly of distal joint,
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(4) joint contractures, (5) short stature,
(6) muscle hypotonia, (7) osteoporosis
with multiple fractures, (8) radiographic

skeletal abnormalities compatible with
SEMD, and (9) intellectual disability
(Representative pictures of the pheno-
type are given in Fig. 5).

Reproductive, including pregnancy

Antenatal ultrasound abnormalities
were reported in eight pregnancies.
Reported abnormalities included pre-
natal kyphoscoliosis (n = 2), shortening
of tubular bones (n = 2), contractures of
wrists and clubfeet (n=1), oligohy-
(n=1);

decreased fetal movements

dramnios
(n=1),
(n=1), and small cerebellum (n=1).

polyhydramnios

For two siblings, the pregnancy was
terminated around 22 weeks of gesta-
tion because of “severe skeletal
dysplasia.”

Reported perinatal complications in-
clude breech presentation (n = 3), con-
(n=3),

hip dislocation

genital kyphoscoliosis
congenital  bilateral
(n=1), bilateral clubfeet (n=3), con-
genital fractures (n = 1), cloudy cornea
(n=1), unilateral unilateral agnesis of
the kidney (n = 1), open foramen ovale
(n=1), cleft palate (n=3), Pierre—
Robin sequence (n=1), severe con-
genital muscle hypotonia or floppy
infant (n=2), and a cerebral hemor-
rhage following vaginal delivery (n =1)
Craniofacial features

Characteristic craniofacial features in-
clude blue sclerae (n=24), frontal
bossing (n=21), midfacial hypoplasia
(n=20), downslanting palpebral fis-
sures (n=4), low-set, sometimes pos-
(n=19),
(n=15),
long philtrum (n=15), micrognathia

teriorly  rotated,  ears

prominent eyes/proptosis
(n=11), depressed nasal bridge (n =9),
small nose (n=06), tooth discoloration
(n=15), hypoplastic teeth (n = 4), sparse
hair (n =4), high arched palate (n =3),
prominent chin (n=2), cleft palate
(h=3),
(n=1),
large anterior fontanel (n=1), short

Pierre—Robin  sequence

asymmetrical skull (n=2),

neck with low hairline (n=1)
Musculoskeletal system
Kyphoscoliosis  is  very  frequent

(n=32), and may be congenital or

develop during the first 24 months of
age, and is usually progressive. Severe
short stature was frequently reported
(n=26). While stature may be short at
birth, growth restriction usually evolved
postnatally. Patients present joint hy-
permobility (n = 27), either generalized
or restricted to distal joints, and
sometimes complicated by dislocations
of large and small joints (n = 14). Joint
contractures were frequent (n=21);
they were either congenital, such as
talipes equinovarus (n=21), and/or
evolved postnatally, and mostly aftected
fingers (e.g., adducted thumbs, camp-
todactyly), wrists, elbows, feet, and
knees. Pectus deformities, either car-
inatum or excavatum, were reported in
8 patients. A total of 13 patients had a
history of multiple spontaneous bone
fractures and 12 had documented
generalized osteoporosis or osteopenia.
Finger shapes were characteristically

LI T

described as “slender,” “arachnodac-
tyly,” or “tapering,” with “spatulate or
broad distal phalanges” (n=13).
Skeletal X-ray imaging

Reported abnormalities include: Short
ilia (n=17), platyspondyly (n=16)
(described as becoming less conspicu-
ous over time by Nakajima et al.
[2013]), ovoid vertebra (n=1), meta-
physeal flaring (n=13), osteopenia
(n=12), anterior beak of vertebral
body (n=12), prominent lesser tro-
chanter (n=11), elbow malalignhment
(n=10), epihyseal dysplasia femoral
head (n=10), metacarpal shortening
(n=7), overtubulation (n=26), radial
head dislocation (n =5), advanced car-
pal ossification (n=15), bowing of long
bones (n = 3), narrowing of long bones
(n=23), acetabular dysplasia (n=2),
vertebral listhesis (n=2), radioulnar

synostosis  (n=1), craniosynostosis
(n=1), coxa valga (n=1), coxa valga
(n=1), wedged vertebral bodies

(n=1), bony fusion of proximal ends
of ulna and radius (n =1), carpal fusion
(n=1). One patient had a severe
torticollis at 12 months due to a
posterior displacement of the vertebral
column, with atlanto-occipital and
atlanto-axial dislocation. Two patients
had an invagination of the atlas into
the foramen magnum and anterior

atlanto-axial subluxation. In two pa-
tients, the cervical instability was asso-
ciated with hydrocephalus [Van Damme
et al., unpublished].

Skin and integument

The skin was usually described as
hyperextensible or loose (n=19), soft
and doughy (n=18), and/or thin or
translucent (n=38). In 10 patients,
increased palmar wrinkling of the hands
was reported. Atrophic scarring (n =5)
and easy bruising (n=23) were rarely
reported. Other reported skin features
include wrinkling of the skin on the
dorsum of the hands (n = 1), and loose,
redundant skin folds on wrists and
ankles (n = 1). Bilateral inguinal hernia
was described in one patient.

Ocular involvement

Refractive errors were reported in five
patients. Other ocular problems include
microcornea (n = 1); intermittent glau-
coma (n = 1); congenital corneal cloud-
ing with sclerocornea (n=1), and
repetitive retinal detachment (n=1).
One patient had optic nerve atrophy.
Dental involvement

Dental involvement was reported in a
number of patients and includes tooth
discoloration (n=15), hypoplastic teeth
(n=4), and early decay of teeth (n =1).
Hearing

Hearing impairment with a conductive
component was described in one patient.
Cardiovascular system

Two patients had a dilation of the
ascending aorta in infancy, two patients
had a mitral valve prolapse, two patients
had an atrial septum defect, one patient
had a patent ductus arteriosus, and one
patient had a patent foramen ovale. Two
patients suffered from a cerebral hem-
orrhage. One patient was reported with
severe bruising, spontaneous scalp he-
matomas, and multiple hemorrhagic
blisters.

Gastro-intestinal system

Constipation was described in one
patient, and gastro-oesophageal reflux
in another.

Urogenital system

Hydronephrosis was detected in one
patient, unilateral renal agenesis in one,
dilatation of renal pelvis ureterocoele in
one and bladder atonia in one. One
patient developed a Wilms tumor.
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Figure5.

Clinical characteristics of patients with spEDS-B3GALT6. Facial characteristics at 2 years of age (A), 6 years of age (B) and 2
months of age (younger sister in panel C) include long face with mild micrognatia in infancy, proptotic eyes with shallow orbits and blue tint
to the sclerae. The palpebral fissures are downslanting. The nasal bridge is broad and there is a low nasal ridge. Chest shows moderate pectus
excavatum. The limbs show significant hyperextensibility, reduced movement of distal joints that leads to absent creases of the distal
interphalangeal joints (D), increased creases of the skin of the palms (D) and club feet (E). There is muscle hypotonia, which is
compounded by the hyperextensibility of the joints and makes anti-gravitational movements difficult (F) (Images kindly provided by Dr.
Roberto Mendoza-Londono, with permission).

e Pulmonary involvement
Several pulmonary problems were
reported: Three patients were re-
ported with restrictive lung disease;
in one of them this was due to lung
hypoplasia and a diaphragmatic her-
nia. Respiratory distress due to lung
hypoplasia was reported in another
patient. Other reports included mild
respiratory deficiency (n=1), sleep
apneu (n=1), chronic aspiration and
pneumonia (n=1), and asthma
(n=1).

® Neuromuscular features and motor
development
Muscle hypotonia was reported in 16
patients, and four of them had docu-
mented muscle hypoplasia. Gross motor
developmental delay, with a delay in
sitting and walking, was described in
seven patients mainly because of muscle
hypotonia. The age at which unassisted
walking occurred in patients who
accomplished ranged between 2 and

remained

7 years. Three patients

non-ambulatory during childhood. In
three patients, feeding problems, due to
muscle hypotonia, were reported.
e Neurological features and neuro-
development
Two patients were reported with brain
atrophy, and two patients had hydro-
cephalus.
Mild to moderate cognitive delay was

suggested in 11 patients.

Genotype—Phenotype Correlation
and Penetrance

No genotype—phenotype correlations
have been described.

Penetrance is complete. Obligate
display no
symptoms.

carriers overt clinical

Management

No specific guidelines for management
of patients with spEDS-B3GALT6

are available. Management guidelines
should be tailored to the individual’s
specific problems and should follow
those formulated for other forms of
EDS.

Specific management guidelines
may include:

® Musculoskeletal:

— At diagnosis a whole body skeletal
survey and bone densitometry studies
are recommended

— In patients with recurrent fractures,
bisphosphonate therapy should be
considered, with treatment protocols
following those formulated for pa-
tients with OI

— Physical therapy for the contractures
and muscle hypotonia, and monitor-
ing for any signs of feeding or
respiratory difficulties, in particular

If the
latter is present then assisted non-

nocturnal hypoventilation.

interventional ventilation at night
may be indicated
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e Cardiovascular system:

— Measurement of aortic root size and
assessment of heart valves by echo-
cardiogram at the time of diagnosis or
by age 5 years.

— Echocardiogram at 5-year intervals,
even if the initial echocardiogram is
normal

— Further vascular surveillance ought
to be considered

Differential Diagnosis

e Spondylodysplastic EDS-B4GALT7
o Spondylodysplastic EDS-SLC39A413

e Kyphoscoliotic EDS (PLOD1 and
FKBP14)
Musculocontractural EDS
(@)

Cutis laxa syndromes
Chondrodysplasia

Congenital myopathies

SPONDYLODYSPLASTIC
EDS DUE TO

SLC39A13 MUTATIONS
(spEDS-SLC39A13)

Synonyms:  spondylocheirodysplastic
EDS (SCD-EDS)

History of Spondylodysplastic EDS
due to SLC39A13 Mutations
(spEDS-SLC39A13)

Giunta et al. [2008b] reported a “new”
clinical entity caused by a mutation in
the zinc transporter gene SLC39A13.
The clinical features of six patients
from two wunrelated consanguineous
families were similar to those of
kEDS-PLOD1, but lack (kypho)scolio-
sis and in addition presented distinct
phenotypic
platyspondyly, osteopenia, short stature
and widened metaphyses, tapered fin-

components, including

gers, and a tendency to develop con-
tractures of small joints. Because of
features affecting mainly the spine
(spondylo) and the hands (cheiro) this
variant was termed the Spondylocheiro-
dysplastic form of EDS (SCD-EDS)
[Giunta et al., 2008b]. The six

patients presented with EDS-like fea-
tures, short stature, finger contrac-
tures, distinct radiological features,
elevated ratios of lysyl pyridinoline
to hydroxylysyl pyridinoline (LP/HP)
(but to a lesser degree then in EDS
type VIA), and underhydroxylated
collagens in culture despite normal
in vitro activities of lysyl hydroxylase
and prolyl 4-hydroxylase, respectively.
The underhydroxylation was a gener-
alized process which occurs along the
entire molecule, and is not confined to
specific residues as shown by tandem
mass spectrometry of the al(I)- and
02(I)-chain derived peptides of colla-
gen type I and involves at least
collagen types I and II [Giunta et al.,
2008a]. Subsequently, Fukada et al.
[2008] reported a third family with
two affected siblings presenting with
similar clinical findings who were
homozygous for a missense mutation
in SCL39A13 [Fukada et al., 2008].
The authors furthermore generated a
Slc39a13—/— knockout mouse that
recapitulated defects observed in the
patients, thereby demonstrating that
mutations in SLC39A13 cause Spon-
dylocheiro-dysplastic EDS [Fukada
et al., 2008].

In view of the clinical overlap of
EDS caused by SLC39A413 mutations,
with the phenotypes caused by
B3GALT6 and by B4GALT7 muta-
tions, these three conditions are grouped
within the same clinical entity (“Spon-
dylodysplastic EDS”) in the new EDS
classification.

The exact prevalence of spEDS-
SLC39A13 is unknown.

Mechanisms of Disease

SpEDS-SLC39A13 is caused by ho-
mozygous loss-of-function mutations
in the zinc transporter  gene
SLC39A13. This gene encodes the
homodimeric transmembrane Zrt/irt-
like protein 13 (ZIP13) protein, a
member of the SLC39A/ZIP family
that regulates the influx of zinc (Zn™™)
into the cytosol [Bin et al., 2011]. This
protein is a member of the LIV-1
subfamily of ZIP zinc Transporters
(LZT), a highly conserved group of

eight transmembrane domain proteins
known to transport zinc and/or other
metal ions from the extracellular space
or from the organellar lumen into the
cytoplasm [Eide, 2006]. Mutant ZIP13
proteins are easily degraded, and
disturb the intracellular Zn*" homeo-
stasis [Bin et al., 2014a,b]. It has been
ZIP13 loss-of-function
leads to a generalized disturbed hy-

shown that

droxylation of lysyl and prolyl residues
in collagen o chains [Giunta et al.,
2008b]. Since Zn*" was found to be
an effective competitive inhibitor with
respect to iron (Fe™™) for prolyl
4-hydroxylase and for lysyl hydroxy-
lase, it was initially suggested that the
generalized underhydroxylation of col-
lagen was likely due to Zn™" overload
in the ER. Zn"" competes with Fe™™"
for binding to lysyl
prolyl 4-hydroxylase, and prolyl 3-
hydroxylase, thus impairing hydroxyl-

hydroxylase,

ation of lysyl and prolyl residues
[Giunta et al., 2008b]. Further studies
however have disputed this hypothesis.
One study proposed that trapping of
Zn"" in vesicular stores reduces the
availability of Zn in the ER and other
cellular components and induces ER
stress [Jeong et al.,, 2012]. Another
study showed that ZIP13 is required for
full activation of BMP/TGEF-3 signal-
ing via regulation of the intracellular
localization of Smad proteins in con-
nective tissue forming cells; this study
put forward the hypothesis that incom-
plete activation of BMP/TGF-3 sig-
naling is responsible for the observed
phenotype [Fukada et al., 2013].

Allelic Heterogeneity

Three mutations have been identified so
far in a total of eight patients from three
independent families.

A homozygous 9-bp in-frame de-
letion in exon 4, c.483_491del9 was
found in two unrelated consanguineous
families originating from North-West-
ern Iraq and the Southeastern part of
Turkey, respectively. At the protein
level, the ¢.483_491del9 mutation leads
to the deletion of the highly conserved
amino acid residues Phe-Leu-Ala from
the third transmembrane domain of
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ZIP13 [Giunta et al., 2008b]. The
second mutation, a homozygous mis-
sense variant ¢.221G>A, p.(Gly64Asp)
[Bin et al., 2011] has been identified in
two siblings from Portugal [Fukada
etal., 2008]. It is localized in the second
transmembrane domain of SLC39A13
and is conserved through all vertebrate
species down to fish.

Clinical Description

To date, eight patients with spEDS-
SLC39A13 from three independent
families have been described: Three
pediatric (<12 years), two adolescents
(12.5 and 14.5 years), and three adults
(>20 years) (Table S1) [Fukada et al.,
2008, Giunta et al., 2008b].

The hallmarks of the disorder
include: (1) Moderate short stature; (2)
hyperelastic, velvety, thin skin with an
easily visible venous pattern, and bruis-
ability which leads to atrophic scars; (3)
slender, tapering fingers, wrinkled palms,
and considerable thenar (and hypothe-
nar) atrophy; (4) distal joint hypermobil-
ity which later results in contractures; (5)
characteristic radiographic abnormali-
ties; and (6) a ratio of urinary pyridino-
lines, LP/HP, of ~1.0 [Giunta et al.,
2008b] (Representative pictures of the
phenotype are given in Fig. 6).

® Reproductive, including pregnancy
All affected individuals were born at
term from uncomplicated pregnancies.
No pregnancies have been reported in
the affected individuals.

o Craniofacial features
Protuberant eyes and down-slanting
palpebral fissures were described in
the majority of affected from the three
families.

o Musculoskeletal system
Short stature with height at the third
centile or below was reported for all
patients but one, whose height was at
the 10th centile at age 8.5 years. The
adult patients presented with mildly
shortened truck. Slender tapering fin-
gers were also reported in the majority
of the affected.

o Skeletal X-ray imaging
Reported features include: platyspon-
dyly, osteopenia of the axial skeleton,

widening of the ends with relative
narrowing of the diaphyses and flat
epiphyses of metacarpals and phalanges,
small ileum, mildly flat proximal epiph-
yses, and short and wide femoral necks.

e Skin and integument
The most distinctive cutaneous features
were thin, velvety and fragile, easy
bruisable skin with atrophic, cigarette
paper-like scars. The skin of the palm of
the hands was wrinkled in all aftected
individuals. In some individuals the skin
was translucent particularly on legs and
feet with easily visible veins.

e Ocular features
Opthalmologic features included myo-
pia, hyperopia, astigmatism, and blue
sclerae.

e Dental features
Hypodontia of one or few teeth in
permanent dentition or abnormally
shaped teeth were described in all
affected individuals, but one.

e Cardiovascular system
Vascular complications were described
in the male patient from Portugal who
suffered from a cerebral hemorrhage
posteriorly to the left putamen at age 21
years, from which he recovered
completely. The adult patients had
venous varicosities on their feet and
legs in adulthood.

e Neuromuscular features and motor
development
The most distinctive muscular feature
was atrophy of the thenar and the
hypothenar and muscle weakness of
the fingers. This feature was not
reported in the two adult siblings
described by Fukada et al. [2008].

Motor development was normal.

Genotype—Phenotype Correlation
and Penetrance

No genotype—phenotype correlations
have been described. Penetrance is
presumably complete. Obligate carriers
have no overt phenotype.

Management

No specific management guidelines have
been reported. Guidelines for manage-
ment of musculoskeletal problems, skin

involvement, cardiovascular problems,
and pregnancy should follow those
formulated for other forms of EDS (for
reference: See “management guidelines
for the classical Ehlers—Danlos syn-
drome,” by Bowen et al., this issue).

MUSCULOCONTRACTURAL
EDS (mcEDS)

Synonyms: Adducted thumb, clubfoot,
and progressive joint and skin laxity
syndrome; Adducted thumb-club foot
syndrome (ATCS); Dundar syndrome;
EDS Kosho type (EDS-KT); EDS
musculocontractural type 1 (EDS-
MC); EDS type VIB, EDS6B; Distal
arthrogtyposis with peculiar facies and
hydronephrosis

The History of
Musculocontractural EDS

EDS caused by D4ST1 deficiency has
initially been reported as three indepen-
dent conditions: A rare type of arthrog-
ryposis syndrome, “adducted thumb-
clubfoot syndrome (ATCS)”; a specific
type of EDS, “EDS, Kosho Type
(EDSKT)”; and a subset of kKEDS
without lysyl hydroxylase deficiency,
“musculocontractural EDS (MCEDS),”
all of which are now concluded to be a
single clinical entity [Kosho et al., 2005,
Malfait et al., 2010, Janecke et al., 2011,
Kosho etal., 2011, Shimizu etal., 2011].

EDS caused by D4ST1
deficiency has initially been
reported as three independent
conditions: A rare type of
arthrogryposis syndrome,
“adducted thumb-clubfoot
syndrome (ATCS)”’; a specific
type of EDS, “EDS, Kosho
Type (EDSKT)”’; and a
subset of kREDS without lysyl
hydroxylase deficiency,
“musculocontractural EDS
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Figure 6. Clinical and radiological findings in patients with spEDS-SLC39A413. (A) Appearance of the hand in a 10.1 years old
patient. Excessively wrinkled palm, thenar and hypothenar atrophy, tapering fingers, and contracted thumb. (B and C) Abnormal scar
formation in two patients. (D) Abnormal dentition and hypodontia. (E) Radiograph of the low thoracic and lumbar spine in a patient aged
11.5 year with flattening, irregular endplates, and osteopenia of the vertebral bodies. (F) Radiograph of the hand of a 3.5 years old patient
showing alterations of shape and flat epiphyses of the short tubular bones. (G) Radiograph of the pelvis of a 10 years old patient showing
small ilia, mild flattening of the proximal epiphyses, short and wide femoral necks (Images kindly provided by Prof. Beate Albrecht and

Prof. Nursel Elgioglu, with permission).

(mcEDS),”’ all of which are
now concluded to be a single
clinical entity.

The prevalence is unknown.

e Adducted thumb-clubfoot syndrome

Dundar et al. [1997] originally reported
on two cousins from consanguineous
Turkish family, both having develop-
mental delay, ocular abnormalities,
characteristic facial features, generalized
joint laxity, arachnodactyly, camptodac-
tyly, and distal arthrogryposis with
adducted thumbs and clubfeet. The
authors named this condition adducted
thumb-clubfoot syndrome (ATCS)
[Dindar et al., 1997]. They subse-
quently reported a similar patient from
another consanguineous Turkish family
with three other similarly affected

siblings who died of an unknown
etiology in early infancy [Dundar
et al,, 2001]. The authors suggested
that two brothers from a Japanese
consanguineous family, manifesting
multiple distal arthrogryposis, charac-
teristic facial features, cleft palate, short
stature, hydronephrosis, cryptorchi-
dism, and normal intelligence, also
had the syndrome [Sonoda and Kouno,
2000]. Janecke et al. [2001] described
two affected brothers from another
consanguineous Austrian family, and
concluded that the syndrome would
represent a new type of arthrogryposis
with central nervous system involve-
ment, congenital heart defects, urogen-
ital defects, myopathy, connective tissue
involvement (GJH), and normal or
subnormal intellectual development
[Janecke et al., 2001]. Dundar et al.
[2009] reported that loss-of-function
mutations in CHST14 was causal for

the syndrome, through homozygosity
mapping using samples from previously
described  consanguineous families.
They also described follow-up clinical
findings of previously reported patients,
including GJH, delayed wound healing,
ecchymoses, hematomas, and osteope-
nia/osteoporosis, from which the au-
thors categorized the syndrome into a
generalized connective tissue disorder.
EDS, Kosho Type

In 2000, Kosho and colleagues encoun-
tered the first patient with a specific type
of EDS, and the second unrelated
patient with parental consanguinity in
2003. Both patients were Japanese girls
with characteristic craniofacial features,
skeletal features (multiple congenital
contractures, marfanoid habitus, pectus
excavatum, GJH recurrent dislocations,
progressive talipes, and spinal defor-
mity), cutaneous features (hyperexten-
sibility, bruisability, and fragility with
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atrophic scars), recurrent large subcuta-
neous hematomas, and hypotonia with
mild motor developmental delay
[Kosho et al., 2005] which were
strikingly similar manifestations ob-
served in Pakistani siblings classified as
having a rare variant of kEDS with
normal lysyl hydroxylase activity (“EDS
type VIB”) [Steinmann et al., 1975].
Kosho et al. [2005] proposed that these
patients represented a clinically recog-
nizable subgroup of EDS, tentatively
classified as EDS type VIB. Kosho et al.
[2010] described four additional unre-
lated Japanese patients with similar
features, including a patient with pa-
rental consanguinity and a patient
reported by Yasui et al. [2003]. They
concluded that these patients repre-
sented a new clinically recognized form
of EDS with distinct craniofacial fea-
tures, multiple congenital contractures,
and multisystem fragility-related man-
ifestations [Kosho et al., 2010]. The
syndrome was registered as “EDS,
Kosho type” in the London Dysmor-
phology  Database  (http://www.
Imdatabases.com/index.html) and also
in POSSUM (http://www.possum.net.
au/). Miyake et al. [2010] identified
CHST14 as the causal gene for this
condition through homozygosity map-
ping using the two consanguineous
families.

Musculocontractural EDS

Malfait et al. [2010] found mutations in
CHST14 through homozygosity map-
ping in two Turkish sisters and an Indian
girl, both with parental consanguinity.
The patients shared characteristic cra-
niofacial features, joint contractures,
and wrinkled palms in addition to
common features of kEDS, including
kyphoscoliosis; joint hypermobility;
muscular hypotonia; hyperextensible,
thin, and bruisable skin with atrophic
scarring; and ocular complications. The
authors concluded that these patients
and those diagnosed with ATCS or
EDS, Kosho type had a single clinical
condition, which they termed “Mus-
culocontractural EDS  (MCEDS)”
[Malfait et al., 2010].

EDS caused by DSE deficiency
Janecke and colleagues identified a
homozygous loss-of-function DSE

mutation, through positional candidate
gene approach, in a boy from a
consanguineous Indian family, who
had characteristic facial features, con-
genital contractures of the thumbs and
the feet, joint hypermobility, muscle
weakness, and atrophic scars and was
diagnosed with MCEDS [Muller et al.,
2013]. Malfait and colleagues found a
missense DSE mutation in two affected
sisters from a Spanish family, who shared
hyperextensible and fragile skin, recur-
rent large hematomas, long slender
fingers, and clubfeet, but no adducted
thumbs [Syxetal., 2015]. In OMIM, the
syndrome is termed as EDS, musculo-
contractural type 2 (EDSMC2) to be
distinguished from EDS caused by
D4ST1-deficiency termed as EDS, mus-
culocontractural type 1 (EDSMCT1).

Mechanisms of Disease

o D4ST1 deficient EDS

EDS caused by D4ST1-deficiency re-
sults from recessive mutations in the
carbohydrate sulfotransferase 14 gene
(CHST14), localized at 15ql4.
CHST14 is a single-exon gene encod-
ing carbohydrate sulfotransferase 14 or
dermatan 4-O-sulfotransferase 1 [Evers
etal., 2001]. D4ST1 is a Golgi-resident
enzyme which is involved in the
biosynthesis of the GAG dermatan
sulfate, where it catalyzes 4-O-sulfation
of N-acetylgalactosamine (GalNAc) in
the sequence “L-iduronic acid (IdoA)-
GalNAc,” immediately after epimeriza-
tion of D-glucuronic acid (GlcA) to
IdoA by dermatan sulfate epimerase
(DSE) [Evers et al., 2001].

The sulfotransferase activity of
cos-7 cells transfected with CHST14
containing p.(LysK69"), p.(Pro281Leu),
p.(Cys289Ser), or p.(Tyr293Cys) muta-
tions was decreased at almost the same
level, suggesting that loss-of-function
mutations in CHST14 (i.e., D4ST1
deficiency) are the basis of this disorder
[Miyake et al., 2010].

Sulfotransferase activity toward DS
in mutant skin fibroblasts was signifi-
cantly decreased to 6.7% in a patient with
the compound heterozygous mutation

p.(Pro281Leu)/p.(TyrY293Cys) and to
14.5% in a patient with the homozygous
mutation p.(Pro281Leu), compared
with each age- and sex-matched control
[Miyake et al., 2010]. Disaccharide
composition analysis of CS/DS chains
isolated from the aftected skin fibroblasts
in these two patients showed a negligible
amount of DS and excess amount of CS,
which was suggested to result from
impaired 4-O-sulfation lock due to
D4ST1 deficiency, followed by back-
epimerization from IdoA to GIcA
[Dindar et al., 2009; Miyake et al.,
2010; Syx etal., 2015]. Decorin, a major
DS-PG in the skin, consists of a core
protein and asingle GAG chain that plays
an important role in assembly of collagen
fibrils, possibly through an electrostatic
interaction between decorin DS chains
and adjacent collagen fibrils. GAG
chains of decorin from the affected
skin fibroblasts contained exclusively
CS and no DS disaccharides, while those
from the controls contained mainly DS
disaccharides  (approximately — 95%)
[Miyake et al., 2010; Syx et al., 2015].
Light microscopy of the affected skin
specimens using hematoxylin and eosin
staining showed that fine collagen fibers
were predominantly present in the
reticular to papillary dermis with marked
reduction of normally thick collagen
bundles [Miyake et al., 2010]. Transmis-
sion electron microscopy showed that
collagen fibrils in the affected skin
specimens were dispersed in the reticular
dermis in contrast to the regularly and
tightly assembled collagen fibrils ob-
served in the controls and that each
collagen fibril in affected skin specimens
was smooth and round, not varying in
size and shape, similar to that in the
controls [Miyake et al., 2010].

In view of these findings, skin
fragility in patients with EDS caused
by D4ST1 deficiency is postulated to
result from impaired assembly of colla-
gen fibrils caused by the replacement of
a DS with a CS chain of decorin
through alterations in the electrostatic
binding of decorin to collagen fibrils
followed by difterence in the spatial
relationship between collagen fibrils
and decorin [Kosho, 2013; Kosho
et al., 2014; Kosho, 2016].
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o DSE-deficient EDS

EDS caused by DSE deficiency results
from recessive mutations in the derma-
tan sulfate epimerase gene (DSE). DSE
is a Golgi-resident enzyme that cata-
lyzes the epimerization of D-glucuronic
acid (GlcA) toward iduronic acid
(IdoA). This allows D4ST1 to catalyze
the 4-O-sulfation of the adjacent
GalNAc, which then prevents back-
epimerization of the IdoA to GlcA.

Two homozygous missense muta-
tions (p.(Arg267Gly); p.(Ser268Leu))
have been detected [Muller et al., 2013;
Syx et al., 2015]. Heterologous expres-
sion of mutant full-length and soluble
recombinant DSE proteins harboring the
p-(Ser268Leu) substitution showed a loss
of activity towards partially desulfated
DS, and patient-derived fibroblasts
also showed a significant reduction in
epimerase activity. The amount of DS
disaccharides was markedly decreased in
the conditioned medium and cell fraction
from cultured patient fibroblasts com-
pared to control. No difference was seen
in CS chains from the conditioned
media, though the total amount of CS
disaccharides in the cell fraction from the
patient was increased approximately
1.5-fold, consistent with increased syn-
thesis or reduced conversion of CS chains
[Muller et al., 2013].

Syx et al. [2015] analyzed fibroblasts
from a patient harboring the p.(Arg267-
Gly) substitution and could show that a
minor fraction of decorin DS was
present, consisting of IdoA-containing
disaccharides, which could be attrib-
uted to
compensating DSE2 activity. In this

residual DSE activity, or

patient, no pronounced ultrastructural
abnormalities of dermal collagen fibrils
were noted, but immunofluorescent
stainings of collagen types I, III, and V
and fibronectin showed evidence of
abnormal ECM assembly [Syx et al.,
2015].

Allelic Heterogeneity

e CHST14
Mutations have been detected through-
out the CHST14 gene. These include

11 missense mutations, six frameshift
mutations, and two nonsense mutations.

The p.(Pro281Leu) was most frequent
(n=9), other recurrent mutations include
p.(Val49*) (n = 3), p.(Arg213Pro) (n =2),
and p.(Tryr293Cys) (n=4). All other
mutations were reported once: p.
(Arg29G£s*113), p.(Lys69*), p.(Gln113
Argfs*14), p.(Arg135Gly), p.(Leu137GlIn),
p-(Cys152Leufs*10), p.(Phe209Ser), p.
(Arg218Ser),  p.(Gly228Leufs*13), p.
(Glu262Lys), p.(Arg274Pro), p.(Met280-
Leu), p.(Cys289Ser), p.(Trp327Cfs*29),
and p.(Glu334Glyfs*107).

e DSE

Two homozygous DSET missense mu-
tations (p.(Arg267Gly) and p.(Ser268-
Leu)) have been detected.

A registry with CHST14 and DSE
gene variants is available [Dalgleish,
1998].

Clinical Description

At present, 39 patients (18 females, 21
males) from 26 families have been
published with recessive CHST14
mutations (Table S1). The ages of
patients with CHST14 mutations at
the latest publication ranged from 0 day
to 59 years. [Dundar et al., 1997;
Sonoda and Kouno, 2000; Dundar
et al., 2001; Janecke et al., 2001; Yasui
et al., 2003; Kosho et al., 2005; Kosho
et al.,, 2010; Malfait et al., 2010;
Shimizu et al., 2011; Mendoza-Lon-
dono et al., 2012; Winters et al., 2012;
Voermans et al., 2012; Syx et al., 2015;
Janecke et al.,, 2016; Mochida et al.,
2016].

Three patients (one child, two adult
women) from two families have been
published with recessive DSE1 muta-
tions [Muller et al.,, 2013; Syx et al.,
2015].

The hallmarks of the disorder
include: (1) Characteristic craniofacial
features, (2) congenital multiple contrac-
tures, including adducted thumbs and
talipes equinovarus, (3) characteristic
cutaneous features including fine palmar
creases, (4) peculiar finger shapes, (5)
progressive spinal and foot deformities,
(6) large subcutaneous hematomas, and

(7) ophtalmological and urogenital

involvement (Representative pictures of
the phenotype are given in Fig. 7).

® Reproductive, including pregnancy
Pregnancy-related  findings include
hand/foot anomalies (n=3), oligohy-
dramnios (n=2), and decreased fetal
movement (n=2). No deliveries have
been described in female patients with
EDS caused by D4ST1 deficiency. Two
deliveries were described in a female
patient with EDS caused by DSE
deficiency, followed by uterine and
bladder prolapse [Syx et al., 2015].

o Craniofacial features
Characteristic craniofacial features in-
clude a large fontanelle (n = 24), hyper-

(n=36),

palpebral fissures (n=35), blue sclerae

telorism downslanting
(n=28), short nose with hypoplastic
(n=17), ear
(n=35) including low-set (n =22) and
posteriorly rotated (n=14) ears, high

columella deformities

palate (n=21), long philtrum and/or
thin upper lip vermilion (n=24), and
small mouth and/or micro-retrognathia
(n=16) at birth to early childhood.
Slender facial shapes with protruding
jaws (n=11) and facial asymmetry
(n=8) are evident from adolescence.
o Musculoskeletal system
Mild prenatal growth restriction was
suggested: Mean birth length —0.5 SD
and median —0.6 SD (n = 9; range, from
—1.6 to +1.3 SD); mean birth weight
—0.6 SD and median —0.67 SD (n=11;
range, from —2.0 to +0.5 SD); and mean
birth occipital frontal circumference —0.2
SD and median —0.5 SD (n =8; range,
from —1.0 to +1.0 SD) [Shimizu et al,,
2011]. Mild postnatal growth restriction
was suggested with slenderness and
relative macrocephaly: Mean height
—0.9 SD and median —0.6 SD (14 data
points from 12 patients; range, from —3.9
to +1.2 SD); mean weight —1.5 SD and
median —1.4 SD (11 data points from 9
patients; range, from —2.4 to —0.4 SD);
and mean occipital frontal circumference
—0.2 SD and median 0.0 SD (10 data
points from 8 patients; range, from —1.2
to >2.0 SD) [Shimizu et al., 2011].
Multiple
were cardinal features and typically

congenital contractures

included adduction-flexion contractures
of the thumbs (n=32; no adducted
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Figure 7. A female patient with mcEDS-CHST14. Facial characteristics at age 23
days (A) and 24 years (B). (A and C) Congenital contractures of fingers including
adducted thumbs (A) and cylindrical fingers at age 24 years (C). (D) Characteristic
wrinkling palmar creases. (E) Left talipes equinovarus. (F) progressive foot deformities at
age 15 years. (G) A large subcutaneous hematoma at age 6 years (Images kindly provided
by Dr. Tomoki Kosho, with permission. A and E, originally published in Kosho et al.
[2010], in American Journal of Medical Genetics; G, originally published in Kosho et al.
[2005], in American Journal of Medical Genetics).

thumbs in seven and data not available in
two) and talipes equinovarus (n=42).
Finger shapes were characteristically de-
scribed as “arachnodactyly,” “tapering,’
“slender,” or “cylindrical” (n=36). Pro-
gressive talipes deformities (planus, valgus,
or severer) (n = 27) and spinal deformities
(decreased physiological curvature, scolio-
sis, or kyphoscoliosis) (n=23) were
observed. Marfanoid habitus (n = 13);

recurrent, chronic or easy joint dislocations
(n=19), and pectus deformities (flat and
thin, excavatum, or carinatum) (n= 18)
were also noted.

Skin and integument

Skin hyperextensibility (from child-
hood) and redundancy (from adoles-
cence) (n=24), bruisability (n=22),
and fragility with atrophic scars (n =23)
were common. Acrogeria-like fine

palmar creases or wrinkles were char-
acteristic and became evident with
aging (n = 29). Hyperalgesia to pressure
was suggested (n=38) because patients
disliked being hugged in infancy or
disliked blood pressure measurement in
the upper arms. Recurrent subcutane-
ous infections with fistula formation
were also observed (n=38).

Ocular involvement

Refractive errors, typically myopia
(n=12) followed by astigmatism
(n=>5) and hyperopia (n=4), were
described in 16 patients; strabismus in
13 patients; microcornea in 13; glau-
coma or elevated intraocular pressure
in eight; and retinal detachment in
seven. Progressive visual field loss was
described in a 31-year-old female
[Kosho et al., 2010], deterioration in
vision of the right eye because of the
lacquer crack in Bruch’s membrane
adjacent to right fovea in a 15-year-old
male [Syx et al., 2015], and right-sided
blindness because of retinal detach-
ment in a 45-year-old female [Janecke
et al., 2016].

Hearing

Hearing impairment was described in
nine patients (specified for high-pitched
sounds in five).

Cardiovascular system

Recurrent large subcutaneous hema-
tomas (skull, extremities, or hips) are
a serious complication that can, even
after minor trauma, progress acutely
and massively to hemorrhagic shock
requiring intensive treatment (hos-
pital admission, blood transfusion, or
surgical drainage) (n =21). Intranasal
administration of 1-desamino-8-D-
arginine vasopressin (DDAVP) after
trauma effectively prevented large
subcutaneous hematomas in three
patients [Kosho et al., 2010; Janecke
et al., 2016]. Congenital heart de-
fects, typically ASD, were detected in
seven patients. Valve abnormalities
and/or aortic root dilatation were
also detected in seven patients.
Infectious endocarditis occurred in
two patients: One was successfully
treated with surgical resection of the
vegetation [Kosho et al., 2010] and
the other expired [Janecke et al.,
2016].
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o Gastro-intestinal system

Constipation was described in nine
patients. Two adults and one adolescent
patient had colonic diverticula perfora-
tion, corrected surgically [Kosho et al.,
2010; Kono et al., 2016]. One adoles-
cent patient had a severe progressive
gastric ulcer, treated with partial
gastrectomy [Kosho et al, 2010].
Complications associated with gastro-
intestinal malformations included a
common mesentery, spontaneous vol-
vulus of the small intestine associated
with absent gastrocolic omentum
[Janecke et al., 2001], and duodenal
obstruction due to malrotation [Malfait
et al., 2010].

Urogenital system

Hydronephrosis was detected in eight
patients. It was caused by renal ptosis in
one patient, who underwent laparo-
scopic placement of a ureteral stent,
complicated by severe hemorrhage due
to tissue fragility [Malfait et al., 2010].
Another patient had a pelviureteric
junction obstruction requiring neph-
rostomy in the neonatal period [Syx
et al., 2015]. Nephrolithiasis or cysto-
lithiasis was described in six patients,
and recurrent urinary tract infection in
three. Cryptorchidism was observed in
most male patients. One patient who
underwent orchidopexy developed hy-
pogonadism in adulthood.

Pulmonary

Pneumothorax or pneumohemothorax
occurred in three adult patients, who
were treated with chest tube drainage
[Kosho et al., 2010].

Neuromuscular features and motor
development

Muscle hypotonia or weakness was
described in 17 patients. A myopathic
process was suggested as the cause of the
muscle weakness in a patient. Electro-
myographic examination demonstrated
muscle action potentials with reduced
amplitude but with a normal distal
latency time and nerve conduction
velocity, and muscle biopsy revealed
no histological abnormalities [Dundar
et al, 1997]. In another patient,
quantitative muscle  ultrasonography
showed increased echo intensity in the
forearm extensors and anterior tibial
muscles as well as marked bilateral atrophy

of the forearm flexors, forearm extensors,
and quadriceps. Nerve conduction stud-
ies showed low compound muscle action
potential amplitudes in the distal muscles.
Needle electromyography showed an
abnormal and mixed pattern of short-
duration, low-amplitude, polyphasic mo-
tor units, as well as polyphasic motor units
with a longer duration and higher
amplitude, reflecting an increase in fiber
size diameter. Muscle biopsy showed fiber
type 1 predominance without fiber type
grouping, increased variation in the
diameter of both type 1 and type 2 fibers,
and some type 1 fibers in close proximity
to lobulated fibers. These findings were
compatible with a myopathy, similar to
other EDS types [Voermans et al., 2012].
Elevation of serum CK (creatine kinase)
level was described in four patients (277,
698, 1838, 3000 IU/L) [Janecke et al.,
2016].

Gross motor developmental delay was
described in 23 patients mainly because
of muscle hypotonia. The median age at
which unassisted walking occurred in
patients who accomplished it was 2 years
4 months (n= 10; range, from 1 year 5
months to 4 years). One adult patient
could not walk unassisted because of
severe foot deformities and leg muscle
weakness [Kosho et al., 2010].
Neurological features and neuro-
development

Ventricular enlargement was described
in six patients and asymmetry in three
on brain ultrasonography, computed
tomography, or magnetic resonance
imaging. Additional minor findings
were also recorded: Absence of the
left septum pellucidum [Janecke et al.,
2001], a short corpus callosum with lack
of an isthmus and well-defined rostrum,
mild prominence of the Sylvian fissures,
and a few small gray matter heterotopias
along the lateral walls of the temporal
horns of the lateral ventricles [Men-
doza-Londono et al., 2012], absence of
the septum pellucidum, hypoplasia of
the inferior vermis with a normally
sized posterior fossa (Dandy—Walker
variant), hypoplasia of the hippocampi
and splenium of the corpus callosum,
and hypoplasia of the optic nerves
(septo-optic dysplasia) [Winters et al.,
2012] and mild cerebellar hypoplasia,

hypoplasia of the cerebellar vermis
(reminiscent of Dandy—Walker variant),
and absence of the septum pellucidum
[Syx et al., 2015]. Spinal cord tethering
was noted in three patients, two of
whom underwent corrective surgery.
Mild intellectual delay was suggested in
three patients; one reportedly had
global psychomotor delay in infancy,
but his IQ was around 90 at the age of
7 years 2 months [Dundar et al., 1997;
Janecke et al., 2011].
o Other

Poor breast development was noted in
seven female patients beyond adolescence.

Genotype—-Phenotype Correlation
and Penetrance

Penetrance is complete, whereas differ-
ences in phenotypic severity among
affected siblings have been suggested.
No apparent genotype—phenotype cor-
relations have been described among
patients with EDS caused by D4ST1
deficiency. Phenotypic features in three
patients with EDS caused by DSE
deficiency seemed to be milder than
those in patients with EDS caused by
D4ST1 deficiency, presumably associ-
ated with the glycobiological finding
that some DS moieties were present in
the decorin GAG in the fibroblasts
derived from patients with EDS caused
by DSE deficiency, whereas DS was
completely replaced by CS in the
fibroblasts derived from patients with
EDS caused by CHST14/D4ST1 defi-
ciency [Syx et al., 2015].

Management

Management should be comprehensive
especially focusing on musculoskeletal,
cutaneous, cardiovascular, visceral, and
ocular complications [Shimizu et al.,
2011; Kosho, 2016]. No specific guide-
lines for management of patients with
D4ST1/DSE-deficient EDS are avail-
able. Guidelines for management of
musculoskeletal problems, skin involve-
ment, cardiovascular involvement, oph-
thalmologic and dental follow-up, and
pregnancy should follow those formu-
lated for other forms of EDS (for
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reference: See “management guidelines
for the classical Ehlers—Danlos syn-
drome,” by Bowen et al., this issue).

Specific management guidelines
may include:

o At diagnosis:
— Screening for congenital heart defects
through a cardiac ultrasonography
— Screening for ocular malformations
through an examination by a pediat-
ric ophthalmologist
— Screening for malformations in the
renal system through a renal
ultrasonography
— Screening for hearing impairment by
an automated auditory brainstem
(aABR) as

examination of a pediatric otologist

response well as an

® Musculoskeletal:

— Orthopedic intervention (e.g., serial
plaster casts or surgery) for talipes
equinovarus and physical therapy for
motor developmental delay as the
center of care for patients with the
disorder

— After walking independently, special
attention to progressive foot defor-
mities and trauma that could cause
skin lacerations, joint dislocations, or
large subcutaneous hematomas

— Assessment of spinal deformities
(scoliosis, kyphoscoliosis)

e Skin: A wrist-type sphygmomanometer
for patients with hyperalgesia to
pressure

e Ophtalmological: Regular check-ups
for  strabismus, refractive  errors,
glaucoma

o ORL: Regular check-up for otitis media
with effusion, hearing impairment

e Urological: Regular check-up for uri-
nation problems, bladder enlargement.
Surgical fixation for cryptorchidism in
males

o Cardiovascular: Regular check-up for
valve abnormalities, aortic root dilation

o Gastro-intestinal: Regular check-up for
constipation and evaluation for need of’
laxatives and/or enemas

e Assessment of secondary sex character-
istics (breast development in females
and gonadal function in males)

e Emergent treatment for pneumothorax or
pneumohemothorax, large subcutaneous

hematomas, and diverticular perforation

Differential Diagnosis

Spndylodysplastic EDS
Kyphoscoliotic EDS (PLOD 1, FKBP14)
Freeman—Sheldon syndrome

Loeys—Dietz syndrome

MYOPATHIC EDS (mEDS)

Synonyms: EDS/Myopathy overlap

syndrome

The History of Myopathic EDS
(mEDS)

The spectrum of diseases characterized
by muscle weakness, hypotonia, myop-
athy, and connective tissue symptoms was
first associated with mutations in the
genes that code for collagen type VI
These conditions have a wide spectrum
of severity that ranges from the most
severe Ullrich congenital muscular dys-
trophy to the milder Bethlem myopathy.
Zou et al. [2014] and Hicks et al.
[2014] investigated groups of patients
that had of these
myopathies but presented with a distinc-

some symptoms
tive phenotype and did not have muta-
tions aftecting type VI collagen. Through
these studies they identified eight patients
in four families that presented with
autosomal recessive (two patients, one
family) and dominant (six patients, three
families) forms of EDS/myopathy. Since
then, one additional patient has been
described [Punetha et al., 2016]. Preva-
lence of this condition is unknown.

Mechanism of Disease

Collagen XII is synthesized as a homo-
trimer made up of three al collagen
chains coded by COL12A1. It is found
along the surfaces of the fibers of
collagen type I in tissues that express
that collagen, and it is presumed to act as
a bridge between the collagen I fibers
and other extracellular components
including decorin, fibromodulin, and
TNX [Zou et al., 2014]. Deficiency of
this collagen results in lax tissues due to a
mechanical problem with the ECM.
Because collagen XII is expressed in the

muscle ECM,
disorganized patterning, abnormal force

its absence results in

transmission, and other biomechanical
alterations resulting in myopathy. Its
absence in skin and tendons would explain
the overlapping EDS manifestations.

Allelic Heterogeneity

To date, nine patients from five families
with myopathic EDS have been reported
[Hicks et al., 2014; Zou et al., 2014,
Punetha et al., 2016]. The mutations
include four heterozygous missense muta-
tions that have an autosomal dominant
mode of inheritance: ¢.7167 T>C, p.
([1e2334Thr), c.C5893T, p.(Arg1965Cys),
8329G>C, p.(Gly2777Arg), and c.
G8357A, p.(Gly2786Asp), and one ho-
mozygous frameshift mutation, introduc-
ing a PTC, associated with autosomal
recessive inheritance (c.8006 +1 G>A, p.
(2567Asp>Phefs*2).

Clinical Description

At present, nine patients from five
families have been reported (Table S1).
Their age at publication ranged from
birth to 48 years (Table S1) [Hicks et al.,
2014; Zou et al., 2014; Punetha et al.,
2016]. The severity ranges from a severe
autosomal recessive neonatal form that
was described in two boys born to a
consanguineous couple, to a milder
autosomal dominant form that presents
in childhood with muscle weakness,
large joint contractures, and variable
degrees of joint hypermobility and
hypertrophic scarring. The phenotype
may not be fully understood as there are
so few reported cases.

The hallmark of the disorder is
muscle weakness that is present in infancy
or childhood and is associated with
proximal large joint contractures and distal
joint hypermobility. Characteristically,
the muscle weakness tends to get better
with age until young adulthood with
some deterioration in the 4th decade.

® Reproductive, including pregnancy
One patient was born after a selective
caesarian section because of oligohy-
dramnios, intrauterine growth restric-
tion, and breech presentation.
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e Craniofacial features
One patient displayed facial asymmetry
with skull flattening at birth, and mild
dysmorphic facial features, including
micrognathia, high palate, short nose,
big dysplastic ears. High arched palate
was reported in two other patients.
® Musculoskeletal
Congenital proximal joint contractures
in combination with distal joint hyper-
mobility were reported in three pa-
tients. One patient was reported to have
proximal contractures at birth without
mentioning of distal join hypermobility.
At age 7 vyears, contractures had
disappeared but she had joint hypermo-
bility in childhood. All patients tended
to have congenital kyphosis, in con-
junction with torticollis in one, and
some developed scoliosis. The patients
reported by Hicks et al. [2014] (n=5)
developed long finger flexions (n=4),
rigid spine (n = 2), flexion contractures
of knee (n=2), elbow (n=1), and
wrist (n=1). Hip dislocation or sub-
luxation was reported in two patients.
One patient had a pectus excavatum.
e Skin and integument
Reported skin features include hyper-
trophic scars (n=23), atrophic scars
(n =2), hyperkeratosis pilaris (n=1).
e Neuromuscular features and motor
development
The siblings reported by Zou et al.
[2014] (homozygous mutation) had the
most severe phenotype with profound
muscle hypotonia at birth, poor feeding
and swallowing, and night-time hypo-
ventilation, with need for tube feeding
and non-invasive night-time ventilation.
They had a severe delay in motor
development, and they eventually were
able to reach a sitting position, but were
never able to stand or walk [Zou et al.,
2014]. All other patients had congenital
muscle hypotonia, with delayed gross
motor development, but symptoms
seemed to improve over time. None of
these patients remained non-ambulatory.
In one adult, muscle strength was reported
to deteriorate again in his late 30s.
Reported abnormalities on muscle
biopsy include myopathy with variabil-
ity in fiber diameter, without overt sins
of degeneration or regeneration. In one
instance, there was decreased laminin

B1. CK was elevated in several, but not
all patients (of note: It was normal in the
siblings with the most severe, autosomal
recessive form).

Genotype—Phenotype Correlation
and Penetrance

There appears to be a clear genotype—
phenotype correlation. In general, from
the five mutations described so far it seems
that missense mutations that affect critical
residues in the molecule have a dominant-
negative effect and result in variable
degrees of severity. There are no docu-
mented instances of non-penetrance.
There is significant variability, within
and between families, with individuals
carrying the same mutation presenting
with different degrees of severity.

The one family with the autosomal
recessive condition harbors a homozy-
gous loss of function mutation. The
affected siblings have a more severe form
of the condition. Reportedly carrier
parents walked late (almost at 2 years of
age); therefore there appears to be a mild
phenotype (dominant) in the carriers
and a severe phenotype (recessive) in the
individuals that are homozygous [Zou
et al., 2014].

Penetrance is unknown.

Management

There are no described treatments for
this group of disorders. Anticipatory
guidance should focus on preventing
complications and improving the pre-
senting symptoms. This may include
physical therapy for the contractures
(since they tend to resolve over time),
and monitoring for any signs of feeding
or respiratory difficulties, in particular
nocturnal hypoventilation. If the latter is
present, then assisted non-interventional
ventilation at night may be indicated.

Differential Diagnosis

e Bethlem and Ullrich myopathies (Col-
lagen type VI-related disorders)

e Kyphoscoliotic EDS

e Hypermobile EDS

o Classical EDS
o Classical-like EDS

PERIODONTAL EDS (pEDS)

Synonyms: EDS type VIII, Ehlers—
Danlos Syndrome periodontitis type,
Ehlers—Danlos Syndrome periodontosis

type.

The History of Periodontal EDS

McKusick [1972] described a “unique
condition” in a patient with EDS-like
features, that is, lesions on the shins, slow-
healing breaks in the skin, atrophic scars,
and absorptive periodontitis with early
loss of the teeth. Five years later, Stewart
et al. [1977] published a similar case and
classified this new variant as EDS VIII.
Since then, pEDS has been reported in
32 case reports and seven pedigree
analyses. Extensive periodontal destruc-
tion with early onset is a core finding of’
periodontal EDS, mostly in combination
with striking pre-tibial plaques and tissue
fragility. There is greater variability in
other clinical features.

In the past, the delineation of pEDS
as a specific phenotype was hampered by
the relatively high prevalence of chronic
periodontitis, with an estimated range
from 19 to 83% depending on age and
severity [Demmer et al., 2010]. There-
fore, periodontal disease in vascular and
other EDS types could be a coincidence
of two unrelated diseases. These histori-
cal overlaps between pEDS and other
EDS subtypes have confused the phe-
notype. While the majority of pEDS
patients had vEDS excluded through
collagen protein analysis, this does not
completely exclude a COL3A1 variant
being causative in some of the older
cases.

Also, joint hypermobility is a com-
mon feature in the general population,
which complicates accurately ascertain-
ing co-segregation of these two traits.
The Villefranche EDS nosology group
noted these difficulties in distinguishing
this rare disorder from other hereditary
disorders of connective tissue [Beighton
etal., 1998]. In 2003, pEDS was mapped
7¢cM (5.8 MB)

to a interval on
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chromosome 12p13 in three families
[Rahman et al., 2003], but no candidate
gene was identified. In 2016, an interna-
tional consortium published 19 indepen-
dent families comprising 107 individuals
with pEDS to identify the genetic locus
[Kapferer-Seebacher et al., 2016]. In-
cluded were samples of eight previous
case reports and pedigree studies [Stewart
et al., 1977, Hartsfield and Kousseff,
1990, Rahman et al., 2003, Reinstein
et al.,, 2011, Reinstein et al., 2012,
Reinstein et al.,, 2013, Cikla et al.,
2014, George et al., 2016]. In 17 of
these families, heterozygous missense or
in-frame insertion/deletion mutations in
C1R (15 families) or C1S (two families)
were identified. CIR and CIS are
contiguous genes in the previously
reported linkage region on chromosome
12p13, and encode subunits C1rand Cls
of the first component of the classical
complement pathway.

The prevalence of pEDS is unknown.

The Mechanisms of Disease

Complement is a major element of
antimicrobial host defense through its
ability to recognize pathogens and limit
infection in the early phase after expo-
sure to microorganisms. The classical
pathway of complement is triggered by
C1, a complex comprising a recognition
subunit Clq and two modular serine
proteases (SPs) Clr and Cls [Budayova-
Spano et al., 2002]. Clr and Cls are
assembled into a Ca(2+)-dependent
Cls—C1r—Cl1r—Cls tetramer which
associates with the recognition protein
C1q [Gaboriaud etal.,2014; Rossi etal.,
2014]. After C1 binding to immune
complexes, Clr auto-activates and then
cleaves Cls which in turn cleaves C4
(into C4a and C4b) and C2 (into C2a
and C2b) to form the classical pathway
C3 convertase (C4b2a) [Patrick et al.,
1970; Thielens et al., 1982; Amano
et al., 2008].

One attractive hypothesis for the
pathomechanism of pEDS is altered
binding of the C1r—Cls tetramer or
prematurely cleaved fragments to Clq
or soluble procollagens. This could
affect C1 function or interfere with
procollagen processing within the ER.

Moderate enlargement of the ER
cisterns documented in vitro in dermal
fibroblasts may reflect retention of
malprocessed molecules but could also
reflect boosted expression/production
of collagen as a feed-back response to
decreased deposition of mature collagen
into the matrix. The exact pathome-
chanism of pEDS remains to be clarified.

Allelic Heterogeneity

in-frame
in CIR
were detected in 15 families (comprising
76 affected individuals), and heterozy-
gous missense or in-frame insertion/
deletion variants in C1S were detected

Heterozygous missense or

insertion/deletion  variants

in two families (comprising 16 affected
individuals). These variants involve the
C1r/Cl1s, Clr/Clr, or Clr/Clq inter-
faces or the hinges between interaction
and catalytic domains of Clr and Cls.
Variants never involved the catalytic
domain of Clr or Cls [Kapferer-
Seebacher et al., 2016].

Clinical Description

In the review on clinical features, we
distinguished between individuals with
confirmed mutations in CIR or C1S
and other case reports. See Table S1 for
the prevalence of clinical features in the
molecularly confirmed patients (Repre-
sentative pictures of the phenotype are
given in Fig. 8).

e Craniofacial features

Stewart et al. [1977] included a photo-
graph of the reported patient with an
“aesthenic build.” Dysmorphic facial
features were not described by Rahman
et al. [2003]. In the dysmorphology
literature, Cunniff and Wailliamson-
Kruse [1995] described a triangular
face, prominent eyes, long nose, and
short philtrum. Biesecker described a
paucity of subcutaneous fat with prom-
inent nose and larynx [Biesecker et al.,
1991]. Hartsfield noted the phenotypic
overlap with vEDS [Hartsfield and
Kousseff, 1990].

Figure 8.

permission).

(A) Gingival tissues of a child affected with pEDS. The keratinized
gingiva is missing; the oral mucosa extends to the free gingival margin and the interdental
papillae and is very fragile. (B) Gingival tissues of a non-affected child. The gingiva is
keratinized and is tightly bound to the underlying periostum via collagen structures, and
performs a protective function during mastication. The border between gingiva and
alveolar mucosa is the mucogingival junction (dotted line). The oral mucosa is non-
keratinized and only loosely connected to the periostum; therefore, it is more fragile. (C)
Dental radiograph of an affacted individual, at aged 29. Notice severe periodontal bone
loss (asteriks). (D) Clinical picture of the same individual, at age 30. Premolars in the left
mandible have been lost in the meantime without periodontal pocketing and despite
good oral hygiene. Notice the lack of keratinized gingiva and gingival recessions
(receeding gums) (Images kindly provided by Dr. Ines Kapferer-Seebacher, with
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o Musculoskeletal system

In 93 individuals with CIR or C1S
mutations reported by Kapferer-See-
bacher et al. [2016] joint hypermobility
was reported in 56% of patients, mostly
affecting the fingers (30%), the elbows
(19%), knees (11%), hips, wrist, and
ankle (3%). Marfanoid habitus, scolio-
sis, osteoarthritis, flat feet, and hernia
were not consistent features [Kapferer-
Seebacher et al., 2016].

Skin and integument

Pretibial plaques with or without
haemosiderosis are a consistent feature
in most reports. Clinically, the lesions
resemble necrobiosis lipoidica, but
generally differ histologically. Fibrosis
and haemosiderin deposits were re-
ported, as opposed to interstitial and
palisade granulomas and/or microangi-
opathy 19. Buckel and Zaenglein
[2007] confirmed similar findings.
Easy bruising, skin fragility, and (mild)
hyperelasticity of the skin have been
reported in the majority of cases. There
is a single report of an associated
vasculitis in the absence of pretibial
lesions [Hoffman et al., 1991]. In 93
individuals with C1R or C1S mutations
reported by Kapferer-Seebacher et al.
[2016], consistent cutaneous findings
were pretibial discolorations (83%),
easy bruising (96%), skin fragility
(83%), and (mild) hyperelasticity of
the skin (73%). Atrophic scars were
present in 50% of cases [Kapferer-
Seebacher et al., 2016].
Cardiovascular involvement

Until recent, pEDS has not been
associated with catastrophic vascular
complications or hollow visceral rup-
ture that arise in vEDS. It is of note that
the father of the case reported by
Stewart et al. [1977] had duodenal
rupture and subsequent collagen pro-
tein analysis showed a normal collagen
(LII) ratio. Recently, a 42-year-old
woman was reported with pEDS and a
ruptured “blood blister” shaped aneu-
rysm of her left middle cerebral artery
[Cikla et al., 2014].
Kapferer-Seebacher et al. [2016]
reported a prevalence of 16% for
vascular complications (cerebral aneur-
isms or aortic dissection), and one
individual with three events of organ

rupture (once duodenum, twice lung).
As pEDS patients are not routinely
checked for aneurisms, there might be
also unrecorded cases. Additionally,
many of the reports describe pediatric
patients and there is a great need for
longterm follow-up.
Dental involvement
Early-onset periodontitis with exten-
sive periodontal destruction and loss of
teeth, starting in childhood or adoles-
cence, is one of the defining hallmarks
of pEDS, and was present in all reported
cases and in 99% of individuals with
confirmed CIR/C1S mutations. A
clear demarcation to the diagnosis of
chronic or aggressive periodontitis is
essential. Typically, periodontal de-
struction in pEDS is not accompanied
by periodontal pocket formation but by
receding gums (personal observation
IK). Prior to periodontitis, aftected
individuals may present with extensive
gingival inflaimmation in response to
mild dental plaque accumulation. A
characteristic recently described feature
is a striking lack of attached gingiva
causing oral tissue fragility (Fig. 1)
[Kapferer-Seebacher et al., 2016].
Additional laboratory findings
— Biochemistry:
Biochemical analysis of collagen in
cultured skin fibroblasts did not show
abnormalities in the production and
secretion of type I, III, and V collagens
in several case reports and also in eight
individuals with confirmed mutations
in C1S/C1R [Biesecker et al., 1991;
Cunniff and Williamson-Kruse, 1995;
Kapferer-Seebacher et al., 2016]. In
contrast, Mataix et al. [2008] reported
a reduced rate of collagen (I) and
collagen (II) synthesis compared to
control samples. Lapiere and Nusgens
[1981] initially reported a family with
pEDS and reduced collagen III pro-
tein from skin, but later reported thata
repeat analysis had not been able to
replicate this.
— Skin histology and ultrastructure:
It is of note that there is variation in
collagen ultrastructure depending on
the site of biopsy in the general
population (Pope and Vandersteen,
personal observations). Many pa-
tients with pEDS in the literature

had biopsy from pre-tibial lesions,
others at the standard site. There were
no consistent findings, but evidence
of collagen fibril size, packing, mor-
phology, and ER dilatation are all
reported.

Electron microscopy examination of
skin reported in seven individuals
with CIR/C1S mutations showed
decreased collagen content, abnor-
mal variation in collagen fibril
diameter and some abnormally
shaped fibrils [Rahman et al,
2003; Reinstein et al., 2012, 2013;
Kapferer-Seebacher et al.,, 2016],
which is in line with further reports
[Kobayasi, 2004; Mataix et al.,
2008]. Dermal collagen fibers
showed some variability in the
density of the packing and a
few areas of kinking. The size
uniformity does not support
vEDS, while the kinking is non-
specific.  Additionally,  patients’
fibroblasts showed an increased
proportion of dilated rough ER
(RER) cisternae [Reinstein et al.,
2012; Kapferer-Seebacher et al.,
2016].

Dyne et al. [1993] reported collagen
depletion and a larger number of
small elastin fibrils; ultrastructure
showed occasional serrated collagen
fibrils, with normal fibril diameter.
Immunology:

Hoffman et al. [1991] reported a
patient with severe periodontitis,
valvular heart disease, osteocondylar
and phalangeal osteolysis in the
absence of pretibial hyperpigmenta-
tion. This patient had intractable
vasculitis and had a T cell response
to type I collagen. Other patients
have not had evidence of vasculitis.
The case has some similarities to
patients described with Singleton
Merton syndrome, (premature dental
loss, aortic calcification, and osteo-
porosis, OMIM 182250). It is doubt-
ful whether this patient had true
pEDS.

Kapferer-Seebacher et al. [2016]
reported a prevalence of 40% for
recurrent infections like otitis media,
herpes zoster, bladder infections,
empyema, kidney infections, or
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pneumonia. There were single pa-
tients with autoimmunologic disor-
ders like Sjogren syndrome, rosacea,
and Crohn’s disease
Seebacher et al., 2016].

[Kapferer-

Management

There is no curative treatment for this
disorder. A recent review of the dental
management of EDS recommended
special care regarding mucosal fragil-
ity, bleeding, temporomandibular
joint hypermobility, and local anaes-
thetic resistance [Tulika and Kiran,
2015]. Management of periodontal
disease requires lifelong biofilm man-
agement including intense oral hy-
giene instructions and nonsurgical
debridement about every 3 months.
Systemic antibiotics may be indicated.
Conservative surgical management is
recommended because of difficulties
with fragile periosteal skin flaps and
suture tears.

Differential Diagnosis

Vascular EDS
Classical EDS
Hypermobile EDS
Periodontal diseases

Periodontal diseases range from
mild and reversible gingivitis to irre-
versible loss of periodontal attachment
resulting in tooth loss. “(Plaque-in-
duced) gingivitis” is an inflammation
solely of the gums in response to
bacterial biofilms, and is characterized
by bleeding on probing. “Periodontitis”
is characterized by inflammation of the
gingiva and destruction of the peri-
odontal tissues, which are the gingiva,
the cementum, the periodontal liga-
ment, and the alveolar bone. Periodon-
tal bone loss is diagnosed radiologically
or clinically with a periodontal probe.
“Gingival recession” (receding gums) in
general is the exposure of the tooth
roots. It might be an accompanying
feature of periodontitis, and in this
case the tooth root is exposed also

interdentally. Gingival recession might
also present only on the buccal or
lingual aspects of the tooth. In this
case, it can, for example, be associated
with a thin gingival biotype and
intencse tooth brushing, but not
with periodontitis.

“Chronic periodontitis” prevalence
estimates ranged from 19 to 83%
depending on age and severity
[Demmer et al,, 2010]. Severe peri-
odontitis with a mean prevalence of
11.2% is the sixth-most prevalent con-
dition in the world [Kassebaum et al.,
2014]. The typical patient is over
30 years of age, and the amount of
bone destruction is consistent with
the presence of plaque and calculus
2004].
disease progresses slowly but there

[Armitage, In general, the

may be bursts of destruction. In
addition, the rate of disease progression
can be modified by local factors,
systemic  diseases, and  extrinsic
factors such as smoking or emotional
stress.

“Aggressive periodontitis” preva-
lence estimates range from 0.1% in
Caucasians residing in north and mid

Europe to 5% in African populations

[Albandar, 2014]. The primary
features are rapid attachment loss in
otherwise healthy individuals and

familial aggregation, usually affecting
persons under 30 years of age [Alban-
dar, 2014]. Some types of aggressive
periodontitis seem to be inherited
in a Mendelian manner, and both
and  X-linked
been proposed
[Meng et al., 2011]. However, review
of pedigree
linkage disequilibrium studies have so

autosomal modes

transmission  have

analysis, linkage and
far been inconclusive [Meng et al.,
2011].

There are several “monogenic syn-
dromes with significant periodontitis” as
part of the clinical phenotype. The
majority of syndromes with severe
periodontal destruction in childhood
are inherited as autosomal recessive or
X-linked traits and are associated with
neutrophil dysfunction, for example,
congenital and cyclic neutropenia
(OMIM  202700), Chediak—Higashi
syndrome (OMIM 214500), leukocyte

adhesion deficiencies types I, II, and III
(OMIM  116920; OMIM 266265;
OMIM 612840), WHIM (OMIM
193670), Cohen Syndrome (OMIM
216550), and agranulocytosis (OMIM
610738).

Conditions with more complex
phenotypes
Kindler syndrome (hereditary acroker-
atotic poikiloderma OMIM 173650),
Papillon—Lefevre syndrome and cathep-
sin C associated phenotypes (*602635),
hypotrichosis osteolysis periodontitis
(OMIM 607658). Multiple loci associ-
ated with an aggressive periodontitis
have been reported (OMIM 170650)
[Hart and Atkinson, 2007]. The
Singleton—-Merten syndrome (OMIM
182250) with periodontal destruction
and aortic calcification has recently been

dermatological include

shown to result from dominant muta-
tions in the IF1H1 gene [Rutsch et al.,
2015].

Hypophosphatasia (OMIM
146300) is a highly variable autosomal
dominant disorder associated with
enamel hypoplasia, early loss of primary
dentition,
osteopenia.

is the least severe form of hypophos-

bowed long bones, and
Odontohypophosphatasia

phatasia, characterized by premature
exfoliation of primary and/or perma-
nent teeth in the absence of skeletal
system abnormalities. It is associated
alkaline

with a low circulating

phosphatase.

FUTURE RESEARCH AND
GAPS

During the last decade, there has been
an explosion of diverse but overlap-
ping novel EDS or EDS-like pheno-
types for which molecular defects have
been identified in an array of new
genes, as illustrated above. The geno-
mic era promises to shed additional
light on unsolved forms of Ehlers—
Danlos syndrome. However, while our
knowledge of the molecular basis of
EDS has greatly progressed since the
Villefranche Nosology, our under-
standing of the pathophysiological
mechanisms underlying these condi-
tions remains very limited, and eluci-
dation of the genetic basis has not
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translated to improved clinical man-
agement strategies.

However, while our
knowledge of the molecular
basis of EDS has greatly
progressed since the
Villefranche Nosology, our
understanding of the
pathophysiological
mechanisms underlying these
conditions remains very
limited, and elucidation of the
genetic basis has not
translated to improved clinical

management strategies.

Future research could focus on
different aspects, including:

e Natural history studies
e Quality of life studies
® The creation of an international patient
register, with prospective collection of
detailed information regarding geno-
type and phenotype. This information
should, among others, help address
questions regarding:
— genotype—phenotype correlations
— prevalence
variability

intrafamilial)

— clinical (inter- and

— age-dependent organ-system  in-
volvement outcomes
— risk related to pregnancy and delivery

e Development of surveillance, and man-
agement and care guidelines, including
pain management

e Collection of tissue samples for the
study of the pathogenetic basis of disease

® Development of animal models for
study of pathogenetic mechanisms and
for preclinical studies

o Identification of biomarkers to follow
evolution of disease

e With the advent of next-generation
sequencing techniques, many variants

of unknown significance are being iden-

tified. As such there is a need for the

development of functional tests to study

the pathogenic nature of these variants
o Identification of therapeutic targets
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New insights into the phenotype of Joint Hypermobility Syndrome (JHS) and Ehlers-Danlos Syndrome-
hypermobile type (hEDS) have raised many issues in relation to classification, diagnosis, assessment, and
treatment. Within the multidisciplinary team, physical therapy plays a central role in management of individuals
with hypermobility related disorders. However, many physical therapists are not familiar with the diagnostic
criteria, prevalence, common clinical presentation, and management. This guideline aims to provide
practitioners with the state of the art regarding the assessment and management of children, adolescents,
and adults with JHS/hEDS. Due to the complexity of the symptoms in the profile of JHS/hEDS, the International
Classification of Functioning, Disability and Health (ICF) is adopted as a central framework whereby the umbrella
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term of disability is used to encompass functions, activities and participation, as well as environmental and
personal factors. The current evidence-based literature regarding the management of JHS/hEDS is limited in size
and quality and there is insufficient research exploring the clinical outcomes of a number of interventions.
Multicenter randomized controlled trials are warranted to assess the clinical and cost-effectiveness of
interventions for children and adults. Until further multicenter trials are conducted, clinical decision-making
should be based on theoretical and the current limited research evidence. For all individuals diagnosed with JHS/
hEDS, international consensus and combined efforts to identify risk profiles would create a better understanding
of the pathological mechanisms and the potential for optimizing health care for affected individuals.

© 2017 Wiley Periodicals, Inc.
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INTRODUCTION

In the last decade, scientific research in the
area of hypermobility related disorders
has grown. Scientific exploration has not
only provided new insights into the
phenotype of Joint Hypermobility
Syndrome (JHS) and Ehlers-Danlos
Syndrome-hypermobility type (hEDS),
butithas also raised many issues in relation
to classification, diagnosis, assessment,
and treatment. We will refer to these
overlapping/indistinguishable clinical en-
tities [Tinkle et al., 2009; Remvig et al.,
2011], in this paper as JHS/hEDS. Within
the multidisciplinary team, physical ther-
apy plays a central role in management of
individuals with hypermobility related
disorders [Simmonds and Keer, 2007;
Grahame and Hakim, 2008; Scheper
et al, 2013, 2016a]. The reported
prevalence of JHS/hEDS in adult physical
therapy outpatient musculoskeletal set-
tings has been reported to be between
30% [Connelly et al., 2015] and 55%
[Clarke and Simmonds, 2011]. Despite
the relatively high incidence of JHS/
hEDS, recent research has found that
many physical therapists and other clini-
cians are not familiar with the diagnostic
criteria, prevalence, or common clinical
presentation of affected individuals
[Billings et al., 2015; Lyell et al., 2016;
Russek et al., 2016], whereas clinicians
also experience a lack of awareness of this
condition [Billings et al., 2015; Rombaut
etal.,2015a; Terry etal., 2015; Lyell et al.,
2016]. This guideline aims to provide
physical therapists and other clinicians
with the state of the art regarding the
assessment and management of children,

adolescents, and adults with JHS/hEDS.
In preparing the guideline, the quality of
evidence is graded according to the
GRADE criteria (Grading of Recom-
mendations Assessment, Development
and Evaluation) [Balshem et al., 2011].
The paper has been written based on a
synthesis of best evidence available and
consensus opinion of an international
group of researchers, clinicians, and
patient representatives. Evidenced-based
assessment and treatment strategies should
be used where available. In the absence of
these, therapists should be guided by
clinical reasoning and assessment and
treatment should be tailored to the
individual patient’s needs.

Due to the complexity of the
symptoms in the profile of JHS/hEDS,
the International Classification of Func-
tioning, Disability and Health (ICF) is
adopted as an overarching framework
[Atkinson and Nixon-Cave, 2011].
Disability, according to the World
Health Organization, is an umbrella
term covering functions, activities and
participation, as well as environmental
and personal factors [WHO, 2015]. In
children, adolescents and adults with
JHS/hEDS, impairments in the ICF
domain body and function may result in
decreased functional capacity and re-
strictions in participation.

The Beighton tests for assessing
generalized joint hypermobility (GJH)
are widely used and were described about
40 years ago, but only with photos and
unclearlegends accompanying [Beighton
etal., 1973]. Considerable variation exists
in the utilization of this tool, the cut-off

level used for a positive test and in the
criteria definition of GJH [Remvig et al.,
2007]. The Beighton score, consisting of
five clinical maneuvers, is scored dichot-
omously (0/1) from which a total score,
ranging from O to 9, is calculated. It is a
widespread belief that GJH is present in
adults with a Beighton score of >4 as
described in the diagnostic Brighton
criteria [Grahame et al., 2000] and for
hEDS >5 [Beighton et al., 1998]. Other
cut-off points for detecting the presence
of GJH have been proposed, especially for
children, among others >6, >7, and >8
[Jansson et al., 2004]. Although these
testing procedures and diagnostic criteria
have been in place for years and are
considered the gold standard from in-
fancy to old age [Adib et al., 2005],
criticism has arisen from clinicians and
researchers about its diagnostic and
clinical usefulness and predictive validity
[Juul-Kristensen etal., 2017]. Beyond the
Beighton scale, other assessment mea-
sures should be utilized within each
domain of the ICF and clinical reasoning
should underpin where appropriate, and
where possible evidence-based, tailored
treatment strategy.

Beyond the Beighton scale,
other assessment measures
should be utilized within each
domain of the ICF and
clinical reasoning should
underpin where appropriate,
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and where possible evidence-
based, tailored treatment
strategy.

JHS/hEDS IN CHILDHOOD

Children with JHS/hEDS may experi-
ence multiple impairments as a result of
increased laxity of the connective tissues,
incorporating complaints in all domains
of the ICF as illustrated in Figure 1
[Pacey, 2014].

Pain and Health Related Quality of
Life

In JHS/hEDS pain is often present. It is
not known why some children develop
pain and other symptoms, while
others do not. The primary hypothesis

regarding the development of musculo-
skeletal complaints is localized bio-
mechanical overload during activity,
with a high risk of repetitive trauma.
Generalized joint instability may cause
the occurrence of micro-traumas in joint
surfaces, leading toward adaptation and
compensation of movement patterns,
consequently causing overload in other
areas of the musculoskeletal system
[Ferrell et al., 2004]. Pain exacerbated
by activity is a distinguishing feature of
JHS/hEDS. Eighty-one percent of chil-
dren with JHS attending a rheumatology
service reported that their pain was
exacerbated by exercise [Adib et al.,
2005]. All of these children reported
experiencing pain in the 24 hr following
exercise: 65% immediately post exercise,
59% later that evening, and 50% the
following morning. The knee, a weight-
bearing joint of the lower limb, and the

shoulder, are the most commonly af-
fected sites of pain in children with JHS/
hEDS [Adib et al., 2005; Pacey et al,,
2015a]. Parent and child self-reported
pain intensity is highly correlated [Pacey
et al., 2015b], although parents have
been shown to underestimate their
child’s perception of pain [Kemp et al.,
2010]. Recently it was shown that
children and adults diagnosed with
JHS/hEDS are not only characterized
by GJH, and chronic pain, butalso by the
presence of generalized hyperalgesia
(GHA) [Scheper et al.,, 2016b]. The
presence of GHA may indicate involve-
ment of the central nervous system in the
development of chronic pain and may
not only provide insights as to the
phenotype of GJH related disorders,
but also indicates diagnostic qualities
that may be useful in clinical practice
[Scheper et al., 2016¢].
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Reduced balance and poor motor-coordination”
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Mobility

Domestic life

= Use of mobility aids®
= [ncreased falls®
* Reduced lower limb performance in functional tasks®
Education and occupational activities
= Require special provisions at school®
Time missed from school*
Handwriting difficulties*
Difficulties participating in physical education classes*®
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Leisure activities
Reduced physical activity participation#
= Increased participation in sedentary activities®

=  Negative family impact®
= Difficulties in fulfilling home roles eg housekeeping *
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X
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t

PERSONAL FACTORS ‘ ‘

ENVIRONMENTAL FACTORS

* Consistent evidence in children with JHS
" Inconsistent evidence in children with JHS

included in the model.

Figure 1.

Figure 2.6 Proposed ICF model of Joint Hypermobility Syndrome in children

A Evidence in adults with JHS and theoretical basis assumes it could be possible in children, and no contradicting studies in children with J1HS
NB. Current studies suggest varicose veins and asthma are not more prevalent in children with IHS than their non-affected peers, and are therefore not

Proposed ICF model for JHS in children by Pacey [2014].
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Children aged 9—12 years old with
JHS/hEDS and knee pain report lower
Health Related Quality of Life (HRQL)
than healthy children at the same age
[El-Metwally et al., 2005; Fatoye et al.,
2011]. Children with JHS/hEDS expe-
rience poor HRQL and disabling
fatigue, with parent scores providing a
good proxy. Pain, fatigue, and the
presence of stress incontinence symp-
toms have been demonstrated to have
the greatest impact on their HRQL
[Pacey et al., 2015a].

Dysfunction in JHS/hEDS can be
the result of chronic pain but also due to
involvement of multiple systems, psy-
chological distress and related disability.
How chronic pain and systemic deficits
come into effect and interact with each
other is currently unknown. The spe-
cific problems related to the GJH related
syndromes as compared with other
chronic pain syndromes are still chal-
lenging for most clinicians and scientists
due to many issues surrounding etiology,
disease classification, diagnostics, and
treatment [Scheper et al., 2015].

Proprioception, Muscle Strength,
and Balance

Another important factor within the
biomechanical pathway in JHS/hEDS
patients may be reduced proprioceptive
acuity, which has been suggested to be
important for the occurrence of gait
abnormalities and musculoskeletal pain
[Smith et al., 2013]. Decreased knee
joint proprioception in combination
with decreased knee flexor and extensor
muscle strength has also been reported
in children with JHS/hEDS [Fatoye
et al., 2009]. This was partly confirmed
in another study of adolescents and
adults with JHS/hEDS where the reflex
in the knee extensors was absent in 47%
of 15 patients, compared with a healthy
control group in which this reflex was
present in all subjects [Ferrell et al.,
2007]. Decreased muscle strength is
associated with activity limitations in
JHS/hEDS patients. Joint propriocep-
tion has been found to influence this
association and should be considered in
the development of new treatment
strategies for patients with JHS/hEDS

[Scheper et al., 2016a]. Children be-
tween 8 and 16 years of age with JHS/
hEDS assessed by the balance sub-
section of the Bruininks—Oseretsky test
of motor proficiency (2nd edition), have
been found to have significantly reduced
balance [Schubert-Hajlmarsson et al.,
2012].

Decreased muscle strength is
associated with activity
limitations in JHS/hEDS
patients. Joint proprioception
has been found to influence
this association and should be
considered in the development
of new treatment strategies for
patients with JHS/hEDS.

Joint Instability

Dislocations or subluxations in more
than one joint, or in one joint on more
than one occasion, form part of the
diagnostic criteria for JHS/hEDS. Con-
sequently, recurrent joint instability
episodes are commonly reported by
children with JHS/hEDS, with the
knee, ankle, and shoulder as the most
affected joints [Pacey et al., 2015b].

Extra-Articular Features

In children with JHS/hEDS involve-
ment of not only the skin and joints but
also other organ systems consisting of’
different types of collagen, for example,
bone and blood vessels, indicates a more
systemic rather than local involvement.
In children 89 years old with JHS/
hEDS, lower ultrasound values in bone,
higher degradation products in urine,
higher skin extensibility, and lower
blood pressure have been observed in
comparison with a non-symptomatic
hypermobile group [Engelbert et al.,
2003]. High levels of urinary inconti-
nence are reported in children with
JHS/hEDS [Pacey et al., 2015a], where
such systemic concerns cause significant

discomfort and impacts significantly on
function and quality of life, a referral to a
pediatrician or system specialist is re-
quired [de Kort et al., 2003].

A relationship between JHS/hEDS
and a characteristic neurodevelopmental
profile affecting coordination is emerg-
ing. Common symptoms shared between
children with JHS/hEDS and those with
developmental coordination disorder
(DCD) have been highlighted [Kirby
and Davies, 2007]. Multiple clinical
features of JHS/hEDS, such as “dou-
ble-jointedness,” joint pain, flat feet, easy
bruising and dysautonomic symptoms,
have been found to be significantly more
frequent in children with DCD than in
children without [Kirby and Davies,
2007]. Among children with JHS pre-
senting to health care services, 36%
report poor coordination and 48% report
clumsiness, and problems with gait, falls,
and coordination are the second most
common presenting complaint [Adib
etal., 2005]. Overall gross motor abilities
have been shown to be reduced in 22% of
children (mean 8 years of age) with JHS/
hEDS measured with the Movement
Assessment  Battery  for  Children
[Hanewinkel-van Kleef et al., 2009].

Symptoms of gastrointestinal dys-
function (GID) and dysautonomia may
commence very early in a child’s life.
The most common GID symptoms
include gastrointestinal reflux, abdomi-
nal pain, and slow transit constipation or
long standing intractable diarrhea; how-
ever, abnormalities from the mouth to
the anus have been reported [Abonia
et al., 2013].

Psychological Symptoms

Children and adolescents with JHS/
hEDS aged 8-15 years report signifi-
cantly poorer emotional functioning
on the Pediatric Quality of Life
Inventory compared to their non-
hypermobile peers [Pacey et al.,
2015b]. Furthermore, self-esteem, be-
havior, and psychosocial functioning of’
children with JHS/hEDS have been
shown to be significantly lower than
population norms prior to commenc-
ing a treatment program [Pacey et al.,
2013].
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Activities: Motor Development,
Gait Pattern, Physical Fitness

The
developmental delay during early
childhood and DCD may coexist
[Kirby et al., 2005; Kirby and Davies,
2007].
“floppy infant” syndrome and joint

medical history often reveals

Congenital hypotonia  or
hypermobility (JH) have been recog-
nized by a number of researchers
[Mintz-Itkin et al., 2009]. Late walking
and clumsiness are characteristics com-
monly reported by parents [Adib et al.,
2005]. In JHS/hEDS, non-physiologi-
cal gait-patterns (absolute comparisons:
spatio-temporal, kinematics, and ki-
netics) have been demonstrated in
children.

consistent and a high variability within

These patterns were not

patients was present [Fatoye et al.,
2011], and children with JHS/hEDS
and multiple joint pain, had signifi-
cantly decreased knee flexion in the
swing phase, as well as increased knee
extension in mid-stance during walk-
ing. Also, decreased lateral joint stabil-
ity and different stabilization strategies
(kinetic patterns) in children and adults
with GJH have been shown [Falkerslev
et al., 2013].

As far as the gait pattern of
children with JHS/hEDS is concerned,
it has been reported that “hypermobile
joints, reduced proprioception, weak
muscles, and reduced stamina (endur-
ance) can profoundly affect the gait of a
child with JHS/hEDS. To correct this,
the causes of the abnormalities need to
be identified and worked on separately,
before the gait will improve” [Murray,
2006]. Problems with gait, falls and
coordination are the second most
common presenting complaint of chil-
dren with JHS/hEDS presenting to an
outpatient rheumatology clinic [Adib
et al., 2005].

In children with JHS/hEDS, a
relationship was found with exercise
induced pain and reduced aerobic fitness
and physical capacity fitness compared
with a healthy reference group, mea-
sured as absolute and relative (related to
body mass) peak VO, [Engelbert et al.,
2006], and also when assessed with
walk  test

a sub-maximal 6min

[Hanewinkel-van Kleef et al., 2009].
The reason for this poor aerobic fitness
was assumed to be due to musculoskel-
etal pain, resulting in inactivity and
deconditioning, which could then result
in  exercise-induced  pain  and

intolerance.

Participation: Hobbies, Sport, and
Social Activities

Children with GJH are less active in
sports and miss education more often in
comparison with their healthy peers
with normal joint mobility [Jansson
et al., 2004]. Qualitative research with
children with JHS/hEDS and their
parents has identified “difficulties at
school” as being one of the six main
themes, when discussing symptoms
treatment
program [Birt et al., 2014]. A retrospec-
tive chart audit also showed that 40% of
aftected children report handwriting

prior to commencing a

difficulties, 24% report “problems at
school,” 41% report missing time from
school, and 48% were unable to partici-
pate in physical education classes as a
result of their condition [Adib et al.,
2005]. A recent study showed that
children 8-16 years with JHS/hEDS
had significantly decreased participation
in housework, riding a bicycle, taking
part in sport or outdoor games, as
assessed by the Frequency of Participa-
tion Questionnaire, in conjunction with
a higher frequency of participation in
non-sporting games and a higher need
to rest [Schubert-Hajlmarsson et al.,
2012]. Withdrawal from physical activ-
ity due to their condition has also been
reported by children and their parents
[Birt et al., 2014].

Qualitative research with
childven with JHS/hEDS and
their parents has identified
“difficulties at school” as
being one of the six main
themes, when discussing
symptoms prior to

commencing a treatment
program.

It is essential therefore for clinicians
to explore and understand the impact of
the child’s problems on school, home
and social life. Some children have poor
school attendance records due to recur-
rent injury, pain, and systemic issues.
Many children reduce physical activity
and stop participating in physical edu-
cation due to fear of re-injury or pain.

Finding out about hobbies, ambi-
tions, and sports that a child enjoys is
very helpful in driving the manage-
ment plan. Physical therapists and
parents have difficulty when searching
for sports and hobbies that suit the
child, because many sports involve
movement or activities with high risk
of injuries in unstable joints. Contact
sports for example have been suggested
to be an injury risk factor for knee
injuries amongst individuals with GJH
[Pacey et al., 2010]. In reality many
children with JHS/hEDS cannot keep
participating in their preferred hobbies,
sports despite their
hypermobility originally being consid-

and activities,

ered an asset. It can therefore be very
challenging to find activities which
young people like and which do not
exacerbate pain and joint instability

JHS/EDS-HT IN
ADULTHOOD

Pain, Fatigue, and Health Related
Quality of Life

Adults diagnosed with JHS/hEDS often
experience joint pain in multiple joints,
which can vary from localized to
widespread pain, in nature and severity
[Remvig et al., 2011; Connelly et al,,
2015].
frequently present in patients with the
JHS/hEDS. In half of the patient group, a
predominantly neuropathic pain com-

Chronic  widespread pain is

ponent was present [Rombaut et al.,
2011a]. This study provides evidence for
the existence of hyperalgesia even in
asymptomatic areas (generalized second-
ary hyperalgesia). The GHA (generalised
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hyperalgesia) may represent the involve-
ment of a sensitized central nervous
system, which requires an adapted pain
management approach for this patient
group [Rombaut et al., 2015b].

Fatigue symptoms are heteroge-
neous in nature and can vary from
mild to severe. However, patients often
report fatigue symptoms as the most
disabling complaint. In addition, neu-
rologically oriented symptoms (propri-
oceptive  deficits,
hyperalgesia), psychological dysfunction
(anxiety, depression), and systemic com-

central mediated

plaints (organ dysfunction, dysautono-
mia) are often highly prevalent in JHS/
hEDS [Voermans and Knoop, 2011; De
Paepe and Malfait, 2012].

Fatigue symptoms are
heterogeneous in nature and
can vary from mild to severe.

However, patients often report
Jfatigue symptoms as the most
disabling complaint.

Muscle Strength, Proprioception,
and Balance

Rombaut et al. [2012] demonstrated
severely reduced quantitative muscle
function and impairment in physical
function in patients with JHS/hEDS
compared to age- and sex-matched
controls. The muscle weakness may be
due to muscle dysfunction rather than
reduced muscle mass. Whether muscle
strength and endurance can be improved
by appropriate exercise programs needs
evaluation in further studies. Compared
with healthy participants, individuals
with JHS/hEDS showed significantly
impaired balance, reflected by increased
sway velocity, mediolateral and ante-
roposterior sway excursion, and sway
area during modified Clinical Test of
Sensory  Interaction on  Balance
(mCTSIB) and the Tandem Stance test
(TS). Gait velocity, step length, and
stride length were significantly smaller
during all walking conditions, and a

significant dual-task-related decrement
was found for gait velocity, step and
stride length, and cadence in the JHS/
hEDS subjects compared with the
control group. Ninety-five percent of
the patients fell during the past year, and
some fear of falling was further measured
[Rombaut et al.,, 2011b]. DCD may
persist into adulthood. In a case control
study, 56% of those with JHS/EDS-HT
met the criteria for adult DCD [Clark
et al.,, 2014]. Proprioception has been
shown to be impaired in a number of
studies [Smith et al., 2013].

Extra-Articular Features

Dysautonomia, defined as a term for
various conditions in which the auto-
nomic nervous system does not work
correctly, provides a complex challenge
for the multidisciplinary team. Dysau-
tonomia consisting of cardiovascular
dysfunction is found to be present in
JHS/hEDS. Neuropathy,
tissue laxity, and vasoactive medication

connective

are likely to play a role in its develop-
[De Wandele et al, 2014].
Gastrointestinal symptoms are also com-

ment

monly reported [Zarate et al., 2010],
impact significantly on quality of life and
are managed in a variety of ways.
Specialist medical referral may be nec-
essary. Constipation requires active
treatment usually including dietary ad-
vice, however sustained use of laxatives
is often required. Adult women with
JHS/hEDS have an increased rate of
incontinence. Both case-control and
cross-sectional studies consistently re-
port that 60-73.3% of adult women
with JHS/hEDS have urinary inconti-
nence, compared with only 30-48.3%
in non-affected women [Mastoroudes
et al., 2013]. The increased rate seen in
women with JHS/hEDS is present with
various types of incontinence, including
urgency incontinence, nocturnal enure-
sis, and intercourse incontinence [Nijs
et al., 2000]. Other symptoms of lower
urinary tract dysfunction including
nocturia (waking one or more times
at night to void), urgency, bladder
pain,
voiding  difficulties

infections, and
(poor
straining, incomplete bladder emptying,

urinary tract

stream,

postmicturition dribble) have also been
reported to be significantly more preva-
lent in women with JHS/hEDS
[Mastoroudes et al., 2013]. No studies
have yet investigated incontinence or
other lower urinary tract symptoms in
adult men with JHS/hEDS.

Impaired bone health in adults with
JHS/hEDS has been demonstrated by
significant reductions in volumetric
bone density measured at the distal
radius site using peripheral quantitative
computed tomography in comparison
with age and gender matched peers
[Nijs et al., 2000]. However, in contrast
Carbone et al. [2000] found that after
correction for height, weight, and
amount of physical activity, no signifi-
cant differences between bone density
measured by dual energy absorptiome-
try was found in adults with JHS/hEDS
and controls.

Activities and Participation

Significant disability has been shown in
patients with JHS/hEDS in ambulation
(walking, running, stair climbing), ac-
tivities of daily living (personal hygiene,
self-care) and sports activities, influenc-
ing quality of life. The high number and
severity of complaints in JHS/hEDS
result in substantial care and treatment
seeking. In a group of 78 adults with
JHS/hEDS registered as patients in a
rehabilitation medicine
92.4%
70.9% had underwent several surgical

department,
were medication consumers,

interventions, and 51.9% had received
physiotherapy treatment [Rombaut
et al., 2011a]. The main objective of
rehabilitation is to reduce disability and
to improve quality of life, however,
evidence concerning effectiveness of
treatment for reducing disability is
limited, as are the actual factors related
to disability. A recent meta-analysis
showed that pain, fatigue, and psycho-
logical distress had a significant impact
on disability [Scheper et al., 2016b].

Psychological Symptoms

A systematic review has demonstrated
that compared with their non-affected
peers, adults with JHS/hEDS have
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greater risk of anxiety, depression and
panic disorders [Smith et al., 2014a]. A
nationwide population-based cohort
study showed a high incidence of
psychiatric disorders including anxiety,
depression, attention deficit hyperactiv-
ity disorder, and autism spectrum disor-
der in the JHS/hEDS patient population
[Cederlof et al., 2016].

PRINCIPLES OF
MANAGEMENT OF
INDIVIDUALS WITH JHS/
EDS-HT IN CHILDHOOD,
ADOLESCENCE, AND
ADULTHOOD

In children and adults with JHS/hEDS
with symptomatic joints or intestinal
and systemic problems, differential di-
agnostics have to be performed to
exclude other diseases or disorders that
are characterized by GJH. In individuals
with GJH, easy bruising and frequent
fracturing, the presence of a collagen
disease such as osteogenesis imperfecta
or osteopenia due to vitamin D defi-
ciency should be considered. When
GJH and musculoskeletal complaints as
well as a Marfanoid habitus is present,
Marfan  or
should be considered. Severe collagen
diseases, such as the other types of EDS
should be excluded. In case of progres-

Loeys-Dietz  syndrome

sive muscle weakness central of periph-
eral neurological conditions including
myopathies should be ruled out. Addi-
tionally,  rheumatology  conditions
should also be considered and ruled out.

Kemp et al. [2010] performed the
first prospective randomized controlled
trial (RCT) in children comparing a
6-week generalized program, improving
muscular strength and fitness, with a
targeted program aimed at correcting
motion control of symptomatic joints. It
was demonstrated in 57 children that
significant improvements in both the
children’s and parental pain scores were
reached in both groups. A recent RCT
study of children with JHS/hEDS and
hypermobile knees found an increased
effect on psychosocial/self-esteem in the
group that performed knee exercises
into the hypermobile range of motion
(ROM) compared with the control

group performing knee exercises into
neutral ROM. Both groups improved
knee strength and reduced knee pain
[Pacey et al, 2013]. Evidence-based
guidelines suggest that children with
flexible flat foot presenting with pain or
impaired function, particularly in the
presence of GJH, such as that commonly
seen in children with JHS/hEDS,
should use orthotics and/or sensible
footwear [Evans and Rome, 2011].
Preliminary findings of a small RCT
suggests
improve the efficiency of gait of children
with GJH and DCD [Morrison et al.,
2013].

that use of orthotics may

Kemp et al. performed the
first prospective randomized
controlled trial (RCT) in
childven comparing a 6-week
generalized program,
improving muscular strength
and fitness, with a targeted
program aimed at correcting
motion control of symptomatic
joints. It was demonstrated in
57 children that significant
improvements in both the
children’s and parental pain
scores were reached in both

groups.

Only one RCT study of adults with
JHS/hEDS has been performed, show-
ing reduced knee pain and increased
proprioception, in the group receiving
exercises of proprioception, balance and
plyometrics, compared with a matched
control group receiving no exercises
[Sahin et al., 2008].

A number of cohort/uncontrolled
clinical studies of JHS/hEDS in children
and adults report positive effects of
strength, core stability and endurance
training in addition to education in pain
management [Bathen et al., 2013],

different intensity of resistive training
alone [Ferrell et al., 2004; Moller et al.,
2014], and education in pain manage-
ment alone [Rahman et al., 2014];
however, these reports need to be
further evidenced with more rigorous
research designs. Existing consensus
based hospital and UK paediatric theu-
matology guidelines may also offer
helpful advice and treatment strategies
to clinicians [The British Society for
Pediatric and Adolescent Rheumatol-
ogy, 2013; Cincinnati Children’s Hos-
pital Medical Center, 2014]. Qualitative
interviews with 28 families with chil-
dren with JHS/hEDS (5-17 years) on
prerequisites for the best adherence to
exercise is reported to be parental
motivation adapting family routines,
making exercise a family activity and
seeing the benefit [Birt et al., 2014]. On
the other hand are factors for non-
adherence to exercise for these children,
lower levels of parental supervision, not
understanding the treatment, not seeing
the benefit and not having specific time
to dedicate for doing exercises [Birt
et al., 2014].

There issome evidence for that JHS/
hEDS improves with exercise, but there is
no convincing evidence for specific types
of exercise or that exercise is better than
control [Smith et al., 2013; Palmer et al.,
2014]. Both reviews recommend that
longer term, rigorous high-quality multi-
centre RCT’s are warranted for children
and adults with JHS/hEDS.

Education,
therapy, tape, hydrotherapy, and relaxa-
tion training are used by physical
therapists [Lyell et al., 2015; Palmer
et al., 2015; Rombaut et al., 2011b,
2015b; Billings et al., 2015] and clinical
experts recommend these strategies
[Russek, 2000; Simmonds and Keer,
2007; Keer and Simmonds, 2011], based
on clinical experience and some evi-

reassurance, manual

dence of their efficacy from other
patient groups. Currently there are no
RCT’s or comparative trials to support
the efficacy of these strategies in indi-
viduals with JHS/hEDS. Therapies
should be individualized [Simmonds
and Keer, 2007, 2008; Simmonds
et al., 2016a] and applied carefully to
avoid exacerbation of pain as peripheral
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and central sensitization is commonly
observed [Rombaut et al., 2011b].
Although Adib et al. [2005] refer to
25% of children using mobility aids in a
selected population and splints are
sometimes recommended, limited effect
of these aids, and splinting for hands/
wrists in individuals with JHS/hEDS has
been found [Smith et al., 2013].

Cardiovascular, musculoskeletal
and physical fitness training parameters
should be encouraged in both children
and adults according to the criteria of
the National Strength and Conditioning
Association (NSCA) and American
College of Sports Medicine (ACSM)
[Faigenbaum et al., 2009; Faigenbaum
and Myer, 2010; Garber et al., 2011]. In
general, specialists recommend a care-
fully graduate exercise training prescrip-
tion, underpinned by motor learning
theory [Smith et al.,, 2014b] to avoid
injury and overtraining as this may lead
to loss of confidence in the physical
therapist. Pain, fatigue, and fear of injury
are commonly reported barriers to
exercise [Simmonds et al., 2016b]. A
graduated return to higher levels of sport
or dance is recommended, and training
loads should be observed to ensure
adequate recovery.

Patients with JHS/hEDS have nu-
merous complaints and an impaired
functional status that strongly determine
their high rate of treatment consump-
tion. The outcome of surgical and
physical therapy treatment is largely
disappointing, which
need for a stronger evidence base
[Rombaut et al., 2011a]. Education for
health professionals [Billings et al., 2015;
Rombaut et al.,, 2015b; Terry et al,
2015; Lyell et al., 2016; Russek et al.,
2016] 1s paramount in order to optimize

illustrates the

physical therapy provision. A recent
feasibility study of a six session package
of treatment demonstrates future poten-
tial [Palmer et al., 2016a,b] and further
research is required to explore the
specific therapeutic actions of physical
therapy for managing JHS/hEDS. Re-
cently, a meta-analysis revealed that for
treatment of adults, a significant pain
reduction was achieved by a variety of
physical and cognitive approaches. Ac-
tive modes of physical therapy are the

recommended approach. However, the
effectiveness on disability still needs to
be established [Scheper et al., 2016¢].

In cases where significant systemic
signs and symptoms are observed and
reported by individuals, such as cardiac
dysautonomia, gastrointestinal, urinary
and bladder dysfunction, referral to
specialist medical teams is indicated.
Readers are referred to care guidelines
in these specialist areas. Physiotherapists
play an important role in management
through exercise prescription and pa-
tient education for many of these
conditions. Relatively recent developed
masterclass courses, papers, and sympo-
sia provide clinicians with information
on how to adapt and apply therapies
[Simmonds and Keer, 2007, 2008,
Simmonds et al., 2016¢].

CONCLUSION

Children, adolescents, and adults suf-
fering from JHS/hEDS frequently
present with complex symptoms and
are therefore challenging for physical
therapists to manage effectively. Based
on the ICE a literature overview has
been presented for the assessment and
management based on the best evi-
dence available to help guiding clini-
cians. The current evidence-base for
the physical therapy assessment and
management of JHS/hEDS is limited
in size and quality.

In future directions longer term,
rigorous multicenter randomized con-
trolled trials are warranted to assess the
clinical and cost-effectiveness of in-
terventions for children and adults
with JHS/hEDS. There is a need for
further identification and validation
of suitable outcome measures. Until
further multicenter trials are con-
ducted,
should be theoretically applied based,

clinical  decision-making
underpinned by the available evidence
where available. In patients diagnosed
with JHS/hEDS international consen-
sus and combined efforts to identity
patient risk profiles would create a
better understanding of the patholog-
ical mechanisms with the possibility
of optimizing health care for affected
individuals.

REFERENCES

Abonia JP, Wen T, Stucke EM, Grotjan T,
Griffith MS, Kemme KA, Collins MH,
Putnam PE, Franciosi JP, von Tiehl KE
Tinkle BT, Marsolo KA, Martin L], Ware
SM, Rothenberg ME. 2013. High preva-
lence of eosinophilic esophagitis in pa-
tients with inherited connective tissue
disorders. J Allergy Clin Immunol 132:
378-386.

Adib N, Davies K, Grahame R, Woo P, Murray
KJ. 2005. Joint hypermobility syndrome in
childhood. A not so benign multisystem
disorder? Rheumatol 44:744-750.

Atkinson HL, Nixon-Cave K. 2011. A tool for
clinical reasoning and reflection using the
international classification of functioning,
disability and health (ICF) framework and
patient management model. Phys Ther
91:416-430.

Balshem H, Helfand M, Schiinemann H]J,
Oxman AD, Kunz R, Brozek J, Vist GE,
Falck-Ytter Y, Meerpohl ], Norris S,
Guyatt GH. 2011. GRADE guidelines: 3.
Rating the quality of evidence. J Clin
Epidemiol 64:401-406.

Bathen T, Hangmann AB, Hoff M, Andersenand
L, Rand-Hendriksen S. 2013. Multidisci-
plinary  treatment of  disability in
ehlers-danlos  syndrome  hypermobility
type/hypermobility syndrome: A pilot study
using a combination of physical and cogni-
tive-behavioral therapy on 12 women. Am J
Med Genet Part A 161A:3005-3011.

Beighton P, Solomon L, Soskolne CL. 1973.
Articular mobility in an African population.
Ann Rheumatic Dis 32:413—418.

Beighton P, De Paepe A, Steinmann B, Tsipour-
asand P, Wenstrup R]J. 1998. Ehlers-Danlos
syndromes: Revised nosology, villefranche,
1997. Ehlers-Danlos National Foundation
(USA) and Ehlers-Danlos Support Group
(UK). Am J Med Genet 77:31-37.

Billings S, Deane JA, Bartholomew J, Simmonds
JV. 2015. Knowledge and perceptions of
joint hypermobility syndrome amongst
pediatric physiotherapists. ] Physiother Pract
Res 36:33-51.

Birt L, Pfeil M, MacGregor A, Armon K, Poland E
2014. Adherence to home physiotherapy
treatment in children and young people with
joint hypermobility: A qualitative report of
family perspectives on acceptability and
efficacy. Musculoskel Care 12:56-61.

Carbone L, Tylavsky FA, Bush AJ, Koo W, Orwoll
E, Cheng S. 2000. Bone density in Ehlers-
Danlos  syndrome.  Osteoporos  Int
11:388-392.

Cederlof M, Larsson H, Lichtenstein P, Almqvist
C, Serlachius E, Ludvigsson JE 2016.
Nationwide population-based cohort study
of psychiatric disorders in individuals with
Ehlers-Danlos syndrome or hypermobility
syndrome and their siblings. BMC Psychia-
try 16:207.

Clark C, Khattab A, Carr E. 2014. Chronic
widespread pain and neurophysiological
symptoms in Joint Hypermobility Syn-
drome. Int ] Ther Rehab 21:60-68.

Clarke C, Simmonds JV. 2011. An exploration of
the prevalence of hypermobility syndrome
in Omani women attending an outpatient
department. Musculoskel Care 9:1-10.



166 AMERICAN JOURNAL OF MEDICAL GENETICS PART C (SEMINARS IN MEDICAL GENETICS)

ARTICLE

Connelly E, Hakim A, Davenport HS, Simmonds
JV. 2015. A Study exploring the prevalence
of Hypermobility Syndrome in a musculo-
skeletal triage clinic. Physiother Res Pract
36:43-53.

de Kort LM, Verhulst JA, Engelbert RH,
Uiterwaal CS, de Jong TP. 2003. Lower
urinary tract dysfunction in children with
generalized hypermobility of joints. J Urol
170:1971-1974.

De Paepe A, Malfait E 2012. The Ehlers-Danlos
syndrome, a disorder with many faces. Clin
Genet 82:1-11.

De Wandele I, Rombaut L, Leybaert L, Van de
Borne P, De Backer T, Malfait F, De Paepe A,
Calders P. 2014. Dysautonomia and its
underlying mechanisms in the hypermobil-
ity type of Ehlers—Danlos syndrome. Semin
Arthritis Rheum 44:93-100.

El-Metwally A, Salminen JJ, Auvinen A,
Kautiainen H, Mikkelsson M. 2005. Lower
limb pain in a preadolescent population:
Prognosis and risk factors for chronicity—A
prospective 1- and 4-year follow-up study.
Pediatrics 116:673—681.

Engelbert RH, Bank RA, Sakkers RJ, Helders PJ,
Beemer FA, Uiterwaal CS. 2003. Pediatric
generalized joint hypermobility with and
without musculoskeletal complaints: A lo-
calized or systemic disorder? Pediatrics 111:
e248—e254.

Engelbert RH, van Bergen M, Henneken T,
Helders PJ, Takken T. 2006. Exercise
tolerance in children and adolescents with
musculoskeletal pain in joint hypermobility
and joint hypomobility syndrome. Pediatrics
118:690—e696.

Evans AM, Rome K. 2011. A Cochrane review of
the evidence for non-surgical interventions
for flexible pediatric flat feet. Eur J Phys
Rehabil Med 47:69-89.

Evidence based Care Guideline for Management
of Pediatric Joint Hypermobility Guideline
Copyright © 2014. Cincinnati Children’s
Hospital Medical Center, James M. Ander-
son Center for Health Systems Excellence
Evidence Based Care Guideline Identifica-
tion and management of Pediatric Joint
Hypermobility In children and adolescents
aged 4 to 21 years old Publication Date:
October 21, 2014.

Faigenbaum AD, Kraemer W], Blimkie C]J,
Jeftreys I, Micheli LJ, Nitka M, Rowland
TW. 2009. Youth resistance training: Up-
dated position statement paper from the
national strength and conditioning associa-
tion. ] Strength Cond Res 23:560-S79.

Faigenbaum AD, Myer GD. 2010. Resistance
training among young athletes: Safety,
efficacy and injury prevention effects. Br |
Sports Med 44:56-63.

Falkerslev S, Baage C, Alkjer T, Remvig L,
Halkjer-Kristensen J, Larsen PK, Juul-
Kristensen B, Simonsen EB. 2013. Dynamic
balance during gait in children and adults
with Generalized Joint Hypermobility. Clin
Biomech (Bristol Avon) 28:318-324.

Fatoye F, Palmer S, Macmillan E Rowe PP, van der
Linden M. 2009. Proprioception and muscle
torque deficits in children with hypermobil-
ity syndrome. Rheumatol 48:52-57.

Fatoye FA, Palmer S, van der Linden ML, Rowe
PJ, Macmillan E 2011. Gait kinematics
and passive knee joint range of motion in

children with hypermobility syndrome. Gait
Post 33:447-451.

Ferrell WR,, Tennant N, Baxendale RH, Kusel M,
Sturrock RD. 2007. Musculoskeletal reflex
function in the joint hypermobility syn-
drome. Arthr Care and Res 57:1329-1333.

Ferrell WR, Tennant N, Sturrock RD. 2004.
Amelioration of symptoms by enhancement
of proprioception in patients with joint
hypermobility syndrome. Arthr Rheum
50:3323-3328.

Garber CE, Blissmer B, Deschenes MR, Franklin
BA, Lamonte MJ, Lee IM, Nieman DC,
Swain DP. 2011. American College of Sports
Medicine position stand. Quantity and
quality of exercise for developing and main-
taining cardiorespiratory, musculoskeletal,
and neuromotor fitness in apparently healthy
adults: Guidance for prescribing exercise.
Med Sci Sports Exerc 43:1334-1359.

Grahame R, Hakim AJ. 2008. Hypermobility.
Curr Opin Rheumatol 20:106—110.

Grahame R, Bird HA, Child A. 2000. The revised
(Brighton 1998) criteria for the diagnosis of
benign joint hypermobility syndrome
(BJHS). J Rheumatol 27:1777-1779.

Guidelines for Management of Joint Hypermobil-
ity Syndrome in Children and Young People.
2013. The British Society for Pediatric and
Adolescent Rheumatology. Available online
https://www.google.co.uk/?
gws_rd=ssl#q=Dbspar-+for+hypermobility.
Publication Date: 20. 6.2013.

Hanewinkel-van Kleef YB, Helders PJ, Takken T,
Engelbert RH. 2009. Motor performance in
children with generalized hypermobility:
The influence of muscle strength and
exercise capacity. Pediatr Phys Ther
21:194-200.

Jansson A, Saartok T, Werner S, Renstrom P. 2004.
General joint laxity in 1845 Swedish school
children of different ages: Age- and gender-
specific  distributions. ~ Acta  Pardiatr
93:1202-1206.

Juul-Kristensen B, Schmedling K, Rombaut L,
Lund H, Engelbert RH. 2017. Measure-
ment properties of clinical assessment meth-
ods for diagnosing generalised joint
hypermobility—A systematic review. Am J
Med Genet part C submitted, in press.

Keer R, Simmonds JV. 2011. Joint protection and
physical rehabilitation of the adult with
hypermobility syndrome. Cur Opinions
Rheumatol 23:131-136.

Kemp S, Roberts I, Gamble C, Wilkinson S,
Davidson JE, Baildam EM, Cleary AG,
McCann L], Beresford MW. 2010.
A randomized comparative trial of general-
ized vs targeted physiotherapy in the
management of childhood hypermobility.
Rheumatol (Oxford) 49:315-325.

Kirby A, Davies R. 2007. Developmental coordi-
nation disorder and joint hypermobility
syndrome—Overlapping disorders? impli-
cations for research and clinical practice.
Child Care Health Dev 33:513-519.

Kirby A, Davies R, Bryant A. 2005. Hypermobil-
ity syndrome and developmental coordina-
tion disorder: Similarities and features. Int J
Ther Rehabil 12:431-443.

Lyell M, Simmonds JV, Deane J. 2015. Physi-
otherapists’ knowledge and management of
adults with hypermobility and joint hyper-
mobility syndrome in the UK; A nationwide

survey. Poster, WCPT May, Singapore.
Physiotherapy 101:€919.

Lyell M, Simmonds JV, Deane JA. 2016. Future of
education in hypermobility and hypermo-
bility syndrome. J Physiother Pract and Res
37:101-109.

Mastoroudes H, Giarenis I, Cardozo L, Srikrishna
S, Vella M, Robinson D, Kazkazand H,
Grahame R. 2013. Lower urinary tract
symptoms in women with benign joint
hypermobility syndrome: A case-control
study. Int Urogynecol ] 24:1553—1558.

Mintz-Itkin R, Lerman-Sagie T, Zuk L, Itkin-
Webman T, Davidovitch M. 2009. Does
physical therapy improve outcome in infants
with joint hypermobility and benign hypo-
tonia? ] Child Neurol 24:714-719.

Morrison SC, Ferrari J, Smillie S. 2013. Assess-
ment of gait characteristics and orthotic
management in children with Developmen-
tal Coordination Disorder: Preliminary
findings to inform multidisciplinary care.
Res Dev Disabil 34:3197-3201.

Moller MB, Kjar M, Svensson RB, Andersen JL,
Magnusson SP, Nielsen RH. 2014. Func-
tional adaptation of tendon and skeletal
muscle to resistance training in three patients
with genetically verified classic Ehlers
Danlos Syndrome. Muscles Ligaments Ten-
dons J 4:315-323.

Murray KJ. 2006. Hypermobility disorders in
children and adolescents. Best Pract Res
Clin Rheumatol 20:329-351.

Nijs J, Van Essche E, De Munck M, Dequeker J.
2000. Ultrasonographic, axial, and periph-
eral measurements in female patients with
benign hypermobility syndrome. Calcif
Tissue Int 67:37—40.

Pacey V, Nicholson L, Adams R, Munn J, Munns
C. 2010. Generalised joint hypermobility
and injury risk of lower limb injury during
sport. Am J Sports Med 38:1487-1497.

Pacey V. 2014. PhD thesis: Joint Hypermobility
Syndrome in Children, University of Syd-
ney, Sydney, Australia.

Pacey V, Adams R D, Tofts L, Munns CE, Nicholson
LL. 2015a. Joint hypermobility syndrome
subclassification in paediatrics: A factor
analytic approach. Arch Dis Child 100:8-13.

Pacey V, Tofts L, Adams RD, Munns CF
Nicholson LL. 2015b. Quality of life
prediction in children with joint hypermo-
bility syndrome. J Paediatr Child Health
51:689-695.

Pacey V, Tofts L, Adams RD, Munns CE
Nicholson LL. 2013. Exercise in children
with joint hypermobility syndrome and
knee pain: A randomised controlled trial
comparing exercise into hypermobile versus
neutral knee extension. Pediatr Rheumatol
Online J11:30.

Palmer S, Bailey S, Barker L, Barney L, Elliott A.
2014. The effectiveness of therapeutic
exercise for joint hypermobility syndrome:
A systematic Physiotherapy
100:220-227.

Palmer S, Cramp E Lewis R, Shahid M, Clark E.
2015. Diagnosis, management and assess-
ment of adults with joint hypermobility
syndrome: A UK-Wide survey of physio-
therapy practice. Musculoskeletal Care
13:101-111.

Palmer S, Terry R, Rimes KA, Clark C,
Simmonds J, Horwood J. 2016a.

review.


https://www.google.co.uk/?gws_rd=ssl#q=bspar+for+hypermobility
https://www.google.co.uk/?gws_rd=ssl#q=bspar+for+hypermobility

ARTICLE

AMERICAN JOURNAL OF MEDICAL GENETICS PART C (SEMINARS IN MEDICAL GENETICS) 167

Physiotherapy management of joint hyper-
mobility syndrome—A focus group study of
patient and health professional perspectives.
Physiother 102:93-102.

Palmer S, Cramp E Clark E, Lewis R, Brookes S,
Hollingworth W, Welton N, Thom N, Terry
R, Rimes KA, Horwood ]. 2016b. The
feasibility of a randomised controlled trial of
physiotherapy for adults with joint hyper-
mobility syndrome. Health Technol Assess
20:1-264.

Rahman A, Daniel C, Grahame R. 2014. Efficacy
of an out-patient pain management pro-
gramme for people with joint hypermobility
syndrome. Clin Rheumatol 33:1665-1669.

Remvig L, Jensen DV, Ward C. 2007. Are
diagnostic criteria for general joint hyper-
mobility andbenign joint hypermobility
syndrome based on reproducible and valid
tests? A review of the literature. ] Rheumatol
34:798-803.

Remvig L, Engelbert RH, Berglund B, Bulbena
A, Byers PH, Grahame R, Juul-Kristensen
B, Lindgren KA, Uitto J, Wekre LL. 2011.
Need for a consensus on the methods by
which to measure joint mobility and the
definition of norms for hypermobility that
reflect age, gender and ethnic-dependent
variation: Is revision of criteria for joint
hypermobility syndrome and Ehlers-Danlos
syndrome hypermobility type indicated?
Rheumatol 50:1169-1171.

Rombaut L, Scheper M, De Wandele I, De Vries ],
Meeus M, Malfait E Engelbert RH, Calders
P. 2015a. Chronic pain in patients with the
hypermobility type of Ehlers-Danlos syn-
drome: Evidence for generalized hyper-
algesia. Clin Rheumatol 34:1121-1129.

Rombaut L, Deane J, Simmonds J, De Wandele 1,
De Paepe A, Malfait E Calders P. 2015b.
Knowledge, assessment, and management of
adults with joint hypermobility syndrome/
Ehlers-Danlos syndrome hypermobility type
among Flemish physiotherapists. Am ] Med
Genet C Semin Med Genet 169C:76-83.

Rombaut L, Malfait E De Wandele I, Taes Y, Thijs
Y, De Paepe A, Calders P. 2012. Muscle
mass, muscle strength, functional perfor-
mance, and physical impairment in women
with the hypermobility type of Ehlers-
Danlos syndrome. Arthritis Care Res
(Hoboken) 64:1584-1592.

Rombaut L, Malfait E De Wandele I, Thijs Y,
Palmans T, De Paepe A, Calders P. 2011a.
Balance, gait, falls, and fear of falling in
women with the hypermobility type of
Ehlers-Danlos syndrome. Arthr Care Res
(Hoboken) 63:1432—1439.

Rombaut L, Malfait E De Wandele I, Cools A,
Thijs Y, De Paepe A, Calders P. 2011b.
Medication, surgery, and physiotherapy

among patients with the hypermobility
type of Ehlers-Danlos syndrome. Arch
Phys Med Rehabil 92:1106-1112.

Russek L. 2000. Examination and treatment of a
patient with hypermobility syndrome. Phys
Ther 80:386-398.

Russek LN, LaShomb EA, Ware AM, Wesner SM,
Westcott V. 2016. United States physical
therapists’ knowledge about joint hypermo-
bility syndrome compared with fibromyalgia
and rheumatoid arthritis. Physiother Res Int
21:22-35.

Sahin N, Baskent A, Cakmak A, Salli A, Ugurlu H,
Berker E. 2008. Evaluation of knee proprio-
ception and effects of proprioception exercise
in patients with benign joint hypermobility
syndrome. Rheumatol Int 28:995-1000.

Scheper MC, Engelbert RH, Rameckers EA,
Verbunt J, Remvig L, Juul-Kristensen B.
2013. Children with generalised joint hy-
permobility and musculoskeletal complaints:
State of the art on diagnostics, clinical
characteristics, and treatment. Biomed Res
Int 2013:121054.

Scheper MC, de Vries JE, Verbunt J, Engelbert
RH. 2015. Chronic pain in hypermobility
syndrome and Ehlers—Danlos syndrome
(hypermobility type): It is a challenge.
J Pain Res 20:591-601.

Scheper MC, Juul-Kristensen B, Rombaut L,
Rameckers EA, Verbunt J, Engelbert RH.
2016a. Disability in adolescents and adults
diagnosed with hypermobility related dis-
orders: A meta-analysis. Arch Phys Med
Rehabil 97:2174-2187.

Scheper MC, Pacey V, Rombaut L, Adams RD,
Tofts L, Calders P, Nicholson LL, Engelbert
RH. 2016b. Generalized Hyperalgesia in
children and adults diagnosed with Hyper-
mobility Syndrome and Ehlers-Danlos Hy-
permobility type: A discriminative analysis.
Arthr Care Res 15:1-7.

Scheper MC, Rombaut LL, de Vries JE, de
Wandele 1, Esch van M, Calders P,
Engelbert RH. 2016¢. Factors of activity
impairment in adult patients with Ehlers
Danlos Syndrome hypermobility type):
Muscle strength and proprioception. Dis-
abil Rehabil 24:1-7.

Simmonds JV, Keer R]. 2007. Hypermobility and
the hypermobility syndrome. Masterclass
Man Ther 12:298-309.

Simmonds JV, Keer R]J. 2008. Hypermobility and
the hypermobility syndrome. Masterclass.
Mlustrated via case studies, part II. Man Ther
13:el—ell.

Simmonds J, Herbland A, Hakim A, Ninis N,
Lever W, Aziz Q, Cairns M. 2016a.
Attitudes, beliefs and behaviours towards
exercise amongst individuals with joint
hypermobility syndrome/Ehlers Danlos

syndrome—nhypermobility type IFOMPT
Proceedings. Man Ther 25:335336.

Simmonds JV, Pacey V, Keer RJ, Castori MM.
2016b. Advancing practice in hypermobility
Syndrome/Ehlers  Danlos  syndrome—
hypermobility type focused symposium.
IFOMPT, glasgow, UK. Man Ther 25:
e21-e22.

Simmonds JV, Herbland A, Hakim A, Ninis N,
Lever W, Aziz Q, Cairns M. 2016c.
Attitudes, beliefs and behaviours towards
exercise amongst individuals with joint
hypermobility syndrome/Ehlers Danlos
syndrome—hypermobility type IFOMPT,
Glasgow, UK. Man Ther 25:¢35—e36.

Smith TO, Jerman E, Easton V, Bacon H, Armon
K, Poland E Macgregor AJ. 2013. Do people
with benign joint hypermobility syndrome
(BJHS) have reduced joint proprioception?
A systematic review and meta-analysis.
Rheumatol Int 33:2709-2716.

Smith TO, Easton V, Bacon H, Jerman E, Armon
K, Poland E Macgregor AJ. 2014a. The
relationship between benign joint hypermo-
bility syndrome and psychological distress: A
systematic review and meta-analysis. Rheu-
matol (Oxford) 53:114—122.

Smith TO, Bacon H, Jerman E, Easton V, Armon
K, Poland E Macgregor AJ. 2014b. Physio-
therapy and occupational therapy interven-
tions for people with benign joint
hypermobility syndrome: A systematic re-
view of clinical trials. Disabil Rehabil
36:797-803.

Terry RH, Palmer ST, Rimes KA, Clark CJ,
Simmonds JV, Horwood JP. 2015. Living
with joint hypermobility syndrome: Patient
experiences of diagnosis, referral and self-
care. Fam Pract 32:354-358.

Tinkle BT, Bird HA, Grahame R, Lavallee M,
Levy HP, Sillence D. 2009. The lack of
clinical distinction between the hypermo-
bility type of Ehlers-Danlos syndrome and
the joint hypermobility syndrome (a.k.a.
hypermobility syndrome). Am ] Med Genet
Part A 149A:2368-2370.

Voermans NC, Knoop H. 2011. Both pain and
fatigue are important possible determinants
of disability in patients with the Ehlers-
Danlos syndrome hypermobility type. Dis-
abil Rehabil 33:706-707.

‘World Health Organization. 2015. International
Classification for Functioning Disability and
Health. http://www.who.int/ classifications/
icf/en/ [Accessed April 2016].

Zarate N, Farmer AD, Grahame R, Mohammed
SD, Knowles CH, Scott SM, Aziz Q. 2010.
Unexplained gastrointestinal symptoms and
joint hypermobility: Is connective tissue
the missing link? Neurogastroenterol Motil
22:252-278.


http://www.who.int/classifications/icf/en/
http://www.who.int/classifications/icf/en/

American Journal of Medical Genetics Part C (Seminars in Medical Genetics) 175C:168-174 (2017)

ARTICLE

Cardiovascular Autonomic Dysfunction in
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Autonomic dysfunction contributes to health-related impairment of quality of life in the hypermobile type of
Ehlers—Danlos syndrome (hEDS). Typical signs and symptoms include tachycardia, hypotension, gastrointestinal
dysmotility, and disturbed bladder function and sweating regulation. Cardiovascular autonomic dysfunction
may present as Orthostatic Intolerance, Orthostatic Hypotension, Postural Orthostatic Tachycardia Syndrome, or
Neurally Mediated Hypotension. The incidence, prevalence, and natural history of these conditions remain
unquantified, but observations from specialist clinics suggest they are frequently seen in hEDS. There is growing
understanding of how hEDS-related physical and physiological pathology contributes to the development of
these conditions. Evaluation of cardiovascular symptoms in hEDS should include a careful history and clinical
examination. Tests of cardiovascular function range from clinic room observation to tilt-table assessment to
other laboratory investigations such as supine and standing catecholamine levels. Non-pharmacologic
treatments include education, managing the environment to reduce exposure to triggers, improving
cardiovascular fitness, and maintaining hydration. Although there are limited clinical trials, the response to
drug treatments in hEDS is supported by evidence from case and cohort observational data, and short-term
physiological studies. Pharmacologic therapy is indicated for patients with moderate-severe impairment of daily
function and who have inadequate response or tolerance to conservative treatment. Treatment in hEDS often
requires a focus on functional maintenance. Also, the negative impact of cardiovascular symptoms on physical
and psycho-social well-being may generate a need for a more general evaluation and on-going management
and support. © 2017 Wiley Periodicals, Inc.

KEY WORDS: Ehlers—Danlos; autonomic; orthostatic; tachcardia; hypotension

How to cite this article: Hakim A, O’Callaghan C, De Wandele |, Stiles L, Pocinki A, Rowe P. 2017.
Cardiovascular autonomic dysfunction in Ehlers-Danlos syndrome—Hypermobile type. Am J Med Genet
Part C Semin Med Genet 175C:168-174.

INTRODUCTION AND function and Ehlers—Danlos syndrome  bladder, sweating dysfunction, and gas-
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many symptoms of autonomic dysfunc-  testinal Involvement in Ehlers Danlos
There is growing recognition of  tion have been observed clinically in ~ Syndrome,” by Aziz et al. in this issue),
an association between autonomic dys-  hEDS, including cardiovascular, pupil, the purpose of this review is to explore
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what is known of the association
between cardiovascular autonomic dys-
function and hEDS; provide guidance
on the assessment and management of
these in the context of hEDS; and,
consider areas for further research in this
field.

The committee on Cardiovascular
Dysautonomia of the International
Ehlers—Danlos Syndrome Consortium
met by teleconference or through
electronic correspondence throughout
2015 and 2016 to discuss the associations
of cardiovascular autonomic dysfunc-
tion with hEDS and its assessment and
management. The following reflects the
Committee’s literature review and pro-
fessional experience as well as insights
from various contributing members of
the international effort on EDS through
the Consortium.

LITERATURE REVIEW

There has been no general hEDS
population cohort study of cardiovascu-
lar autonomic dysfunction, and there has
been one published case-control study
of symptom reporting. Equally the
causal relationships in hEDS are unclear
though there are plausible mechanisms,
and the evidence for the management in
hEDS is lacking in that there are no
published clinical trials.

That said tachycardia and hypoten-
sion are recognized complications in
hEDS [Rowe et al., 1999; Gazit et al.,
2003; Hakim and Grahame, 2004;
Mathias et al., 2011; Wallman et al.,
2014; De Wandele et al., 2014a, 2016].
Typically one of the following four
presentations may arise:

® Postural tachycardia syndrome (POTS),

e neurally mediated hypotension
(NMH), also referred to as vaso-vagal
syncope or neuro-cardiogenic syncope,

e orthostatic hypotension (OH) or de-
layed orthostatic hypotension,

e orthostatic intolerance (OI).

Symptoms can be highly debilitat-
ing in hEDS [Rowe et al., 1999; Hakim
and Grahame, 2004; Mathias et al.,
2011; De Wandele et al., 2014b]. There
is recognition of an association of POTS

with fatigue [Schondorf et al., 1999],
reduced quality of life [Benrud-Larson
et al., 2002], and a greater incidence of
migraine and syncope with POTS in
patients with joint hypermobility syn-
drome compared to those without
[Kanjwal et al., 2010]. When poorly
controlled, these symptoms may also
restrict treatment strategies for other
symptomatic

management including

physical therapies.

Symptoms can be highly
debilitating in hEDS. There
is recognition of an
association of POTS with
fatigue, reduced quality of life,
and a greater incidence of
migraine and syncope with
POTS in patients with joint
hypermobility syndrome
compared to those without.

In the general literature on the
management of autonomic dysfunc-
tion there is evidence for the effec-
tiveness of treatment strategies. This
and the definitions of the different
cardiovascular presentations are dis-
cussed later. Such treatments have
been applied to individual cases of
hEDS, based on physiological find-
ings. However, there are no clinical
trials of treatment in hEDS, either in
general or in specific subgroups based
on pathophysiology.

CAUSAL ASSOCIATIONS
WITH hEDS

The causes of cardiovascular autonomic
dysfunction in hEDS are unclear. Sug-
gested mechanisms include (listed based
on clinical experience and in order of
most common occurrence):

e Low blood pressure,
e increased peripheral venous dilation
and blood pooling,

e Jlow circulating blood volume,
with side effects that
trigger or impair autonomic responses,

o medications

for example tricyclics,

o clevated circulating catecholamines,

® auto-immunity, particularly auto-anti-
bodies directed against receptors which
play a role in the regulation of heart rate
and blood pressure, and other auto-
nomic functions,

® excess systemic levels of histamine, and

e rarely, brainstem or cervical cord im-
pingement from Chiari malformation
or cranio-cervical instability.

EVIDENCE FOR
UNDERLYING
MECHANISMS IN hEDS

Handler et al. [1985] identified through
continuous wave Doppler ultrasound
measurement increased aortic wall com-
pliance in 10 of 13 study cases with joint
hypermobility syndrome. Rowe et al.
[1999] suggested that in some cases the
association of OI with hEDS could be
attributed to abnormal connective tissue
in dependent blood vessels with veins
distending excessively in response to
ordinary hydrostatic pressures. This in
turn leads to increased venous pooling
and its hemodynamic and symptomatic
consequences. Studies by Mathias et al.
[2011] and De Wandele et al
[2014a] suggest that neuropathy, con-
nective tissue laxity, and vasoactive
medication play a role in development
of cardiovascular dysfunction in hEDS.

Gazit et al. [2003] identified evi-
dence of alpha-adrenergic and beta-
adrenergic hyper-responsiveness. In
support of the hypothesis that this is
one mechanism in hEDS, a study by
Thieben et al. [2007] identified a
hyperadrenergic state in 29% of cases
of POTS from a general cohort though
cases of hEDS were not specifically
identified. Also in the general litera-
ture, research has identified potentially
pathogenic adrenergic [Fedorowski
et al.,, 2016], muscarinic [Yu et al.,
2012; Dubey et al., 2016], and other
neural autoantibodies [Thieben et al.,
2007; Li et al.,, 2014; Singer et al,
2016] in a significant percentage of
cases with POTS and a subset of those
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with OH. Current, ongoing research
may identify this as applicable to
patients with hEDS.

Gazit et al. [2003] identified
evidence of alpha-adrenergic
and beta-adrenergic hyper-
responsiveness. In support of

the hypothesis that this is one

mechanism in hEDS, a study
by Thieben et al.
[2007] identified a

hyperadrenergic state in 29%

of cases of POTS from a
general cohort though cases of
hEDS were not specifically
identified.

Histamine can induce hypotension
and tachycardia [Frieri et al.,, 2013].
More recently mast cell activation, and
excessive histamine release has been
identified in cases of hEDS [Louisias
2013; Cheung and Vadas,
2015] and an intriguing association

et al.,

reported between multi-systemic pa-
thologies including autonomic distur-
bances and germline duplications and
TSPAB1 gene
tryptase
et al.,, 2016]. High circulating levels

triplications of the
encoding alpha 1 [Lyons
of histamine may be another mecha-
nism contributing to cardiovascular
dysfunction (see also “Mast Cell Acti-
vation Syndrome in Ehlers—Danlos
syndrome” by Seneviratne et al. in
this issue).

Arnold  Chiari
may also trigger cardiovascular auto-

malformation

nomic disturbances that resolve follow-
ing decompressive surgery [Ireland
et al.,, 1996]. Milhorat et al. [2007]
demonstrated an association between
Arnold Chiari and hEDS. In some cases
this may also be a contributing factor
(see also “Neurologic Manifestations
in  Ehlers—Danlos
Henderson et al. in this issue).

Syndrome” by

CONTROVERSIES

Screening for Mitral Valve
Prolapse

Mitral valve prolapse (MVP) can be

associated with excessive catechol-

amines, orthostatic intolerance, and
occasionally with dysrhythmias. MVP is
not common (approx. 6%) in patients
with hEDS [Dolan et al, 1997,
McDonnell et al., 2006; Atzinger et al.,
2011], and in most cases this is unlikely to
be of clinical significance. Also, normal
cardiac anatomy does not rule out
cardiovascular dysfunction. Screening
for MVP in hEDS is not indicated.
Echocardiography should be limited to
those in whom there is concern regard-
ing cardiac function, or a personal or
family history of cardiac or aortic root/

arch disease [Atzinger et al., 2011].

The Role of Physical Therapy in
Improving POTS, OI, and OH

Physical deconditioning and poor aerobic
fitness are common findings in patients
chronically unwell with hEDS. A history of
onset of symptoms of cardiovascular dys-
function following a prolonged period of
reduced physical activity is not uncommon.
OI has been related to decondition-
ing [Fu et al., 2010; Parsaik et al., 2012].
However, as to which is the cause and
which is the consequence remains open
to debate. Increased physical fitness may
counteract OL. Fu et al. [2011] and
George etal. [2016] have shown that after
a 3-month training programme, moder-
ate gradual endurance and strength
training can decrease upright heart rate,
improve baroreflex sensitivity and heart
rate variability, and improve quality oflife.
The extent to which physical decondi-
tioning triggers cardiovascular dysfunction,
and to which physical reconditioning has a
fundamental role in managing symptoms
related to OI, OH, and POTS, warrants
further research and long-term follow up.

MANAGEMENT AND CARE
GUIDELINES

Using the standard nomenclature for
guidelines Level I to I1I evidence for the

management of cardiovascular auto-
nomic dysfunction in hEDS is lacking;
there are no published clinical trials.
Level IV evidence of the associations
with EDS arises from small cohort
studies, case reports, and expert opinion.
Even where evidence exists, it is
confounded by imprecision in defini-
tions and diagnostic methods that
further confound extrapolation from
data to individual patients. As such
guidance is principally based on expert
consensus, but draws on Level I to III
guidance published by international
groups on the assessment and manage-
ment of POTS and OI per se [Grubb
et al., 2006; Lahrmann et al., 2006;
Sheldon et al., 2015].

History, Examination, and
Investigations

History

The clinical history should focus on
defining the symptoms, triggers, modi-
fying factors, impact on daily life,
chronicity of the condition, possible
causes, and family history.

Many of the common symptoms
relate to changes in posture. They occur
when changing from a lying or sitting to
a standing position, or with maintaining
upright posture, and are improved but
not always completely relieved by sitting
or lying down.

The more common symptoms and
signs that suggest cardiovascular dys-
function are:

® Fast heart rate (palpitations),

o light-headedness, sometimes with a
sense of being about to blackout (pre-
syncope),

e visual impairment including altered
acuity, partial or complete visual loss,
and light sensitivity due to pupillary
dilation,

® cognitive complaints including word-

finding difficulties, limited concentra-

tion and poor memory (often described
in lay terms as “brain fog”),

chest pain,

tremulousness,

chronic fatigue,

exercise intolerance and post exercise
malaise,
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e swelling and/or discolouration (dusky
purple/red) in the legs after standing for
only relatively short (e.g., 5 min) peri-
ods of time (as seen in OI),

e peripheral  vasoconstriction
dusky hands, and feet),

e fainting (syncope),

(cold,

e temperature dysregulation,
® sleep disturbance.

The history may reveal states that
trigger or exacerbate symptoms. Such
things include:

Medication side effects,
dehydration,

hot environments,
exercise or after exercise,

valsalva manouevers for example lifting
a heavy object, defecation,

after alcohol or caffeine intake,

after eating, particularly carbohydrate,
during other illness including infection,

stressful situations for example blood
tests, arguments, exams,

painful stimuli,

high altitude (aircraft travel, etc.),

after long periods of rest,

surgery involving general anesthesia,

allergic reactions (histamine reactions).

Physical examination

A detailed examination is always war-
ranted. Other common causes of low
blood pressure or palpitations should be
considered in an assessment. These

include:

® Anaemia,

e hyperthyroidism (e.g., tachycardia and
heat intolerance),

® hyperadrenergic states (e.g., tachycardia
and flushing),

low blood

e addison’s disease

(e.g.,
pressure and fatigue).

There are a number of causes of
autonomic neuropathy, many of which
are rare and more pertinent to the older
adult population. It is not the purpose of
this guideline to describe these. Some of
the more common conditions to con-
sider in the younger adult population
are:

o Diabetes mellitus,

e coeliac disease,

Sjogren syndrome and other autoim-
mune rheumatic conditions,
pregnancy,

toxicity (e.g., alcohol),

trauma (e.g., surgery),

vitamin deficiencies: vitamin E, Bl
(thiamine), B3 (niacin) B6 (pyridoxine),
and B12.

Investigations

POTS, OH, and some forms of OI can
be diagnosed in clinic without the need
for complex tests. The diagnosis of
NMH that is associated with recurrent
syncope can be made clinically, and in
most cases does not require formal tilt
table testing. A simple clinic room
standing test can help assess whether a
brief period of standing can provoke
orthostatic symptoms in those with
NMH, but provocation of hypotension
usually requires more prolonged tilt
table testing.

Orthostatic  testing should take
place in a quiet room, ideally at a
temperature between 20 and 24°C. The
patient should rest while supine for
5min before testing. Emptying the
bladder before testing is recommended.

The following consensus defini-
tions' [Freeman et al., 2011; Sheldon
et al., 2015] are applied:

o POTS: is a clinical syndrome usually
characterized by: (i) frequent symptoms
that occur with standing, such as
lightheadedness, palpitations, tremor,
generalized weakness, blurred vision,
exercise intolerance, and fatigue; (ii) a
sustained increase in heart rate of >30
beats per minute (bpm) within 10 min
of standing or head-up tilt (or >40 bpm
in individuals 12—19 years of age); and
(iii) the absence of orthostatic hypoten-
sion (>20 mm Hg drop in systolic blood
pressure).

"The authors are aware of limitations of the
criteria that have been traditionally used to
classify the types of cardiovascular disease that
are seen in hEDS. This document uses
definitions already proposed by international
consensus and published in the general
literature.

o OH: a sustained reduction of systolic
blood pressure by at least 20 mm Hg
systolic or diastolic blood pressure of at
least 10 mm Hg within 3 min of stand-
ing or head-up tilt to at least 60° angle
on a tilt table.

o NMH: requires the reproduction of
orthostatic symptoms and a 25 mm Hg
drop in systolic BP during standing or
tilt testing. The drop in blood pressure
can be associated with junctional
rhythm (recognized by a loss of P waves
on an electrocardiogram) at the time of
pre-syncope or syncope. Syncope need
not be present to make the diagnosis of
NMH, as individuals with this hemo-
dynamic pattern have daily lighthead-
edness and other symptoms but have
adopted habits such as sitting or lying
down, or tensing the calf muscles to
avoid losing consciousness.

e OL
during 10 min upright posture which

the development of symptoms

improve upon lying down and do not
meet the above criteria for POTS, OH,
or NMH.

If orthostatic signs are normal on
testing in the clinic but the clinical
suspicion of autonomic dysfunction re-
mains high, or signs are present and
simple, non-pharmacologic treatments
have not helped, for most individuals a
haematocrit, electrocardiogram, blood
pressure monitoring, and echocardiogram
are sufficient to screen for a potential
cardiovascular or systemic disorder.

If orthostatic signs are
normal on testing in the
clinic but the clinical
suspicion of autonomic
dysfunction remains high, a
haematocrit,
electrocardiogram, blood
pressure monitoring, and
echocardiogram may be
sufficient further screening.

Symptoms of OI can overlap with
some features of cardiac dysrhythmias.
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If there is clinical concern that a
dysrhythmia is present, a 24-hr Holter
monitoring is indicated. If these tests
are normal but clinical suspicion
remains high, a tilt-table test might
be helpful as it assesses the patient over
a more prolonged period than a
standing test. The test may also be
used to provoke syncope in a con-
trolled environment and where there is
doubt as to the diagnosis.

More extensive evaluation by an
expert Autonomic Unit might be
required. An extended approach to
evaluation might include:

e Thermoregulatory = sweat test or
QSART testing to detect autonomic
neuropathy,

® supine and upright plasma epinephrine
and norepinephrine level tests,

® 24-hr urine sample to assess sodium
intake.

Tests of autonomic function may
identify autonomic neuropathy that is
not usually a component of the cardio-
vascular dysfunction of EDS.

Treatment

None of the treatments available is

universally effective, and several
treatments, used together, are likely
to be needed. There is no evidence
that specific treatments should be
targeted at subgroups of patients
with hEDS.

Education, advice, and non-phar-
macologic treatments should be oftered
first in all patients, and include educa-

tion on:

e Avoiding or reducing exposure to
triggering factors,

o withdrawing medications that might
worsen symptoms,

e maintaining good hydration and elec-
trolyte balance,

e reducing venous pooling by lower limb
elevation or by abdominal and/or lower
limb compression garments,

® increasing exercise adapted where nec-
essary for the presence of joint hyper-
mobility, instability, and injury.

When prescribing exercise, the
program might be adapted to account

for OI in several ways that include
the:

e Exercise modality: in general, aerobic
activities with a local resistive compo-
nent for the lower limbs are preferred,
such as (reclined) cycling and
swimming.

® Type of exercise: dynamic exercise may
be better tolerated than isometric
exercise. The latter is more prone to
provoke valsalva manoeuvers, which
decrease blood pressure.

e Prevention of peripheral blood pooling:
exercising in the supine position is
better tolerated than the upright posi-
tion. Exercising in water may also help
decrease peripheral blood pooling,
because of the greater pressure exerted
by the water on the lower limbs.
However, an over-heated pool may
cause venous dilation and be poorly
tolerated.

e Intensity and frequency: training at a
target heart rate of 75% of the estimated
maximal heart rate for about 30 min per
session, 2—3 times per week is advised
[Fu et al., 2011; George et al., 2016].
This should be adapted according to
level of disability.

o Increase of fluid intake, preferably with
added sodium, and if helpful, the use of
pressure garments during and after
exercise.

e Avoidance of meals 1hr prior to an
exercise session, because vasodilatation
in the gastrointestinal tract lowers the
capacity of the circulatory system.

e Prevention of sudden drop in blood
pressure after a training session by
engaging in low-intensity cooling-
down activity.

In those with moderate-severe
impairment of daily function, and
poor response to or tolerance of non-
pharmacologic treatments, pharmaco-
logic treatments are available [Grubb
et al., 2006; Lahrmann et al., 2006;
Sheldon et al., 2015]. These include:

e Fludrocortisone is a first line drug
therapy for OI at doses of 100-200 mg
daily (Level IIT evidence).

e Midodrine significantly reduces POTS
symptoms and reduces the frequency of
neurally mediated syncope (Level I

evidence). The initial dosage is 2.5 mg
orally every 4 hr while awake, usually
for two to three doses daily, increasing
gradually up to 10 mg every 4 hr while
awake if needed. Midodrine may also be
used with fludrocortisone.
Beta blockers can help with manage-
ment of recurrent syncope, NMH,
POTS, and OI (Level I evidence).
Lower doses tend to be better tolerated,
but there is substantial inter-individual
variability.
Ivabradine slows sinus heart rate with-
out affecting blood pressure, and has
been reported to be helpful in those
with POTS (Level III evidence).
Other agents include:

Stimulants: medications such as meth-
ylphenidate [Grubb et al., 1996] and
dextroamphetamine [Susmano et al.,
1993] have vasoconstricting properties,
and can help reduce peripheral pooling
of blood. They can be particularly
helpful if inattention is a prominent
symptom.

Hormonal contraceptives can help
manage OI symptoms in young
women. This option can be first line
therapy for OI in those who have co-
morbid dysmenorrhea, menstrual irreg-
ularity, heavy periods, or worse fatigue
and OI symptoms during the menstrual
cycle [Boehm et al., 1997].
Desmopressin may be given as nasal
spray (10—40 wg) or orally (100-200 wg)
at night to prevent volume loss due to
frequent urination at night [Raj, 2006].
Additional doses of 100-200 pg during
the day may be beneficial as well, but
must include monitoring for hypona-
tremia. At 200 ug orally it may also
reduce tachycardia [Coffin et al., 2012].
Pyridostigmine is a peripheral acetylcho-
linesterase inhibitor that increases synap-
tic acetylcholine in the autonomic ganglia
and at peripheral muscarinic receptors
[Raj et al, 2005]. The drug can be
effective for neurally mediated syncope
and for POTS (Level I evidence).
Clonidine is a central sympatholytic
agent that can be useful if there is
comorbid anxiety, and can be useful in
patients with the central hyper adrener-
gic form of POTS [Robertson et al.,
1983].
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® Seclective serotonin reuptake inhibitors or
serotonin-norepinephrine reuptake inhib-
itors can be helpful in some patients with
O], and can be beneficial in the setting of
co-morbid pain, anxiety, or depression [Di
Girolamo et al., 1999]. Dihydroxyphenyl-
serine titrated 100200 mg three times
daily reduces OH (Level I evidence).

o Octreotide given subcutaneously in doses
of 25-150 wg for 30 min before a meal
may be used to reduce postprandial OH.

e Tolerance of upright posture and auto-
nomic tone may improve after the
administration of 1-2L of intravenous
normal saline infused over 1-2hr
[Burklow et al., 1999; Takenaka et al.,
2002], or other forms of sodium loading
[Rosen and Cryer, 1982]. Some physi-
cians use IV saline to manage acute
episodic exacerbations of OI [Moak
et al., 2016]. The use of IV saline on a
weekly basis can help improve function
for selected individuals who are intol-
erant of or unresponsive to medications.
The administration of IV saline via
indwelling central catheters creates a
risk of bacteremia and thrombosis, and
should be avoided if at all possible.

e Ruscus aculeatus (butcher’s broom)
[Altern, 2000].

WHAT WE NEED TO KNOW

The incidence, prevalence, and natural
history of cardiovascular autonomic dys-
function in the hEDS population are
unknown, as are the distribution and types
of (co-associated) mechanisms that may
trigger or influence these phenomena.
Subgroup (by risk factors/mecha-
nism of disorder) clinical trials of efficacy
and safety of treatments are required to
move beyond the limitations of case
study and expert opinion evidence.
Studies also need to assess the effect of
treatment on quality of life and fatigue.

SUMMARY

Individuals with hEDS can develop
cardiovascular autonomic dysfunction.
Its manifestations include symptoms
related to inadequate cerebral perfusion
and symptoms of heightened adrenergic
tone. Specific conditions include POTS
and NMH.

The diagnosis is predominantly based
upon taking a detailed personal and family
history of symptoms, provoking circum-
stances, and accompanying complaints.

Simple clinic room tests can provide
support for the diagnosis and other tests
may be useful to exclude other diseases
that can present in a similar manner.

Consideration should also be given
to the possibilities that symptoms are
due to medications and supplements,
cardiac valvular disease, venous pooling,
allergy, autoimmunity, or rarely Chiari
malformation.

Although pharmacological thera-
pies are often required, non-drug treat-
ments should always be employed.
Foremost amongst these are education
about the causes of symptoms and
physical measures that might be used
to control them. Other non-pharmaco-
logical measures include increased die-
tary salt intake, use of compression
garments and graded exercise therapy.

Pharmacological therapy begins with
minimizing or removing medications that
are either ineffective or producing delete-
rious effects. Drug treatments include
volume expansion (e.g., fludrocortisone,
saline infusion), vasoconstriction (e.g.,
midodrine), modulators of autonomic
tone including beta-blockade, and others.

The prognosis remains uncertain
with the outcomes ranging from virtu-
ally complete resolution of symptoms to
long-term disability, which may be so
severe as to affect education, employ-
ment, or socialization.

The diagnosis is
predominantly based upon
taking a detailed personal and
family history of symptoms,
provoking circumstances, and
accompanying complaints.

Simple clinic room tests can
provide support for the

diagnosis and other tests may
be useful to exclude other
diseases that can present in a
similar manner.
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Chronic Fatigue in Ehlers-Danlos
Syndrome—Hypermobile Type
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Chronic fatigue is an important contributor to impaired health-related quality of life in Ehlers—Danlos syndrome.
There is overlap in the symptoms and findings of EDS and chronic fatigue syndrome. A proportion of those with
CFS likely have EDS that has not been identified. The evaluation of chronic fatigue in EDS needs to include a
careful clinical examination and laboratory testing to exclude common causes of fatigue including anemia,
hypothyroidisim, and chronic infection, as well as dysfunction of major physiological or organ systems. Other
problems that commonly contribute to fatigue in EDS include sleep disorders, chronic pain, deconditioning,
cardiovascular autonomic dysfunction, bowel and bladder dysfunction, psychological issues, and nutritional
deficiencies. While there is no specific pharmacological treatment for fatigue, many medications are effective for
specific symptoms (such as headache, menstrual dysfunction, or myalgia) and for co-morbid conditions that
result in fatigue, including orthostatic intolerance and insomnia. Comprehensive treatment of fatigue needs to
also evaluate for biomechanical problems that are common in EDS, and usually involves skilled physical therapy
and attention to methods to prevent deconditioning. In addition to managing specific symptoms, treatment of
fatigue in EDS also needs to focus on maintaining function and providing social, physical, and nutritional
support, as well as providing on-going medical evaluation of new problems and review of new evidence about
proposed treatments. © 2017 Wiley Periodicals, Inc.
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INTRODUCTION

Fatigue can be temporally categorized as
recent, prolonged, or chronic that is less
than 1, 1-6, and more than 6 months,
respectively. Its persistence and impact
on daily activities and quality of life are
recognized in the descriptors of the
condition Chronic Fatigue Syndrome

Fatigue may be a principal present-
ing symptom in  Ehlers—Danlos
syndrome—hypermobile type (hEDS).
However a clinician may diagnose CFS
without appreciating the presence or
pre-existence of features that may have
led to a diagnosis of hEDS. The risk then
is attention may be taken away from
specific triggering factors for fatigue and

Fatigue may be a principal
presenting symptom in
Ehlers—Danlos syndrome—
hypermobile type (hREDS).

However a clinician may
diagnose CFS without

(CES), also known as myalgic encepha-
lomyelitis (ME).

adaptations to management specific to
hEDS such as physical therapies.
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appreciating the presence or
pre-existence of features that
may have led to a diagnosis of
hEDS.

The purpose of this review is to
explore what is known of the assocation
between fatigue and hEDS; provide
guidance on the assessment and man-
agement of fatigue in the context of
hEDS; and consider areas for further
research in this field.

METHODS

The committee on Chronic Fatigue of
Ehlers—Danlos
Syndrome Consortium met by telecon-

the International

ference or through electronic corre-
spondence throughout 2015 and 2016
to discuss the associations of chronic
fatigue with hEDS and its assessment
and management. The following reflects
the Committee’s literature review and
professional experience as well as in-
sights from various contributing mem-
bers of the international effort on EDS
through the Consortium.

LITERATURE REVIEW

Fatigue is common and often disabling in
hEDS [Rowe et al., 1999; Hakim and
Grahame, 2004; Voermans et al., 2010;
Castori etal., 2011; Voermans and Knoop,
2011; Murray et al., 2013; Scheper et al.,
2016]. It has been associated in hEDS with
muscle weakness [Voermans et al., 2011;
Celletti et al., 2012], and kinesiophobia
[Celletti et al., 2013]. However, there are
no large randomized trials of the manage-
ment of fatigue in EDS. The few
publications that offer management ad-
vice are based on either small cohort
studies or expert opinion.

There is no specific definition for
chronic fatigue in hEDS. The authors
recommend the following definitions of’
fatigue, similar in concept and substance to
that published by the Institute of Medicine
[2015]. Chronic fatigue is defined by:

e Persistent and/or recurrent fatigue, that
has been present for more than 6 months,

unexplained by other conditions,
not the result of ongoing exertion,
not substantially alleviated by rest,

resulting in a substantial reduction or
impairment in the ability to engage in
normal levels of activities.

CAUSAL ASSOCIATIONS

A full history (including exacerbating
and alleviating factors, sleep disturbance
and stressors, and perceived impact on
wellbeing) should be taken, and include
assessment of psychological wellbeing
both as a cause and an impact. Because
fatigue is such a common symptom in
systemic illnesses not related to hEDS,
and can be associated with disease in any
organ system, it is fundamentally im-
portant that a thorough history and
physical examination is undertaken.

A full history (including
exacerbating and alleviating
factors, sleep disturbance and
stressors, and perceived impact
on wellbeing) should be taken,
and include assessment of
psychological wellbeing both
as a cause and an impact.

The following causes for fatigue are
common findings in hEDS.

® Poor sleep quality—in hEDS initiation,
maintenance and restoration of sleep
may be disturbed by factors such as pain,
nocturnal tachycardia, or sleep disor-
dered breathing.’

e Chronic pain—typically both neuro-
pathic in nature and from acute and
chronic mechanical joint and soft tissue
injury.

"While daytime napping may be beneficial as
part of rest and relaxation, it may in some cases
lead to either a shift or reversal of the day—night
sleep cycle, with resultant difficulty sleeping at
night and daytime somnolence, and therefore
be more detrimental than beneficial.

e Physical deconditioning (as opposed to
physical “weakness”)—that arises from
poor physical activity.

o Orthostatic intolerance [De Wandele etal.,
2016], and cardiovascular dysregulation
(e.g., tachycardia, hypotension, syncope).

e Bowel dysfunction (e.g., malabsorption
and subsequent nutritional deficiencies).

e Nocturnal micturition due to bladder
dystunction or polyuria which is usually
secondary to increased fluid consumption
but may also be a consequence of increased
urine production during recumbent pos-
ture, eliminating fluid “pooled” in the
lower body during the day.

e Anxiety and/or depression.

e Headaches/migraines.

It is important to recognize that
chronic fatigue may be the result of a co-
existing condition. “Red flag” alerts of a
serious different condition include:

Weight loss,
significant lymphadenopathy,
clubbing,

persistent shortness of breath on exertion
(exertional dyspnoea is often a conse-
quence of cardiovascular dysfunction),
fevers,

red, swollen joints,

bronzing of the skin,

abnormalities on the neurological
examination,

o later age of onset.

The following should then be ex-
cluded or investigated further if thought
to be present:

o Chronic infection (e.g., hepatitis, tubercu-
losis, brucellosis, endocarditis, Lyme disease),

e endocrine disorders (e.g, diabetes, thy-
roid disease, adrenal insufficiency),

e autoimmune inflammatory conditions
(e.g., joints, skin, bowel, liver, and renal
disorders),

e cardiorespiratory disease,

® sleep disordered breathing,

® neurological disorders (e.g., myasthenia
gravis, multiple sclerosis).

CONTROVERSIES

Itis the authors’ opinion that the criteria
used for diagnosing CFS and hEDS are
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inadequate and contribute to diagnostic
confusion. To meet a diagnosis of CFS,
fatigue must be “unexplained by other
conditions.” Therefore, a diagnosis of
hEDS must exclude a diagnosis of CFS.
However, hEDS is likely to be substan-
tially under-diagnosed and it is likely
that some patients diagnosed with CFS
may meet or would previously have met
the criteria for diagnosis of hEDS. Also it
is the authors’ opinion that the literature
and diagnostic methods for CFS and
hEDS are of insufficient strength to
reliably differentiate between these con-
ditions in a given individual. We would
conclude that in the context of hEDS
one would simply use the term chronic
fatigue.

Treatment of fatigue in hEDS is based
on guidance from the general literature on
management of chronic fatigue, and
expert opinion. There is no evidence
for use of specific pharmacological thera-
pies in hEDS, though these are, within
licencing regulation, recommended.

MANAGEMENT AND CARE
GUIDELINES

Assessment of Severity and Impact
of Fatigue

There is no single tool for the assessment
of patients with fatigue that allows a
global appraisal of its severity and
impact. Also fatigue may be an expres-
sion of an underlying disorder, and it is
the severity and impact of that disorder
per se that is the issue.

More formal questionnaires that
address fatigue include the Multidimen-
sional Fatigue Inventory—Short Form
(MFI-SF), a 30-item self-report instru-
ment designed to measure fatigue. The
full MFI is 83 questions [Smets et al.,
1995]. It explores general, physical, and
mental fatigue, reduced motivation and
reduced activity. Subsections of it can be
used to look at specific areas such as
mental fatigue.

Simple tools such as the Wood
Mental Fatigue Inventory can be used
in the clinic to explore the cognitive
symptoms of fatigue [Bentall etal., 1993].

Scales for functional assessment,
such as the Medical Outcomes Study

Short-Form  General Health Survey
(SE-36™) and Sickness Impact Profile
(SIP) may be helpful.

Simple tools such as the
Wood Mental Fatigue
Inventory can be used in the

clinic to explore the cognitive
symptoms of fatigue.

Scales for functional
assessment, such as the
Medical Outcomes Study
Short-Form General Health
Survey (SF-36%) and Sickness
Impact Profile (SIP) may be
helpful.

Whitehead [2009] analized of the
scales most often used in research. The
review identified three short instru-
ments demonstrate good psychometric
properties (namely the Fatigue Severity
Scale [FSS], Fatigue Impact Scale [FIS],
and Brief Fatigue Inventory [BFI]),
as did three comprehensive instruments
(namely  the
Inventory  [FSI|, Multidimensional
Assessment of Fatigue [MAF], and
Multidimensional ~ Fatigue Symptom
Inventory [MFSI]). Of these four mea-
sures (BFI, FSS, FSI, and MAF) dem-
onstrated the ability to detect change

Fatigue  Symptom

over time and might therefore be more
suitable in the assessment of chronic
long-term conditions.

Perhaps the most useful informa-
tion clinically is that gained from
patient self-record of their daily activi-
ties, general function, and the degree of
disability perceived, for example how
far a patient can walk without having
to stop to rest, or how many flights of
stairs. By logging a list of these
activities and functions, the patient

has a baseline from which to set goals,
and the opportunity to judge improve-
ment in wellbeing by achieving these
goals. This process can be repeated to
challenge and record further improve-
ments over time.

Personal electronic devices are now
available to measure activity and these
can be useful in monitoring physical
exertion particularly during therapeutic
programs.

Advice and Treatment

General principles

To facilitate effective management the
clinician needs to establish a collabora-
tive relationship with the patient and
their carers. Engagement with the
family is particularly important for
children and young people, and for
people with severe fatigue.

The patient and their clinician
should share decision making both in
identifying the causes of, recognising the
impact of, and the phases in the
management of fatigue. Together this
might include:

e Understanding the need to exclude
underlying diseases and disorders.

® Recognizing the reality and impact
(physical, emotional, social [including
education and employment]) of the
condition and the symptoms.

e Setting realistic goals and timelines for
improvement, being prepared to man-
age set-backs/relapses.

e Exploring the range of interventions
and management strategies available,
taking account of the patients’ age
(particularly for children), the severity
of their symptoms, their preferences
and experiences, and the outcome of
previous treatment.

e Negotiating other areas of healthcare
provision, supporting applications for
financial benefits and social care, as well
as concerns related to education or
employment.

People with severe fatigue may
need support from a multidisciplinary
team for example, nursing, occupational
therapy, dietetics, psychology, physio-
therapy, and pain management. This
should be coordinated by a named
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healthcare professional, and usually their
general practitioner/general physician.

Treatment is based on addressing the
underlying issues. These might include
medications directed at orthostatic intol-
erance, antidepressants, anti-anxiety
drugs, management of allergies, use of
sleep aids, and pain management [Castori
etal., 2012], as well as a lifestyle changes
including pacing, changing sleep pattern,
exercise, and even a change of job or
hours of work.

There is no known pharmacological
treatment or cure for fatigue per se. Large
systematic reviews have not identified
consistently effective medications for CFS
symptoms in general, but many medi-
cations are effective for specific symptoms
(e.g., headaches) and co-morbid condi-
tions that result in fatigue [Smith et al.,
2014]. Unless there is an underlying
medical disorder, the following medica-
tions should be avoided as they may cause
harm if used inappropriately:

e Glucocorticoids (in the absence of other
indications),
e thyroxine (in the absence of
hypothyroidism),
e antiviral agents® (in the absence of
confirmed active viral infection).
There is insufficient evidence to
recommend the use of complementary
therapies and supplements for fatigue.
However, some patients choose to use
these therapies and find them helpful,
and there is little evidence of harm.
Typical agents include co-enzyme Q10,
Carnitine, alpha-lipoic acid, magne-
sium, nicotinamide adenine dinucleo-
tide (NADH), and multivitamins and
minerals. Co-enzyme Q and Riboflavin
have been shown to be effective in
migraine prophylaxis.

There is insufficient evidence
to recommend the use of
complementary therapies and
supplements for fatigue.

*The authors recognize that clinicians try these,
however, there is very little evidence of efficacy
in the literature.

However, some patients
choose to use these therapies
and find them helpful, and

there is little evidence of

harm.

In some cases, patients with bowel
dysfunction may need supplements
because of a restricted diet. A dietician’s
expertise may be required in this
situation if the attending clinician is
not confident to advise.
should

remain aware that some patients do

Clinicians and patients
not show meaningful responses to
with
chronic and disabling conditions are

therapy. Patients intractable,
prone to feelings of abandonment and
may be vulnerable to potentially toxic
therapies or exploitative practitioners.
For such patients, the long-term sup-
portive and protective role of the
physician can be invaluable.

Maintaining independence
For people with moderate or severe
fatigue that has not responded to
treatment, equipment and adaptations
(e.g., awheelchair) should be considered
as part of the management plan, after
assessing the risks and benefits for the
individual patient. Such adaptations may
be valued ways of gaining more inde-
pendence and improving quality of life.
Disruption of education or employ-
ment is generally detrimental to health
and wellbeing. The ability to continue in
these should be addressed early. The
clinician should assist, following consent
from their patient, by proactively and as
needs be regularly advising colleagues on
their patients’ fitness for work and
education, and the adjustments or adap-
tations required for them to remain in or
return to studies or work.

Treatment modalities

Sleep management, rest, and relaxation
and key approaches. Advice on sleep
management includes:

e Explaining the effect disordered sleep or
a poor sleep pattern can have on causing

and exacerbating fatigue can help an
individual understand how their behav-
iors might affect the normal day—night
sleep cycle.

o Identifying poor sleep patterns such as
insomnia, hypersomnia, an altered
sleep—wake cycle, and non-refreshing
sleep despite either an apparent normal
cycle or prolonged sleep.

e Providing general advice on what good
sleep hygiene means (see below).

e Introducing changes to sleep patterns
gradually.

Good sleep hygiene includes:

e Avoiding stimulants such as caffeine or
nicotine too close to bedtime.

e Exercise during the day to promote
good sleep.

e Avoiding large meals too close to
bedtime.

® Relaxation techniques—establishing a
regular relaxing bedtime routine, avoid-
ing emotional upset/dwelling on prob-
lems before trying to go to sleep. Calm
music or reading may be relaxing for
some.

e Associate bed with sleep. Avoid watch-
ing TV, playing computer games,
sending text messages, e-mails, etc.
Calm music or reading may be relaxing
for some.

e The sleep environment should be
pleasant and relaxing. The bed should
be comfortable, and the room dark,
quiet, and neither too hot or too cold.

During the day, exercise may also
encourage wakefulness, as should ade-
quate exposure to natural light. Espe-
cially early in the day, light exposure
helps to maintain a healthy sleep—wake
cycle.

During the day, exercise may
also encourage wakefulness, as
should adequate exposure to
natural light. Especially early
in the day, light exposure
helps to maintain a healthy
sleep—wake cycle.
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Chronic pain may be a dominant
influence on sleep; it should be managed
accordingly. Prescribing of low-dose
tricyclic antidepressants, specifically am-
itriptyline, should be considered.

Other medications may assist sleep.
These include:

Melatonin,
doxepin,
cyproheptadine,
diphenhydramine,
trazodone,
propranolol,
clonazepam,
zolpidem,

a variety of others including benzodia-
zepines, beta blockers, muscle relaxants,
and eszopiclone.

As part of pacing, rest periods may be
required. Rest periods can be introduced
into daily routine, but the frequency,
length, and types of activities undertaken
should be adapted for each individual. Itis
important to maintain as normal a level of
activity as possible, whilst avoiding over-
exertion. There is always a balance here
and advice requires individual assessment.
Rest advice might include:

e Limiting the length of rest period to, say,
30 min.

e Undertaking low-level physical (arts,
crafts, etc.) and cognitive (reading,
puzzles, etc.) activities depending on
the severity of symptoms.

e Using relaxation techniques.

o Trying to avoid complete rest as the only
management during a setback/relapse.

Prolonged bed rest should be avoided
if possible. It is associated with significant
physical deconditioning, psychological
risks, and medical disorders including severe
postural hypotension, venous thrombosis,
osteoporosis, and pressure sores.

Relaxation techniques may help in
the management of pain, sleep prob-
lems, and comorbid stress or anxiety. Itis
important that patients rest when tired,
and not use caffeine or stimulating
medications to “push through” periods
of severe fatigue. Common relaxation
techniques include:

® Progressive muscle relaxation. In this
technique the individual focuses on

slowly tensing and then relaxing each
muscle group.

® Visualization. For example the individ-
ual may imagine a peaceful setting and
then focus on controlled, relaxing
breathing, slowing the heart rate.

o Other techniques include:

o Massage,

o meditation,

o yoga,

o music and/or art therapy.

Graded exercise therapy (GET) and
management of daily activities are also
fundamental therapeutic approaches.
Before advising on exercise the clinician
should consider the impact of joint
hypermobility and joint instability in
EDS, as well as the negative influence on
exercise that arises from uncontrolled
pain, fear of movement (kinesiophobia),
and other associated conditions such as
cardiovascular autonomic dysfunction.

Gradual exercise programmes may
be beneficial for some patients, improv-
ing physical, psychological, and cogni-
tive aspects of wellbeing. The main
objectives in EDS of an exercise pro-
gramme are the progressive prevention
of physical deterioration, optimization
of functional capacity without trigger-
ing injury, and pain control.

A suitably trained therapist or
instructor should deliver GET. Recom-
mendations such as “go to the gym,”
“exercise more,” or “go swimming” are
not helpful without supported advice on
what this actually means, and should be
avoided. It is recommended that exer-
cise should be supervised, structured,
and gradually increased in intensity
(both in muscle strengthening and
aerobic fitness as appropriate). Unstruc-
tured and unsupervised exercise may
worsen symptoms, as can a rigid or
inflexible escalation of activity.

GET should be based on the
individuals’ current level of activity
and individual goals. When planning
GET, it is important clinicians and/or
therapists:

o Undertake an assessment of current
activity analysis—while also ensuring

that this does not of itself already lead to
a “boom and bust” cycle.

e Discuss both short and long-term goals
important and relevant to the individual.

e Agree on a level of additional low-
intensity exercise that is sustainable

® Recognize that it can take weeks,
months, or even years to achieve goals,
and ensure that this is taken into account
in the therapy structure and the ways
services deliver treatment.

e Advise that increased levels of exercise
may increase symptoms for a few days
(e.g., stiffness and fatigue), but explain
that this is normal.

Before completing a GET pro-
gramme, it is important the individual
has been advised on maintaining the
exercise and strategies for managing set
backs, including access to their clinician
and/or therapist. Treatment of existing
movement restrictions and biomechan-
ical dysfunction using manual techni-
ques can be a bridge to tolerating
exercise for some individuals.

Activity management is a form of
pacing, controlling activities by means
that include:

e Planning daily activities to allow for a
balance and variety of different types of
activity, rest, and sleep.

e Spreading out difficult or demanding
tasks over the day or week.

e Splitting activities into small achievable
tasks.

® Monitoring, regulating, and planning
activities to avoid a “boom and bust” cycle.

® Goal setting, planning, and prioritising
activities.

Cognitive  Behavioral Therapy
(CBT) has both formal and informal
approaches.” At an informal level, this
involves education about symptoms,
demystification of the medical prob-
lems, and explanation of how inactivity
can aggravate a number of the problems
that contribute to fatigue (e.g., decon-
ditioning, orthostatic intolerance).

3The authors caution that the effect size of CBT
is modest, that improvements are not always
sustained, and that CBT has not been studied in
those with more

severe symptoms and

impairment.
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An individualized, person-centred
programme should be oftered to people
with fatigue. The objectives of the
programme should be to:

e Sustain or gradually extend, the per-
son’s physical, emotional, and cognitive
capacity.

® Manage the physical and emotional
impact of their symptoms.

The components, and progression
throughout the programme should be
based on the person’s age, preferences
and needs, and should be delivered only
by a healthcare professional with appro-
priate training in CBT.

WHAT WE NEED TO KNOW

The incidence, prevalence, and natural
history of fatigue in the hEDS population
is unknown, so therefore also the distri-
bution and types of (co-associated) mech-
anisms that trigger this phenomenon.

Also, it is unclear as to how many
patients diagnosed with CFS actually
really have EDS, not CFS.

Subgroup clinical trials of efficacy
and safety of treatments are required to
move beyond the limitations of case
study and expert opinion evidence.
Future studies are also needed to assess
the effect of treatment on quality of life
and fatigue.

The influence of anxiety disorders/
mental health factors on presentation
and response to treatment are also not
clear.

SUMMARY

Fatigue is 2 common finding in EDS. It
may present in a manner that is
indistinguishable from CEFS. Diagnosis
of fatigue remains an area of uncertainty:
the definition of fatigue remains uncer-
tain and diagnostic tests are not available.
The initial approach to fatigue in EDS is
to exclude other conditions that may
produce fatigue.

Conditions which are commonly
seen in EDS and which may manifest as
or exacerbate fatigue include sleep

disorder, chronic pain, deconditioning,
cardiovascular dysregulation, bowel and
bladder dysfunction, psychological is-
sues and nutritional deficiencies.

Treatment algorithms for fatigue
are poorly defined and therapy is
frequently ineffective and so aims of
treatment should be realistic. Treatment
should focus on improving symptoms,
maintaining function and providing
social, physical and nutritional support.

Where medical and physical inter-
ventions fail to provide substantial
symptomatic or functional improve-
ment, it is essential that clinicians
provide on-going support to patients
who are at risk of feelings of
abandonment.
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Gastrointestinal Involvement in the
Ehlers-Danlos Syndromes

ASMA FIKREE, GISELA CHELIMSKY, HEIDI COLLINS, KATCHA KOVACIC, anpo QASIM AZIZ*

Current evidence suggests that an association exists between non-inflammatory hereditary disorders of
connective tissue such as the Ehlers—Danlos syndromes (EDS) and gastrointestinal (GI) symptoms. Patients with
EDS can present with both structural problems such as hiatus hernias, visceroptosis, rectoceles, and rectal
prolapse as well as functional problems such as disordered gut motility. It has recently been demonstrated that
patients with hypermobile EDS (hEDS) present with Gl symptoms related to the fore and hind-gut and these
patients frequently meet the criteria for functional gastrointestinal disorders such as functional dyspepsia and
irritable bowel syndrome. Presence of Gl symptoms in EDS patients influences their quality of life. Specific
evidence based management guidelines for the management of Gl symptoms in EDS patients do not exist and
these patients are often treated symptomatically. There is, however, recognition that certain precautions need to
be taken for those patients undergoing surgical treatment. Future studies are required to identify the
mechanisms that lead to Gl symptoms in patients with EDS and more specific treatment guidelines are required.
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INTRODUCTION

The current information on the gastroin-
testinal manifestations of Ehlers—Danlos
syndrome (EDS) are summarized in this
review. Information about management
principles based on current evidence is
provided together with suggestions for
future research in the field.

METHODS

The gastrointestinal (GI) group had a
number of telephone conferences to
discuss the content of the literature
review. It was agreed that a comprehen-
sive literature search should be conducted

and each member should provide a list of
references relevant to specific areas.

The search terms used were “Ehlers—
Danlos and gastrointestinal,” “Ehlers—
Danlos and GI,” “Joint-hypermobility
and joint hypermobility syndrome (JHS)
and gastrointestinal,” “Ehlers—Danlos hy-
permobility (EDS-HT),” “Ehlers—Danlos
and perforation,” “Ehlers—Danlos vascu-
lar,”  “Ehlers—Danlos type IV and
gastrointestinal.”

Management and Care Guidelines

There are currently no well validated
national or international management

and care guidelines for the management
of EDS-related GI
symptoms are normally managed on

symptoms. GI

empirical grounds using best practice
models and evidence.

There are anecdotal reports of global
improvement of hypermobile type of
Ehlers—Danlos syndrome (hEDS) related
symptoms following patient-led “trial
and error” diet-based interventions, as
well as through the use of enteral
nutrition via nasogastric feeding, percu-
taneous endoscopic gastrostomy/jeju-
nostomy feeding, and total parenteral
nutrition. In 2005, a novel and theoreti-
cal approach to symptom management in
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EDS was described by Mantle et al.
[2005]. The authors suggested that
attention to nutrient intake, by use of
supplements, may impact on symptom
severity in EDS. Tinkle [2009] has also
reported his experience with similar
selected nutraceuticals in hEDS. In a
2015 review of gastrointestinal and
nutritional issues in hEDS, Castori
et al. [2015] suggested that there is a
theoretical basis which suggests that
lifestyle and nutrients may be beneficial
in hEDS. Consequently, it is reasonable
to postulate that these features may be
managed or improved by nutritional
supplementation and lifestyle modifica-
tions. In the author’s own clinical
practice, low FODMAP (Fructose, Oli-
gosaccharides, Disaccharides, Mono-
amines, and Polyols) diet is frequently
used to good effect for abdominal
bloating, pain, and diarrhea, these fea-
tures often overlap with irritable bowel
syndrome (IBS) where the efficacy of this
diet is now well established. Given that
approximately 37% of patients with a
diagnosis of IBS meet the criteria of
hEDS [Fikree et al., 2015], it is not
surprising that efficacy of this diet is being
seen. However, further controlled studies
are required to determine efficacy of the
diet based interventions in patients with
GI symptoms associated with hEDS.

In the author’s own clinical
practice, low FODMAP
(Fructose, Oligosaccharides,
Disaccharides, Monoamines,
and Polyols) diet is frequently
used to good effect for
abdominal bloating, pain, and
diarrhea, these features often
overlap with irritable bowel
syndrome (IBS) where the
efficacy of this diet is now
well established.

Surgical management of patients
with vascular EDS who develop acute

GI complications such as bleeding or
perforation has been described in the
literature. These approaches range from
refrain from intervention with conser-
vative non-surgical management of
[Casey et al.,
2014] to more conventional surgical

intestinal perforation

management with resections of appro-
priate segments of the gut. It has been
suggested that during surgery, all organs
must be treated gently due to tissue
fragility [Omori et al., 2011]. A system-
atic review of GI surgery and related
complications in EDS [Burcharth and
Rosenberg, 2012] suggests that surgery
in patients with EDS is associated with a
high risk of complications, which is why
preoperative indications should be care-
fully considered. Furthermore, optimal
therapy for these patients includes the
awareness that EDS is a systemic disease
involving fragility, bleeding, and spon-
taneous perforations from almost all
organ systems. The authors suggested
that a nonsurgical approach can be the
best choice for these patients, depending
on the condition.

Desmopressin has been used in a
preliminary study of hEDS associated
bleeding symptoms such as easy bruis-
ing, epistaxis, menorrhagia, and gum
bleeding [Mast et al., 2009]. In these
patients, desmopressin was given intra-
nasally or intravenously and led to
significantly reduced bleeding time. In
the same study, desmopressin was also
given to patient’s pre-surgery (non-GI
surgery) and none of these patients
suffered from any post-surgical bleeding
complications, in contrast, 30% of the
patients who did not receive desmo-
pressin developed post-operative bleed-
ing complications. This suggests that
desmopressin may have a role in the
management of GI peri-surgical bleed-
ing complications in EDS patients but
further studies are required to test this
hypothesis.

Recently, Fikree et al. [2015] have
demonstrated that a significant propor-
tion of patients with Functional Gastro-
intestinal Disorders (FGID) meet the
criteria for hEDS. Patients with this
overlap have a different phenotype with
more chronic pain, somatization, auto-
nomic symptoms and anxiety, and

poorer pain-related quality of life com-
pared to those without the overlap.
Thus, it is likely that management of
FGID patients with and without EDS
overlap may differ. For instance, those
with overlap may require earlier identi-
fication and holistic multidisciplinary
management involving for instance
rheumatologists, autonomic neurolo-
gists, and pain specialists.

Chronic musculoskeletal and vis-
ceral pain is common in patients with
EDS. It is, therefore, likely that opioids
will be considered in the management of
these patients, which can significantly
influence GI function and lead to
deterioration in symptoms. Hence,
avoidance of opioids should be a con-
sideration in those with GI involvement.

Chronic musculoskeletal and
visceral pain is common in
patients with EDS. It is,

therefore, likely that opioids

will be considered in the
management of these patients,

which can significantly
influence GI function and lead
to deterioration in symptoms.

Hence, avoidance of opioids

should be a consideration in
those with GI involvement.

Recognition that anatomical ab-
normalities such as diverticulosis, rec-
toceles, and prolapse can occur in
patients with EDS may help to plan
investigation and treatment in patients
with GI symptoms. For instance, con-
stipation 1s common in patients with
hEDS [Fikree et al., 2014], and recog-
nition that symptoms may at least partly
be due to rectal evacuatory dysfunction
due to the anatomic abnormalities such
as rectocele and or prolapse may help to
guide the management toward nurse led
therapy aimed at improving defecatory
dynamics or in some severe cased
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surgical correction of the anatomic
abnormality.

GI Connective Tissue
Abnormalities in Disease

Localized abnormalities in connective
tissue have been described in association
with GI pathology.
disease, there is increased elastin deposi-

In diverticular

tion in the taenia of the colon, and
structural changes in the collagen of the
smooth muscle [Whiteway and Morson,
1985]. Patients with hiatus hernias have
fragmentation and distortion of elastin
in their gastro-hepatic and phreno-
esophageal ligaments [Curci et al,
2008]. Children with megacolon have
atrophy of collagen in the tendinous
connective tissue membrane of the
myenteric plexus and muscularis prop-
ria, referred to as “atrophic desmosis”
[Meier-Ruge, 1998].
exists for the association between GI

Evidence also

pathology and both inflaimmatory and
non-inflammatory connective tissue
disorders [Braun and Sieper, 1999]. A
rationale, therefore, exists for an influ-
ence of connective tissue disorders on
gut structure and function. Evidence
now exists of involvement of the entire
GI tract in EDS.

EDS AND ABNORMAL GI
TRACT

EDS and Abnormal GI Anatomy

In a study of EDS patients, only 11 out of
143 (7.7%) who underwent endoscopic
assessment had a hiatus hernia [Nelson
et al.,, 2015]. A study in patients with
lower urinary tract dysfunction demon-
strated that patients with hEDS were
significantly more likely to have symp-
toms of rectal evacuatory dysfunction
and evidence of rectal morphological
anomalies, for example, rectal prolapses,
those without hEDS
[Manning et al., 2003]. In a case series
of EDS patients at the Mayo clinic, all 4
patients who underwent an MR procto-

compared to

gram had an anterior rectocele [Nelson
etal., 2015]. In the same study, 12 (11%)
out of 110 who underwent colonoscopy
had diverticulosis or diverticulitis.

Case reports of patients with hEDS
describe further anatomical abnormali-
ties in small numbers of patients.
Diverticular disease has been described
in association with EDS [Lindor and
Bristow, 2005]. Visceroptosis of the
bowel has been described in two patients
with hEDS [Reinstein et al., 2012]. This
refers to the downward displacement of
abdominal organs below their natural
position. It is rare and its aetiology is
unknown. It can cause kinking of thin
walled structures such as blood vessels
and nerves and thereby cause symptoms,
which can be severe. In the case
described, the patient presented with a
4 year history of abdominal distension
and bloating that interfered with her
eating and activities of daily living.

EDS and Abnormal GI Physiology

Results of gastrointestinal physiological
studies were reported in a retrospective
observational study from the Mayo
clinic in EDS patients of whom the
vast majority had hEDS (71.7%)
[Nelson et al., 2015]. About 13 out of
46 (28%) patients who underwent
colonic transit studies had abnormal
results; nine with slow transit and four
with fast transit. A total of 60% of these
patients with abnormal colonic transit
had hEDS In the same study, 17 out of
76 (22%) patients had abnormal gastric
emptying half being fast and half being
slow Abnormal oesophageal manome-
try was present in 5 out of 11 (31%)
patients. About 7 out of 16 patients
(44%) had pathological acid reflux on
reflux testing.

Association Between hEDS and GI
Symptoms

The association between hEDS and GI
symptoms was first described 12 years
ago by Hakim and Grahame [2004].
They found that hEDS patients attend-
ing a hypermobility clinic had signifi-
cantly more GI symptoms compared to
age and sex matched controls (37% vs.
11%). The most common GI symp-
toms were nausea, abdominal pain,
constipation, and diarrhea. It was felt
that dysautonomia was one mechanism

by which this may occur [Gazit et al.,
2003; Hakim and Grahame, 2004], and
since then it has been shown that
Postural Tachycardia Syndrome (PoTS)
is associated with GI symptoms such as
nausea, reflux, bloating, constipation,
and diarrhea [Mathias et al., 2011].
Thus, it would appear that hEDS,
autonomic symptoms, and GI symp-
toms are indeed linked, though the
exact mechanism for the association is
unknown.

The association between
hEDS and GI symptoms was
first described 12 years ago by

Hakim and Grahame. They
found that hEDS patients
attending a hypermobility
clinic had significantly more
GI symptoms compared to age
and sex matched controls
(37% vs. 11%). The most
common GI symptoms were
nausea, abdominal pain,
constipation, and diarrhea.

As that landmark study, other
studies in various hospital settings and
have confirmed that GI
symptoms are common in patients

countries,

with an existing diagnosis of hEDS. In
a study of 21 hEDS patients attending a
genetics clinic in Italy, 87% of patients
were found to have GI symptoms, most
commonly dyspepsia (67%), gastro-
oesophageal reflux (57%), recurrent
abdominal pain (62%), alternating con-
stipation and diarrhea (33%), and ab-
dominal hernias (5%) [Castori et al.,
2010]. Furthermore, the same author
demonstrated that the incidence of GI
symptoms increased with age, and that
older hEDS patients were more likely to
have GI symptoms than their younger
counterparts.

In a prospective cross-sectional
study of over 600 new patients in
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secondary care GI clinics, Fikree et al.
[2014] looked at three groups of patients
including those with established hEDS
from rheumatology clinics (hEDS-Rh),
those with hEDS albeit previously
undiagnosed (hEDS) and those without
hEDS (non-hEDS). They demonstrated
that approximately one-third of unse-
lected patients attending GI clinics have
previously undiagnosed hEDS based on
validated clinical criteria; however, the
GI symptom profile in these patients is
less severe than that observed in patients
with established hEDS referred from
rheumatology clinics. In the newly
diagnosed hEDS patients, there was a
significant
oesophageal reflux and dyspeptic symp-
toms but not with alternating bowel

association with  gastro-

habit, chronic abdominal pain, dyspha-
gia, globus, and bloating; however, these
symptoms were more common in the
hEDS-Rh group. Autonomic dysfunc-
tion, chronic pain, and analgesic use, but
not psychopathology, showed increasing
trends across the three groups, being
highest in patients with hEDS-Rh.
Thus, they concluded that hEDS is
common in GI clinics, with increased
burden of upper GI and extra intestinal
symptoms.

Studies from a Genetics Depart-
ment in Belgium not only confirm that
GI symptoms such as constipation,
diarrhea, bloating, and
problems are present in hEDS, but that
these GI symptoms are associated with

swallowing

clusters of other extra-articular symp-
toms, in particular cognitive problems,
insomnia, postural dizziness, and syn-
cope [Rombaut etal., 2011]. This group
also recognized that there was large
heterogeneity in presentation and not all
patients had the same cluster of symp-
toms. Consequently, they performed a
cluster analysis and identified that two
main clusters. In both clusters, muscu-
loskeletal symptoms were most promi-
nent; however, the pattern of extra-
articular symptoms diftered. GI symp-
toms were particularly prominent in the
cluster, which also had high levels of
fatigue, cutaneous changes, orthostatic,
immune, urogynecological, visual, and
respiratory problems [De Wandele et al.,
2013].

hEDS and Organic GI Disorders

Only two published studies exist which
demonstrate a possible association be-
tween hypermobility and organic dis-
orders, and these were done in patients
with inflammatory bowel disease (IBD)
and celiac disease. The first was per-
formed in a Greek Hospital setting
[Vounotrypidis et al., 2009] which de-
scribed that the prevalence of hEDS in
Crohn’s disease (12.2%) was higher than
that in UC (3.6%) but this difference was
not statistically significant. Fikree et al.
[2015] also demonstrated a relatively
high prevalence of JHS in Crohn’s
disease and ulcerative colitis patients
(32% and 21%, respectively). No other
studies have further examined this
association between EDS and IBD.

One small study demonstrated a
high prevalence of celiac disease in hEDS
patients [Danese etal., 2011]. Thirty-one
patients attending a genetics clinic with
an established hEDS diagnosis were
screened for celiac disease using IgA/G
endomysial antibodies and/or anti-tissue
transglutaminase, of which six (19%)
tested positive. Duodenal biopsies from
five had features consistent with celiac
disease. The prevalence of celiac disease
(16%) in the hEDS group was, therefore,
significantly higher than the estimated
population prevalence (1%) [Danese
et al,, 2011]. However, there are a
number of limitations to this study. First,
the population prevalence of celiac
disease was estimated rather than calcu-
lated. Second, the basis on which hEDS
patients were selected for testing for celiac
disease is not described and, therefore,
there may be a degree of selection bias.
Nevertheless, these results were broadly
corroborated in another study with a
small sample size, where hEDS was
diagnosed in four out of 13 (30%) patients
attending GI clinics with a new diagnosis
of celiac disease [Fikree et al., 2015].

hEDS and Functional GI Disorders

Direct evidence for an association
between FGID and generalized joint
hypermobility initially came from a
retrospective  observational study in
tertiary gastroenterology setting [Zarate
et al,, 2009]. A subgroup of these

patients were assessed further by a
rheumatologist, and found to have
hEDS. Patients with hEDS tended to
have motility problems in their gut on
physiological testing, for example, small
bowel dysmotility, delayed gastric emp-
tying and delayed colonic transit. This
study suggested that in a tertiary neuro-
gastroenterology setting, hEDS was
associated with GI dysmotility.

In studies demonstrating the presence
of GI Symptoms in hEDS, GI symptoms
were often attributable to FGID subtypes
such as IBS, rectal evacuatory dysfunction,
and functional constipation [Manning
et al., 2003; Castori et al., 2010; Zeitoun
et al., 2013], all of which are ROME III
categories of FGID. In another paper,
two-thirds of patients with hEDS who
reported having appendectomies for ab-
dominal pain did not have a positive
outcome of surgery, suggesting that the
pain was more likely to be secondary to a
functional cause rather than appendicitis
[Rombaut et al., 2011].

Fikree et al. [2015] further studied
the association between hEDS and FGID
and the impact of this association on
comorbidities and quality of life (QOL).
In a prospective case-control study in
secondary care GI clinics over 2 years,
hEDS was assessed prior to consultation
in consecutive new patients. It was
demonstrated that hEDS prevalence
was higher in FGID compared to organic
GI disorders (39.0% vs. 27.5%, ORadj:
1.51, CL 1.07-2.12, P=0.02), and
particularly associated with functional
gastroduodenal disorders (44.1%, OR-
adj: 2.08, CL: 1.25-3.46, P=0.005),
specifically postprandial distress syn-
drome (51%, ORadj: 1.99, CI: 1.06—
3.76, P=0.03). FGID patients with
hEDS had increased chronic pain, fibro-
myalgia, somatization scores, urinary
autonomic scores, and worse pain-
related QOL scores. The authors con-
cluded that hEDS is significantly associ-
ated with FGID, and this subgroup of
patients have increased comorbidity and
decreased QOL.

hEDS and GI Symptoms in Children

Data on gastrointestinal manifestations
in children with hEDS is limited.
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However, several studies link constipa-
tion with childhood generalized joint
hypermobility (GJH) as determined by
the Beighton score. These studies found
constipation rates ranging from 11% to
38% in hypermobile children. Consti-
pation was more common in hyper-
mobile boys [de Kort et al., 2003; Adib
et al., 2005; Reilly et al., 2008].

A variety of gastrointestinal symp-
toms and functional GI disorders have
also been linked to joint hypermobility
in children. Pacey et al. [2015] reported
gastrointestinal symptoms in 54% of
children with GJH. Kovacic et al.
[2014] found a 56% prevalence of GJH
in adolescents diagnosed with complex
functional GI disorders. In these pa-
tients, fibromyalgia appeared associated
with GJH. A large population study in
India found a high prevalence of GJH
and a possible link of this condition with
moderate-severe malnutrition [Hasija
et al., 2008].

GI Symptoms in Other Subtypes of
EDS

GI symptoms have been described in
EDS I, I, and IV subtypes as well as in
patients with Tenascin X deficiency.

In classic EDS (cEDS), diverticular
disease has been described [Kitsiou-
Tzeli et al., 2010]. Although spontane-
ous acute pancreatitis has been described
in cEDS, it is not clear if this is a true
association or an incidental finding
[Sarra-Carbonell and Jimenez, 1989].

Various GI manifestation of the
vascular type of EDS (VEDS) has been
described. Most of these relate to organ
perforation and or bleeding [Pepin et al.,
2000; Baichi et al., 2005; Diz et al.,
2009; Omori et al., 2011; Anderson and
Sweetser, 2014; Yoneda et al., 2014].
Familial cases of sigmoid perforation
have also been described [Surgey et al.,
2011]. There also appears to be in-
creased risk of colonic perforation
during colonoscopy [Rana et al,
2011]. Occult and overt small bowel
perforation can also occur [Aldridge,
1967; Leake et al., 2010]. Even esoph-
ageal perforation has been described
[Habein, 1977]. Furthermore, congeni-
tal diaphragmatic hernia (CDH) has

been reported in two siblings with a
suspected diagnosis of vEDS with
consanguineous parents [Lin et al.,
2006]. The a 3-
year-old girl who had surgery for

index case was

CDH at 5 months of age, with recur-
rence 6 months later followed by further
surgery. Recurrence at 3 years of age
prompted further investigations. Two-
dimensional echocardiography revealed
an atrial septal defect, dilatation of the
suspected
abnormally tortuous aorta. Subsequent

pulmonary arteries, and
contrast-enhanced magnetic resonance
angiography revealed marked tortuou-
sity of the aorta and the innominate, left
common carotid, left subclavian, and
bilateral vertebral arteries, that was
suggestive of EDS. Further detailed
evaluation of the patient revealed hyper
elastic skin and mild hypermobility of
the knee joints. A chromosome study
did not demonstrate an obvious abnor-
mality but diagnosis of vEDS was made
on clinical grounds. Subsequently, her
1-year-old brother was also diagnosed
with CDH.

Various GI manifestation of
the vascular type of EDS
(vEDS) has been described.
Most of these relate to organ
perforation and or bleeding.
Familial cases of sigmoid

perforation have also been
described.

vEDS complicated by eventration of
the diaphragm and colonic and jujenal
perforation has been described [Iwama
et al., 1989]. Post-operative celiac artery
thrombosis [Debnath et al., 2007] and
other complications [Freeman et al.,
1996] can also occur in vVEDS. In addition,
spontaneous rupture of the liver [Gelb-
mann et al., 1997; Mistry et al., 2000; Ng
and Muiesan, 2005] and spleen [Privitera
et al., 2009] as well as post-operative
bleeding into the liver capsule [Blakeretal.,
2007] has been reported in these patients.

In a review of surgical complica-
tions of VEDS by Freeman et al. [1996],
44  gastrointestinal and 45 wvascular
complications of VEDS have been
reported in the literature between
January 1975 and July 1995. This
included 41 colon perforations, two
paraesophageal hernias, 22 spontaneous
haemorrhages, 17 aneurysms, and 5
arterial dissections. A total of 27 colonic
perforations were treated with resection
and diversion, 11 with total abdominal
colectomy (TAC), and 3 with primary
colon repair. Re-perforation occurred
in 15 resection/diversion patients versus
none treated with TAC (P<0.05).
Seven patients (23.3%) died from their
gastrointestinal complications. Twelve
(30%) patients died from vascular com-
plications of VEDS, seven of whom had
been treated with arterial reconstruction
(P<0.05). This review supports treat-
ing colon perforations in vEDS patients
with TAC and end ileostomy to avoid a
re-perforation or an anastomotic leak.
Stillman et al. [1991] have described
spontaneous colonic perforation, a
complication traditionally treated by
primary closure of the perforated seg-
ment and creation of an end colostomy,
while attempts at bowel re-anastomosis
often result in repeated colon perfora-
tions. They present a patient with vEDS
with colonic perforation proximal to an
end colostomy, and describe the surgical
strategy to prevent recurrences of this
and other postoperative complications
associated with the syndrome.

GI symptoms have been described
in patients with Tenascin X (TNX)
deficiency including abdominal pain
[Lindor and Bristow, 2005] episodes of
spontaneous and secondary ileus and
perforations (sigmoid and duodenum),
with post-operative incisional hernia
and incarceration. Chronic constipation
and rectal prolapse, pan colonic diver-
ticulosis with diverticulitis, uterine pro-
lapse, and moderate sized hiatus hernia
[Lindor and Bristow, 2005] have also
been described. Increased incidence of
GI problems in family members of TNX
deficiency patients have been described
including chronic constipation since
childhood, and rectal prolapse. Spontane-
ous perforation of colonic diverticulum,
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multiple intra-abdominal abscesses, du-
odenal and sigmoid diverticulaec have
also been reported in TNX deficient
patients. Gastric ulceration [Hendriks
etal., 2012] and GI bleeding [Schalkwijk
et al., 2001] has also been described in a
male patient with homozygous for TNX
deficiency.

FUTURE DIRECTIONS

It is clear from the above literature
review that GI symptoms can occur in
all EDS subtypes. GI perforations and
bleeding complications are less likely in
hEDS and most likely in vEDS than in
the other subtypes. There is a high
prevalence of hEDS in patients present-
ing with the features of FGID especially
functional dyspepsia. hEDS patients
with GI symptoms also often have a
combination of musculoskeletal, auto-
nomic, and urinary tract symptoms.
There remain several knowledge
gaps and future work will be needed to
address these on an epidemiological,
physiological, cellular, molecular, and
genetic level. The aetiology of GI
symptoms in individuals with EDS
will need to be determined and this
will require investigation of biomechan-
ical, autonomic, and sensorimotor func-
tion of the upper GI tract. The
understanding of which EDS individuals
will develop GI symptoms and how they
progress over time, what other factors
such as poor nutrition, traumatic life
events, viral infections, and so on,
precipitate the worsening of GI and
extra-intestinal symptoms in these pa-
tients will require longitudinal studies.
Improving our understanding of the
above-mentioned factors will enable
better treatment strategies to be devised.
Identification of the nature of the
connective tissue defect in EDS and its
relation to the functioning of the GI
tract is undeniably an important ques-
tion now and will require genetic studies
in humans and validation studies in
animal models. The mechanism of the
link between EDS and PoTS also needs
further study. Furthermore, signaling
between the extracellular matrix (com-
ponent of connective tissue) and intra-
cellular structures is now recognized as

being critical to normal cellular func-
tion, and there has been increasing
research into various signaling compo-
nents (e.g., growth factors) which might
provide treatable targets in the future.
Genetic studies such as exome sequenc-
ing on families of patients with hEDS,
and in patients who have had deep
phenotypic profiling perform are some
of the methods that may pave the way of
identification of the molecular abnor-
that underlie this hitherto
difficult to understand disorders.

malities

CONCLUSION

Current literature suggests an associa-
tion between all subtypes of EDS and GI
symptoms. This association is common
and has hitherto been underestimated.
The group observed that evidence for
GI symptoms to be included as a major
EDS diagnostic criteria is compelling.
However, a causative relationship be-
tween abnormalities in connective tissue
and GI symptoms has not yet been
established. Similarly, specific evidence
based guidelines for the management of
EDS patients with GI symptoms are not
yet available.
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The role of orthopedic surgery in Ehlers—Danlos syndrome is inherently controversial, opaque to most patients
and many medical providers, and difficult to discern from available medical literature. Non-operative treatment is
preferable, but for carefully selected patients, specific joint stabilization and nerve decompression procedures

can provide symptomatic relief when conservative measures fail.
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INTRODUCTION

Ehlers—Danlos Syndrome (EDS) is a
connective disorder that in the ortho-
pedic realm involves joint hypermobility
(JH). JH is not always painful, but if so,
(1) is difficult to diagnose without highly
specialized training, (2) does not show
on standard diagnostic tests, (3) does not
respond to standard treatment protocols,
(4) lowers the threshold for associated
(5) causes premature
wearing of joints, and (6) results in a
higher failure rate for treatment, both
medical and surgical.

joint injuries,

EDS is often either not diagnosed
or misdiagnosed, and the situation can
be extremely frustrating for the patient
as well as the physician and other
caregivers. In spite of this, there is
much that can be done for EDS patients.
The role of the musculoskeletal specialist
(e.g., orthopedic surgeon, physiatrist,
rehabilitation medicine specialist, rtheu-
matologist) in the care of EDS patients is

to help determine the cause of the
patient’s complaints, and recommend
treatment, based on the specific muscu-
loskeletal diagnosis or diagnoses. It is
extremely important for the physician to
understand the context in which the
joint problem occurs, and that the
physician understands the individual
patient’s specific needs and expecta-
tions. This requires a thorough under-
standing of the bodily manifestations of
EDS as well as extensive knowledge of
the pathophysiology other painful con-
ditions that cause similar, overlapping
symptoms, and appreciating how these
problems are affecting the individual
person being treated.

The role of the
musculoskeletal specialist
(e.g., orthopedic surgeon,
physiatrist, vehabilitation

medicine specialist,
rheumatologist) in the care
of EDS patients is to help
determine the cause of the
patient’s complaints, and
recommend treatment, based
on the specific musculoskeletal
diagnosis or diagnoses.

The authors have extensive experi-
ence with patients with JH issues, and
the following is a brief summary,
describing a general approach to patients
with EDS and JH. The authors do not
specifically endorse, approve, recom-
mend, or certify any specific procedure
or technique, and provide these opin-
ions for general information only. Such
information should not be considered
medical advice and is not intended to
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replace consultation with a qualified
physician. Complex musculoskeletal
problems may best be served by a
Multi-Disciplinary Team (MDT) ap-
proach including physicians (surgeons,
pain
occupational

rheumatologists, consultants),
thera-
pists, psychologists, and nurses. A coor-
dinated

management more effectively and can

physiotherapists,

team can help to plan

include a comprehensive inpatient (or
outpatient) pain management program.

MEDICAL LITERATURE

There is sparse information in the
medical literature regarding the role of
orthopedic surgery in patients with
EDS, particularly successful surgery.
For example, a recent review article
on EDS in the Journal of Hand Surgery
discusses the presentation of patients
with EDS and reviews the phenotypes,
but does not discuss any surgical
procedures that might be appropriate
for patients with EDS [Christophersen
and Adams, 2014]. Many journal articles
refer obliquely to the higher rate of
complications, treatment failure, and
patient/provider dissatisfaction  with
surgical intervention [Freeman et al.,
1996] but often lack detailed analysis or
explanation of why surgery did not go
well [Weinberg et al., 1999]. Under the
best of circumstances, it would be
difficult to form discrete, reliable gen-
eralizations about the role of orthopedic
surgery in EDS patients from the
available medical literature. Determin-
ing the correct and complete diagnoses
in an EDS patient can be a difficult task,
and the risks of all of the known hazards
of surgical intervention are distinctly
higher in EDS patients.

The multiple forms of EDS also
have widely varying clinical manifesta-
tions [Shirely et al., 2012], and there is
inherent genetic heterogeneity that
further complicates any attempt at
abstraction of published data. There is
also considerable unfamiliarity among
medical professionals regarding the clin-
ical history, physical exam, diagnostic
testing, treatment, or long-term impli-
cations of joint instability. And, unfor-
tunately, diagnosing joint instability is

not something that can be learned from
medical literature or online courses; one
must be educated by a hands-on
approach, with direct physical contact.

Not all JH is related to EDS, and
there is controversy regarding labeling
EDS patients with their specific pheno-
type. It would be helpful in terms of
tracking patients and further determin-
ing likely patterns of associated clinical
problems to know their exact genetic
group, but, in a practical sense, one must
still deal with the involved painful joints,
whether or not the group or subgroup is
known. Labeling patients can increase
their fear and anxiety, particularly when
unfiltered information is freely available
on the internet, and once labeled, the
resulting bias can cause misinterpreta-
tion of subsequent symptoms by treating
physicians for other conditions that may
not be related to EDS.

BASICS

The medical term for partial dislocation
of a joint is “subluxation,” and EDS
patients have frequent subluxation and
occasional dislocation of large and small
joints. The asymmetric loading of the
joint surfaces as the joint subluxes
contributes to the early wear of the joint
surface, and it takes very little injury to
make a “loose” joint “loose and painful.”
At least some of the pain is from stretch
receptors near the joints, and/or from
swelling of the lining of the joints. This
source of pain is not reflected by
diagnostic studies, at least in the early
stages, and physical examination for joint
instability is not routinely taught outside
of orthopedics, and is not taught consis-
tently for all joints within orthopedics.
With JH and EDS, the joints are
often painful long before there are
radiographic changes; normal radiographs
tend to mislead the physician(s). The first
clue that there is a JH problem would be a
painful joint with normal radiographs.

With JH and EDS, the joints
are often painful long before
there are radiographic changes;

normal radiographs tend to
mislead the physician(s). The

first clue that there is a JH

problem would be a painful
joint with normal radiographs.

In a sense, EDS causes premature
aging of the musculoskeletal system.
Many of the musculoskeletal problems
that can afflict anyone, if they live long
enough, occur simultaneously in EDS
patients, at an earlier age, and unfortu-
nately also tend to cause overlapping
symptoms. It can be particularly chal-
lenging for a physician to “disambigu-
ate” the root cause(s) of the patient’s
symptoms.

EDS patients often have nerve
to be
traction and/or compression of the
This

nerve problem does not

pain, presumed related to

peripheral nerves. type of

typically
damage the nerves, but causes pain
where the nerves end, not where they
are compressed, and unfortunately
does not show on electrodiagnostic
tests, and can be refractory to treat-
ment. Referred pain from nerve
problems can mimic joint pain from
instability, and this feature of EDS/JH
seriously complicates the lives of EDS

patients and their physicians.

CLINICAL PRESENTATION

EDS patients tend to present with
multiple complaints, specifically vague,
intermittent pain involving the limbs or
spine. Doctors have a tendency to seek a
simple, single diagnosis or unifying
approach (the invocation of Occam’s
Razor), such as a attributing joint pain to
a “sprain,” even when there has been no
injury per se, or invoking the label
“fibromyalgia” when there is widespread
pain. As the treatment fails, and diagnos-
tic testing become more exhaustive
but remains negative, patients often
drift between different specialists—
rheumatology, neurology, orthopedics,
pain  management—without a firm
diagnosis or successful treatment plan.
Patients with EDS have increased rates of
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clinical depression [Berglund et al.,
2015], which can seriously complicate
physician and patient interpretation of
strictly subjective complaints. Patients
with EDS are often labeled as the
problem, rather than their arm or leg.
Physician burnout (emotional exhaus-
tion, depersonalization, and low job
satisfaction) in orthopedic surgeons is
endemic in the United States [Daniels
etal., 2016], and is likely to have more of
an impact on EDS patients, with their
numerous, unexplained symptoms, and
seemingly unsolvable problems.
Successful surgery in general
depends on the correct diagnosis (or
in the case of EDS patients, diagno-
ses), establishing realistic expecta-
tions, and superlative technical
expertise. In EDS patients, it tends
to be much harder to determine the
exact cause or causes of the patients’
pain, expectations of the patient
and/or physician may be unrealistic,
and technical difficulties can have
much more serious consequences. In
spite of this, for patients with painful
instability of joints or peripheral
nerve compression, surgery may be
the only treatment that reliably results

in persistent pain relief.

PAIN RELIEF

Pain relief is a clear goal of every EDS
patient. Surgery is often the last resort
for EDS patients, and may be the only
reasonable option for some conditions,
such as wrist or thumb instability, but
also may not be an option at all. For
example, the tissues around an unstable
joint may be so lax that NO surgical
procedure will ever be successful. EDS
patients have a higher incidence of
bleeding complications, and wider
scars, and less predictable healing.
This does not mean they should not
have surgery, but optimal treatment
would include involvement of a sur-
geon with knowledge and experience
specifically with EDS patients. Manag-
ing patients prior to considering surgi-
cal intervention is best performed by a
comprehensive, multifaceted approach
to care delivered by knowledgeable
EDS providers.

Managing patients prior to
considering surgical
intervention is best performed
by a comprehensive,
multifaceted approach to care
delivered by knowledgeable
EDS providers.

NON-SURGICAL
TREATMENT OPTIONS FOR
EDS PATIENTS

Generally speaking, non-surgical op-
tions for treatment of joint pain should
be exhausted prior to recommending
surgery. The following is a partial list of
treatments that may help avoid the risks
of surgery.

Acute Pain

Pain may be from an acute event, or a
chronic pattern. In the acute setting, the
standard orthopedic “R-I-C-E” (Rest,
Ice, Compression, Elevation) treatment
is safe and can be effective. It is not
particularly effective or practical in the
chronic setting. Associated joint injuries
such as anterior cruciate ligament and
meniscal tears in the knee, labral and
rotator cuff tears in the shoulder, wrist
instability, thumb joint subluxation,
labral tears in the hip, and lateral ankle
ligament tears are much more common
in the EDS patient population; the usual
treatment options for any patient with
an acute musculoskeletal injury are
appropriate for most EDS patients.

Chronic Pain

In the chronic setting, there are multiple
options that may be effective. Patients
and physicians would both appreciate an
“oral medication” that results in effective
pain relief, especially when diagnostic
testing 1s normal but patients are obvi-
ously suffering. EDS patients often
have multiple joints that are sore

simultaneously, and a medication that
reduced pain in all sore joints would be
beneficial and desirable. Unfortunately,
oral medication for EDS patients is
problematic: Medications do not change
the underlying cause of the pain, and
often have side effects that negate their
efficacy.

EDS patients often have a high
incidence of gastroesophageal reflux
[Castori, 2012], and often cannot take
non-steroidal anti-inflammatory drugs
(NSAID:s), or require a second medica-
tion (e.g., acid blocking, acid reducing,
or antihistamine) to protect the stomach.
Acetaminophen does not irritate the
stomach, but is often insufficient for
pain relief, and large doses can be toxic to
the liver [Fontana, 2008]. Chronic use of
opioid medications tends to result in
are at risk

tolerance and patients

for dependence. Opioids are also
central depressants, and tend to make
postural issues worse, and can result in
“central sensitization,” where normal
physical stimulus becomes interpreted
as painful. There is also a growing
legislative trend to restrict or suppress
doctors from prescribing narcotics, ow-
ing to the recent rapid increase in fatal
overdoses. Gabapentin and Pregabelin
are similar and also anxiolytic, but
associated with weight gain. Naltrexone
has been used off-label for chronic pain
with some success [ Younger et al., 2014].
“Splints” can be quite helpful for
specific types of joint instability. Several
splint manufacturers make braces for
most large joints, including the spine,
which can be extremely helpful as part
of a coordinated treatment program.
Splints limit joint motion, and can
therefore limit pain, but may or may
not result in increased stability, and if
used consistently can make muscles
weaker through disuse. Special purpose
finger splints are particularly effective for
“Swan Neck” hyperextension deformi-
ties of the finger proximal interphalan-
geal (PIP) joints, and can also be
effective in many patients for the
thumb metacarpal—phalangeal (MP) and
carpal-metacarpal (CMC) joints.
“Physical therapy” and “exercise”
programs are essential components to
successful pain relief in patients with
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EDS (See also “The Evidence-Based
Rationale for Physical Therapy Treat-
ment of Children, Adolescents and
Adults Diagnosed With Joint Hyper-
moblity Syndrome/Hypermobilie Eh-
lers—Danlos Syndrome” by Engelbert
et al., this issue). Exercises that empha-
size low-impact, isometric and eccentric
strengthening, proprioception, and im-
proved posture can be extremely help-
ful. Physical therapy can be wused
effectively to increase core muscle
strength, and to stabilize specific joints
such as the spine, shoulder, and knee.
Exercise programs, often self-directed,
that do not take into account that EDS
patients have loose joints but tight
muscles are doomed to failure. Exercise
programs that emphasize “range of
motion” exercises or repetitive, forceful
actions such as “work hardening” are
inappropriate and can make patients’
joint symptoms worse.

Exercises that emphasize
low-impact, isometric and
eccentric strengthening,
proprioception, and improved
posture can be extremely
helpful. Physical therapy can
be used effectively to increase
core muscle strength, and to
stabilize specific joints such as
the spine, shoulder, and knee.

“Local anesthesia” injections can be
helpful in determining the source of
pain. It should be noted that the most
common forms of local anesthesia,
xylocaine, and bupivacaine, are now
known to be specifically and highly
cytotoxic to chondrocytes [Chu et al.,
2010], and ropivacaine should be used
preferentially for intra-articular injec-
tions. EDS patients are often resistant to
lidocaine and bupivacaine [Hakim et al.,
2005], a fact underappreciated by most
physicians.  Anecdotally, carbocaine
tends to work better in EDS patients.

“Dietary considerations” are be-
coming more important and the so-
called “anti-inflammatory” diets are in
vogue these days. There may be clearer
indications for specific dietary recom-
mendations in the future. “Weight
control” is a major imperative for any
patient with EDS. “Bone health,” with
adequate calcium intake and appropriate
vitamin D levels, is very important.
Exercise is also an important component
of bone health, but is problematic as
physical activities can easily exacerbate
pain related to instability.

SURGICAL TREATMENT
OPTIONS FOR EDS
PATIENTS

EDS patients are at increased risk from
any form of surgery, and the outcomes
are less predictable. The decision to
recommend an orthopedic operation
needs to be carefully considered, ideally
through close collaboration between the
patient, the musculoskeletal physician,
the orthopedic surgeon, and the multi-
disciplinary team.

Surgery is an option for a select
number of specific conditions in EDS
patients, but there remains very little in
the surgical literature to support this
approach. The rate of failure of surgical
intervention is clearly higher in EDS
patients,
where ligaments are repaired, but an-

particularly for conditions
other cause of failure is the fundamental
assumption errors that are made during
the diagnostic process. That is to say, the
cause of the patient’s pain was some-
thing other than what was operated on.
In the opinion of one author (Ericson),
this is particularly true in the upper
extremity. This type of error is more
likely to occur when the patient and
his/her concerns are not the complete
focus of the medical appointment.

In spite of this, EDS patients have
multiple problems for which surgery
may be the only reasonable option, if the
diagnosis can be made correctly. With
upper extremity surgery, at least in one
author’s experience (Ericson), most
EDS patients do not have significant
problems with wound healing or bleed-
ing. Scars tend to be wider, so smaller

incisions are advisable. Joint stabilization
procedures in EDS patients have a
higher rate of recurrence of instability,
but it is lower for non-weight bearing
joints such as the wrist and thumb. The
lower extremity is less forgiving. Nor-
mal diagnostic tests and a higher failure
rate should not preclude surgical inter-
vention in the EDS population, but
serious prudence is advised.

Cervical Spine

Craniocervical instability and Arnold—
Chiari malformation may absolutely
require surgical intervention. Upright
MRIs are advisable when evaluating the
cervical spine. Cervical spondylosis is
common, and discectomy and fusion
may be necessary. However, making one
segment of the spine rigid tends to
increase the load at each end of the
fusion site, and “next-segment” disease
has a much higher incidence in patients
with JH. Minimally invasive techniques,
when appropriate, are preferred. JH is a
relative contraindication for artificial

disks.

Thoracic Outlet

Thoracic outlet “symptoms” are com-
mon in EDS patients, and are often
related to Thoracic Outlet Syndrome
(TOS). The thoracic outlet is the space
where nerves and blood vessels to the
arm pass from the neck/chest area into
the arm. The nerves in this area are
subject to compression from the anterior
scalene and pectoralis minor muscles,
and the 1st rib. They are also subject to
tension from inferior shoulder subluxa-
tion in patients with JH (causing
thoracic outlet “symptoms” related to
posture and joint laxity). Compression
and/or tension on the nerves in this area
cause symptoms where the nerves end,
not where they are pinched or pulled.
The result is vague hand/arm pain that
unfortunately overlaps with the other
areas that tend to be painful in patients
with loose joints. Physical therapy is
essential for this condition. Botox
injections into the anterior scalene or
muscles

pectoralis minor can give

tremendous relief if the patient has
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TOS. Surgery may be indicated in
recalcitrant cases, but detaching stabiliz-
ing muscles in loose-jointed patients can
definitely make patients worse. TOS is
an inherently complex and controversial

topic in the medical community
[Moore, 1986; Parker and Parker,
2002; Wehbe, 2004; Ilig et al,

2013] and seriously complicates the
lives of many patients with EDS.

Shoulder

Shoulder instability is a very common
problem in EDS patients, but fortu-
nately responds well to physical therapy
in most patients. The goal of therapy is
to increase the resting tone of the rotator
cuff muscles, without overpowering the
deltoid, which can cause bursitis and/or
impingement. Radiographs and MRI
are typically normal. Surgery in the
form of a Neer Inferior Capsular Shift
can be extremely helpful in stabilizing
the shoulder [Neer and Foster, 1980;
Pollock et al., 2000]. Possible compli-
cations include recurrent instability, and
joint stiffness. In patients with very, very
loose shoulders this procedure has a high
failure rate and should be approached
cautiously.

Rotator cuft and labral tears are not
uncommon and are more likely in
patients with excess joint motion.
Surgery is indicated for full thickness
tears that remain painful. Possible com-
plications include recurrent tears and
joint stiffness.

Elbow

Both lateral and medial humeral epi-
condylitis are more common in EDS
patients. Radial tunnel syndrome is also
very common in EDS patients. These
problems often resolve spontaneously or
with physical therapy or other modali-
ties, such as Platelet Rich Plasma
(PRP) injections [Rabago et al., 2009;
Glanzmann and Audigé, 2015], but
when persistent and refractory to other
treatment modalities, surgery can be a
reasonable option. Literature support is
lacking. Posterolateral rotatory instabil-
ity of the elbow may also be an issue in
patients with JH and EDS.

Wrist

Wrist pain is a common complaint in
EDS patients. EDS patients tend to have
unstable ankles, knees, and hips, and
frequently fall on their outstretched
hands. This wrist trauma can convert
loose wrist joints into painful loose wrist
joints. Physical therapy and hand exer-
cise often make this type of wrist pain
worse. Surgical stabilization of the wrist
works reasonably well for radiocarpal,
midcarpal, and distal radioulnar joint
instability [Buchler, 1996]. Intercarpal
fusions have a role, but can create load
imbalance and loss of motion that can
also be painful. Painful instability of the
pisiform is common, and responds well
to surgery. Proximal median nerve
entrapment causes intermittent severe
wrist pain with pronation, and can be
treated successfully with surgery if the
diagnosis can be made.

Thumb

Thumb problems are almost universal in
EDS patients. A painful unstable non-
arthritic thumb CMC joint can be
stabilized surgically, with a good prog-
nosis [Eaton and Littler, 1973]. Unfor-
tunately, radiographs do not correlate
with symptoms [Hoffler et al., 2015],
and patients must be examined carefully
by specialists with extensive subspecialty
training. Thumb MP joint hyperexten-
sion instability can be treated with soft
tissue stabilization and/or extensor pol-
licus brevis tenodesis, or more reliably
with arthrodesis. Painful clicking at the
thumb interphalangeal joint is caused
by sesamoiditis, and is treated with
sesamoidectomy.

Fingers

Hyperextension of the proximal inter-
phalangeal joints of the fingers is
common in EDS patients. This may be
entirely asymptomatic. If painful, or if
the fingers catch or lock because of this,
digital Figure-of-eight splints are ex-
tremely helpful. Surgery is an option if
the splints fail, but this type of surgery is
technically challenging and has a higher
failure rate. Tendinopathies that can

occur in anyone [Adams and Habbu,
2015] can also be present in EDS
patients, and respond well to surgery, if
necessary and the diagnosis is correct.

Lumbar Spine

Lumbar spondylosis is common, and
spine surgery in terms of laminectomy
or fusion is not uncommon. Cauda
Equina Syndrome is a concern for any
patient with EDS or JH who presents
with severe back pain and radicular
symptoms, particularly with leg weak-
ness or perineal numbness, incontinence
or sudden onset of sexual dysfunction.
This can require emergency surgery to
prevent permanent paralysis and loss of
bladder/bowel control.

Hip

Hip pain is common in EDS patients.
Lateral hip pain is common and may
occur as a result of the iliotibial band
subluxing over the greater trochanter.
This often produces a painful, loud
clunking sensation (which the patient
often interprets as the hip dislocating).
This can lead to trochanteric bursitis
which makes if difficult for patients to
sleep on their sides. This may show
edema in the bursa on MR, and usually
responds to physical therapy and steroid
injections (which should be avoided if
possible). In recalcitrant cases, endo-
scopic surgery can give tremendous
relief, if the diagnosis is correct [Red-
mond etal., 2016]. Labral tears are much
more common in EDS patients, and hip
arthroscopy to remove or repair this type
of tear can give tremendous relief of
pain, although long term evidence for
this procedure is lacking. Sacroiliac (SI)
joint instability is very common in EDS
patients, and presents as vague low back/
pelvic pain. This often responds well to
physical therapy, if the diagnosis is made.
Prolotherapy for isolated SI joint insta-
bility can be helpful but remains
controversial. Braces to stabilize the SI
joint can be helpful for episodic pain.
Surgery for SI joint instability is rarely
necessary but can give immediate and
permanent relief of pain. Hip pain may
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also be radicular pain from disk failure at
L4-L5. If the radiographs and/or MRI
of the hip are normal, the pain is likely
referred pain from the lumbar spine. In
this setting, if the lumbar spine is
normal, the patient could also have
Piriformis syndrome, which usually
responds to physical therapy or chiro-
practic are if the diagnosis is made.

Hip pain is common in EDS
patients. Lateral hip pain is
common and may occur as a
result of the iliotibial band
subluxing over the greater
trochanter. This often
produces a painful, loud
clunking sensation (which the
patient often interprets as the
hip dislocating). This can lead
to trochanteric bursitis which
makes if difficult for patients
to sleep on their sides.

Knee

Knee instability is common in EDS
patients, particularly patella subluxation
or patella dislocation. This usually
responds to physical therapy and occa-
sionally requires a knee support. This
can eventually lead to premature patel-
lofemoral arthritis. This excess motion
at the knee can also results in a much
higher incidence of meniscal tears and
ligament tears. Surgery can be utilized in
these cases to restore the anatomic
relations. Physical therapy can be quite
helpful in creating dynamic stability of
the knee joint. Advances in implant
design have made surgery a more
viable option for patellofemoral arthritis
[Shaner and Lonner, 2015].

Ankle

Ankle instability is a common problem
with EDS patients. The ankle tends to

give out on uneven ground, and often
causes falling. The ankle may also be
injured by the fall, and can become more
unstable. Ankle braces and orthotics
work reasonably well in many patients,
but are cumbersome. Soft tissue proce-
dures around the ankle have a high
failure rate, and wound problems are
common. Malalignment of the hindfoot
can result in imbalance that exacerbates
any underlying knee, hip or back
instability or malalignment. Physical
therapy and orthotics are the mainstay
of treatment, but talotarsal stabilization
surgery can be helpful [Graham, 2015].

Foot

Bunions are common in EDS patients. If
the bunion is not painful it should best be
left alone. Metatarsalgia is also common.
Steroid injections may seem like a good
idea for metatarsalgia, but will often
weaken the soft tissues and make this
problem worse. Orthotics are the main-
stay of treatment for foot deformities.

Nerve

Peripheral nerve problems are common in
EDS patients. Decompressive surgery for
peripheral nerve compression is extremely
reliable if the diagnosis is correct. Unfor-
tunately, EDS patients often present with
multiple, simultaneously —overlapping
nerve complaints, and sorting out the
cause of the nerve complaints can be
tedious, time-consuming, and resource-
intensive. Electrodiagnostic studies are
often ordered to assess for nerve damage,
but are not helpful when the results
are normal, which is common. Under-
standing the contribution of the patient’s
cervical spine and thoracic outlet to their
nerve complaints is advised as a starting

point.

SUMMARY

EDS results in a tendency toward
premature wear of all the major joints
in the body, without causing diagnostic
tests to become abnormal. Painful joint
instability usually responds to conserva-
tive treatment. If this is unsuccessful, it
can dramatically to surgical intervention,

if the correct diagnosis can be made and
the right patient population is selected.
Peripheral nerve compression also re-
sponds well to surgical decompression, if’
the correct diagnosis can be made. With
multiple overlapping complaints that are
linked anatomically, it is no wonder that
patients and providers struggle to provide
answers and solutions. Successful treat-
ment of EDS patients requires the care-
givers to have extensive knowledge of
anatomy and physiology, as well as
treatment options, including surgery,
and extensive resources in terms of
diagnostic testing, physical therapy, and
consultation/coordination of treatment
with knowledgeable providers.
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The Ehlers-Danlos syndromes (EDS) are a heterogeneous group of heritable connective tissue disorders
characterized by joint hypermobility, skin extensibility, and tissue fragility. This communication briefly reports
upon the neurological manifestations that arise including the weakness of the ligaments of the craniocervical
junction and spine, early disc degeneration, and the weakness of the epineurium and perineurium surrounding
peripheral nerves. Entrapment, deformation, and biophysical deformative stresses exerted upon the nervous
system may alter gene expression, neuronal function and phenotypic expression. This report also discusses
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increased prevalence of migraine, idiopathic intracranial hypertension, Tarlov cysts, tethered cord syndrome, and
dystonia, where associations with EDS have been anecdotally reported, but where epidemiological evidence is
not yet available. Chiari Malformation Type | (CMI) has been reported to be a comorbid condition to EDS, and
may be complicated by craniocervical instability or basilar invagination. Motor delay, headache, and
quadriparesis have been attributed to ligamentous laxity and instability at the atlanto-occipital and atlantoaxial
joints, which may complicate all forms of EDS. Discopathy and early degenerative spondylotic disease manifest
by spinal segmental instability and kyphosis, rendering EDS patients prone to mechanical pain, and myelopathy.
Musculoskeletal pain starts early, is chronic and debilitating, and the neuromuscular disease of EDS manifests
symptomatically with weakness, myalgia, easy fatigability, limited walking, reduction of vibration sense, and
mild impairment of mobility and daily activities. Consensus criteria and clinical practice guidelines, based upon
stronger epidemiological and pathophysiological evidence, are needed to refine diagnosis and treatment of the
various neurological and spinal manifestations of EDS. © 2017 Wiley Periodicals, Inc.
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INTRODUCTION

The Ehlers—Danlos syndromes (EDS)
are a heterogeneous group of herita-
ble connective tissue disorders char-
acterized by joint hypermobility, skin
extensibility, and tissue fragility. The
significance of neurological findings
of EDS have been recently proposed
and reviewed [Voermans et al., 2009a;
Savasta et al., 2011; Castori and
2014]. The
article discusses the etiology and

Voermans, following
clinical findings related to neurologi-
cal and spinal manifestations com-
monly observed, yet often poorly
recognized, in EDS patients, and
proposes treatment options and areas
of research needed.

METHODS

On the basis of a large shared experience
in the treatment of EDS, the authors
were solicited to contribute a review of’
the neurological and spinal manifesta-
tions of EDS. The authors represent a
working group within the International
Consortium on the Ehlers—Danlos Syn-
dromes. In preparation for the EDS
International Symposium 2016, the
authors formed subcommittees to re-
search individual topics relating to EDS
and its neurological presentations, and
here present those findings in synthe-
sized, topic-based fashion designed to
assist a wider audience of medical
practitioners in caring for EDS patients,
and in advancing research needs for this
population.

HEADACHE IN
EHLERS-DANLOS
SYNDROME

EDS patients suffer a
variety of headache types [Jacome,
1999; Martin and Neilson, 2014;
Castori et al., 2015]. These include

headaches due to migraines, muscle

commonly

tension, intracranial hypertension,
craniocervical instability, and cervical
spine disorders, temporomandibular
joint disease, carotid dissection, and
other physical conditions. Though a
patient may suffer status migrainosis,
constant pain is less likely to represent
headache [Headache
Classification Committee of the In-
ternational Headache Society (IHS),

2013].

a migrainous

EDS patients commonly
suffer a variety of headache
types. These include
headaches due to migraines,
muscle tension, intracranial
hypertension, craniocervical
instability, and cervical spine
disorders, temporomandibular
Joint disease, carotid
dissection, and other physical
conditions.

Migraine in EDS

Epidemiology

Migraine, common in the general
population, is more prevalent in women
[Nappi and Nappi, 2012]. Migraine is
also more prevalent among EDS which
also has a female predilection [Bendik
et al.,, 2011; Castori and Voermans,
2014; Castori et al., 2015]. Therefore,
EDS may be considered a risk factor for
migraine.

Etiology

Migraine often presents as a comorbid
disorder with many other medical
conditions [Schurks et al., 2009; Casucci
et al,, 2012; Pierangeli et al., 2012;
Gelfand et al., 2013; van Hemert et al.,
2014]. The final common pathway
appears to be abnormal regulation of
cerebral vasculature following a spread
of depression of cortical electrical
activity [Burstein et al., 2015; Ferrari
et al., 2015].

Clinical and diagnostic findings

Defined as a primary headache disorder,
with recurrent attacks of moderate or
severe intensity, lasting 4—72 hr, mi-
graine headaches are more often unilat-
eral, pulsating, associated with nausea,
photophobia, and phonophobia, which
are disabling and worse with physical
activity [Headache Classification Com-
mittee of the International Headache
Society (IHS), 2013]. Migraine is usu-
ally preceded by a prodrome and
followed by fatigue, nausea, and dizzi-
ness (postdrome). A careful history may
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elucidate triggers such as foods, stress,
weather changes, sleep changes, menses,
seasonal allergies, and caffeine. Physical
findings may include vertigo, hypersen-
sitivity to pressure on certain muscles
and tendons, elevated blood pressure,
and heart murmur. Migraines may cause
a benign episodic mydriasis. Findings
may be suggestive of a stroke. Diagnostic
testing should exclude sleep disorders
[Kothari et al., 2000], menstrual cycle
dysfunction  including  menopause
[Nappi and Nappi, 2012; Ripa et al.,
2015], and patent foramen ovale [Vol-
man et al., 2013].

Treatment

Migraine therapies (e.g., botulinum
toxin, triptans, caffeine, acupuncture,
meditation) are legion, and testify to the
diverse causes of migraine. Recognition
that migraine patients suffer multiple
pain disorders should prompt a holistic
treatment strategy or combination ther-
apies [Estemalik and Tepper, 2013; Kress
et al., 2015].

Areas needing investigation

(1) Connection between migraine, EDS
and mast cell activation syndrome
(MCAS),
structural defects, such as postural

and cardiac functional/

orthostatic ~ tachycardia  syndrome
(POTS) and patent foramen ovale.

(2) Connection between migraine and
diet in EDS.

(3) Prevalence and impact of migraine in
all types of EDS.

(4) Treatment of migraine in EDS.

(5) Effect of other co-morbidities, med-
ications, and nutrition in EDS related
to migraine prevalence, severity, or

treatment.

IDIOPATHIC
INTRACRANIAL
HYPERTENSION (IIH)

Epidemiology

ITH, or pseudotumor cerebri, is a poorly
understood entity characterized by an
increased intracranial pressure (ICP),
headaches, visual disturbances and pho-

tophobia, and occasionally tinnitus,

nausea, and vomiting. Affected patients
may have objective changes in vision
with 10% developing blindness [Corbett
et al., 1982]. Female to male ratios range
from 4:1 to 15:1, and obesity is an added
risk factor [Radhakrishnan et al., 1993].
Anecdotal reports from large case series
have suggested an association between
EDS and IIH, but no such association
has been formally reported in the
biomedical literature.

Etiology

Hypotheses proposed for the etiology of’
IIH include excess cerebrospinal fluid
(CSF) production, reduced CSF absorp-
tion, excessive brain water content, and
increased cerebral venous pressure lead-
ing to reduced CSF reabsorption [Ball
and Clarke, 2006]. Recent studies dem-
onstrate that up to 93% of patients with
ITH have focal venous sinus stenosis on
MR venography, most commonly prox-
imal to the transverse sigmoid sinuses
junction, suggesting that venous abnor-
malities may play a role in the patho-
physiology of ITH [Farb et al., 2003].

Clinical and Diagnostic Findings

The diagnosis of ITH requires symptoms
of increased ICP. The visual disturbances
are often associated with the finding of
papilledema or visual field defects. The
diagnosis is supported by increased ICP:
>25cm of H,O in the obese popula-
tion, or >20 cm H,O in the non-obese
population. There should be normal
composition of CSE thus, excluding
inflammatory conditions, absence on
MRI,
hydrocephalus and of mass, structural,

or contrast-enhanced CT of

or vascular lesions, and no other cause of
intracranial hypertension.

Treatment

Treatments include lifestyle modifica-
tions targeting weight loss including
bariatric surgery, decreasing CSF pro-
duction with acetazolamide, or serial
lumbar punctures, CSF diversion with a
ventriculo-peritoneal or lumbo-perito-
neal shunt, optic nerve sheath fenestra-
tion, or subtemporal decompression.

Stenting has emerged as an effective
treatment for ITH in select patients with
radiographic cerebral sinus stenosis and
evidence of pressure gradients [Satti
et al., 2015].

Areas Needing Investigation

(1) The epidemiology and etiology of
pseudotumor cerebri in EDS.

(2) Longitudinal studies to assess the efficacy
and risks of medical therapy, shunting,
and stenting in the EDS population.

CHIARI I MALFORMATION
(CMI)

Epidemiology

Chiari malformation Type I (CMI) has
been reported as a comorbid condition
in hypermobile EDS (hEDS) [Milhorat
et al., 2007]. The precise incidence of
the CMI and EDS association is un-
known, but the female to male ratio is
higher (9:1) in the CMI and EDS
subgroup than in the general CMI
population (3:1). The average age of
onset tends to be younger in the CMI
and EDS subgroup, when compared to
the general CMI population.

Chiari malformation Type I
(CMI) has been reported as a
comorbid condition in
hypermobile EDS (hEDS).
The precise incidence of the
CMI and EDS association is
unknown, but the female to
male ratio is higher (9:1) in
the CMI and EDS subgroup
than in the general CMI
population (3:1).

Etiology

CMI is a mesenchymal disorder affecting
the hindbrain, in which a developmentally



198 AMERICAN JOURNAL OF MEDICAL GENETICS PART C (SEMINARS IN MEDICAL GENETICS)

RESEARCH REVIEW

small posterior fossa results in downward
migration of the brainstem and cerebellar
tonsils through the foramen magnum into
the spinal canal [Batzdorf et al., 2015]. The
obstruction to the
normal regional circulation of the cerebro-
spinal fluid (CSF) and compartmentaliza-
tion of CSF circulation [Ellenbogen et al.,
2000], which may result in suboccipital
pressure headaches. Obstruction of the
CSF circulation may result in empty sella

herniation causes

syndrome, with flattening of the pituitary
gland and resulting hormonal changes. A
syrinx may form, which exerts a mass effect
on the spinal cord, and rarely the brainstem
[Kahn et al.,, 2015]. There is increasing
recognition of CMI variants [Milhorat
et al., 1999]. Some have suggested an
association of tethered cord syndrome and
CMI [Royo-Salvador, 1996].

The incidence, prevalence, and
etiology of CMI and EDS occurring
together are not fully understood.
However, Milhorat et al. [2007,
2010] found a high prevalence of
patients with hereditary disorders of
connective tissue in their retrospective

series of CMI post-decompression fail-
ures that needed further intervention,
including craniocervical fusion and/or
tethered cord release. While this may
indicate a co-existence of these con-
ditions, it does not provide evidence of a
causal relationship, but suggests that
EDS and other disorders of connective
tissue should not be overlooked in CMI.

Clinical and Diagnostic Findings

The CMI is traditionally defined radio-
logically by 5 mm of tonsillar herniation
through the foramen magnum, though
others have suggested a herniation of
3 mm, or 7 mm. The behavior of CMI is
often unrelated to the size of the
herniation, and CMI can be
asymptomatic.

CM is best characterized by a
tussive headache (worse with cough,
strain, or yelling), dizziness, cerebellar
findings—dysarthria, incoordination,
imbalance, and unsteady gait—hearing
deficits.

sign, and deficits of cranial nerves.

and  vestibular Romberg’s

There is sometimes trigeminal neuralgia
[Milhorat et al., 1999; Tubbs et al,,
2011a; Yarbrough et al., 2011]. Brain-
stem findings, such as sleep apnea and
dysautonomia, are often found in CM
that are complicated by craniocervical
instability or basilar invagination, the so-
called “complex Chiari.”

Treatment

There is no universally agreed upon
surgical threshold for CMI, but surgery
should be urgently performed in the
presence of progressive neurological
deficits, and expanding syringomyelia
(Fig. 1) [Yarbrough et al., 2011].

The association of CMI and EDS is
burdened by distinct management chal-
lenges, including craniocervical insta-
bility, and possibly an increased risk of
CSF leaks. CMI may be asymptomatic
(incidence unknown), or mildly symp-
tomatic, so that surgical intervention
may not be required [Novegno et al.,
2008; Strahle et al.,, 2011]. Sporadic
cases of spontaneous resolution of CMI

Figure 1.

CMI with syrinx in the cervical spinal cord (sagittal view, T1 weighted MRI of the cervical spine).
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have been described [Castillo and Wilson,
1995].

Areas Needing Investigation

(1) The incidence, prevalence, and etiol-
ogy of CMI and its variants CMO and
CM 15 in the EDS population
remains unclear and needs larger data
registry

(2) The Complex Chiari malformation,
though well described in the literature
(see section on craniocervical instabil-
ity), is not universally recognized
among those who perform Chiari
surgery. Prospective studies in EDS
patients with Complex Chiari malfor-
mation are needed to compare out-
comes following decompression alone
versus those undergoing decompres-
sion with fusion/stabilization.

ATLANTOAXIAL
INSTABILITY

Epidemiology

Atlantoaxial instability (AAI) is a poten-
tial complication of all forms of EDS.
Motor delay [Jelsma et al., 2013],
headache associated with “connective
tissue  pathological relaxation” and
quadri-paresis have all been attributed
to ligamentous laxity and instability at
the atlantooccipital, and atlantoaxial
joints [Nagashima et al.,, 1981; Halko

et al., 1995].

Epidemiology

The epidemiology of AAI in hEDS is
unknown. AAI was seen in two of
three patients with vascular EDS
[Halko et al., 1995]. A high risk of
AAI is apparent in other disorders
affecting connective tissue, including
Down syndrome, Marfan syndrome,
and rheumatoid arthritis [MacKenzie
and Rankin, 2003; Hankinson and
Anderson, 2010].

Etiology

A proclivity to ligamentous incompetence
renders the atlanto-axial joint a higher risk

for instability. The atlantoaxial junction
(AA]J) is the most mobile joint of the body.
The AAJ mechanical properties are
determined by ligamentous structures,
most prominent of which are the trans-
verse and alar ligaments [Tubbs et al.,
2011b].

Hypermobility of the AAJ is com-
mon in children, and over 40° of
rotation may be observed in each
direction, but in the adult there is
substantially less than 40° of rotation
[Zhang and Bai, 2007; Martin et al.,
2010]. At 35° of rotation of C1 upon
C2, there is stretching and kinking
of the contralateral vertebral artery
[Selecki, 1969]. At 45°, both vertebral
arteries become occluded [Menezes and
Traynelis, 2008].

Clinical and Diagnostic Findings

The diagnosis of AAI is predicated upon
disabling neck pain or suboccipital pain,
and

(1) history and clinical findings of cervical
medullary syndrome, or syncopal (or
pre-syncopal) episodes,

(2) demonstrable neurological findings, and

(3) radiological evidence of instability or
compression of the neuroaxis.

Neck pain and suboccipital head-
ache are the most common findings,
with the caveats that headache is a
common occurrence in EDS patients
[Castori and Voermans, 2014]. There
may be symptoms referable to the
vertebral artery blood flow, including
visual changes, as well as headache
resulting from vertebral artery torsion.
Syncopal and pre-syncopal events are
frequent. Other symptoms include diz-
ziness, nausea, sometimes facial pain,
dysphagia, choking, and respiratory
issues. Symptoms usually improve with
a neck brace.

Neurological examination dem-
onstrates tenderness over spinous pro-
cess of C1 and C2, altered mechanics
of neck rotation, hyperreflexia, dysdia-
dochokinesia, and hypoesthesia to
pinprick. Weakness is not a constant
feature of AAIL

A number of radiological features
have been described, including rotation

of C1 upon C2 > 41° (as assessed by CT
scan of C1-2) and retro-odontoid
pannus on MRI [Fielding et al., 1978;
Taniguchi et al., 2008]. The difficulty
of recognizing rotary instability on
standard X-ray, CT, and MRI images
has resulted in failure to diagnose
[Kothari et al., 2000].

Treatment

The first line of treatment should be neck
brace, physical therapy, and avoidance of
activities that provoke exacerbation of
the AAI symptoms. If the non-operative
treatment fails, fusion stabilization of C1/
C2 is required. Incompetence of the alar
ligament requires dorsal surgical fusion
[Menendez and Wright, 2007]. Occiput
to C1/C2 fusion should be considered in
the presence of craniocervical instability,
basilar invagination, or complex Chiari
malformation.

Areas Needing Investigation

(1) The prevalence and natural history of
AAI in the EDS population.

(2) The importance of dynamic imag-
ing studies (such as CT with rota-
tion of the cervical spine to extreme
left and further
validation to promote a generalized

right, requires

adoption of these studies to diag-

nose AAI, and to prompt greater

availability of dynamic imaging
facilities).

(3) Surgical outcomes for treatment of
rotational instability and the long-
term outcome in EDS.

CRANIOCERVICAL
INSTABILITY

Epidemiology

Craniocervical instability (CCI) is
recognized as a manifestation of
ligamentous laxity in EDS [Naga-
shima et al., 1981; Milhorat et al.,
2010]. Ligamentous laxity has been
shown to result in neuraxial injury
[Lindenburg and Freytag, 1970; Hen-
derson et al.,, 1993; Menezes and

Traynelis, 2008].
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Etiology

CCI is a pathological condition in
which ligamentous connections from
the skull to the spine are incompetent.
Motor  delay,
ordination disorder, headaches second-

developmental  co-

ary to spinal compression, clumsiness,
and the relatively high rate of dyslexia
and dyspraxia in the EDS population
merit investigation as possible conse-
quences of early onset degenerative
changes resulting from ligamentous
laxity upon the central nervous system
[Nagashima et al., 1981; Adib et al,
2005]. The most prominent movement
of the atlanto-occipital joint is flexion-
extension; axial rotation is normally
limited to <5 degrees of rotation
[Dvorak et al., 1987].

There is increased recognition of
mechanisms of neuronal injury that
result from stretching, or deformative
stress [Jafari et al., 1997; Maxwell et al.,
1999; Shi and Whitebone, 2006]. The
consequent formation of axon retrac-
tion balls is similar to that seen in diffuse
axonal injury of the brain (Fig. 2)
[Geddes et al., 2000; Henderson et al.,
2005]. Stretching of neurons causes
pathological [Wolf
et al., 2001], altered gene expression

calcium influx

[Arundine et al., 2004], and apoptosis
[Liu et al., 1997; Arundine et al., 2004].

Clinical and Diagnostic Findings

CCl-related symptoms result from de-
formation of the brainstem and upper
spinal cord, traction on the vertebral
artery, and possibly from the consequen-
ces of altered venous or CSF outflow
from the cranium. CCI often occurs with
basilar invagination or ventral brainstem
compression, the findings of which are
dominated by pyramidal and sensory
changes: weakness of the limbs hyper-
reflexia and pathological reflexes (e.g.,
Babinski, Hoffman’s sign, absence of the
abdominal reflex), paresthesias, and a
plethora of other symptoms—including
sphincter problems, headache, neck pain,
dizziness, vertigo, dyspnea, dysphonia,
altered vision, and hearing, syncope,
emesis, altered sexual function, altered
menses, and gait changes [Caetano de
Barros et al,, 1968]. These signs, in
aggregate, constitute the cervical medul-
lary syndrome [Batzdorf et al., 2015],
elements
recorded among EDS patients [Celletti
etal,, 2012].

Three metrics may be useful in
the identification of CCI and basilar

of which are commonly

invagination: the clivo-axial angle, the
Harris measurement, and the Grabb,
Mapstone, Oakes method [Batzdorf
et al., 2015; NINDS Common Data
Elements, 2016]. The Clivo-axial angle
(CXA) is the angle formed between the
posterior aspect of the lower clivus and the
posterior axial line. The CXA has a normal
range of 145° to 160°, but an angle of less
than 135° is pathological [Henderson etal.,
1993; Henderson et al., 2010a; Batzdorf
et al., 2015]. Increasing kyphosis of clivo-
axial angle (i.e., a more acute CXA) creates
a fulcrum by which the odontoid deforms
the brainstem [Menezes, 2012]. The
medulla becomes kinked as the CXA
becomes more kyphotic.

The second radiologic metric, the
horizontal Harris measurement, is the
distance from the basion to the posterior
axial line (PAL) [Harris et al., 1994].
Instability is present when the basion to
the PAL exceeds 12 mm. This measure-
ment, used in conjunction with dy-
namic flexion and extension images of
the cervical spine, can also be used to
measure the dynamic translation be-
tween the basion and the odontoid
[Batzdorf et al., 2015; NINDS Com-
mon Data Elements, 2016]. In the
there should be
no measurable translatory movement

normal individual,

Figure 2.

Axon retraction bulbs in the upper spinal cord, from cadaveric studies of subjects with basilar invagination (Microscopic
photograph (x500), axial section of the dorsal column at the C2 level. Silver stain).
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(sliding movement). Translation of
greater than 1 mm between the basion
and odontoid reflects craniovertebral
instability, and may warrant stabilization
(Fig. 3) [Wiesel and Rothman, 1979;
White and Panjabi, 1990].

The third metric, the Grabb, Map-
stone, and Oakes measurement predicts
risk of ventral brainstem compression,
and has been statistically correlated with
clinical outcome [Grabb et al., 1999;
Henderson et al., 2010b]. A measure-
ment >9mm suggests high risk of

ventral brainstem compression [Grabb
et al., 1999].

There is a relatively nascent recog-
nition of the importance of dynamic
imaging of the CCJ. For example, the
brainstem may appear normal on rou-
tine magnetic resonance imaging in the
supine position, but show pathological
ventral brainstem compression in the
flexion view sitting upright [Klimo Jr
et al., 2008; Henderson et al., 2010b;
Milhorat et al.,, 2010]. “Functional”
dynamic studies in flexion and extension

are important to determine whether
there is pathological hypermobility at
the craniocervical junction [Klekamp,
2012].

Treatment

Indications for surgery include severe
headache, symptoms which constitute
the cervical medullary syndrome,
neurological deficits referable to the
brainstem and upper spinal cord,

radiological findings of CCI, and

Figure 3.

a: The craniocervical junction in flexion, showing a forward slide of the basion with respect to the odontoid (Sagittal view,
T2 weighted MRI of the cervical spine in flexion). b: In extension, the basion lies along the posterior edge of the odontoid process,
demonstrating a translation of 6 mm from flexion to extension (Sagittal view, T2 weighted MRI cervical spine).
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failure of a reasonable course of non-
operative therapy. Though there are
no established criteria for treatment of
CCI in EDS,
literature addressing the diagnosis of
CCI [White and Panjabi, 1990; Harris
et al., 1994; Batzdorf et al., 2015], and
the treatment of CCI with craniocer-

there is abundant

vical stabilization in various congenital
or degenerative connective tissue dis-
orders [Nagashima et al., 1981; Goel
and Sharma, 2005; Henderson et al.,
2010b; Milhorat et al., 2010; Tubbs
et al., 2011a; Klekamp, 2012; Yoshi-
zumi et al., 2014].

Areas Needing Investigation

(1) Prevalence and natural history of axial
ligamentous instability in EDS.

(2) Validation of radiological metrics for
determining CCI in the EDS
population.

(3) Development of an international
data registry using the NINDS
Common Data Elements [2016] to
facilitate therapeutic trials for CCI

in EDS.

SEGMENTAL KYPHOSIS
AND INSTABILITY

Epidemiology

The prevalence of cervical and tho-
racic segmental instability in the
population of patients with hyper-
mobility syndromes has not been well
established. However, discopathy and
early degenerative spondylotic disease
in hEDS and classical type EDS is well
established. EDS is characterized by
segmental instability, kyphosis, and
scoliosis. Spondylosis, defined by the
presence of non-inflammatory disc
degeneration, is usually preceded by
mild segmental instability [Shedid
and Benzel, 2007]. As a consequence
of cervical and thoracic instability,
and discopathy in EDS, there is loss of
the normal cervical lordosis and an
increasing kyphosis, rendering EDS
patients prone to progressive myelop-
athy, and mechanical neck and chest
pain.

The prevalence of cervical and
thoracic segmental instability
in the population of patients
with hypermobility syndromes
has not been well established.
However, discopathy and
early degenerative spondylotic
disease in hEDS and classical
type EDS is well established.
EDS is characterized by
segmental instability,
kyphosis, and scoliosis.

Etiology

Ligamentous laxity is an important
determinant in the development of
spinal instability other connective dis-
orders such as rheumatoid arthritis,
Down syndrome and osteogenesis im-
perfecta, but there have been no series to
demonstrate this linkage in EDS. The
importance of ligamentous laxity is
increasingly appreciated among clini-
cians [Tredwell et al., 1990; Steilen et al.,
2014].

The pathophysiology of segmental
instability is well described: during
flexion, there is deformation of the
lateral and ventral columns of the spinal
cord, directly related to the strain on the
cord [Henderson et al., 2005; Shedid
and Benzel, 2007]. Extension more
often results in compression of the
cord by buckling of the ligamentum
flavum, resulting in myelopathic symp-
toms [Muhle et al., 1998]. The cervical
spinal cord can be physiologically teth-
ered in the sagittal plane, such that
normal cord elongation in flexion is
exaggerated by the kyphosis; this results
in increased deformity and anatomic
stretching of the cord. This ‘“sagittal
bowstring effect” underlies a physiolog-
ical tethering effect, with resulting
neurological deficits [Shedid and Ben-
zel, 2007]. Others have recognized the

importance of the dentate ligaments in
applying stressors to the spinal cord,
with the subsequent result of focal
myelopathy [Cusick et al., 1977].

Clinical and Diagnostic Findings

Clinical findings include pain and
disability, as well as sensory, motor,
and reflex changes. Radiculo-myelop-
athy may manifest in an acute, sub-
acute, or chronic manner as radicular
and dermatomal or non-radicular

myelopathic  hypoesthesia, hyperes-
thesia, or paresthesia, and less often
weakness. Over time, there may be
ascending numbness, spasticity, Lher-
mitte’s sign, and eventually leg weak-
ness, altered gait, clumsiness, and long
tract findings. There is often marked
tenderness to palpation over unstable
motion segments.

Clinical differential diagnoses in the
EDS population should be kept in mind:
instability at the atlanto-occipital and
atlantoaxial joints, shoulder, clavicular
and rib subluxations, brachial plexop-
athy, vascular anomalies, dissection or
venous insufficiency, peripheral neurop-
athy, multiple sclerosis, amyotrophic
lateral sclerosis, myasthenia gravis, mye-
lopathy due to drugs—such as statins,
colchicine, steroids- vitamin deficiency,
especially B12 and B3, mitochondrial
dysfunction, stroke, and psychological
disorders.

Though CT scans and MRI remain
the standard for most practitioners,
radiological findings do not always
correlate well with clinical findings or
surgical outcome [Arnasson et al,
1987]. Dynamic instability is unlikely
to be demonstrated in a resting supine
subject, and pathological instability will
often become manifest only when the
ligaments are placed under stress.
Though not yet validated, dynamic
MRI in the upright position subjects
the vertebral spine to physiological
loading, and can be performed in the
flexed and extended positions to dem-
onstrate instability (Fig. 4) [Milhorat
et al., 2010; Klekamp, 2012].

White and Panjabi [1990] have
defined the reference ranges for flex-
ion, extension, lateral tilt, and rotation
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at each level of the spine. Radiological
findings of segmental instability may
include evidence of spinal cord com-
pression or deformity, hyper-angula-
tion at one or more segmental levels
(>11.5° angulation between adjacent
vertebra, subluxation >3 mm), and the
presence of pathological longitudinal
stretching.

Treatment

Initial management includes neck brac-
ing and physical therapy with therapists
who are knowledgeable regarding liga-
mentous laxity including EDS, attain-
ment of a good sagittal balance, and
avoidance of certain activities. Rest will
often improve symptoms. If symptoms

are refractory to conservative manage-
ment, fusion, and stabilization of unsta-
ble levels may be indicated.

The rate of adjacent segment de-
generation (the tendency for increased
degeneration of discs adjacent to fused
motion segments) has not been deter-
mined in the EDS population, but should
be considered in surgical planning;

Figure 4.

spine, T2 weighted).

a: Segmental cervical instability, showing widespread degenerative disc disease characteristic of EDS-HT, but no spinal cord
compression on neutral view (Sagittal view, T2 weighted MRI of the cervical spine in the neutral position). b: Dynamic instability evident
upon extension of the neck, showing postero-listhesis of C4 on C5, causing spinal cord compression (MRUI sagittal view of the cervical
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motion-sparing technology may be an
important option in this population,
though there is yet no published litera-
ture in the EDS population.

Areas Needing Further
Investigation

(1) Definition, prevalence and natural
history of segmental instability in the
EDS population.

(2) Clinical history of segmental instabil-
ity after stabilization, including rates of
adjacent segment degeneration in
different types of EDS.

(3) Studies to improve diagnostic efficacy
of segmental instability utilizing up-
right MRI.

TETHERED CORD
SYNDROME

Tethered cord syndrome (TCS) in EDS
is most often associated with a structur-
ally abnormal filum terminale, and
usually characterized by low back pain
and the clinical triad of neurogenic
bladder,

and sensory loss, and musculoskeletal

lower extremity weakness

abnormalities.

Epidemiology

The incidence of the specific diagnosis
of TCS is unclear, both within the
general and EDS populations in the
United States [Bui et al.,, 2007]. The
prevalence of TCS in a diverse sample of
Turkish school children was 0.1%
[Bademci et al., 2006]. In a cohort of
2,987 consecutively evaluated patients
with diagnoses of CMI or “low lying”
cerebellar tonsils (LLCT, tonsillar de-
scent 0—4mm), Milhorat et al
[2009] found TCS, using a definition
that allowed for normal position of the
conus medullaris on MRI (i.e., at or
above, the L1 vertebra), in 14% of the
CMI patients they examined and in 63%
of the LLCT cohort.

Etiology

The filum comprises a fibrous, collage-
nous, and elastic band that connects the

conus medullaris with the dural sac at
the S2 level. The filum contains neural,
glial, and ependymal remnants that stem
from embryonic spinal cord which
begin to regress at 9-10 weeks of
gestation [Jang et al, 2016]. The
presence of fatty tissue, “nerve twigs”
(dysplastic  axons),
lacunes, and suspicion of “congested”

fat and wvascular

veins, are usually seen in the abnormal
fila specimens obtained from patients
with  TCS [Thompson et al.,
2014] Stretching of the spinal cord by
the structurally abnormal filum is the
presumed mechanism of TCS. Symp-
toms may become more apparent as a
Forcible
stretching is often deemed responsible
for adult onset of TCS [Aufschnaiter
et al., 2008]. Poor blood flow and
oxidative stress in the spinal cord have

child grows. flexion and

also been implicated in animal models as
mechanisms of neuronal injury [Yamada
et al., 2007].

Clinical and Diagnostic Findings

TCS is characterized by aching/burning
pain in the low back, legs and feet, and
sensori-motor findings in lower extrem-
ities: weakness is common, with heavi-
ness, stiffness, and tightness of legs and
cramps; paresthesias in the pelvic area or
legs and hypoesthesia to pinprick in the
lumbar and sacral dermatomes is often
observed. Findings are often asymmet-
ric. A history of toe-walking may be
elicited. Urological findings include
urinary hesitancy, frequency, urgency,
retention/incomplete emptying, noctu-
ria, irregular urinary stream, sensory loss
of the bladder, frequent urinary tract
infections, and incontinence.

There is often enuresis into late
childhood. There may be fecal inconti-
nence, constipation, or sexual dysfunc-
tion. As TCS results in a combination of’
upper and lower motor neuron injury,
there is often hyperreflexia in the lower
extremities, but normal reflexes in the
arms. The legs are usually weak, with
normal upper extremity strength. Sen-
sory loss is usually prominent in the
lumbar and sacral dermatomes, but
normal in the arms and trunk. Ortho-
pedic scoliosis,

deformities include

kyphosis, functional ankle and foot
deformities (ankle pronation with phys-
ical strain), and pes planus or pes cavus
[Hoffman et al, 1976; Pang and
Wilberger, 1982].

Urodynamic testing is important in
the diagnosis of TCS. Neurogenic
bladder manifestations may range from
urinary retention and detrusor under-
activity to urinary incontinence, over-
activity of the detrusor, and sphincter
dysfunction [Tu and Steinbok, 2013].
While formal urodynamic criteria have
not been established for TCS, detrusor
sphincter dysynergia, large post void
residual, and very large bladder capacity
(>800ml) are good urodynamic indi-
cators of a neurogenic bladder. Urody-
namics can help to differentiate the
neurogenic bladder of TCS from that
due to diabetes or bladder obstruction
from prostatic hypertrophy.

MRUI of the cervical, thoracic, and
lumbar spine is required to rule out
other causes of leg weakness and low
back pain, such as disc herniation,
spondylolisthesis, stenosis, neoplasm,
or intrinsic lesions of the spinal cord—
such as multiple sclerosis or signs of
trauma. The MRI may show low lying
conus (below the mid L2 level), fatty
infiltration, a stretched or thickened
filum, a syrinx in the lower spinal cord,
scoliosis or spina bifida occulta. The
term “occult tethered cord” (OTCS)
refers to where the MRI shows a normal
position of the conus [Tu and Steinbok,
2013]. A large diameter of the filum
terminale in axial T2 studies is a positive
indicator that favors untethering in the
presence of TCS [Fabiano et al., 2009].

Controversy exists over whether it
is necessary to radiologically demon-
strate a “low lying conus medullaris,”’
that is, a conus ending at the lower L2
level or below. There has been the
intuitive presumption that a low-lying
conus represents a spinal cord under
tension. However, this presumption has
not been verified, and indeed, there are
no epidemiological studies which allow
the definition of a specific imaging
finding to establish the diagnosis of
TCS. Nor are there epidemiological
studies in the normal population that
findings that

demonstrate  specific
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exclude TCS. On the other hand, there
is a growing body of evidence that
supports the clinical diagnosis of TCS
without the
demonstration of a low-lying conus

with  or radiological
medullaris, which justifies surgical in-
tervention when the clinical criteria are
met [Tu and Steinbok, 2013].

Treatment of TCS

There is no standard technique in the
surgical treatment of TCS. Generally,
the lamina is removed, anywhere
from L2 to S1, a durotomy is made,
and electrical stimulation is used to
confirm the absence of any nerve
roots which may be associated with
the filum. Finally, a microsurgical
resection of the filum terminale
(usually a 10 mm segment for pathol-
ogy) is performed (Fig. 5). The filum
tends to be taut, and to briskly retract
upon sectioning. However, findings
are variable, and there is no evidence
to suggest that the intraoperative
findings predict or correlate with
the surgical outcome and severity of
the TCS [Pang and Wilberger, 1982;
Milhorat et al., 2009]. In some cases,
it may be necessary to perform a
lumbar  stabilization across the
motion segment in which the filum
was sectioned. The resected filum
should be sent for histopathological

evaluation.

Areas Needing Research

(1) Prospectively and retrospectively eval-
uate specific clinical features and
radiological metrics for predictive
accuracy, to establish validated inclu-
sion and exclusion criteria for future
studies regarding TCS.

(2) Determine the incidence of TCS in
EDS patients.

(3) Determine epidemiologically whether
TCS is a co-morbid feature of CMI
in EDS.

(4) Validate outcome measures by which
to determine the surgical outcomes.

(5) Establish complication rates for TCS
surgery in the EDS population.

DYSTONIAS AND OTHER
MOVEMENT DISORDERS

Epidemiology

Movement disorders can be broadly
divided into hyperkinetic disorders
(too much movement) or hypokinetic
movement occurring in the conscious
state. The hyperkinetic movement dis-
orders—including dystonia, tremor,
chorea, myoclonus, and tic disorders—
are observed in the EDS population
according to anecdotal reports from
large series of patients, but have not
been documented in the peer-reviewed
literature.

Etiology

Pain and trauma are frequent compo-
nents of EDS, and there is a significant
body of literature suggesting movement
disorders may arise from extracranial
trauma. Post-traumatic dystonia may
develop in a limb following trauma to
that limb [van Rooijen et al., 2011].
This may be one mechanism that
establishes a link between EDS and
movement disorders. However, while
several of the authors have strong clinical
suspicion of a connection, there are no
published studies that confirm that
movement disorders are a co-morbidity
of hEDS [Rubio-Agusti et al., 2012].
While dystonia in joint hypermo-
bility (JHS) have been
observed, causality has not been demon-

syndromes

strated. In one large series, one third of
patients with “fixed dystonia” were
found to have JHS [Kassavetis et al,
2012]. The authors suggested that move-
ment avoidance may have been adopted
to avoid pain, and in time resulted in fixed
dystonia. The etiology of the fixed
dystonia has also been variously attrib-
uted to peripheral injury [van Rooijen
etal., 2011], and psychogenic movement
disorder [Hallett, 2016].

Clinical and Diagnostic Findings

Neurological evaluation and EEG to
rule out seizure should be performed.

Figure 5.

a: Tethered cord syndrome: conus at the normal level (L1), fatty filum suggestive of tethered cord syndrome (Sagittal view
lumbar spine, T1 weighted MRI). b: Tethered cord syndrome: the thickened filum terminale at the L2 level, just before division.
(Intraoperative photograph of the lumbar spine thecal sac and the durotomy).
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The diagnosis of psychogenic move-
ment disorder has been met with some
skepticism [Palmer et al., 2016], but is
distinguished from malingering, and
thought to result from psychological
causes [Hallett, 2016]; it is characterized
by involuntary, disabling movements,
abrupt in onset, a waxing/waning
course, changes in the nature of the
movement over time, worsening with
stress, anxiety or depression, and im-
provement with distraction; they are
difficult to diagnose and treat. Prognosis
for improvement is better in patients
with a shorter duration of illness [Lang,
2006].

Treatment

There is no established treatment algo-
rithm for movement disorders in pa-
tients with EDS.

Areas Needing Research

(1) Establish studies to determine the

epidemiology and etiology of move-
in EDS,
demonstrate whether there is a co-

ment disorders and to
morbid relationship.
(2) Develop

strategies for movement disorders in

evidence-based treatment

the EDS population.

NEUROMUSCULAR
FEATURES OF EHLERS-
DANLOS SYNDROME

Epidemiology

EDS, especially hEDS, is associated with
high prevalence of myalgia, nocturnal
muscle cramps involving the calves,
hypotonia, progressive muscle weak-
ness, poorly developed musculature,
and scapular winging, which to some
extent may be the result of avoidance of
exercise due to hypermobility and
instability of joints [Banerjee et al.,
1988; Palmeri et al., 2003].
Musculoskeletal pain starts early, is
chronic and debilitating [Voermans
et al., 2010]. Neuromuscular disease
manifests symptomatically with muscle
weakness, myalgia, easy fatigability, and

limited walking distance; physical find-
ings include muscle weakness, reduction
of vibration sense, and mild impairment
of mobility and daily activities [Voer-
mans et al., 2009b].

Musculoskeletal pain starts
early, is chronic and
debilitating. Neuromuscular
disease manifests
symptomatically with muscle
weakness, myalgia, easy
fatigability, and limited
walking distance; physical
findings include muscle
weakness, reduction of
vibration sense, and mild
impairment of mobility and
daily activities.

Brachial and/or lumbosacral plexus
neuropathies and other compression
mono-neuropathies are not uncommon
in EDS [Voermans et al., 2006; van
Rooijen et al., 2011]. The presence of
radiculopathy or small-fiber neuropathy
probably explains a higher prevalence of’
neuropathic symptoms (paresthesias/
numbness in hands or feet) than regis-
tered on neurophysiological or ultra-
sound testing. There is a high prevalence
of ulnar nerve luxation at the elbow
detected on dynamic ultrasound [Gran-

ata et al., 2013].

Etiology

Some pathophysiologic studies are avail-
able on the relationship between tenas-
cin-x(TNX) EDS and
neuromuscular complications. Human

deficient

and murine studies suggest a correlation
between TNX levels and degree of
neuromuscular involvement, and a cor-
responding role of the extracellular
matrix defect in muscle and peripheral
nerve dysfunction in EDS [Huijing
et al.,, 2010; Voermans et al., 2011].

However, TNX deficiency accounts for
only a very small percentage of patients
with hEDS. Reduced quantitative mus-
cle function appears to be secondary to
muscle dysfunction rather than reduced
muscle mass [Rombaut et al., 2012].
Abnormal myo-tendinous junctions in
the muscle belly [Penisson-Besnier et al.,
2013], mild to moderate myopathy and/
or neuropathy, and defects of the
extracellular matrix of the connective
tissue investing muscle and peripheral
nerve may increase muscle dysfunction
[Voermans et al., 2009b, 2012; Syx et al.,
2015].

The pathophysiological mechanism
of peripheral neuropathy in hEDS
appears, in part, to result from abnormal
stretching and pressure upon peripheral
nerves that results from joint subluxa-
tion. The connective tissue of peripheral
nerves might fail to resist excessive
mechanical stress: increased vulnerabil-
ity is linked to underlying genetic
defects in TNXB, collagens I, III,
or V deficient epi-, peri-, and endo-
neurium [Voermans et al, 2009b;
Granata et al., 2013]. This defect might
also relate to the occurrence of axonal
polyneuropathy in various types of EDS
[Muellbacher et al., 1998].

Abnormal extracellular matrix in
generalized connective tissue structure
suggests molecular overlap between
inherited connective tissue disorders
and certain congenital myopathies,
awareness of which may be helpful in
recognition of these rare disorders
[Voermans et al., 2008; Donkervoort
et al., 2015].

Clinical and Diagnostic Features

The approach to neuromuscular symp-
toms and signs, and helpful ancillary

investigations has been thoroughly
reviewed [Merrison and Hanna,
2009], and supplemented by the
WUSTL database on neuromuscular
disorders.

Treatment

A recent study on medical consumption
and outcome reported the impact of
pain upon daily functioning in hEDS.
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Most patients (92%) used pain medi-
52% physical
therapy—including neuromuscular ex-

cations; underwent
ercises, massage, and electrotherapy—of’
whom two thirds reported a positive
outcome. The study concluded that the
impaired functional status of hEDS
patients strongly determined the high
rate of treatment consumption, which
underscores the importance of develop-
ment of evidence-based guidelines for
treatment [Rombaut etal., 2011]. There
is increasing evidence that treatment
should consist of a multidisciplinary
program. One study demonstrated suc-
cess combining physical therapy, cogni-
and group
therapy, followed by individual home

tive behavioral therapy,

exercises and weekly guidance by phys-
then
readmission for reevaluation and further

iotherapist for three months,

training advice. Patients reported im-
proved performance of daily activities,
muscle strength and endurance, reduced
kinesiophobia, and increased participa-
tion in daily life [Bathen et al., 2013].

Areas Needing Research

(1) The contributions of the various
causative factors to muscle dysfunction
in EDS, including increased compli-
ance of the series-elastic component of
muscle tissue, failure of maximal
voluntary muscle activation, and im-
paired proprioception.

(2) Clinical trials of physical training and
cognitive behavioral therapy on mus-
cle strength and endurance in EDS
patients.

(3) The development of evidence-based
guidelines to improve muscle strength.

TARLOV CYST SYNDROME

Epidemiology

Tarlov cysts are perineurial cysts that
may impose pressure upon adjacent
neural structures. Numerous small sur-
gical series describe the spectrum of
pathology, but there is significant con-
fusion in the reported literature with
other cystic structures: the sacral me-
ningocele and dural ectasia. The sacral

meningocele principally affects males,
fills the sacrum, and typically involves
all of the sacral roots. Dural ectasia may
present with large intra-abdominal
cysts associated with connective dis-
orders [Nabors et al., 1988; Stern,
1988].

There is a general presumption that
these cystic abnormalities, including
Tarlov cysts, are incidental findings.
However, the belief that all Tarlov cysts
are asymptomatic has no support in the
literature. An unpublished review at
Johns Hopkins on 756 patients with
symptomatic spinal cysts, found 18 with
large sacral internal meningoceles with
dramatic associated sacral erosion, of
whom 16 were women with Marfan
disease or EDS. The remainder had
typical Tarlov cysts, with a female to
male ratio of seven to one, usually on
sacral nerve roots. A small number
existed on the lumbar, thoracic or
cervical roots. Delay in treatment re-
sulted because most patients had been
told that the cysts were asymptomatic
and did not need to be treated, or that no
satisfactory treatment existed, or that
treatment was too dangerous to con-
template. Rarely, there may be massive
dilatation of the lumbar and sacral thecal
sac, with extensions of the subarachnoid
space along nerve roots and into abdo-
men and pelvis.

Etiology

The finding of inflammatory cells in
the walls of symptomatic Tarlov cysts
[Voyadzis et al., 2001] begs comparison
with the recent findings inflammatory
cells in the fila terminale of EDS patients
with TCS [Klinge, 2015].

Clinical and Diagnostic Findings

Tarlov cysts are a radiological diagnosis.
The Tarlov cysts appear primarily in the
sacrum, at the level of the root ganglia,
causing erosion of the surrounding bone
(Fig. 6). Cervical and thoracic Tarlov cysts
may produce pain and neurological
symptoms or deficits in the distribution
of the involved nerve root, or myelopathic
from an extradural or subarachnoid cyst in
the high thoracic region, or symptomatic

from a mediastinal cystic extension behind
the trachea.

The most common syndrome,
occurring in approximately 70% of
symptomatic patients, is comprised of
sacral pain, worse when sitting and
standing, and improved when lying
down; pain in the S2-S5 dermatomes
in the pelvis and perineum, sciatica in
the S1 and S2 dermatomes, and less
commonly L5 root dermatome. Bowel
and bladder dysfunction are common.
One third of patients have bowel and
bladder dysfunction, and sensory com-
plaints related to nerve roots S2, S3, S4
without sciatica. A small group of
patients have bowel and bladder dys-
function and sacral root sensory loss
without pain.

Treatment

Of patients undergoing surgical obliter-
ation of the Tarlov cysts, successful
outcomes are reported in 80-88% of
patients, with few complications [Voy-
adzis et al., 2001; Feigenbaum and
Henderson, 2006]. Alternatively, pa-
tients may undergo aspiration of the
cyst and injection of the cysts with fibrin
glue, although the results are less
satisfactory [Patel et al., 1997].

Areas Needing Research

(1) Determine the prevalence of Tarlov
cysts in the general population and the
hEDS and EDS
populations.

classic  type

(2) Define the ratio of symptomatic versus
asymptomatic patients, and the factors
that appear to trigger pain.

(3) Compare the pathophysiology of Tar-
lov cysts in the general population
versus the EDS population.

(4) A prospective randomized trial to
compare treatments: surgical resection
versus aspiration and injection of fibrin
glue.

(5) Longitudinal studies of natural and
clinical history of Tarlov cysts in EDS.

(6) Utility of urodynamic studies as op-
posed to patient report for symptoms
of neurogenic bladder.
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Figure 6.

(Sagittal MRI views through the sacrum).

a: Tarlov cyst, with substantial bone erosion and compression of the right S2 nerve to the wall of the cyst in 9 o’clock
position (T2 weighted MR, axial view through sacrum). b: Large S2/S3 Tarlov cyst, T'1 weighted view, Tarlov cyst on T2 weighted view

CONCLUSION

Incompetent connective tissue results in
lax ligaments within the axial skeleton,
peripheral nerve sheaths, and possibly
the architecture of the myoneural and
muscular endplates. Ligamentous laxity
of the axial skeleton in particular,
subjects the central and radicular ner-
vous system to entrapment, deforma-
tion, and biophysical deformative
stresses. Biophysical stress is increasingly
recognized in the alteration of gene
expression, cellular function, and ulti-
mately phenotypic expression. Clinical
practice guidelines, based upon stronger
epidemiological and pathophysiological
evidence, are needed for the diagnosis
and treatment of the various neurologi-
cal and spinal manifestations of EDS.
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Chronic pain in the Ehlers—Danlos syndromes (EDS) is common and may be severe. According to one study,
nearly 90% of patients report some form of chronic pain. Pain, which is often one of the first symptoms to occur,
may be widespread or localized to one region such as an arm or a leg. Studies on treatment modalities are few
and insufficient to guide management. The following is a discussion of the evidence regarding the underlying
mechanisms of pain in EDS. The causes of pain in this condition are multifactorial and include joint subluxations
and dislocations, previous surgery, muscle weakness, proprioceptive disorders, and vertebral instability. Affected
persons may also present with generalized body pain, fatigue, headaches, gastrointestinal pain,
temporomandibular joint pain, dysmenorrhea, and vulvodynia. Pain management strategies may be focused
around treating the cause of the pain (e.g., dislocation of a joint, proprioceptive disorder) and minimizing the
sensation of pain. Management strategies for chronic pain in EDS includes physical therapy, medications, as well
as durable medical equipment such as cushions, compressive garments, and braces. The different modalities are
discussed in this paper. © 2017 Wiley Periodicals, Inc.
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INTRODUCTION . L . ..

surgery, myalgias, and may become tivities of daily living. It can
Pain is common in Ehlers—Danlos  chronic [Sacheti et al., 1997; Mulvey  often affect sleep quality (which is
syndrome (EDS) and may correlate et al., 2013]. Pain may be musculo- common in EDS), which in turn
with hypermobility, frequency of  skeletal or widespread. It may be contributes to  functional im-
subluxations and dislocations, soft acute and/or chronic. The pain may  pairment, independent of the level
tissue injury, history of previous  interfere with socialization and ac-  of fatigue [Voermans et al., 2009].
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Overall, pain impacts health-related
quality of life.

Pain is common in Ehlers—
Danlos syndrome (EDS) and
may correlate with
hypermobility, frequency of
subluxations and dislocations,
soft tissue injury, history of
previous surgery, myalgias,
and may become chronic. Pain
may be musculoskeletal or
widespread.

Multiple pathologies likely con-
tribute to pain in EDS since it is a
disease of connective tissue, which
is found in virtually every organ
system (Table I). The following is a
literature review and discussion of the
evidence of the underlying mecha-
nisms contributing to pain in this
complex disorder with management
considerations.

METHODS

An international group of physicians
with experience in treating pain in EDS
formed a working group under the
auspices of the International Consor-
tium on the Ehlers—Danlos Syndromes.
The working group conferenced by
telephone approximately twice a month
starting mid-2015. The working group
then met in Paris, France, and again in
New York in 2016 to hone the
description, management, and future
directions.

A detailed literature search was
done on PubMed with the following
keywords: “Hypermobility,” “Ehlers—
Danlos Syndrome,” connective tissue,
collagen, and pain. Papers selected
were case

series, case controlled

studies and reviews. Case reports
were not formally included but
were scanned for any additional
information.

LITERATURE REVIEW

Sacheti et al. [1997] interviewed 51
patients with EDS of which 28 (55%)
were diagnosed with EDS hypermobile
type (hEDS). They reported that the
incidence of pain in hEDS was 28 out of
28 (100%). In this population, the mean
score on the Numerical Rating Scale
was 8 out of 10 for all types of EDS. Out
of the 28 patients with hEDS, 24
(85.7%) reported progressively worsen-
ing pain. The authors concluded that
moderate to severe pain is common in
hEDS, starts early in life and progresses
and evolves over time but that it is often
complex and varied, frequently report-
ing pain at multiple locations.

In a more recent study of 273
patients with EDS by Voermans et al.
[2009], 246 (90%) patients reported
pain. Of the 246 patients who reported
pain, 230 (93%) of them reported joint
hypermobility, 193 (78%) had a history
of dislocations, 236 (96%) reported
dermal features, 227 (92%) had previous
surgery, and muscle weakness was
reported by 196 (80%). The hEDS was
diagnosed in the majority (59%), of
which, 95% were females.

Pain is often initially more localized
to joints or limbs initially. Musculoskeletal
pain in EDS is influenced by external
factors such as lifestyle, sport activities,
trauma, surgery, and various co-morbid-
ities. Many patients report their very first
painful sensations acutely, in relation to
joint traumas such as dislocations and
sprains as well as “growing pains” mostly
localized to the knees/thighs [Castori
et al., 2013]. Approximately 30% of
children with hEDS reported arthralgias,
back pain, and myalgias. This rate
increases to >80% in patients over 40 years
of age [Castori et al., 2011]. It is inversely
correlated to generalized joint hypermo-
bility, as assessed by the Beighton score, as
those over the age of 33 years, often have a
“negative” Beighton score but yet pain
symptomatology in all aspects continues
and, in most cases, increases.

Pain is often initially more
localized to joints or limbs

initially. Musculoskeletal
pain in EDS is influenced by
external factors such as
lifestyle, sport activities,
trauma, surgery, and various
comorbidities. Many patients
report their very first painful
sensations acutely, in relation
to joint traumas such as
dislocations and sprains as
well as “‘growing pains’’
mostly localized to the knees/

thighs.

Children are often not believed by
practitioners about their pain much less
their joint hypermobility [Gazit et al.,
2016]. While it may be acute and
musculoskeletal, many also present
with more recurring or chronic pain
[Cattalini et al., 2015; Stern et al., 2016].
Such chronic pain issues, especially
abdominal pain, are often misdiagnosed
as a behavioral condition or Munchau-
sen by proxy in children and young
adults [Fikree et al., 2016]. Children
may also present with recurrent, unex-
plained bruising or multiple joint sub-
luxations and dislocations whereby
parents are accused of child abuse
[Castori, 2015].

One study found that pain was most
frequently localized in the neck, should-
ers, hips, forearms, and legs in 40 EDS
patients [Voermans et al., 2009]. Neck
pain is a common feature of hEDS and is
frequently associated with headaches. It
is often difficult to segregate the two
conditions. Loose ligaments in the
cranio-cervical junction and cervical
spine may manifest as occipital-atlanto
and/or atlanto-axial instability
[Menezes and Van Gilder, 1988; Me-
nezes et al., 2001]. This is compounded
by ligamentous laxity of the cervical
spine [Da Silva et al., 1992; Henderson
et al.,, 2005a] and may present as
cervical-medullary syndrome, with other
presenting symptoms including difficulty
difficulty,

swallowing, speech



214 AMERICAN JOURNAL OF MEDICAL GENETICS PART C (SEMINARS IN MEDICAL GENETICS) RESEARCH REVIEW
TABLE I. Review of Literature of Types of Pain in hEDS
Number of patients
Manifestations studied Incidence (%) R eferences

Generalized body pain

Soft-tissue pain

>800 (cumulative)

>800 (cumulative)

90

90
78
Elbow (43)*

Jerosch and Prymka [1996]; Camerota et al. [2011]; Hamonet et al.
[2012, 2014]; Hamonet and Brock [2015]; Scheper et al. [2015];
Voermans and Knoop, 2011

Hudson et al. [1998]; Hamonet et al. [2012, 2014]; Scheper et al. [2015]

Voermans et al. [2010]; Hamonet et al. [2012, 2014]

Moore et al. [1985]; Aktas et al. [1989]*; Sacheti et al. [1997]; Tubiana

Dislocations >800 (cumulative)
Joint pain 28*
232%
644"
Fatigue 644 [cumulative]
11 [cumulative]
Bone loss 23
Neuropathic pain 29*
Loss of proprioception 18*, 32% 22"
Headaches 28*
Gastrointestinal pain 21*
Temporomandibular 42%
joint pain
Menorrhagia 387
Dysmenorrhea
Vulvodynia/ 387
dyspareunia

Shoulders
(80)*
Hands (75)*
Knees (71)*
Spine (67)*

95 Gulbahar et al. [2006]; Voermans et al. [2009, 2010]; *Celletti et al.
[2012]; Hamonet et al. [2012]

6 (55)

16 (70) Gulbahar et al. [2006]
68* DeGraaf [1973]; Kass and Kayed [1979]; Stoler and Oaklander [2006]*;
Camerota et al. [2011]; Voermans et al. [2011]
Significant  Helliwell [1994]*; Ferrell et al. [2004]; Fatoye et al. [2009]; #*R ombaut
P-value et al. [2010]; Zarate et al. [2010]; Celletti et al. [2011]; Galli et al.
[2011]; "Clayton et al. [2013]; Smith et al. [2013]; Deparcy [2016]
75* Sansur et al. [2003]; Schievink et al. [2004]; DeCoster et al. [2005];
Henderson et al. [2005a]; Gulbahar et al. [2006]; Milhorat et al. [2007]%;
Bendik et al. [2011]; Rozen [2014]; Hamonet and Brock [2015]
85.7* Douglas and Douglas [1973]; Petros and Swash [2008]; Castori et al.
[2010]*; Zarate et al. [2010]; Dordoni et al. [2015]; Hamonet and
Brock [2015]; Mohammed et al., 2010
71.4* “DeCoster et al. [2004, 2005]; Hagberg et al. [2004]
77.57 Gompel [2016]
73.1
42 Gompel [2016]

[2000]; Berglund et al. [2005]; McCulloch and Redmond [2010];
Hamonet et al. [2012]A; Hamonet et al. [2014]; Hamonet and Brock,
2015%; Christopherson and Adams [2014]; Scheper et al. [2015]

dysautonomia, gait changes, weakness,
spasticity, and sensory alteration [Hen-
derson et al., 2005b; Hamonet et al.,
2012]. See also “Neurological and Spinal
Features of Ehlers-Danlos Syndrome,”
this issue [Henderson et al., 2017].
Bendik et al. [2011] reported mul-
tiple headache types among 28 hEDS
female patients in an interview-style
case-control study. Headaches, in par-
ticular migraine, was higher in preva-
lence and more often more disabling
than the control population (N =232).
Castori et al. [2015] reported the
incidence of headaches in no less than
1/3 of patients with EDS with migraines
as the most common headaches. Other

possible causes of headaches include
tension-type headache, new daily per-
sistent headache, temporomandibular
joint dysfunction (TMD), Chiari mal-
formation, cervicogenic, neck—tongue
syndrome, and medication related
[Neilson and Martin, 2014].

Other major cause of headaches in
EDS patients includes TMD [Milhorat
et al., 1999]. TMD may be present in
more than 70% of patients with EDS
[DeCoster et al., 2004, 2005]. See also
“Oral and Mandibular Manifestations in
the Ehlers-Danlos Syndromes,” this
issue [Mitakides and Tinkle, 2017].
Cervicogenic and new daily persistent
headache have also been reported to be

associated with cervical spine hypermo-
bility in a small series of EDS patients
[Rozen, 2014]. Tension-type is very
common as well predominantly among
those with neck and shoulder dysfunc-
tion and pain.

Many joints have involvement in
EDS. Patients with hEDS present com-
monly with pain in their hands and
wrists, especially those with repetitive
[Quarrier, 2011].
increased pain to the forearm from the
The thumb
basilar joint is a particularly common

use They report

constant muscle strain.
joint involved in hEDS because it relies,
in large part, on ligaments for stability
[Christophersen and Adams, 2014]. A
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study of 55 patients with EDS showed a
highly significant correlation between
the presence of electrophysiologically
proven carpal tunnel syndrome and the
occurrence of hEDS [Aktas et al., 2008].
As is often seen in many other muscu-
loskeletal chronic pain conditions, the
pain is most often at the insertion site.
See also “Role of Orthopedic Manage-
ment in the Ehlers-Danlos Syndromes,”
this issue [Ericson and Wolman, 2017].

CHRONIC PAIN

Chronic pain is one of the major
symptoms presented by patients with
hEDS [Sacheti et al., 1997; Voermans
et al., 2010]. It often presents as diffuse
body pain affecting almost every part of
the body. It is common and may be
severe [Voermans et al., 2009]. In one
study, the prevalence of chronic pain was
90% in patients with various types of
EDS, with the highest scores on severity
of pain found in hEDS [Voermans et al.,
2009].

Chronic pain is one of the
major symptoms presented by
patients with hEDS. It often
presents as diffuse body pain
affecting almost every part of

the body. It is common and
may be severe. In one study,
the prevalence of chronic pain
was 90% in patients with
various types of EDS, with
the highest scores on severity
of pain found in hEDS.

Loss of proprioception in hEDS has
been reported in the medical literature
and is considered to be an important
factor in hEDS-related chronic pain
[Helliwell, 1994; Ferrell et al., 2004,
Fatoye et al., 2009; Clayton et al., 2013;
Smith et al., 2013]. Proprioception, also
known as joint position sense, is the
ability of a joint to determine its

position, detect movement, and sense
of resistance to force [Rombaut et al.,
2010]. Proprioception is essential for
maintaining the balance of the human
body, detecting movement, and coordi-
nation of normal activities. It helps
protect the joints from hyperextending
and damaging ligaments [Stillman, 2002].

Several different hypotheses have
been brought forward to explain poor
proprioception in hEDS [Smith et al.,
2013]. Two such hypotheses are that
the excessive joint mobility may
damage proprioceptive receptors in
the joints [Fatoye et al., 2009] or that
the sensation of pain in the joint may
diminish proprioception [Felson et al.,
2009]. Exercises to enhance proprio-
ception demonstrated an improve-
ment in pain [Ferrell et al., 2004].
Improvement of proprioception may
be effective for ameliorating both the
functional status, including balance,
and chronic pain [Clayton et al.,
2013].
with motor and proprioceptive dis-

Chronic pain is associated

turbances; it is not clear if this is due to

disturbances in  position  sense,
muscle spindle function, or central
representations of the body [Tsay
et al., 2015].

Often, hEDS may be misdiagnosed
as fibromyalgia because of diffuse pain
with a strong myofascial component.
These are to be considered as two
distinct conditions with very specific
diagnostic criteria. They may co-exist as
two separate conditions but have differ-
ent etiologies. The 2010 classification of
fibromyalgia which has a sensitivity of
88% only has many overlapping features

with EDS [Wolfe et al., 2010].

Often, hEDS may be
misdiagnosed as fibromyalgia
because of diffuse pain with a
strong myofascial component.
These are to be considered as

two distinct conditions with
very specific diagnostic
criteria. They may co-exist as

two separate conditions but
have different etiologies.

The evidence to show the precise
mechanisms of pain in hEDS is weak.
Many of the proposed mechanisms have
been drawn from other chronic pain
conditions. Studies to distinguish both
pathologies are very necessary. Pain and
fatigue have a high prevalence in EDS,
frequently manifesting as the predomi-
nant symptoms and as the most disabling
features [Rombaut et al., 2011]. Clinical
examination, pain questionnaires, quan-
titative sensory testing, and neurophysi-
ological  responses  disclosed no
somatosensory nervous system damage.
Conversely, quantitative sensory testing,
documented hyperalgesia to cold and
heat stimuli, and an increased wind up
ratio implied central sensitization
[Rombaut et al., 2015; Scheper et al.,
2016]. This suggests that the pain related
to EDS probably shares mechanisms
with those underlying fibromyalgia [Di
Stefano et al., 2016]. In a study of 206
female patients with EDS, the impact of
pain and functional impairment was
similar to fibromyalgia but worse than
that of rheumatoid arthritis [Rombaut
et al., 2011].

Any form of pain be it nociceptive
or neuropathic may be a secondary or
even tertiary effect of underlying causes.
It is those underlying causes that need to
be treated. Pain management should be
as diverse as its presentation and treated
from all angles [Ferrell et al., 2004,
Gulbahar et al., 2006; Felson et al., 2009;
Voermans et al., 2009; Camerota et al.,
2011; Galli et al., 2011; Castori et al.,
2012; Hamonet et al., 2012; Gompel,
2016; Scheper et al., 2015; Deparcy,
2016; Hugon-Rodin et al., 2016].

MANAGEMENT

Management of chronic pain in hEDS is
hindered by lack of evidence based
studies that clearly demonstrate effec-
tiveness of different modalities. The way
to manage pain in hEDS would be to
adapt and alter options that are used in
the non-EDS population. Chronic pain
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is a symptom but is also a disease entity
by itself with demonstrated changes in
the nervous system. Chronic pain
maybe nociceptive (pain resulting from
tissue injury), or neuropathic (pain
generated ectopically and abnormally
by either the peripheral or central
nervous system) [Pappagallo, 2005;
Pappagallo and Werner, 2008]. Most
cases of chronic pain are an uneven mix
of nociceptive and neuropathic pain.
Pain management strategies may be
focused around treating the cause of
the pain (e.g., dislocation of a joint) and
minimizing the sensation of pain.

1. Successful management of chronic pain
requires a multidisciplinary approach.

2. Physiotherapy: available evidence sug-
gests that patients who receive exercise
intervention improve over time [Pal-
mera et al., 2014]. Physical rehabilita-
tion consists of core stabilizing and joint
stabilizing and proprioception enhanc-
ing exercise coupled with general
fitness program [Grahame, 2009; Ro-
zen, 2014]. Stretching exercises should
be limited to gentle stretching to avoid
any risks of subluxations or disloca-
tions. Techniques that have been used
in treating hEDS pain include manual
therapy for overactive muscles, trunk

re-education,

stabilization, posture

joint awareness using biofeedback,
joint mobilization with muscle release
[Simmonds and Keer, 2008]. See also
“The evidence-based rational for phys-
ical therapy treatment of children,
adolescents and adults diagnosed with
joint hypermobility syndrome/Ehlers-
Danlos syndrome hypermobile type,”
this issue [Engelbert et al., 2017].
3. Cognitive behavioral therapy: this
approach is applicable to all patients
especially those whose pain is intracta-
ble, life dominating and unresponsive
to analgesics or other physical inter-
ventions [Grahame, 2009]. To date
there have been no clinical trials to
demonstrate its efficacy in EDS.

4. Pharmacological choices:

(a) Non-steroidal anti-inflammatory
drugs (NSAIDs): May be helpful if
the pain is of inflammatory origin.
Chronic use of NSAIDs is frequently

d

Narj

(2

(h)

associated with gastrointestinal, renal,
and hematologic consequences [Sa-
cheti et al.,, 1997]. They may also
worsen symptoms of MCAS (mast
cell activation syndrome) which may
be a co-morbidity in hEDS. See also
“Mast Cell Disorders in the Ehlers-
Danlos Syndromes,” this issue [Sen-
eviratne et al., 2017].

Opioids: for acute, severe pain,
opioids may be an option, but only
for a short duration. There is good
evidence that long-term treatment
with opiates is not a viable option and
may lead to central pain sensitization.
A trial of tramadol may be a valuable
alternative for some patients with
hEDS [Sunshine et al., 1992; Brown
and Stinson, 2004]. The specific risk
of using opioids in hEDS is centered
on worsening gastrointestinal issues
such as constipation and nausea as well
as increasing symptoms of MCAS.
Options for neuropathic pain include
low dose tricyclic anti-depressants,
anti-convulsants, and selective nor-
epinephrine  reuptake inhibitors.
They have been shown to be effective
to treat neuropathic pain in non-EDS
patients; however, no trials have been
done in hEDS to show their efficacy.
There is concern in hEDS that if
given to treat pain they might worsen
other symptoms such as
dysautonomia.

Acetaminophen, to avoid hemato-
logic consequences that could be
associated with NSAIDs.

Topical lidocaine for localized pain
after subluxations as well as painful
gingival tissue [Hamonet and Brock,
2015].

Nefopam is a non-morphine derived
potent analgesic

Brock, 2015].

For musculocutaneous pain: injec-

[Hamonet and

tions with 1% lidocaine into trigger
points [Hamonet et al., 2014; Ha-
monet and Brock, 2015].

For dyspareunia: lubricants and/or
topical estrogens (twice a week)
combined with hyaluronic acid and
benzydamine. In the most severe
cases, lidocaine gel just before inter-
course [Gompel, 2016; Hugon-Ro-
din et al., 2016].

(i) Dysmenorrhea can be treated with
NSAIDs as it is often time-limited
[Gompel, 2016; Hugon-Rodin et al.,
2016].

() Women with dysmenorrhea and
whose overall symptoms worsen dur-
ing the peri-menstrual period may be
aided by hormonal control with
anti-gonadotropic,  hypoestrogenic
progestins [Gompel, 2016; Hugon-
Rodin et al.,, 2016]. This might be
due to the fact that proprioceptive
accuracy decreases during menses
[Fouladi et al., 2012].

(k) Transcutaneous neuro stimulator
(TENS) to block pain signals via
gate control theory [Hamonet and
Brock, 2015].

() Anti-decubitus cushions and mat-
tresses can be used for pain and
discomfort when sitting/working
and to improve sleep [Hamonet and
Brock, 2015].

(m) Treating the underlying propriocep-
tive disorder with compressive, that s,
tight clothing, physiotherapy, and
proprioceptive shoe inserts [Hamonet
et al., 2010; Hamonet and Brock,
2015].

(n) Dystonia has been described in 54%
of EDS patients in a cohort study
of 626 patients. Treatment with
Levodopa/carbidopa or Levodopa

50 mg/benserazide 12.5 may improve

dystonia, pain, and fatigue [Hamonet

et al., 2016a].

(o) Fatigue and pain are linked when it

=

comes to disability issues. They both
diminish the quality of life and need
to be addressed. Treating the fatigue
treats the pain and vice versa. Dysau-
tonomia is a common factor in EDS
and when treated may alleviate both
fatigue and pain [Bravo, 2010].

FUTURE DIRECTIONS

The management of the often severe,
changing, debilitating pain in patients
with hEDS is currently insufficient.
Traditional pain medications do not
seem to adequately treat most patients
probably because the underlying cause is
different to most other pain. It is,
therefore, our understanding that studies
not only into pain management itself are
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necessary to decrease the pain but also
into the management of fatigue, dysto-
nia, energy consumption, and the
treatment of the impaired propriocep-
tion among others.

Itis our opinion that studies into the
following subjects are urgently needed:

e Studies to differentiate between fibro-
myalgia and hEDS are needed as the
cause of pain in hEDS may be different
to that of fibromyalgia and require
different treatment. Many patients are
being (mis)diagnosed with fibromyalgia
and thus not treated for all the other
symptomatology and co-morbidities
that might occur with hEDS.

e Earlier diagnosis might lead to better
preventive measures. Prospective stud-
ies that look at the outcome of
proprioceptive treatment on pain, fa-
tigue, and other symptoms are necessary
to evaluate if early intervention can
decrease symptom progression. It is thus
necessary to study tools for diagnosing
EDS in children [Deparcy, 2016].

the use of NSAIDs

including the differentiation between

® Research on

acute and chronic use in conjunction
with the increased hemorrhagic ten-
dency in hEDS.

e Oxygen therapy by face mask is already
approved for cluster migraines. Oxygen
therapy by face mask has been shown to
decrease pain in EDS [Hamonet and
Brock, 2015; Hamonet et al., 2016b].
Studies on oxygen therapy in the use
against migraines and fatigue in hEDS
are warranted.

e Studies into the treatment of proprio-
ceptive impairment and its reduction of’
the different aspects of pain and fatigue.

o Gompel [2016] suggest that a systematic
prospective study is needed to confirm
the hypothesis on the role of hormonal
modulation in pain management in this
population.

e Studies on the treatment of dystonia,
which seems to increase the occurrence of
subluxations and thus pain, are necessary.

e Dysfunctions reported with oxidative
phosphorylation, electron transport

chain activity, and ATP production

and recycling cause alterations in energy
metabolism contributing to fatigue

[Filler et al., 2014]. Studies considering

a possible link of pain and fatigue in
hEDS due to mitochondrial dysfunc-
tion are thus warranted.

e Low Dose Naltrexone (LDN) may be a
good option for patients with neuro-
pathic pain, mixed nociceptive and
neuropathic pain, and pain secondary
to autoimmune dysfunction in patients
with hEDS. Naltrexone
activation of microglia thus attenuating

suppresses

the production of proinflammatory
cytokines. This effect is achieved by
using very low doses of naltrexone
[Chopra and Cooper, 2012]. Anecdotal
reports of LDN in the management of
chronic pain in hEDS have been
promising.
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Oral and Mandibular Manifestations in the
Ehlers-Danlos Syndromes

JOHN MITAKIDES* ano BRAD T. TINKLE

The Ehlers—Danlos syndromes (EDS) are hereditary disorders that affect the connective tissue and collagen
structures in the body. Several types of EDS have been identified. Oral and mandibular structures, which
include oral soft tissue, dentition, facial and head pain, and the functioning of the temporomandibular joint
(TMJ), are variably affected in the various types of EDS. These various manifestations of EDS have been noted
for many years, but newer diagnostic techniques and studies are shedding additional light on the challenges
faced by EDS patients in the area of oral and mandibular disorders. Further, the impact of
temporomandibular disorder (TMD) on musculoskeletal dysfunction and vice versa, make this an important
feature to recognize. Oral and mandibular hypermobility of the TMJ with associated consequences of EDS are
noted. These features, diagnostic parameters and treatment procedures are presented.
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INTRODUCTION

Oral and mandibular manifestations
have been observed in all types of
EDS patients. Collagen defects com-
promise oral health including vascular-
ity, bone, teeth, gum tissue, nerve
tissue, as well as the tendons and
ligaments that retain maxillofacial
structures in position in addition to
the temporomandibular joint (TM]J)
[Norton and Assael, 1997; Abel and
Carrasco, 2006]. These oromandibular
manifestations in EDS are often poorly
recognized by healthcare providers but
are commonly reported by patients and
impact pain, functionality as well as
quality of life [Conti et al., 2012].
Here, we describe the oral and man-
dibular manifestations of EDS, diag-
nostic

techniques, and treatment

modalities.

ORAL SOFT TISSUE
MANIFESTATIONS

The structural collagen(s) and its function
is altered in all types of EDS. The mucosal
tissue is often thin [Ferré et al., 2012].
Mucosal fragility is also commonplace
[Nelson and Assael, 1997]. Easy wound-
ing occurs with oral appliances. Poor
wound healing and excessive hemorrhag-
ing is common with incidental injury as
well as dental procedures.

Early onset periodontitis is seen in a
variety of EDS patients, especially type
VIII, the periodontal type [Reinstein
et al., 2013]. The structural defects in
collagen or collagen-related proteins as
part of the innate immune system may
increase susceptibility to degradation by
bacterial pathogens. Functional conse-
quences of altered collagen could also
affect oxygen and nutrient delivery to

the tissue affecting the overall health but
this may also be affected in a pro-
inflammatory state. Alterations of the
extracellular matrix would also likely
affect diffusion of not only nutrients but
other small molecules and may be an
important aspect of the observation
resistance to local anesthesia [Hakim
et al., 2005].

Early onset periodontitis is
seen in a variety of EDS
patients, especially type VIII,
the periodontal type. The
structural defects in collagen
or collagen-related proteins as
part of the innate immune
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system may increase
susceptibility to degradation
by bacterial pathogens.

The lack of lingual and inferior
labial frenula has been noted in several
studies. De Felice etal. [2001] studied 12
patients with EDS, 4 of whom were
classified as classic EDS and the remain-
ing eight as hypermobile (hEDS). All
patients were clinically characterized
and included “significant” skin hyper-
laxity. All 12 patients had an absent
inferior labial frenulum (between the
lower lip and gum line) whereas only
nine also had absence of the (sub)lingual
frenulum. Although a small sample size,
both sites were significantly distinct
from the appropriate control group.
However, such observations were not
reproduced in two subsequent studies
[Bohm et al.,, 2001; Shankar et al,,
2006].

Machet et al. [2010] evaluated
patients of classic (n =4), hypermobile
(n=19), and vascular (n =20) types of
EDS. As a subgroup
hypermobile), the sensitivities of the
absence of the inferior labial frenulum
was 42% and 53.5% for the lingual
frenulum with specificities of 99% and
98%, respectively. In wvascular EDS,
sensitivity was 65% with 97% specific-
ity with an odds ratio of 72. Celletti
et al. [2011] evaluated 32 patients with
clinically characterized hEDS. Using a

(classic and

variation of assessment, the investiga-
tors did not find complete absence of
labial
subject. However, the lingual frenulum
was not visualized in 23 patients and 13

the lower frenulum in any

controls by one method but only four
patients and one control by another
method. Both methods produced sig-
nificant results but demonstrated that
the methodology could widely change
the prevalence of and therefore useful-
ness of such a sign. It has also been
noted that up to 50% of EDS patients
are able to touch their tongue to their
nose (Gorlin sign) but it is unclear if
the absence of the lingual frenulum has
an impact on the presence of this sign
[Tanwar et al., 2014; Awal et al., 2015].

BONE STRUCTURE AND
DENTITION

In the EDS patient tooth mobility has
been noted which may accelerate the
periodontal recession [Norton and
Assael, 1997; Abel and Carrasco,
2006]. Orthodontia therapy is rapid
due to accelerated tooth movement in
the EDS patient and is usually accom-
plished in 1 year or less. Unfortunately,
rapid but mild relapses and tooth
usually by
18 months. Tooth retention will be a
lifelong necessity [Fridrich et al., 1990].

Several tooth abnormalities have

movement are noted

been noted among EDS patients in one
study [Table I; Norton and Assael, 1997].
Posterior teeth are reported to have high
cusps and deep fissures. The roots may be
abnormally shaped, fused and/or elon-
gated. Pulp stones are seen in some.
Congenital absence of teeth and micro-
dontia have been also noted [Norton and
Assael, 1997; Létourneau et al., 2001].

THE
TEMPOROMANDIBULAR
JOINT

The anatomy of the TMJ is complex.
The joint is classified as a ginglymoar-
throdial joint and may be better described
as a sliding ball and socket joint. The
muscles of mastication allow function

and motion of the TMJ and mandible.
Bilaterally, they are the temporalis (ante-
rior, middle, and posterior), the masseter
(superficial and deep), the internal pter-
ygoid, and pterygoid
muscles. Muscles of the inferior border

the external

of the mandible, anterior and posterior
neck, and suboccipital triangles can
also be affected by temporomandibular
dystunction (TMD). Included are the
anterior belly of digastric, superior
pharyngeal constrictor, middle pharyn-
geal constrictor, and the omohyoid
muscles. It should also be noted that
the TM]J and its muscles and functions are
intimately associated with cervical and
pharyngeal functions of the head and
neck. Therefore, the general anatomy of’
the head and neck well beyond the TMJ
must also be considered.

TM]J hypermobility and TMD have
been linked to systemic joint hypermo-
bility in several studies [Harinstein et al.,
1988; Buckingham et al., 1991; Westling
and Mattiasson, 1991; Westling, 1992;
De Coster et al., 2005; Kavuncu et al.,
2006; Hirsch et al., 2008] with fewer
linking to hEDS [Diep et al., 2016].
Much like any joint in EDS, the TMJ
often is hypermobile, subluxes and can
dislocate [Norton and Assael, 1997,
Wincour et al., 2000; Pasinato et al.,
2011]. TMJ dislocation is noted to occur
more often in women in the general
population which mirrors that of EDS

TABLE 1. Dental Manifestations of EDS

Soft tissue

o Fragile oral mucosa

e Early onset of periodontal defects
Dentition

e Stunted roots or dilacerations
e Coronal pulp stones
e Aberrant dentinal tubules

Temporomandibular joint

e TMD

o High cusps and deep fissures on the crowns of teeth
e Higher incidence of enamel and dental fractures

e Pulpal vascular lesions and denticles
e Ready movement of teeth in response to orthodontic forces
e Easier accomplishment of orthodontic retention

e Hypermobile TMJ with high incidence of subluxation/dislocation
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[Nosouhian et al., 2015]. The TMJ can
relocate once hyperextended but cause
the cartilaginous disc to stay dislocated
resulting in pain, bony destruction, and
limited mobility. The muscles of masti-
cation can be overused, spasm, and cause
referred face, head, and neck pain thus
resulting in decrease functionality and
quality of life [Hagberg et al., 2004;
Berglund and Bjorck, 2012].

TM]J hypermobility and
TMD have been linked to
systemic joint hypermobility
in several studies with fewer
linking to hEDS.

EXAMINATION AND
DIAGNOSIS OF TMD

The tracking of opening and chewing
motions can be diagnostic of TMD.
Common symptoms of TMD include:
(i) deflection of the jaw to the affected
side; (i) limitation of opening; (iii)
inability to chew; (iv) pain in front of
the ear; (v) headaches in the temples or
lateral side of the jaw; (vi) tooth pain;
(vil) inability to turn the head and/or
neck; (viii) inability to get the posterior
teeth together; (ix) fullness, itching
or pain in the ear(s); (x) “popping” or
crepitus with movement of the TMJ.
The mouth opening for the first
33mm is unstressed pure rotation.
Opening beyond the 33 mm involves
translation of the condyle and the
meniscus down the articular surface.
The meniscus should remain inter-
posed between surfaces. If it becomes
dislodged anteriorly, the motion of
blocked and

opening is limited to approximately

translation is mouth

33mm or less. If the meniscus is
dislodged posteriorly, the patient will
not be able to close their mouth,
occlude their teeth, or chew on the
affected side. Patients with hypermo-
bile TMJ will often display increased
maximal mouth opening often well-
beyond the normal range of 40-55 mm

[Norton and Assael, 1997; Hirsch
et al., 2008].
It is not uncommon that the

hypermobile patient suddenly dislocates
within the TM]J and thereafter has a
limited mouth opening of 20-33 mm.
This may be due to injury or stress such
as: (i) prolonged opening of the mouth
(i.e., dental work or intubation); (ii)
blow to the head, face, or jaw; (iii)
“whiplash” type injury; (iv) hyper-
opening; (v) hypermobile joints with
increase range of motion; (vi) degener-
ative breakdown of TMJ articular
surfaces; (vii) unbalanced occlusion;
(viii) habits such as nail biting or gum
chewing; (ix) bruxing or clenching the
teeth and jaws. Of all of these possible
causes, the most common is the bruxing
of the teeth and/or clenching of the
jaws. When these habits are combined
with EDS or other hypermobility
syndromes, the effects are substantially
amplified, particularly in craniocervical
instability patients [Inés et al., 2008].
In an initial examination for TMD,
it is important to observe the typical
tissues of the oral cavity and the head and
the neck, but also the function of the
TM]J, cervical, pharyngeal, and tonsillar
areas. Excessive translation of the man-
dible may be associated with pharyngeal
collapse which could be related to sleep-
disordered breathing in EDS patients
[Guilleminault et al., 2013].

In an initial examination for
TMD, it is important to
observe the typical tissues of
the oral cavity and the head
and the neck, but also the
function of the TM], cervical,
pharyngeal, and tonsillar
areas.

Muscles of mastication positions,
action, tenor (especially spasms), and
health should be noted. The muscles
of mastication are the temporalis, mas-
seter, internal pterygoid, and external

pterygoid muscles. Palpation of these
muscles will delineate fasciculation and
tender areas that generate myofascial
pain referral patterns. Traditionally the
temporalis muscle refers pain to the
upper teeth, and the masseter refers pain
to the lower molars. It is not uncom-
mon, however, to have all of the teeth in
a quadrant be percussive; teeth may be
sensitive to biting pressure and/or
produce an aberrant vitality test. Noci-
ceptive pain may also be present.

THE RELATIONSHIP AND
UNDERLYING CAUSES OF
THE TMD IN EDS

Several studies have addressed TM]J
hypermobility, generalized joint hyper-
mobility, and TMD with various con-
clusions. The studies reported between
40% in one study and up to 100% in
another, of patients presenting with
multiple types of headache and/or
unilateral or bilateral TM] pain [Castori
and Voermans, 2014].

In a recent study of 114 EDS
patients comprising several types with
an equal number of controls, a higher
proportion of the EDS patients experi-
enced hypermobile joints during
extreme mouth opening, poor mouth
opening ability when biting into thick
food, clicking, crepitation, and perma-
nent locking of the jaw open and closed.
Many of the EDS patents reported
decreased hypermobility of the joint
with age [Abel and Carrasco, 2006].

Understanding the relationship be-
tween the head, neck, and mandible
structures ultimately provides a key to
pain management. The classic TMD
headache has been deemed to be caused
by muscle spasms triggered by stress,
clenching of the jaws, ischemia, osteo-
clastic and compression degeneration,
and/or neurological input to the tri-
geminal nerve, which is a potential
TMD input source of migrainous head
pain [Shankland, 1998]. Inflammation
of TMJ structures also occurs due to
meniscal displacement and/or condylar
Muscle spasticity and
postural disorders also impact TMD
[Ciancaglini et al., 1999]. An additional,
less widely recognized significant trigger

displacement.
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of TMD pain is displacement of the
cervical vertebrae [De Laat et al., 1998;
von Piekartz and Ludtke, 2011].

CRANIOCERVICAL
INSTABILITY, CERVICAL
SPINE DISORDERS, AND
TMD

As early as 1934, researchers noted the
relationship between craniocervical in-
stability (CCI), craniomandibular disor-
der, and headaches [Costen, 1997]. De
Laat et al. [1998] found 71% of cervical
spine disorders (CSD) in the TMD group
with 40% in the non-TMD group.
Similar findings had been described
previously by de Wijer et al. [1996],
abeit using a smaller group. More
recently, Inés et al. [2008] examined
the effect of TMD and positioning of the
skull over the cervical region. The
authors found that 90% of the patients
with cervical pain had TMD, and, thus,
concluded that the position of the
cervical spine (postural) impacted TM]
function. As the neck and especially the
upper cervical spine are often involved in
EDS patients, the interaction, recogni-
tion, and potential co-management
should be considered.

MANAGEMENT

Soft Tissue

Dental visits should be minimal in
length to avoid causing problems related
to the TMJs. All injections should be
given with care to preclude hematomas
especially the inferior alveolar nerves.
An orthodontic appliance for a patient
with EDS should be
relatively simple in spring design, so

smooth and

that the tongue and buccal mucosa are
not abraded.

The periodontal ligaments are frag-
ile which requires the orthodontic forces
to be less than usual. The teeth will move
rapidly due to the fragility of the
periodontal ligament and relapse quickly.
Longer periods of tooth retention is
recommended. Dental and oral surgeries
should be avoided if possible. If surgery is
necessary, blood coagulation tests should
be evaluated before proceeding. Suturing

should be done with extreme care due to
the fragility of the tissues and oral
mucosa.

TREATMENT OF TMD

Years of study of TMD, as well as
advanced imaging techniques, have led
to a deeper understanding of the
syndrome, its causes, and treatment.
Yet, while proper diagnosis and precise
treatment of TMD is always complex, it
is far more so in the EDS patient. Even
practitioners highly trained in the area of
TMD can face unexpected challenges in
diagnosing and treating an EDS patient
if they do not have an in-depth
understanding of EDS. Some symptoms
are obvious to the practitioner familiar
with the disorder, and some are very
subtle.

Yet, while proper diagnosis
and precise treatment of TMD
is always complex, it is far
more so in the EDS patient.
Even practitioners highly
trained in the area of TMD
can face unexpected challenges
in diagnosing and treating an
EDS patient if they do not
have an in-depth
understanding of EDS.

Assuming TM] hypermobility and
generalized joint hypermobility in-
creases the prevalence of TMD, all
EDS patients should be treated pro-
phylactically. Prevention of TMJ in-
jury should be paramount. Postural
alignment as well as upper back and
cervical issues need to be addressed.
Lifestyle changes can include alteration
of chewing patterns, diet, stress reduc-
tion techniques, and management of
physical activities.

Multiple treatments are available
for management of pain and TMD-
associated problems, depending on the

source and type of symptoms. Because
all musculature in the body is suscep-
tible to spasm and contracture, elimi-
nating or minimizing muscle spasms
is often the first step in reducing
pain, and offers conservative treatment
options which are appropriate for
the EDS patient. With the multiple
manifestations of EDS, it is important
that TMD care be
focused and highly informed. The

conservative,
following techniques are helpful:

o Deep heat has the ability to relax muscle
fibers and decrease spasms. The usual
protocol is 10-3-10: 10 min of warm,
followed by 3 min of cold, and 10 min
of warm.

e Cold laser (Superpulsed Low Level
Laser Therapy) has been shown to be
effective in pain management of TMD
[Marini et al., 2010].

e Friction muscle massage stretches and
relaxes the muscle fibers. A muscle is
relaxed when it is a full length.

e Custom splints to stabilize the TMD
have proven effective over time. Such
appliances, when carefully created to
target appropriate anterior reposition-
ing, provide stabilization, limit joint
injury, and help maintain physiological
posture.

® Prolotherapy, also called regenerative
injection therapy, is a non-surgical
alternative medicine treatment for
ligament and tendon reconstruction.
Injections of a combination of dextrose
and local anesthetic have proven prom-
ising [Hakala, 2005].

® Medications offer a variety of options,
such as muscle relaxants, mood eleva-
tors, anti-inflammatories, and pain

medications. In the EDS patient, care

must be taken to consider other
medications and possible additional
effects of any medication.

e Botulinum toxin to relax muscle or at
trigger points can provide almost

immediate relief for some patients.

Botulinum toxin is injected into specific

trigger points, particularly for the
purposes of relieving migraines, muscle
spasms, involuntary positional motions,
and structural physicality.

e Physical therapy can assist with muscle

integrity, posture, and can maintain
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ranges of motion and physiological
structural position for function. It is
vital that the physical therapist under-
stand the special needs of the EDS
patient, including the attendant in-
creased fragility.

e Surgical options should be limited to
extreme cases, such as physical damage
to the TMJ. EDS patients in particular
face unique surgical challenges, making
them less than ideal candidates for
surgical TM]
repairs heal slowly and often with

stabilization. Surgical

unpredictable results.

FUTURE DIRECTIONS

Oral mandibular manifestations are
commonly encountered in the EDS
patient but their true prevalence and
significance should be studied to estab-
lish the relationship between EDS and
TMD. Additional study could also be
informative regarding diagnosis and
treatment, particularly in the area of
craniofacial pain. Most importantly, the
relationship of cervical spine disorders to
TMD in EDS patients requires further
study. While the “mechanics” of a
malfunctioning TMJ are well estab-
lished, the question remains: in addition
to obvious factors such as trauma or
bruxism, what causes malfunctioning of
the joint? Could cervical spine disorders
and craniocervical instability be an
underlying causative factors?

The increased fragility and friability
of the oral tissues are an indication of the
friability of other mucosal-based tissues
in the body. The presence of the
concerning signs of EDS should be an
indication to the practitioner to consider
further consultations including rheuma-
tology, dermatology, and/or genetics to
confirm and establish the potential type
of EDS.

EDS patients face a variety of
quality of life issues, often including
sleep disturbances related to chronic
pain [Voermans et al., 2010]. It is
important that practitioners not over-
look additional issues that could aftect
sleep. The previously discussed relation-
ship between head, neck, and mandibu-
lar structures, in combination with
EDS-type changes in soft tissue and

cartilaginous structures, might also be a
contributing factor for sleep-disruptive
manifestations. EDS tissue laxity and
lack of tonicity may cause constriction
and in some cases, collapse of the nasal
spaces. Mandibular
function, and motion all

and pharyngeal
structure,
dictate the position of the actions of
the origins and insertions of the muscu-
lature that allow pharyngeal structure
and function in the action of breathing.

Recent studies have suggested a
link between sleep-disordered breathing
(SBD) and EDS, “which is commonly
unrecognized, and is responsible for
daytime fatigue and poor sleep,”
[Guilleminault et al., 2013]. Addition-
ally, the “ED[S]
patients are at particular risk for SDB

study concluded,

due to genetically related cartilage
defects causing these patients to develop
facial structures known to cause SDB.”
While the relationship between
bruxism, including sleep-related bruxism,
and TMJ remains unclear [Manfredini and
Lobbezoo, 2010] given the prevalence of
TM]J disorders and soft tissue impairment
in the EDS patient, practitioners should
be cognizant of the possibility of an
affected airway, which can best be deter-
mined by a formal sleep study. The subject
of sleep-disordered breathing in the
Ehlers—Danlos patient is one that requires
additional study.
Additionally, further
document the prevalence of the ab-

studies to

sence/hypoplasia of the oral frenula in
the various types of EDS with specific
emphasis on consistency of the evalua-
tion. Further studies on the prevalence
of Gorlin sign in the various EDS types
and the relationship to the lingual
frenulum could prove helpful to dental
practitioners in the recognition of EDS.

SUMMARY

Research has confirmed a variety of oral
and mandibular manifestations associ-
ated with EDS. TMD and pain resulting
from a malfunctioning oral and man-
dibular structure appear to be highly
prevalent in the EDS patient population.
This relationship is logical given the
nature of EDS and its effects on the
multiple oral structures and collagen.

The exact nature of this relationship
merits further study. Additionally, the
relationship between TMD, myofascial
pain, and CCI presents an opportunity
for meaningful research, with the goal of
providing more effective treatment.

REFERENCES

Abel MD, Carrasco LR. 2006. Ehlers-Danlos
syndrome: Classifications, oral manifesta-
tions, and dental considerations. Oral Surg
Oral Patol Oral Radiol Endod 102:582-590.

Awal D, Lloyd TW, Petersen HJ. 2015. The role of
the dental practitioner in diagnosing con-
nective tissue and other systemic disorders: A
case report of a patient diagnosed with the
type III Ehlers-Danlos syndrome. Oral Surg
8:96-101.

Berglund B, Bjorck E. 2012. Women with Ehlers-
Danlos syndrome experience low oral
health-related quality of life. ] Orofac Pain
26:307-314.

Bohm S, Martinez-Schramm A, Gille J, Behrens P.
2001. Missing inferior labial and lingual
frenulum in Ehlers-Danlos syndrome. Lan-
cet 358:1647-1648.

Buckingham RB, Braun T, Harinstein DA, Oral
K, Bauman D, Bartynski W, Killian PJ,
Bidula LP. 1991. Temporomandibular joint
dysfunction syndrome: A close association
with systemic joint laxity (the hypermobile
joint syndrome). Oral Surg Oral Med Oral
Pathol 72:514-519.

Castori M, Voermans NC. 2014. Neurological
manifestations of Ehlers-Danlos syndrome-
(s): A review. Iran ] Neurol 13:190-208.

Celletti C, Castori M, La Torre G, Grammatico P,
Morico G, Camerota E 2011. Reassessment
of oral frenula in Ehlers-Danlos syndrome: A
study of 32 patients with the hypermobility
type. Am J Med Genet Part A
155A:3157-3159.

Ciancaglini R, Testa M, Radaelli G. 1999.
Association of neck pain with symptoms of
temporomandibular dysfunction in the gen-
eral adult population. Scand J Rehabil Med
31:17-22.

Conti PCR, Pinto-Fiamengui LMS, Cunha CO,
Conti AC. 2012. Orofacial pain and tempo-
romandibular disorders: The impact on oral
health and quality of life. Braz Oral Res
26:120-123.

Costen JB. 1997. A syndrome of ear and sinus
symptoms dependent upon disturbed func-
tion of the temporomandibular joint. 1934.
Ann Otol Rhinol Laryngol 106:805-819.

De Coster PJ, Van den Berghe LI, Martens LC.
2005. Generalized joint hypermobility and
temporomandibular  disorders: Inherited
connective tissue disease as a model with
maximum expression. ] Orofac Pain
19:47-57.

De Felice C, Toti P, Di Maggio G, Parini S,
Bagnoli E 2001. Absence of the inferior
labial and lingual frenula I Ehlers-Danlos
syndrome. Lancet 357:1500-1502.

De Laat A, Meuleman H, Stevens A, Verbeke G.
1998. Correlation between cervical spine
and temporomandibular joint disorders.
Clin Oral Invest 2:54-57.



ARTICLE

AMERICAN JOURNAL OF MEDICAL GENETICS PART C (SEMINARS IN MEDICAL GENETICS) 225

de Wijer A, Steenks M, De Leeuw J, Bosman E
Helders P. 1996. Symptoms of the cervical
spine in temporomandibular and cervical
spine disorders. ] Oral Rehabil 23:742-750.

Diep D, Fau V, Wdowik S, Bienvenu B, Bénateau
H, Veyssiere A. 2016. Temporomandibular
disorders in Ehlers-Danlos syndrome, hy-
permobility type. A case-control study. Rev
Stomatol Chir Maxillofac Chir Orale
117:228-233.

Ferré FC, Frank M, Gogly B, Golmard L, Naveau,
Chérifi H, Emmerich J, Gaultier E Berdal A,
Jeunemaitre X, Fournier BP. 2012. Oral
phenotype and scoring of vascular Ehlers-
Danlos syndrome: A case-control study.
BM]J Open 2:¢000705.

Fridrich KL, Fridrich HH, Kempf KK, Moline
DO. 1990. Dental implications in Ehlers-
Danlos syndrome. A case report. Oral Surg
Oral Med Oral Pathol 69:431-435.

Guilleminault C, Primeau M, Chiu HY, Yuen
KM, Leger D, Metlaine A. 2013. Sleep-
disordered breathing in Ehlers-Danlos syn-
drome: A genetic model of OSA. Chest
144:1503-1511.

Hagberg C, Berglund B, Korpe L, Andersson-
Norinder J. 2004. Ehlers-Danlos syndrome
(EDS) focusing on oral symptoms: A
questionnaire study. Orthodont Craniofac
Res 7:178-185.

Hakala RV. 2005. Prolotherapy (proliferation
therapy) in the treatment of TMD. Cranio
23:283-288.

Hakim AJ, Grahame R, Norris P, Hopper C.
2005. Local anaesthetic failure in joint
hypermobility syndrome. ] R Soc Med
98:84-85.

Harinstein D, Buckingham RB, Braun T, Oral K,
Bauman DH, Killian PJ, Bidula LP. 1988.
Systemic joint laxity (the hypermobile joint
syndrome) is associated with temporoman-
dibular joint dysfunction. Arthritis Rheum
31:1259-1264.

Hirsch C, John MT, Stang A. 2008. Association
between generalized joint hypermobility

and signs and diagnoses of temporoman-
dibular disorders. Eur J Oral Sci 116:
525-530.

Inés M, Ferao B, Traebert J. 2008. Prevalence of
temporomandibular dysfunction in patients
with cervical pain under physiotherapy
treatment. Fisioter Mov 21:63-70.

Kavuncu V, Sahin S, Kamanli A, Karan A, Aksoy
C. 2006. The role of systemic hypermobility
and condylar hypermobility in temporo-
mandibular joint dysfunction syndrome.
Rheumatol Int 26:257-260.

Létourneau Y, Perusse R, Buithieu H. 2001. Oral
manifestations in Ehlers-Danlos syndrome.
J Can Dent Assoc 67:330-334.

Machet L, Huttenberger B, Georgesco G, Doré
C, Jamet F, Bonnin-Goga B, Giraudeau B,
Maruani A, Laure B, Vaillant L. 2010.
Absence of inferior labial and lingual
frenula  in  Ehlers-Danlos  syndrome:
A minor diagnostic criterion in French
patients. Am J Clin Dermatol 11:
269-273.

Manfredini D, Lobbezoo E 2010. Relationship
between bruxism and temporomandibular
disorders: A systematic review of literature
from 1998 to 2008. Oral Surg Oral Med
Oral Path Endodont 109:e26—e50.

Marini I, Gatto MR, Bonetti GA. 2010. Effects of
superpulsed low-level laser therapy on
temporomandibular joint pain. Clin J Pain
26:611-616.

Norton LA, Assael LA. 1997. Orthodontic and
temporomandibular joint considerations in
treatment of patients with Ehlers-Danlos
syndrome. Am ] Orthod Dentofacial Or-
thop 111:75-84.

Nosouhian S, Haghighat A, Mohammadi I,
Shadmehr E, Davoudi A, Badrian H.
2015. Temporomandibular joint hypermo-
bility manifestation based on clinical obser-
vations. ] Int Oral Health 7:1—4.

Pasinato E Souza JA, Corré ECR, Silva AMT.
2011. Temporomandibular disorder and gen-
eralized joint hypermobility: Application of

diagnostic criteria. Braz J Otorhinolaryngol
77:418-425.

Reinstein E, DeLozier CD, Simon Z, Bannykh S,
Rimoin DL, Curry CJ. 2013. Ehlers-Danlos
syndrome type VIII is clinically heteroge-
neous disorders associated primarily with
periodontal disease, and variable connective
tisue features. Eur ] Hum Genet
21:233-236.

Shankar S, Shirley E, Burrows N. 2006. Absence
of inferior labial or lingual frenula is not a
useful clinical marker for Ehlers-Danlos
syndrome in the UK. J Eur Acad Dermatol
Venereol 20:1383-1384.

Shankland WE. 1998. “TMJ. Its many faces,
diagnosis of TM] and related disorders,” 2nd
edition. Columbus, Ohio: Anadem.

Tanwar R, Iyengar AR, Nagesh KS, Kapila R,
Kaur G. 2014. Ehlers-Danlos syndrome in
an edentulous patient with temporomandib-
ular joint dislocation. Elect Med ]
2:405-407.

Voermans NC, Knoop H, Blejjenberg G, van
Engelen BG. 2010. Pain in Ehlers-Danlos
syndrome is common, severe, and associated
with functional impairment. J Pain Symp-
tom Manag 40:370-378.

von Piekartz H, Ludtke K. 2011. Effect of
treatment of temporomandibular disorders
(TMD) in patients with cervicogenic head-
ache: A single-blind, randomized controlled
study. Cranio 29:43-56.

Westling L, Mattiasson A. 1991. Background
factors in craniomandibular disorders: Re-
ported symptoms in adolescents with special
reference to joint hypermobility and oral
parafunctions. Scand J Dent Res 99:48-54.

Westling L. 1992. Temporomandibular joint
dysfunction and systemic joint laxity. Swed
Dent J Suppl 81:1-79.

Wincour E, Gavish A, Halachmi M, Bloom A,
Gazit E. 2000. Generalized joint laxity and
its relation with oral habits and temporo-
mandibular disorders in adolescent girls.
J Oral Rehabil 27:614-622.



American Journal of Medical Genetics Part C (Seminars in Medical Genetics) 175C:226-236 (2017)

RESEARCH REVIEW

Mast Cell Disorders in Ehlers-Danlos Syndrome
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Well known for their role in allergic disorders, mast cells (MCs) play a key role in homeostatic mechanisms and
surveillance, recognizing and responding to different pathogens, and tissue injury, with an array of chemical
mediators. After being recruited to connective tissues, resident MCs progenitors undergo further differentiation,
under the influence of signals from surrounding microenvironment. It is the differential tissue homing and local
maturation factors which result in a diverse population of resident MC phenotypes. An abundance of MC reside
in connective tissue that borders with the external world (the skin as well as gastrointestinal, respiratory, and
urogenital tracts). Situated near nerve fibers, lymphatics, and blood vessels, as well as coupled with their ability to
secrete potent mediators, MCs can modulate the function of local and distant structures (e.g., other immune cell
populations, fibroblasts, angiogenesis), and MC dysregulation has been implicated in immediate and delayed
hypersensitivity syndromes, neuropathies, and connective tissue disorders (CTDs). This report reviews basic
biology of mast cells and mast cell activation as well as recent research efforts, which implicate a role of MC
dysregulation beyond atopic disorders and in a cluster of Ehlers—Danlos Syndromes, non-IGE mediated

hypersensitivity disorders, and dysautonomia.
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INTRODUCTION: MAST
CELLS AND THEIR
PROPERTIES

In the late 19th century, Paul Ehrlich
named a granule-dense cell, “mast-
zellen,” situated near blood vessels in
the mucosa and connective tissue. He
theorized these cells were providing
nourishment to the local tissue environ-
ment. Using commercial dyes such as
dahlia, toluidine blue, methylene blue,
and neutral red, he noted metachromati-
cally staining mature mast cells (MCs) in
the connective tissue of several organs.
MCs develop from multipotent he-
mopoietic progenitors in the bone marrow
[Moon et al., 2010]. Stem cell factor (KIT
ligand) binds to homodimeric KIT (a
transmembrane tyrosine kinase receptor)
and influences MC differentiation, growth,

survival, migration, and effector functions.
MCs acquire a tissue specific phenotype
depending on signals they receive from the
local tissue environment. Several factors
such as interleukin-3 (IL-3), interleukin-4
(IL-4), interleukin-9 (IL-9), and trans-
forming growth factor 31 (TGF@1) have
been shown to influence the number and
mediator content of MCs [Galli et al.,
2011].

Under non-pathological states, ma-
ture differentiated MCs are found exclu-
sively within tissues, compared to other
innate immune cells, such as basophils,
neutrophils, and eosinophils. Within tis-
sues, MCs congregate around nerves,
blood vessels, and lymphatic vessels. Based
on their location (connective tissue or
mucosal) and content of their granules, two
types of MCs have been described. MCs
residing in connective tissue, skin, and the

peritoneal cavity contain tryptase (MCr) in
their granules and express interleukin-5
(IL-5) and interleukin-6 (IL-6). MCs
homing to the gut and respiratory mucosa
contain tryptase and chymase (MCrc), and
express IL-4 [Sigal, 2011]. When fully
differentiated, MCs exhibit a wide range of
biological properties including phagocyto-
sis, antigen presentation, cytokine and
chemokine production, and the immediate
release of vasoactive substances. They have
a role in local tissue homeostasis (tissue
repair, angiogenesis) and co-ordination of
immune responses to a myriad of patho-
gens, recognized through evolutionarily
conserved surface receptors like toll-like
receptors, complement receptors, and
receptors for adenosine phosphate, oestro-
gen, and immunoglobulins), physical stim-
uli (pressure, temperature), and toxins. As
yet, no animal model or disease state has
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been identified where there is a complete
lack of MCs [Metcalfe et al., 1997]. When
activated, MCs produce a range of pre-
formed and newly synthesised mediators
(Fig. 1) [Louisias et al., 2013]. Within
minutes of activation, preformed media-
tors (histamine and proteases) are released.
This is followed by de novo synthesis of
membrane-derived lipid mediators (pros-
taglandins and leukotrienes) and a range of
pro- and anti-inflammatory cytokines and
chemokines.

MCs residing in connective
tissue, skin, and the
peritoneal cavity contain
tryptase (MCr) in their
granules and express
interleukin-5 (IL-5) and
interleukin-6 (IL-6).

MC:s are best known for their role
in immediate IgE-mediated, allergic
responses in anaphylaxis, food allergy,
venom allergy, and asthma. Recent
reports have also implicated MCs in
nonallergic disorders, including head-
ache syndromes, irritable bowel syn-
drome, non-celiac gluten enteropathy,
osteoporosis, autoimmune syndromes,
neuropsychiatric disorders, and intersti-
tial cystitis [Theoharides et al., 2015].

MAST CELLS AND
CONNECTIVE TISSUE

Ditferent components of the extracellu-
lar matrix affect the migration and
differentiation of MC progenitors, MC
activation, and pattern of mediator
release. Human MCs express laminin
receptors and can adhere to fibronectin
and vitronectin.

The hypermobile type of Ehlers—
Danlos Syndrome (hEDS) is the dominant
form of EDS. A subpopulation of hEDS
patients have been found to have MCAD

(more often MCAS than SM). Several
reports have described of co-morbid
clinical manifestations in patients with
CTDs, including EDS, functional gastro-
intestinal disorders [Fikree et al., 2015];
eosinophilic ~ gastrointestinal ~ disorders
[Abonia et al., 2013]; an increased preva-
lence of asthma [Morgan et al., 2007],
neuropsychiatric  conditions  [Sinibaldi
et al., 2015], and osteoporosis [Deodhar
and Woolf, 1994]; and orthostatic intoler-
ance [Garland et al., 2015]. Luzgina et al.
[2011] found an increased number of
chymase-positive MCs in the eyelid skin of
patients with CTDs (joint hypermobility,
skin hyper-elasticity, spinal deformities,
thumb and wrist sign, vascular, fragility,
varicose veins, and telangiectasias).

Several reports have described
of co-morbid clinical
manifestations in patients
with CTD:s, including
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Figure 1.

peptidoglycans

MC activate and release bioactive substances, responding to a variety of mechanical, biological, or chemical stimuli. MCs

release preformed mediators in granules (histamine, heparin, serotonin, and enzymes) and newly synthesized (cytokines, growth factors,
and lipid metabolites). C-kit, transmembrane tyrosine kinase receptor; CR, complement receptor; CRF-R 1, corticotropin releasing factor
receptor 1; CRH, corticotropin releasing hormone; FceR1, Fc epsilon receptor I; FcyRI, Fc gamma receptor I; LPS, lipopolysaccharide;
MC, mast cell; NGE nerve growth factor; SCE, stem cell factor; TLR, Toll-like receptor; TNE tumor necrosis factor-a; VIP, vasoactive
intestinal peptide; VIP-R 1, vasoactive intestinal peptide receptor 1. Adapted from the following references: [Afrin, 2013; Cardet et al.,
2013; Theoharides et al., 2015] and arranged using images from shutterstock.com.
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EDS, functional
gastrointestinal disorders;
eosinophilic gastrointestinal
disorders; an increased
prevalence of asthmna,
neuropsychiatric conditions,
and osteoporosis; and
orthostatic intolerance.

Several investigators have noted a
possible link between EDS and MCAD,
primarily patients with the hypermobility
type of EDS. Immunohistochemisty anal-
ysis identified an increased content of
chymase positive MCs in undamaged skin
of patients with signs suggestive of CTDs
(hyperelasticity of the skin, joint hypermo-
bility, spine and thorax deformities, thumb
sign, wrist sign, vascular fragility, varicose
veins, and telangiectasias) [Luzgina et al.,
2011]. Louisias et al. [2013] described
symptoms compatible with a non-IgE
mediated MC disorder in patients with
the joint hypermobility syndrome: most
reported naso-ocular symptoms, asthma,
and history of anaphylaxis and describe a
positive response to classical MC/MC
mediator antagonists. Plasma histamine
and serum tryptase levels were normal
and prostaglandin measurements were not
undertaken. Cheung and Vadas [2015]
suggested a possible new disease cluster:
Mast Cell Activation Syndrome (MCAS),

Postural Orthostatic  Tachycardia Syn-
drome (POTS), and EDS. Patients having
adiagnosis of POTS and EDS were given a
screening questionnaire to look for symp-
toms consistent with MCAS, and 66% of
the respondents reported such symptoms.
Recently, Milner et al. identified families
with an elevated, baseline serum tryptase,
which was associated with the triad of
dysautonomia, MCAD, and joint hyper-
mobility [Lyons et al., 2016]. The elevated
tryptase level was not consistent with SM.
Instead, increased copy numbers of the
TPSAB gene, that encodes alpha tryptase,
were detected. Moreover, these observa-
tions highlight the role of MCA, impacting
the structure and function of connective
tissue, as described in inflammatory arthritis
[Nigrovic and Lee, 2005].

MAST CELL ACTIVATION
DISORDERS

Mast cell activation disorder (MCAD)
refers to an increased number of MCs,
increased activity of MCs, or both. Akin
et al. [2010] classified diseases associated
with MC activation as primary, second-
ary, and idiopathic groups (Table I). The
conditions may be associated with (1)
“an expansion of clonal MCs,” and/or
(2) by increased, aberrant MC mediator
Monoclonal MC activation
(MMCAS) was
within the primary group; non-clonal
MC activation syndrome (MCAS) was
included within the idiopathic group.

release.

syndrome included

Consensus diagnostic criteria have
been established for most of the forms of
mastocytosis (e.g., the WHO 2008
criteria define the approach to systemic
mastocytosis (SM) [Horny et al., 2008].
However, as MCAS is so recently
recognized, no consensus definition
has yet been established. There are two
proposals for diagnostic criteria for
MCAS [Molderings et al., 2011; Valent
et al., 2012] (Table II). The presence of
EDS (of any form) in the patient’s
history is not known to affect the
approach to diagnostic evaluation for
MCAD.

The most well-known form of
MCAD, MC disorders proven to be
primary/clonal are rare, with an esti-
mated prevalence of one case per
10,000-100,000
clonal MC disorders include mastocy-
tosis and MMCAS. Reported secondary
causes of MC disorders include co-

persons.  Primary,

morbid immune disorders, including
classic atopic syndromes (“allergies”/
IgE-Fce receptor-mediated MC activa-
tion); autoimmune disorders (autoim-
mune chronic urticaria, multiple
sclerosis, theumatoid arthritis) [Benoist
and Mathis, 2002]; and chronic infec-
tions, of which some likely occur in the
context of primary immune deficiency
disorders [Cardet et al., 2013].

Allergic disorders are a well-recog-
nized cause of MC activation (MCA).
Here, allergens cross link IgE molecules

on the surface of MCs, leading to MCA,

TABLE I. Classification of Diseases Associated With Mast Cell Activation (Adapted From [Akin, 2014;

Theoharides et al., 2015])

Primary

Secondary

Idiopathic

Mastocytosis

Monoclonal Mast Cell Activation Syndrome
Allergic/atopic (IgE mediated) disorders
Mast cell activation associated with chronic

Physical urticarias

Chronic autoimmune urticaria
Anaphylaxis

Angioedema

Urticaria

Mast cell activation syndrome

inflammatory or neoplastic disorders
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TABLEII. Diagnostic Criteria for Systemic Mastocytosis and Mast Cell Activation Syndrome (Adapted From Afrin, World
Journal of Haematology, 2014)

WHO 2008 diagnostic criteria for systemic mastocytosis
Major criterion
Multifocal dense aggregates of MCs (15 or more) in sections of bone marrow or other extra-cutaneous tissues and confirmed with tryptase
immunochemistry or other special stains
Minor criteria
Atypical or spindled appearance of at least 25% of the MCs in the diagnostic biopsy
Expression of CD2 and/or CD25 by MCs in marrow, blood, or extra-cutaneous organs
KIT codon 816 mutation in marrow, blood, or extra-cutaneous organs
Persistent elevation of serum total tryptase >20 ng/ml
Diagnosis of SM made by either (1) major criterion + any one or more minor criteria or (2) any three minor criteria
Proposed diagnostic criterion for MCAS: Valent et al. [2012] criteria
Chronic/recurrent symptoms (flushing, pruritus, urticaria, angioedema, nasal congestion or pruritus, wheezing, throat swelling, headache,
hypotension, and/or diarrhea) consistent with aberrant MC mediator release
Absence of any other known disorder that can better account for these symptoms
Increase in serum total tryptase of 20% above baseline plus 2 ng/ml during or within 4 hr after a symptomatic period
Response of symptoms to histamine H; and/or H, receptor antagonists or other “MC-targeting” agents such as cromolyn
Proposed diagnostic criteria for MCAS: Molderings et al. [2011] criteria
Major criteria
Multifocal MC aggregates as per WHO major criterion for SM
Clinical history consistent with chronic/recurrent aberrant MC mediator release
Minor criteria
Abnormal MC morphology as per WHO SM minor criterion 1
CD2 and/or CD25 expression as per WHO SM minor criterion 2
Detection of known constitutively activating mutations in MCs in blood, marrow, or extracutaneous organs
Elevation in serum tryptase or chromogranin A, plasma heparin or histamine, urinary N-methylhistamine, and/or other MC-specific mediators such as
(but not limited to) relevant leukotrienes (B4, C4, D4, E4) or PGD2 or its metabolite 11-B-PGF2a

TABLEIII. Diagnosis of MCAS Made by Either (1) Both Major Criteria, or (2) the Second Major Criterion Plus Any One of
the Minor Criteria, or (3) Any Three Minor Criteria

A: Clinical signs & symptoms of mastocytosis patients. Adapted from [Alvarez-Twose et al., 2010]

Sign/symptom %
Skin lesions 90
Pruritus 82
Flushing 56
Diarrhoea 35
Abdominal cramping 30
Neuropsychiatric symptoms 23
Anaphylactic 23
Peptic symptoms 20
Osteoporosis 18
Hepatomegaly 12
Splenomegaly 08

B: Clinical signs & symptoms of “Non-clonal” mast cell activation disorder. Adapted from [Hamilton et al., 2011]

Sign/symptom %
Abdominal pain 94
Dermatographism 89
Flushing 89
Headache 83
Neuropsychiatric symptoms 67
Diarrhoea 67
Rhinitis 39
Asthma 39

Anaphylaxis 17
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releasing a range of mediators and
producing the well-known range of
allergic manifestations. Physical MC
triggers constitute common, non-IGE
MCADs, such as those affected by
physical urticarias, including cholinergic
and cold-induced urticaria [Simons,
2010]. Research efforts are now describ-
ing mechanisms of non-IGE mediated
MCA. Oxidative mechanical stress has
been shown to induce MC mediator
release [Briganti et al., 2001]. Boyden
et al. [2016] described a missense variant
in ADGRE?2 associated with vibratory
urticaria. Recently, in subjects with an
inherited, elevated baseline of serum
tryptase, Milner et al. described a domi-
nant inheritance of increased copy
number of TPSAB1 gene, which enc-
odes alpha tryptase. Clinical manifesta-
of hypertryptasemia
dysautonomia, joint hypermobility, and
MC activation [Lyons et al., 2016].
Active research is also exploring the

tions include

neurohormonal activation of MCs [The-
oharides et al., 2015]. If a clonal MC
disorder is not detected nor a secondary
cause identified, as detailed above, then
children and adults with clinical symp-
tomology and with evidence of aberrant
MC mediator release are deemed to have
idiopathic MCAD [Cardet et al., 2013;
Picard et al., 2013; Theoharides et al.,
2015].

CLINICAL FEATURES OF
MCAD

The clinical presentation of MCAD
to be
Clinicians need to be aware of this

tends very heterogeneous.
so as to suspect the condition and
carry out appropriate testing. Muta-
tional heterogeneity in the affected
MC subsets may contribute to the
heterogeneity of clinical expression.
Common presenting symptoms and
signs of mastocytosis and MCAS are
given in Table III [Alvarez-Twose
et al.,, 2010; Hamilton et al., 2011].
Conditions that need to be considered
in the differential diagnosis of MCAD
include: cardiovascular, endocrine,
gastrointestinal and neurological dis-
orders, infections, and medication-
induced side effects.

The following criteria have been
proposed for diagnosing MCAD:

(1) Typical signs and symptoms of MC
mediator release (affecting at least two
organ systems)

(2) [Akin, 2014; Theoharides et al., 2015]

Skin Flushing, pruritis,
urticaria, angioedema

Cardiovascular  Hypotension

Respiratory Asthma: cough, wheezing;

throat swelling
Gastrointestinal Diarrhea, bloating,
cramping
Naso-ocular Rhinitis, pruritis
Anaphylaxis Stinging insect allergy,
peri-operative

anaphylaxis

(3) Objective evidence of MC-derived
mediator release or chronically acti-
vated MCs [Afrin, 2013; Cardet et al.,
2013]

Tryptase™* Baseline elevated level;
Elevated serum
tryptase, following a
suspected MC
activation event:
20% + 2 ng/ml above
baseline

Histamine Elevated 24-hr urinary
histamine metabolite
(N-methylhistamine)

Prostaglandin ~ Elevated 24-hr urinary
prostaglandin D5; 11-
B-prostaglandin-F,,,

CD117 + cells that are

clustered and/or,

Tissue Biopsy

spindle-shaped; co-
expression of CD25
and CD2 on

CD117 + Cells (MCs)

Heparin Increased blood level
Chromogranin  Increased blood level
A (note confounders of

cardiac or renal failure,
proton pump inhibitor
use, or neuroendocrine

cancer)

**Although all MCs contain tryp-
tase, there is evidence indicating that

tryptase is not always secreted fol-

of different
MC activation pathways [Marshall,
2004].

(4) Response to therapy that directly or

lowing engagement

indirectly blocks MC mediator activ-
ity [Cardet et al., 2013; Akin,
2014]

Histamine H; and H, receptor blockade
Ketotifen

Cromolyn sodium

Aspirin

Leukotriene receptor antagonists

Omalizumab

A diagnostic algorithm for MCAD is
shown in Figure 2 [Picard et al.,
2013].

LABORATORY
ASSESSMENT OF MCAD

Diagnostic pursuit of MCAS typically
focuses on probing blood and urine for
elevated levels of mediators relatively
specific to the MC [Afrin and Molder-
ings, 2014]. However, at present, of the
over 100 mediators produced by acti-
vated MCs, only handful can be mea-
sured within commercial laboratories.
Assays certified for clinical use are not
available for most MC mediators, and
even for those MC mediators which can
be tested in the clinical laboratory, most
have an unfavorable level of specificity
for the MC, leaving relatively few
mediators to be tested. Furthermore,
many of the diagnostic tests are not
widely available to the clinician or are
cost-prohibitive. Ideally, serum tryptase
and chromogranin A, plasma histamine,
prostaglandin (PG)D,, and heparin, as
well as urinary (random and 24-hr)
histamine, N-methylhistamine (NMH),
PGD,, 11-B-PGF,,, and leukotriene
(LT) E4 should be assessed. Whether to
pursue such tests in parallel or sequen-
tially depends on the balance between
diagnostic expediency versus contain-
ment of testing costs.
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1 Typical symptoms of mast cell mediator release
2. Objective increase in mediator level
3. Response to anti-mediator therapy

Skin lesions (e.g urticaria pigmentosa)
Elevated baseline tryptase

Recurrent unexplained anaphylaxis
Unexplained cytopenias, osteoporosis,
organomegaly

= l MCAD. I

Assess for allergens that could cause Igk
mediated MCA (foods, drugs, insect, latex)
Assess for drugs that could cause MCA
Assess for underlying diseases that could
cause mast cell hyperplasia

Evaluate mast cell clonality
(Exon 17 KIT mutation)

e
] ,_/""
Primary Idiopathic
MCAD MCAS
/ T
Associated SM WHO diagnostic criteria
haematologic e e
non-mast cell i e
lineage disease 1 major + 1 minor 1 or 2 minor
or 3 minor criteria criteria

SM - AHNMD

Figure 2.

syndrome; SM, systemic mastocytosis.

i ]

M | MMAS

Diagnostic algorithm for mast cell activation disorders. Permission to reprint from Dr. Mariana Castells, [Picard et al.,
2013]. KIT, a transmembrane type III tyrosine kinase receptor; AHNMD, associated hematologic non-mast cell lineage disease; MCA,
mast cell activation; MCAD, mast cell activation disorder; MCAS, mast cell activation syndrome; MMAS, monoclonal mast cell activation

Secondary
MCAD

Might coexist with
primary MCAD and
idiopathic MCAS

Some metabolites have longer half-
lives (e.g., tryptase, histamine) and are
thermostabile than others (e.g., heparin,
the prostaglandins). It is prudent to
chill all specimens
throughout collection and handling

continuously

(including centrifugation). The authors
recommend identifying at least two
elevated MC mediator levels (either
the same mediator, or different media-
tors), and preferably across two different
time points (in keeping with the chronic
clinical nature of the disease), before
diagnosing MCAS in a patient with a
history consistent with chronic/recur-
rent aberrant MC mediator release and
absence of any other evident disease
better accounting for the full range and
chronicity of all the symptoms and
findings in the past.

The technical and logistical chal-
lenges in MC mediator testing need to

be acknowledged. If mediator testing is
negative in a patient whose clinical
history strongly suggests MC activation,
repeat testing should be done at a
timepoint when the patient is particu-
larly symptomatic. Upper and/or lower
gastrointestinal tract mucosal biopsies
stained for MCs (CD117 at a minimum)
looking for increased numbers of or
constitutively active MCs also can be
helpful.

Serum Tryptase Levels. Tryptase is
the most abundant protein in MCs and is
heat stable.
basophils is about 300 times lower than

The amount found in
in MCs. The human tryptase gene is
located on chromosome 16, and codes
for five isoenzymes: alpha, beta, gamma,
delta, and epsilon. Beta tryptase is the
predominant form stored in the MC
granule. It is found as a tetramer and is

stabilized by proteoglycans such as

heparin. The isoforms are continuously
released from MCs into the bloodstream
and basal levels are a reflection of total
MC numbers [Schwartz, 2006]. The
ImmunoCAP® Tryptase assay measures
total tryptase levels (that is all inactive
proforms of alpha-tryptase and beta-
tryptase, as well as the enzymatically
active mature beta-tryptase). The con-
ditions/disorders that cause an elevated
basal serum tryptase level are given in
Table I'V.

Basal serum tryptase levels of
20 ng/ml are considered as a decision
point in several MC diagnostic criteria.
For example, a basal serum tryptase
level greater than 20 ng/ml is a minor
diagnostic criterion for SM. Valent
et al. [2012] suggested a rise in serum
total tryptase of 20% above baseline,
plus 2ng/ml, within 4 hr of the onset
of an acute flare of symptoms as a
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TABLEIV. Conditions/Disorders That Could Cause Elevated Basal Serum Tryptase Levels Adapted From the Following
References [Cardet et al., 2013; Picard et al., 2013]

Condition/disease

SM

MCAS

Allergic/atopic disorders
End stage kidney disease
Helminth infection
Myelodysplastic syndromes
Acute myeloid leukaemia
Chronic myeloid leukaemia
Chronic eosinophilic leukaemia
Idiopathic

Source of tryptase

Neoplastic MCs

Activated MCs (monoclonal or polyclonal)
Activated MCs and/or activated basophils
Normal MCs

Reactive MCs

Neoplastic MCs or/and basophils or/and blast cells
Myeloblasts

Immature leukaemic basophils (rarely MCs)
Neoplastic MCs

Unknown

Some haemodialysis patients may present with elevated tryptase levels, due to reduced excretion.

MC, mast cell; MCAS, mast cell activation syndrome; SM,systemic mastocytosis.

significant rise. However, as yet there
has not been clinical validation of this
formula as a discriminating tool for
diagnosing MCAS.

It needs to be stressed that a normal
serum tryptase level does not exclude
MCAS. Furthermore, levels above
20 ng/ml do not exclude MCAS, and
levels below 20 ng/ml do not exclude
SM. Persistence of the serum tryptase
level above 20 ng/ml makes SM more
likely, necessitating marrow examina-
tion to exclude mastocytosis. Even if the
serum tryptase level is persistently below
20ng/ml, consideration of SM may
need to made if the patient’s history of’
illness is more consistent with SM (i.e.,
sudden onset of symptoms in middle or
older age in contrast to MCAS’s usual
history of symptoms dating back to
adolescence or childhood).

Urinary or Plasma Histamine and
Histamine Metabolites

Levels are measured in a 24 hr urine
collection, a spot urine sample and
plasma sample. Sample chilling is im-
portant and special care needs to be
taken with sample collection and stor-
age. The levels are best measured during
an attack or soon thereafter and should
be undertaken within a laboratory with
experience in their measurement.
Prostaglandins and leukotrienes in
urine or plasma: Prostaglandin (PGD2),

11-B-prostaglandin-F,,, or leukotriene
(LTE4) are measured in plasma or a
24-hr urine sample [Schafer et al,
2014]. The patient needs to take care
in keeping the sample chilled when
collecting a 24 hr urine sample. PG
interpretation is confounded by recent
use of non-steroidal anti-inflammatory
drugs (NSAIDs). When NSAIDs have
not been recently used, the finding of
PG levels below the lower limit of
normal may point toward the loss of the
sample’s thermal integrity while en
route to the reference laboratory.

Histopathological Examination of
Bone Marrow

A bone marrow biopsy needs to be
considered when the baseline tryptase
level is >20ng/ml or those who have
syncopal or pre-syncopal events as part
of their symptoms (irrespective of the
tryptase levels) [Akin, 2014]. Such an
examination may need to be bilateral to
increase the chances of finding the
typically patchily distributed aggregates
of abnormal MCs [Butterfield and Li,
2004].

In addition to evaluating the num-
ber of MCs, changes in morphology or
distribution and evidence of degranula-
tion should be looked for. Antibodies
against KIT (e, CD117), CD25,
tryptase, and should be
used. Flow cytometric assessment for

chymase

co-expression of CD117 together with
CD25 and/or CD2, CD30, and muta-
tional assessment for mutations in KIT
(in particular, the KIT' D816V mutation
at a2 minimum) should be done. CD25
expression in MCs is a minor diagnostic
criterion in SM. When MCAS seems
more likely than SM, marrow examina-
tion is usually unhelpful. Even if
MMCAS is found on flow cytometric
or mutational testing, at present there
are no known differences in prognosis
of, or the therapeutic approach toward,

MMCAS versus MCAS.

Histopathological Examination of
Other Tissues

If mediator testing is unrevealing, the
Molderings diagnostic criteria (REF)
provide an alternative path to diagnosis
of MCAS, namely, finding increased
MCs in extracutaneous tissue, most
commonly gastrointestinal (GI) or gen-
itourinary (GU) tract mucosal biopsies.
Biopsy specimens obtained from the
gastrointestinal tract, urinary bladder,
and skin should be stained for mast cells.
A cut-off of >20 MCs per high power
field has been considered by several
groups when interpreting the tissue
biopsy findings. Traditionally, staining
of tissue biopsies for MC disease has
employed stains targeting MC granules
or their contents, for example, tryptase,
Giemsa, toluidine blue, Alcian blue, etc.
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However, more recently, it has become
clear that CD117 (the dominant MC
regulatory element brightly present on
virtually all MCs) more reliably reveals
MCs [Feyerabend et al., 2005; Leclere
et al., 2006]. Given that the essence of
MCAD is inappropriate MCA and thus
inappropriate MC degranulation, rely-
ing on granule-targeting stains may
increase the false negative rate. MCs in
SM are found in abnormal aggregates
but remain normally dispersed in
MCAS. Furthermore, the MCs in SM
typically are of aberrant morphology
(most commonly spindled) while in
MCAS they retain their normal round
to ovoid shape. Again, CD117 co-
expression with CD25 and/or CD2 is
uncommonly found on flow cytometry
in MCAS (whether in marrow or other
tissue), and KIT codon 816 mutations,
too, are rarely found in MCAS.

Gene Mutation Analysis

Although KIT D816V mutation testing
by routine PCR analysis in the blood of
SM patients is often positive (but far
from perfect), this testing is virtually
always negative in the far more prevalent
setting of MCAS. Real-time quantita-
tive PCR testing for KIT D816V is far
more sensitive and has been shown in at
least one study to be positive in 100% of’
SM patients [Kristensen et al., 2011].
There have been no reports that
investigated  this
MCAS population.
Molderings [2015] have published
two studies showing that on “full

technique in the

sequencing” of MC KIT; although one
or more mutations are found in almost
every MCAS patient, codon 816 muta-
tions (whether D816V or any other) are
virtually never found in MCAS. Clearly,
codon 816 mutations have consequen-
ces that strongly influence the
development of MCAD toward the
mastocytosis phenotype. Without co-
don 816 mutations, it is far more likely
MCAD will develop toward the MCAS
phenotype. Although testing for this
mutation on a bone marrow sample is
more appropriate in SM, some patients
do not wish to undergo the more
invasive procedure.

Chromogranin A (CgA)

CgA is a heat-stable, 439-amino acid
protein, and a member of the granin
family of proteins. Granins are wide-
spread in endocrine, neuroendocrine,
peripheral, and central nervous tissues,
where they are found in secretory
granules. CgA is also secreted by MCs.
It is known to be elevated in heart and
renal failure, neuroendocrine cancer,
and when proton pump inhibitors
(PPIs) are being used. PPI therapy
should be omitted for at least 5 days
prior to measurement of baseline levels.

Plasma Heparin

Heparin may be the single best perform-
ing diagnostic marker for MC activation
[Vysniauskaite et al., 2015]. However,
the level of endogenous plasma heparin
found normally and even in most cases of
MCAS 1is below the lower limits of
detection of most clinical assays for this
metabolite (typically 0.10-0.30 anti-
Factor Xa units/ml). Standard clinical
assays are engineered to assist with
monitoring of heparin therapy, which
produces far higher levels of heparin than
found normally or in MCAS. Thus,
although an occasional MCAS patient
may present a level detectable by one of’
the commonly used assays, typically a
more sensitive assay is needed. As the
half-life of heparin is approximately
1 min (similar to PGD,), sample chilling
is important.

TREATMENT OF MCAD

MCAD is presently incurable (except
for the rare instance of a solid mastocy-
toma) and therapy, is therefore, symp-
tomatic except when cytoreduction is
additionally required in advanced mas-
tocytosis. MCAD therapy should always
include maneuvers aimed at controlling
MC mediator production, release, and
end-organ effects.

Many cases of childhood cutaneous
mastocytosis (CM) seem to spontaneously
regress in adolescence. However, it seems
that MCAS emerges in at least some such
patients within several years after regres-
sion of CM (personal observation, LBA).
Only in the relatively rare forms of SM

which either are aggressive malignancies
themselves (e.g., aggressive SM or MC
leukemia) or are associated with signifi-
cant malignancies (e.g., SM with associ-
ated clonal hematologic non-MC-lineage
disease, or SM-AHNMD in the WHO
2008 classification) are cytotoxic/chemo-
therapeutic and cellular therapies consid-
ered. Such therapies have been extensively
discussed elsewhere in the literature and
are beyond the scope of this paper.

In general, co-morbidity of EDS
(any form) is not known to affect the
approach to treatment of MCAD,
except to note that chronic glucocorti-
coid therapy (a poor choice anyway in
MCAD given the treatment’s chronic
toxicities, including in connective tis-
sues) may be an even poorer choice in
MCAD patients also featuring EDS.
Desensitization therapy can be consid-
ered. It is important that patients
identify potential triggers for their
symptoms (dietary, chemicals, medica-
tions, allergens), and environmental
modifications, to reduce exposures.
Common MC triggers are given in
Table V. MCAD patients have many
physical sensitivities (e.g., heat, cold,
ultraviolet radiation, exertion, etc.) and
antigenic sensitivities (e.g.,pollen, mold,
etc.). There is a core group of foods
(tending to be patient-specific) that
many patients find difficult to consume
without developing adverse symptoms.

In general, co-morbidity of
EDS (any form) is not known
to affect the approach to
treatment of MCAD, except
to note that chronic
glucocorticoid therapy (a poor
choice anyway in MCAD
given the treatment’s chronic
toxicities, including in
connective tissues) may be an
even poorer choice in MCAD
patients also featuring EDS.
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TABLE V. Triggers of Mast Cell Activation Adapted From the Following References [Cardet et al., 2013; Picard

et al., 2013]

Alcohol
Heat

Radiocontrast media

Hymenoptera stings

Fever or infection

Exercise

Physical stimuli (e.g., pressure, friction)
Emotions/stress

Drugs: antibiotics, NSAIDs (nonsteroidal anti-inflammatory drugs), Narcotics, Neuromuscular blocking agents

Invasive procedures (e.g., general anaesthesia, biopsy, endoscopy)

Patients and clinicians should be
alert to the propensity of MCAD
patients to react to medication exci-
pients. The emergence of adverse reac-
tion within the first few doses of an
ordinarily well tolerated medication
should prompt (1) a review of the
formulation’s ingredient list to try to
identify a particular offending excipient;
and (2) identification of alternative
formulations to be tried, containing as
few of the excipients in the offending
formulation as possible. Sometimes
MCAD patients benefit from custom-
compounded formulations of their
medications.

Some MCAS patients are highly
reactive to a range of foodstuffs. Elimi-
nation diets such as described for the
eosinophilic esophagitis population are
helpful in some patients but not others.
As with medication trials, diet trials
typically need to last only 1-2 months to
determine if they are going to be
significantly beneficial. The implemen-
tation of more than one change around
the same time (e.g., a dietary change
around the same time as a medication
change) can be greatly confounding and
should be avoided.

In spite of the substantial fatigue
and malaise that many MCAD patients
experience, they should be strongly
encouraged to exercise regularly. This
should only be to the usual individual
limit of tolerance that each patient has
likely learned from experience. This is
because overexertion could trigger a
flare of MC activation in some patients.

Since both physical and psychological
stress have long been known to activate
MCs,
reduction (e.g., psychotherapy) can be
helpful.

interventions aimed at stress

In spite of the substantial
fatigue and malaise that many
MCAD patients experience,
they should be strongly
encouraged to exercise
regularly. This should only be
to the usual individual limit
of tolerance that each patient
has likely learned from
experience.

An effective “primary” physician—
whether a primary care physician or
specialist—is critically important for
successful management of most complex
diseases, including MCAD. The absence
of a local “physician/partner” who can
reliably help the patient access local
health care resources as needed and
remote resources could lead to the
MCAD patient facing difficulty in
gaining and then maintaining control
over their disease.

Drug treatment needs to be tailored
to the individual patient as their toler-
ance and the symptomatic benefit they

receive tends to vary. Commonly used
medications include H; and H, antihist-
amines, sodium cromoglicate, ketotifen,
omlaizumab, and the leukotriene recep-
tor blockers. Medications should usually
be added one at a time, with an adequate
time interval between the additions of’
successive drugs. Some patients need to
begin medications at a lower dose and
then gradually escalate to a standard
dose. Patients need to be told that the
time for noticing an initial symptomatic
response may be a few weeks [Cardet
et al., 2013; Akin, 2014; Zhang et al.,
2016].

Many agents have been shown to
significantly help various MCAD pa-
tients, but at present therapeutic re-
appear  highly

individualized. There are no biomarkers

sponse  profiles
predictive of response in general or of
which symptoms will respond to any
given agent in a given patient.

H,; and H, Antihistamines

These medications block the H; and H,
receptors present on many end organs
and on MCs themselves, too. They have
been in use for many years and most
doctors are aware of their beneficial
effects and potential adverse effects.
Longer acting, generally non-sedating
second generation H; antihistamines
(e.g., cetirizine, fexofenadine, lorata-
dine) have been used in preference to
the older, sedating H; antihistamines.
Most patients need a higher dose
(between two to four times) the dose
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used for treatment of mild hay fever
symptoms. Many patients find a 2-3
times daily dosing to be more helpful
than a once daily dosing regimen. The
(e.g.,
famotidine) are helpful for abdominal
benefit
extra-gastrointestinal symptoms, too.

H, antihistamines ranitidine,

symptoms and  sometimes
Antihistamines need to be taken for an
adequate length of time. Patients should
be discouraged in making frequent
changes to the doses they take.

Sodium Cromoglicate

Many patients add the MC-stabilising
drug sodium cromoglicate to their H;/H,
antihistamines, with a view to getting
additional symptomatic benefit. It is
important that mediator measurements
are done prior to this medication been
added. Some patients experience a flare of
symptoms during the initial few days of
taking this drug. Oral, liquid, inhaled, and
ophthalmic formulations are available.
Although the drug is poorly absorbed
and undergoes little systemic circulation,
there is a systemic (IV) formulation in
development.

Ketotifen

This has both MC-stabilising and anti-
histamine effects. A few patients are not
able to tolerate this because of drowsi-
Tablet, liquid, and eye drop
formulations are available. Oral ketotifen

ness.

is an inexpensive drug, but its availability
in the United States only in compounded
form increases its expense there.

Leukotriene Receptor Blockers
(e.g., Montelukast)

This is a widely used medication in
asthma and spontaneous chronic urticaria
patients. It is generally well tolerated.
Administration twice daily may benefit
MCAD patients more than once daily.

Steroids

The long-term use of oral steroids at any
dose is discouraged due to well-known
toxicities. In addition to its many adverse
effects, its effect on bone density would

not be helpful in patients with a disorder
EDS.
However, the use of a short course of

of connective tissue such as
steroids may be needed if there is acute
onset of skin or airway reactivity. Low
dose inhaled steroids may be needed if
airway hyper-reactivity is present.

Self-Injectable Epinephrine
Devices

All patients with systemic MC activation
or susceptible to anaphylaxis should be
prescribed two self-injectable epinephrine
devices and taught how and when this
should be used. A glucagon autoinjector
may be needed instead if the patient
requires beta adrenergic receptor blockade.

Other Medications

From the few reports available, non-
steroidal immunosuppressants such as
cyclophosphamide, cyclosporine, azathi-
oprine, and monoclonal antibodies such
as omalizumab [Zhang et al., 2016] and
alemtuzumab are only occasionally help-
ful [Afrin, 2013]. Several patients find a
range of other preparations (such as
vitamin C, aspirin, flavone analogues,
cannabinoids, etc.) to help their symp-
toms. Low-dose hydroxyurea helps some
MCAD patients and is safely used for
years to decades—indeed, life-long—in
certain other diseases. A wide range of
supportive medications are used by the
MCAD population including decon-
gestants, bronchodilators, antiemetics,
proton pump inhibitors, anti-depressants
of various classes (e.g. tricyclic agents),
bowel motility agents, micronutrient
supplements, pancreatic enzyme supple-
ments, bone-strengthening agents such
as bisphosphonates, tumor necrosis factor
(TNF) alpha antagonists, etc.

Next to fatigue, pain is one of the
most common symptoms of MCAD.
NSAIDs help some patients but are
triggers (potentially to anaphylactic
extent) in others and must be initiated
cautiously when no history of NSAID
tolerance is known. Narcotics, too,
commonly are triggers; fentanyl, trama-
dol, and hydromorphone tend to be
better tolerated than other narcotics in
MCAD  patients.

Sometimes other

classes of MC-targeted agents typically
without analgesic effect nevertheless
prove analgesic (e.g., antihistamines
may relieve chronic migraine headaches
in some MCAS patients).

Given the rarity of SM, together
with how recently MCAS has come to
be recognized, there are no large
controlled studies of any intervention
for MCAD. Few clinical trials in SM
have been performed, and there have
been no clinical trials yet in MCAS.
Patient and treating clinician alike must
take a methodical approach in stepping
through trials of the many therapies
shown helpful in various MCAD pa-
tients, limiting to one change at a time in
the regimen whenever possible. Most
such treatment trials need last only 1-2
months, typically starting at low doses
and escalating step-wise as tolerated to
identify

Clearly significantly effective treatments

maximal effective  dosing.
are retained, while others not meeting
that high bar are stopped lest unman-
ageable polypharmacy develop. In the
absence of a more scientifically in-
formed strategy at present, proceeding
in order of treatment cost often is the
most reasonable approach.

The most inexpensive and sustain-
able therapy for MCAD includes the
histamine H; and H, receptor blockers.
Benzodiazepines, NSAIDs including as-
pirin (in patients that can tolerate them),
flavonoids (such as quercetin and luteo-
lin), alpha lipoic acid, N-acetylcysteine,
and Vitamin C are also inexpensive
receptor
blockers and synthesis inhibitors are

interventions.  Leukotriene
somewhat more expensive, as are sodium
cromoglicate, pentosan, and cannabi-
noids. Emergency and perioperative
management of severe flares of mast cell
disease has been amply discussed in the
literature and is available publicly [Akin,
2014]. In general, histamine H; and H,
receptor antagonists, glucocorticoids,
and benzodiazepines form the core of
the therapeutic attack at such a problem.

The clinical (and suspected underly-
ing mutational) heterogeneity of MCAD
ensure each therapy found helpful in
certain patients will fail in others. Thus,
failure of any given therapy (even antihist-
amines) should not be taken as a sign of
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either misdiagnosis or “refractory” dis-
ease. With sufficient persistence at trying
various interventions, most patients with
non-malignant MCAD can eventually
identify a regimen that helps them achieve
the presently subjective goal of feeling
significantly better than the pre-treatment
baseline the majority of the time.
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There is increasing amount of evidence pointing toward a high prevalence of psychiatric conditions among
individuals with hypermobile type of Ehlers—-Danlos syndrome (JHS/hEDS). A literature review confirms a strong
association between anxiety disorders and JHSh/hEDS, and there is also limited but growing evidence that JHSh/
hEDS is also associated with depression, eating, and neuro-developmental disorders as well as alcohol and
tobacco misuse. The underlying mechanisms behind this association include genetic risks, autonomic nervous
system dysfunction, increased exteroceptive and interoceptive mechanisms and decreased proprioception.
Recent neuroimaging studies have also shown an increase response in emotion processing brain areas which
could explain the high affective reactivity seen in JHS/hEDS. Management of these patients should include
psychiatric and psychological approaches, not only to relieve the clinical conditions but also to improve abilities to
cope through proper drug treatment, psychotherapy, and psychological rehabilitation adequately coupled with
modern physiotherapy. A multidimensional approach to this “neuroconnective phenotype” should be
implemented to ensure proper assessment and to guide for more specific treatments. Future lines of research
should further explore the full dimension of the psychopathology associated with JHS/hEDS to define the nature
of the relationship. © 2017 Wiley Periodicals, Inc.
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INTRODUCTION

The relationship between the JHS/
hEDS and anxiety was an unexpected
finding that we first described in 1988 at
the Hospital del Mar in Barcelona
[Bulbena et al., 1988]. It really was a
clinical observation rather than a patho-
physiological reasoning and the reiter-
ated coincidence of the two conditions
prompted us to study this association in
more detail. Prior to this study, there
were some scattered observations in the
literature pointing to this new direction.
In 1957, rtheumatologist Rotés-Querol
and Argany [1957] observed a remark-
able degree of nervous tension suftered
by patients with hypermobility. To a
certain extent, there were some indirect
references about the relationship be-
tween “visceroptosis” and anxiety/pho-
bias in the classical psychosomatic
literature [Flanders Dunbar, 1955].

Literature uses indistinctly Joint
Laxity (the original name), Joint Hy-
permobility (the given name) and
Elher-Danlos Syndrome-Hypermobile
type (hEDS). Joint hypermobility (JH) is
characterized by an extended range of
motion of the joints, increased disten-
sibility of joints in passive movements
and hypermobility in active movement
in the absence of another rheumatologic
disease. JHS/hEDS is multisystem con-
dition associated with musculoskeletal
dysfunctions, possibly resulting from a
glycoprotein deficiency and genetic
alterations affecting the formation of
collagen, which would explain tissue
looseness, prolapsed organs, visceropto-
ses, pneumotorax, and vulnerability to
trauma in these patients.

There are several sets of criteria that
show minimal variations from the
originally proposed by Rotés, although
new self-assessment questionnaires have
been added to the assessment methods of
JHS [Hakim and Grahame, 2003;
Bulbena et al., 2014]. A review paper
of all the available criteria showed a high
degree of agreement among all of them
[Bulbena et al., 1992] but a more

comprehensive set of 10 criteria ob-
tained by cluster analysis was also
proposed. However, the most often
used are the “Beighton criteria” con-
verted to a 9-point clinical scale by
which subjects with a score >4 are
considered as having JHS. In 2000,
Grahame et al. [2000] developed the
Brighton criteria to replace the
Beighton criteria for the joint hyper-
mobility syndrome (JHS). According to
these criteria, the syndrome diagnosis is
made taking into account the Beighton
score and also some other clinical
manifestations associated with hyper-
mobility. The clinical assessment of the
JHS/hEDS is not difficult but examiners
should be trained in order to ensure the

reliability of the exam.

Joint hypermobility (JH) is
characterized by an extended
range of motion of the joints,
increased distensibility of
joints in passive movements
and hypermobility in active
movement in the absence of
another rheumatologic disease.

In this article, we review the
psychopathology associated with JHS/
hEDS, as well as the possible explan-
ations for such association, the contro-
versies, management, and future lines of

research.

METHODS

The working group was composed of
well-respected international clinician-
researchers in the area of psychopathol-
ogy with special interests in Ehlers—
Danlos syndromes as part of the Interna-
tional Consortium on the Ehlers—Danlos
Syndromes. Literature searches were
conducted using the main electronic

databases including the Cochrane Li-
brary, Informit, PsycINFO, PubMed,
and Scopus. The main search terms used
were “joint hypermobility syndrome,’
“joint hyperlaxity,” “anxiety,” and each
separate psychiatric diagnostic category.
Studies were included if they were
published until September 2016, either
in English or Spanish, if they reported
any psychiatric conditions associated
with joint hypermobility. The consensus
was obtained after all authors completed
their contributions and reviewed the
manuscript on three separate occasions to
ensure general agreement by all the
authors. A total of 66 articles were
included in the review.

LITERATURE REVIEW

Psychopathology

Herein, the syndromes joint hypermo-
bility syndrome (JHS) and the hyper-
type of Ehlers—Danlos are
considered as single entity (JHS/
hEDS) for the purposes of this discus-
sion defined by the previous diagnostic
Brighton and Villefranche,
respectively, except where the distinc-

mobile

criteria,

tion is considered pertinent. See “The
2017 International Classification of the
Ehlers-Danlos Syndromes” by Malfait
et al., this issue.

Anxiety disorders

The relationship between JHS/hEDS
and anxiety disorders has been widely
explored during the past 30 years and
current literature supports a solid asso-
ciation between these two variables
[Bulbena et al., 2015]. Bulbena et al.
[1993] conducted the first empirical
case-control study where a sample of
rheumatologic outpatients with JHS/
hEDS were assessed and ~70% of
hypermobile patients had some type of
anxiety disorder, as compared to 22% in
the controls [Bulbena et al., 1988]. A
second study [Martin-Santos et al.,
1998] evaluated outpatients with new



ARTICLE

AMERICAN JOURNAL OF MEDICAL GENETICS PART C (SEMINARS IN MEDICAL GENETICS) 239

diagnoses of panic disorder and/or
agoraphobia and found that JHS/
hEDS was present in ~70% of patients
with anxiety disorders compared to 10%
in the controls. Garcia Campayo et al.
[2010] also found a high prevalence of
JHS/hEDS
suffering from panic disorders compared
with 10.9% among healthy controls.

(61.8%) among subjects

Bulbena et al. conducted the
first empirical case-control
study where a sample of
rheumatologic outpatients
with JHS/hEDS were
assessed and ~70% of
hypermobile patients had
some type of anxiety disorder,
as compared to 22% in the
controls.

Other studies in non-clinical pop-
ulations showed that individuals with
JHS/hEDS scored significantly higher
in state/trait and social anxiety scales
[Bulbena et al., 2004; Baeza-Velasco
et al.,, 2011a]. A recent meta-analysis
[Smith et al., 2014] revealed that people
with JHS/hEDS experience signifi-
cantly greater perception and fear
intensity and have higher probability
of agoraphobia and panic disorders.
These authors pointed out that current
evidence is derived from Mediterranean
adult populations and highlighted that
more research should be done to study
this association in other populations.

The only incidence study that
evaluated the relationship between
JHS/hEDS and anxiety disorders was
done in the general population with a
15 years follow-up [Bulbena et al,
2011]. Cumulative incidence of panic/
agoraphobia disorder was significantly
higher in the JHS/hEDS group (41.4%)
with a relative risk of 22.3 (95%
confidence interval [CI] 4.6-108.7,
P < 0.0001). Incidence of social and
simple phobia was also significantly

higher in the JHS/hEDS group and
anxiolytic drug use was nearly fourfold
higher among JHS/hEDS group.

Mood disorders

Some studies examined the relationship
between mood disorders and JHS/hEDS
but the research on this area is signifi-
cantly smaller compared to anxiety
disorders. Two studies [Bair et al.,
2003; Gurer et al, 2010] explored
depressive disorders in JHS/hEDS sub-
jects but no differences were found when
comorbid anxiety was controlled for. In
contrast, Pasquini etal. [2014] observed a
higher rate of depressive symptoms in
JHS/hEDS patients compared to con-
trols. Other studies also revealed higher
depressive symptoms in individuals with
joint hypermobility (JH) without a
known diagnosis of JHS/hEDS [Baeza-
Velasco et al., 2011b; Murray et al.,
2013]. The meta-analysis of Smith et al.
[2014] concluded that people with JHS/
hEDS commonly exhibit more anxiety
and depressive symptoms. Hershenfeld
et al. [2016] found 42.5% prevalence of
psychiatric disorders (especially depres-
sion and anxiety) in a retrospective
sample of JHS/hEDS subjects. There-
fore, some preliminary evidence suggests
higher rates of depressive symptoms
among JHS/hEDS, especially when
comorbid anxiety is present.

Personality disorders

The evidence in the field of personality
disorder is very scarce and to date there is
only one study published about it.
Pasquini et al. [2014] observed that
subjects with JHS/hEDS have a 5.8
relative risk of having a personality
disorder, particularly anxious obses-
sive-compulsive personality disorder.
Although this is in line with prior
research studies that support a strong
relationship between anxiety and JHS/
hEDS, these results should interpreted
with caution due to the lack of large,
well-designed studies in this field.

Addictions

Most of the research about addiction in
JHS/hEDS focused on substances (alco-
hol and tobacco mainly) and there are no
other dimensions of

studies about

addiction such as behavioral addiction.
Carlsson and Rundgren [1980] found
significantly higher joint hypermobility
scores among female alcoholic patients
but did not diagnose hEDS in these same
patients so the relevance is unclear.
Interestingly, they proposed a link to
dysregulation
alcoholics to the increase in joint laxity.
Lumley et al. [1994] reported that in a
sample of EDS patients (N =48; in-
cluding adults and children and multiple

hormonal in chronic

types), 12% were found to have a history
of alcohol or illicit drug use although the
type of illicit substance was not specified.
Since chronic pain was one of the major
psychological stressors in that study, it
would be interesting to know if there
was a misuse of pain medications as well.
Regarding tobacco addiction, Carbone
et al. [2000] studied the bone density in
JHS/hEDS and found that the control
group smoked more tobacco and were
taller compared to the JHS/hEDS
group, which is not consistent with
other findings that showed that patients
with hEDS have a tendency towards the
ectomorphic (thin and tall) phenotype
and also that people with hEDS smoke
more cigarettes. A longitudinal study
found smokers had significantly higher
JH scores [Baeza-Velasco et al,
2015a] which was consistent with prior
studies. Coping with distress is fre-
quently cited as a motive for the higher
tobacco and alcohol use as both sub-
stances are known to reduce anxiety.

Eating disorders
Most studies seem to point toward a
relationship between ectomorph so-
matotype (linear, thin, and usually tall)
and JHS/hEDS [Bulbena et al., 2015],
with higher rates of restrictive or
compensatory eating disorders such as
anorexia or bulimia. Some case reports
described a co-occurrence of EDS and
eating disorders such as anorexia nervosa
(AN) [Al-Mufty and Bevan, 1977; Miles
et al., 2007], although the type of EDS
was not specified in the reports. Goh
et al. [2013] hypothesized that since
there is symptom overlap seen AN and
JH such as gastrointestinal symptoms,
intolerance,

orthostatic and fatigue

associated syndromes, JH is a possible
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indicator of a familial disorder of
connective tissue elasticity which po-
tentially plays a causal role in the
development of the eating disorder.

Most studies seem to point
toward a relationship between
ectomorph somatotype (linear,

thin, and usually tall) and
JHS/hEDS, with higher rates
of restrictive or compensatory

eating disorders such as
anorexia or bulimia.

Recently, Baeza-Velasco et al.
[2015b] proposed a model of eating
disorders in JHS/hEDS that provided
some light about this phenomenon. The
authors hypothesized that both articular
and extra-articular features play a role in
developing and maintain these eating

Psychosis

There are some articles addressing
the relationship between JHS/hEDS
and schizophrenia. Bulbena et al.
[2005] studied 124 patients with schizo-
phrenia with and without comorbid
JHS/hEDS and found JHS/hEDS
was markedly more frequent within
the schizophrenic-panic/phobic cluster
(62.1%) [OR: 9.35, CI: 3.85-22.73,
P<0.0001]. Similarly, Bulbena et al.
[2007] found that individuals with
comorbid schizophrenia JHS/hEDS
had higher rates of phobia/panic anxiety
and more positive symptoms as well, and
postulated that JH could be a clinical
marker for this phenotype in schizo-
phrenia. In a third case control study
(schizophrenic patients vs. healthy con-
trols) done by the same group evaluating
the somatotype in schizophrenia, JHS/
hEDS had comparable rates between the
groups but there was a tendency toward
positive association between anxiety-
joint hypermobility and anxiety-ecto-
morphism [Pailhez et al., 2009]. A case
report by Sienaert et al. [2003] described

schizoaftective disorder and classical
EDS received electroconvulsive therapy,
although it is unclear if the patient met
diagnostic criteria for classical EDS.

Neurodevelopmental disorders

This is a burgeoning area of research that
has developed over the recent years
which seems to indicate a degree of
co-occurrence of JHS/hEDS and some
neuro-developmental  disorders in-
cluding attention-deficit/hyperactivity
disorders (ADHD), developmental co-
ordination disorder (DCD), and autism
spectrum disorder (ASD).

In the area of ADHD, Eccles et al.
[2014] found that adults with ADHD
had higher rates of JH and symptoms of’
autonomic dysfunction compared to
healthy controls. Another study, done
by Harris [1998] that was published as a
letter to the editor, found that the great
majority (99%) of children with ADHD
in his sample had JH, although this
should be interpreted with
caution as it is

results
based on clinical
observations with no methodology
Hollertz

a case where a patient with comorbid  reported. Similarly, [2012]

patterns (Fig. 1).

* Smell and taste abnormalities

> Distorted body schema/image

.‘]‘-.

JHS/hEDS <——  Worsening JHS/hEDS physical symptoms
A
Food allergies and intolerances Eating
avoidance
Gastrointestinal symptoms ] and/or
1 Difficul Food ;
Hyperalgesia painf:r / selectivity Weight loss
— Enhanced interoception —  eating and/or andfor
Somatosensory amplification di ":‘;‘;"i’on SR ~ Nutritional
& patterns of problems
> i ) eatin,
Temporomandibular disturbances Fear of sl slowgﬁ in] and/or
i . pain smaller pieces... Eating
= Dental problems > o disorilars
. (e.g. anorexia
> Oral mucosa fragility Disordered nervosa)
eating
behaviors

Propioception impairment

Visible signs of illness (ex. orthosis)

Figure 1. This figure reflects different extra-articular features such as gastrointestinal problems, temporomandibular disorders, and
food intolerances that contribute to developing and maintaining disturbed eating behaviours and significant weight loss seen JHS/hEDS
patients. See “Hypermobile FElhers-Danlos Syndrome (a.k.a. Ehlers-Danlos Syndrome type III and Ehlers-Danlos Syndrome
Hypermobility Type): Clinical Description, and Natural History” by Tinkle et al., in this issue.
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reported high co-occurrence of EDS
and ADHD based on an observational
study. Other authors such as Dogan et al.
[2011] and Shiari et al. [2013] did
matched case control studies and found
that JH was significantly higher in the
ADHD group as well as anxiety com-
pared to healthy controls.

Concerning DCD, Kirby and Da-
vies [2007] reported that children with
DCD have more symptoms associated
with JHS/hEDS including joint hyper-
mobility, pain, and autonomic dysfunc-
tion compared to  asymptomatic
typically developing children. Jelsma
et al. [2013] found a significantly higher
mean score of JH in the DCD-group as
compared to age-matched, typically
developing children. Ghibellini et al.
[2015] suggested that the relationship
between JH and DCD may be due to
poor proprioception in hypermobile
children.

No articles are published regarding
the relationship between ASD and JHS/
hEDS but a few have looked at the
prevalence of JH in ASD. Shetreat-Klein
et al. [2014] did a matched case control
study and found that ASD children have
greater mobility of joints and more gait
abnormalities compared to healthy con-
trols. However, this study had a rela-
tively small sample and excluded
children with overt neurological prob-
lems, which may not be an accurate
representation of the ASD population.
Also, few case reports also highlighted
the comorbidity ASD—JH [Tantam
et al., 1990; Sieg, 1992; Takei et al.,
2011], but further studies need to
further explore the possible association
of JHS/hEDS and ASD.

Psychiatric and Psychological
Treatment for hEDS

Although no specific studies about
psychopharmacologic  treatment for
hEDS have been published yet, there
is significant evidence that JHS/hEDS
patients take more anxiolytics than the
counterpart. The overall use of psycho-
tropic drugs was 41.4% in JHS/hEDS
subjects compared to 13.9% in controls
(OR: 4.38 CI 95% 1.8-10.9) [Bulbena
et al., 2011].

Although no specific studies
about psychopharmacologic
treatment for hREDS have been
published yet, there is
significant evidence that JHS/
hEDS patients take more
anxiolytics than the
counterpart. The overall use
of psychotropic drugs was
41.4% in JHS/hEDS subjects
compared to 13.9% in
controls (OR: 4.38 CI 95%
1.8-10.9).

High levels of anxiety and depres-
sion are frequent in JHS/hEDS [Smith
et al., 2014; Bulbena et al., 2015] and it
has been shown that negative emotions
may increase the experience of pain
[Linton and Shaw, 2011]. Celletti et al.
[2013] observed that patients with a
JHS/hEDS had high scores of kinesi-
ophobia. JHS/hEDS patients also have
hyperalgesia [Castori, 2013], enhanced
interoception [Mallorqui-Bague et al.,
2014; Bulbena et al.,, 2015], and a
tendency toward a somatosensory am-
plification [Baeza-Velasco et al., 2011b].
These aspects related to increased per-
ception and/or reduced tolerance of
pain [Feuerstein and Beattie, 1995;
Pollatos et al., 2012], might influence
the pain experience.

Dysfunctional coping strategies
were also associated with JH [Baeza-
Velasco etal., 2015a]. However, there are
no studies exploring the coping strategies
in JHS/hEDS and psychological aspects
of pain perception merits more research
to develop treatments programs. Some
pilot cognitive behavioral therapy (CBT)
experiences have been developed and
suggested that CBT is valuable in the pain
management of JHS/hEDS patients
[Bathen et al., 2013].

Possible etiologies
Although it is possible that some
psychiatric symptoms, risk or defensive

behaviors, and personality traits can be a
consequence of adaptation and difficul-
ties in dealing with chronic illnesses,
biological hypotheses have been consid-
ered to explain this association [Baeza-
Velasco et al., 2015a]. The genetic link
between anxiety and hyperlaxity should
be further explored. In this sense,
[2001] reported a
cytogenetic anomaly (DUP-25) com-

Gratacos et al.

mon to these two phenomena, although
to date this study has not been replicated
[Tabiner et al., 2003; Henrichsen et al.,
2004]. Eccles et al. [2012] observed
structural differences in areas of the
brain implicated in emotion regulation
in JHS.

Moreover, dysautonomia presents
with symptoms that overlap with anxi-
ety disorders. The perception/interpre-
tation of physiological excitation play a
role in anxiety disorders [Clark, 1986;
Damasio, 1996; Craig, 2003] and JHS/
hEDS patients
interoception [Mallorqui-Bague et al.,

have more intense
2014] and are more likely to experience
somatosensory amplification [Baeza-
Velasco et al., 2011b]. Using multiple
regression analysis, both JHS/hEDS and
anxiety disorders were independently
related to body perception and somato-
sensory amplification.

The Polyvagal Theory, proposed by
Porges [2012], suggests that the evolution
of the mammalian autonomic nervous
system provides the neurophysiological
substrates for adaptive behavioral strate-
gies in both safe and dangerous environ-
ments. The theory provides a model to
investigate the circuits that may be
involved in dysautonomia and how
atypical neural regulation of the auto-
nomic nervous system that may function
as a neural platform for several of the
features observed in JHS/hEDS. Based
on the Polyvagal theory [Porges and
Furman, 2011], the Body Perception
Questionnaire [Porges, 1993] has been
applied to objectively quantify subjective
reports of bodily reactions and states. The
questionnaire identified atypical profiles
in JHS/hEDS [Bulbena et al., 2014] and
is being validated for clinical use.

In another study, trait anxiety
scores did significantly correlate with
both state anxiety and hypermobility
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scores. Hypermobility scores were also
associated with other key affective
processing areas in the whole brain
analysis [Mallorqui-Bague et al., 2014,
2015, 2016]. These findings increase our
understanding of emotion processing in
JHS/hEDS people and the mechanisms
through which vulnerability to anxiety
and somatic symptoms arises in this
population.

Another physiological fact that may
underlie this relationship is the strong
value of the visceral afferent signals to the
brain. This has been extensively studied
by Critchley et al. [2013] who showed
how different visceral inputs can influ-
ence thoughts, feelings, and behavior.

Considering the growing evidence
of enhanced body awareness among
JHS/hEDS along with the increased
interception and somatosensory ampli-
fication, there might be an excess of
alarming information which leads to
psychological discomfort and psychiat-
ric conditions.

Controversies
There are some controversies regarding
the psychopathology associated with

JHS/hEDS that should be addressed.
First, patients with chronic pain and
decreased functionality often display
anxiety and depression [Bair et al.,
2003], independently of the hEDS
diagnosis. Another point is that hEDS
is associated with multiple conditions
like dysautonomia, which can cause a
broad spectrum of physical complaints
that can mimic anxiety-like symptoms.
For instance, patients with dysautono-
mia experiencing intense heart rate
fluctuations could be misdiagnosed
with panic attacks. Another example
could be the extreme fatigue caused by
poor sleep architecture seen in these
patients, that could be mistaken as
depression. The key lies in being able
to identify the cause of the anxiety and
depression—if it is centrally mediated as
a behavioral disorder or if it is the
manifestation of associated conditions.

Another controversy in hEDS lies
in diagnosing children or their parents
with Conversion Disorder or Munchau-
sen by Proxy respectively. These chil-
dren often present with chronic pain,
easy bruising, multiple joint disloca-
tions, abdominal pain, dizziness, and

fatigue that can be misdiagnosed as
Conversion Disorder or Munchausen
by Proxy. Barnum [2014] recently pub-
lished a case of a child who had EDS but
was misdiagnosed with conversion dis-
order and highlighted the stigmatizing
consequences of making the wrong
diagnosis in this population.

It is crucial that the physicians
making the psychological assessment of
hEDS patients are appropriately trained
with the articular and extra-articular
symptoms.

Management

The psychiatric and psychosocial issues
have to be explored and properly
evaluated in these patients. Pain, nega-
tive feelings, and poor emotion regula-
tion are frequently associated with this
condition. The consideration of all these
aspects can help develop adapted pro-
tocols of evidence based psychiatric
treatment and psychosocial interven-
tions such as CBT (Table I).

Future lines of research
First, a comprehensive model of illness is
needed; the single “medical specialty”

TABLE I. Roles of the Mental Health Professionals in the Management of JHS/hEDS

Objective/problem

Professional/intervention

(e.g., Addictions, sleep disorders, etc.)

Improve knowledge about disease

efficacy, coping strategies, etc.)

Support

Psychopathology (anxiety/mood disorders), Associated mental disorders

Management of chronic pain and negative emotions

Improve/develop competences to manage chronic disease (e.g., self-

Neurodevelopmental disorders in childhood

Cognitive impairments (attention, memory, etc.)

Psychiatric nurse

Occupational therapist

Therapeutic patient education (pluridisciplinary)

Clinical/health psychologist (CBT).

Psychiatric nurse

Occupational therapist

Child/developmental psychiatrist

Child/developmental psychologist (CBT)

Neuropsychologist

Clinical psychologist (supportive therapy, different
approaches)

Psychiatric nurses, OT

Psychiatrist (diagnostic and treatment issues)

Clinical/health psychologist (CBT) (psychotherapy with
or without pharmacotherapy)

Clinical/health psychologist (cognitive-behavioral
approach: CBT).
Psychiatrist

This table defines the ditterent roles of the mental health professionals in the management of JHS/hEDS. The objective or problematic areas are
introduced in the left column and the proposed intervention in the right column.
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approach has to change for a multidisci-
plinary one. Models including both
somatic and also psychiatric/psycholog-
ical characteristics are required. A first
approach was made through the ALPIM
spectrum proposal, which is the acro-
nym for anxiety and the domains of its
most commonly occurring comorbid-
ities: JHS/hEDS, pain disorders, im-
mune disorders, and mood disorders
[Coplan et al., 2015]. The authors of this
study hypothesized that the ALPIM
syndrome have predictable psychiatric
and medical comorbidities and found
that significant associations between
joint hypermobility and bipolar III,
headache with bipolar II, and bipolar
IT with chronic fatigue syndrome.

A more recent proposal is the
“Neuroconnective phenotype” (Fig. 2),
in which, around a common core
Anxiety-hEDS, it includes five dimen-
behavioral, psychopathology,
somatosensory

sions:
somatic  symptoms,

symptoms, and somatic illnesses.

Second, research on the underlying
mechanisms is necessary, particularly to
unmask the obvious but still occult
genetic links. The DUP 25 in the
chromosome 15 found among subjects
suffering from both anxiety and JHS/
hEDS [Gratacos et al., 2001], could not
be replicated but it might be worthwhile
to further investigate the possible genetic
link with new genetic techniques such as
whole genomic analyses. The psycho-
physiological circuits involved between
the core features of JHS/hEDS (namely
pain and body awareness) and their
psychiatric correlates need to be uncov-
ered. These neural correlates may also
provide clues to unveil the emotional
dysregulation found in JHS/hEDS.

Third, combined treatments tack-
ling both somatic and psychological
features should be developed and tested
for better evidence based treatments.
When talking about phenotypes in
psychiatry, authors tend to include
only behavioral and psychopathological

traits, which again, represents a bias
against somatic or body characteristics.
Such restrictive view prevents the
development of more comprehensive
treatments. However, anxiety cases with
JHS/hEDS tend to show more somatic
features and therefore, it would be
worthwhile exploring and developing
more specific treatments for them.
Fourth, comprehensive models of
care taking a multidisciplinary approach
should be implemented. Several experi-
ences, particularly in England, where
there is the London Hypermobility Unit
at the Hospital of St. John and St
Elizabeth, may be the prototypical model.
Fifth, considering the evidence of
the increased risk associated with JHS/
hEDS to develop anxiety disorders,
preventive strategies particularly among
children should be tested and imple-
mented. This may help to guide for
more specific treatments and to avoid
undesirable outcomes in the adulthood.
the link between

However, while

Behavioral
Dimensions

Somatic
Conditions

Somatic Conditions

Somatic symptoms include d
dislocations, prolapses and hypertrophic scars*
irritable bowel syndrome, dysfunctional esophagus, chemical sensitivities, dizziness, fatigue,
fibromyalgia, -dynias, hypothyroidism, asthma, migraines, temporomandibular dysfunction and food intolerances.

Psychopathology: increased interoception, exteroception, decreased proprioception, anticipatory anxiety, high loss
sensitivity, and high positive confrontat

Somatic Signs
Symptoms

4 _)_/ Psychopathology

Behavioral Dimensions are patterns of defensive mechanisms that are often identifiable at the extreme of a
continuous axis (l.e fight/flight, restriction (avoidance)/dependency
cautonomia, asthenic somatotype, "blue * sclera

Somato-Sensory Symptoms

, "easy bruising”, eczemas®, dyskinesia,

Anxiety
JHS/hEDS

Somato-sensory symptoms include incre y, eye-contact difficulty, selectiy
dyspnea, dysphagia, chok palpita

These features have been previously described in the Neuroconne

/e photophobia,

nt pain and enhance 1sitivity to weather and chemicals

.

ype

Figure 2. The Neuroconnective phenotype. The Neuroconnective model is a proposal that may be useful for clinical practice
disorders and of some psychosomatic conditions. It was described after the study and careful consideration of clinical and nonclinical data,
pathophysiological mechanisms and the present anxiety nosological status. It is built around the core association of Anxiety-JHS/hEDS and
it includes behavioral, psychopathology, somatic symptoms, somatosensory symptoms, and somatic illnesses dimensions. Each of the five
dimensions includes features that may be present at different degrees and with individual variations and all dimensions incorporate patterns,
clinical symptoms, signs and illnesses seen in these patients.
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JHS/hEDS and anxiety disorders has
been well established, there is limited
evidence regarding the other dimen-
sions of the JHS/hEDS psychopathol-
ogy that should be further addressed in
subsequent studies.

CONCLUDING REMARKS

To conclude, patients with JHS/hEDS
often suffer from anxiety disorder and
the link between these two variables has
been repeatedly found in the literature.
There is limited literature about other
dimensions of the JHS/hEDS psycho-
pathology that should be further ad-
dressed in subsequent studies.

In any case, a more careful psychi-
atric and psychological approach should
be taken along other physical treatments
to manage and treat this multisystem
condition. A new model described as
the Neuroconnective phenotype is pro-
posed to evaluate the different dimen-
pathology
including behavioral patterns, clinical

sions of the associated

symptoms, and related illnesses
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