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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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INTRODUCTION diagnostic criteria for classical Ehlers—  specificity and sensitivity. A comprehen-

The Committee met by phone through- Danlos Syndrome (classical EDS) and sive review of the literature was con-
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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 al1(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 oft” 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

s

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.
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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.

ACKNOWLEDGMENT

The authors wish to acknowledge
Christina Schwarting, representative of
Deutsche Ehlers Danlos Initiative e.V.
for her input and support during the
writing of this manuscript.

REFERENCES

Andrikopoulos K, Liu X, Keene DR, Jaenisch R,
Ramirez E 1995. Targeted mutation in the
COLS5A2 gene reveals a regulatory role for
type V collagen during matrix assembly. Nat
Genet 9:31-36.

Atzinger CL, Meyer RA, Khoury PR, Gao Z,
Tinkle BT. 2011. Cross-sectional and lon-
gitudinal assessment of aortic root dilation
and valvular anomalies in hypermobile and
classic Ehlers—Danlos syndrome. ] Pediatr
158:826-830.

Balasubramanian M, Wagner BE, Peres LC, Sobey
G]J, Parker MJ, Dalton A, Arundel P, Bishop
NJ. 2015. Ultrastructural and histological
findings on examination of skin in osteo-
genesis imperfecta: A novel study. Clin
Dysmorphol 24:45-54.

Beighton P. 1968. Ehlers—Danlos syndrome. Proc
Royal Soc Med 61:987.

Beighton P, De Paepe A, Danks D, Finidor G,
Gedde-Dahl T, Goodman R, Hall JG,
Hollister DW, Horton W, Mckusick VA,
Opitz JM, Pope FM, Pyeritz RE, Rimoin
DL, Sillence D, Spranger JW, Thompson E,
Tsipouras P, Viloen D, Winship I, Young I,
Reynolds JE 1988. International nosology of
heritable disorders of connective tissue,
Berlin. Am ] Med Genet 29:581-594.

Beighton P, De Paepe A, Steinmann B, Tsipouras
P, Wenstrup RJ. 1998. Ehlers—Danlos syn-
dromes: Revised nosology, villefranche. Am
J Med Genet 77:31-37.

Birk DE. 2001. Type V collagen: Heterotypic type
I/V collagen interacts in the regulation of
fibril assembly. Micron 32:223-237.

Borck G, Beighton P, Wilhelm C, Kohlhase J,
Kubisch C. 2010. Arterial rupture in classic
Ehlers—Danlos syndrome with COL5A1
mutation. Am ] Med Genet Part A
152A:2090-2093.

Brooke BS, Arnaoutakis G, McDonnell N, Black JH.
2010. Contemporary management of vascular
complications associated with Ehlers—Danlos
syndrome. ] Vasc Surg 51:131-139.

Burrows NP, Nicholls AC, Yates JR, Gatward G,
Sarathachandra P, Richards A, Pope FM.
1996. The gene encoding collagen a1(V)
(COL5AT1) is linked to mixed Ehlers—Danlos
syndrome type I/II. J Invest Dermatol
106:1273-1276.

Burrows NP, Monk BE, Harrison JB, Pope FM.
1998. Giant bladder diverticulum in
Ehlers—Danlos syndrome type I causing
outflow obstruction. Clin Exp Dermatol
23:109-112.

Byers P. 2013. Ehlers—Danlos syndrome. Emery
and Rimoin’s principles and practice of
medical genetics. Amsterdam: Elsevier,
chapter 154 pp 1-23.

Castori M, Camerota E Celletti C, Grammatico P,
Padua L. 2010. Quality of life in the classic
and hypermobility types of Ehlers—Danlos
syndrome. Ann Neurol 67:145-146.

Castori M, Dordoni C, Morlino S, Sperduti I,
Ritelli M, Valiante M, Chiarelli N, Zanca
A, Celletti C, Venturini M, Camerota F
Calzavara-Pinton P, Grammatico P,
Colombi M. 2015. Spectrum of mucocu-
taneous manifestations in 277 patients with
joint  hypermobility = syndrome/Ehlers—
Danlos syndrome, hypermobility type.
Am ] Med Genet C Semin Med Genet
169C:43-53.

Catala-Pétavy C, Machet L, Georgesco G, Pétavy
E Maruani A, Vaillant L. 2009. Contribution
of skin biometrology to the diagnosis of the
Ehlers—Danlos syndrome in a prospective
series of 41 patients. Skin Res Technol
15:412-417.

Colombi M, Dordoni C, Chiarelli N, Ritelli M.
2015. Differential diagnosis and diagnostic
flow chart of joint hypermobility syndrome/
Ehlers—Danlos syndrome hypermobility
type compared to other heritable connective
tissue disorders. Am J Med Genet C Semin
Med Genet 169C:6-22.

Colombi M, Dordoni C, Venturini M, Zanca A,
Calzavara-Pinton P, Ritelli M. 2016. Delin-
eation of —Danlos syndrome phenotype due
to the ¢.934C > T (p.Arg312Cys) mutation
in COL1A1: Report on a three generation
family without cardiovascular events and
literature review. Am J Med Genet Part A
173A:524-530.

Dalgleish R. 1998. The human collagen mutation
database. Nucleic Acids Res 26:253-255.

de Leeuw K, Goorhuis JE Tielliu IF, Symoens S,
Malfait F De Paepe A, van Tintelen JP,
Hulscher JB. 2012. Superior mesenteric
artery aneurysm in a 9 year old boy with
classical Ehlers—Danlos syndrome. Am ] Med
Genet Part A 158A:626—629.

De Coster PJ, Martens LC, De Paepe A. 2005a.
Oral health in prevalent types of Ehlers—
Danlos syndromes. ] Oral Pathol Med
34:298-307.

De Coster PJ, van den Berghe F LI, Martens LC.
2005b. 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, Maggiom GD, Parrini S,
Bagnoli E 2001. Absence of inferior labial
and lingual frenula in Ehlers—Danlos syn-
drome. Lancet 357:1500-1502.

de Moraes AM, Cintra ML, Sampaio S de A, Sotto
MN, Sesso A. 2000. The ultrastructural and

histophotometric study of elastic and colla-
gen fibers in type II Ehlers-Danlos syndrome
and subclinical forms. Ultrastruct Pathol
24:129-134.

De Paepe A, Nuytinck L, Hausser I, Anton-
Lamprecht I, Naeyaert JM. 1997. Mutations
in the COL5A1 gene are causal in the
Ehlers—Danlos syndromes I and II. Am ]J
Hum Genet 60:547-554.

De Paepe A, Malfait E 2012. The Ehlers—Danlos
syndrome, a disorder with many faces. Clin
Genet 82:1-11.

De Wandele I, Calders P, Peersman W, Rimbaut S,
De Backer T, Malfait F De Paepe A,
Rombaut L. 2014. Autonomic symptom
burden in the hypermobility type of
Ehlers—Danlos syndrome: A comparative
study with two other EDS types, fibromyal-
gia, and healthy controls. Semin Arthritis
Rheum 44:353-361.

Gaines R, Tinkle B, Halandras P, Al-Nouri O,
Cristostomo P, Cho JS. 2015. Spontaneous
ruptured dissection of the right common
iliac artery in a patient with Classic Ehlers—
Danlos Syndrome phenotype. Ann Vas Surg
29:595,e11—¢14.

Giunta C, Steinmann B. 2000. Compound
heterozygosity for a  disease-causing
G1489D and disease-modifying G530S
substitution in COL5A1 of a patient with
the classical type of Ehlers—Danlos syn-
drome: An explanation of intrafamilial
variability? Am J Med Genet 90:72-79.

Giunta C, Nuytinck L, Raghunath M, Hausser I,
De Paepe A, Steinmann B. 2002. Homozy-
gous Gly530Ser substitution in COL5A1
causes mild classical Ehlers—Danlos syn-
drome. Am ] Med Genet 109:284-290.

Giunta C, Elioglu NH, Albrecht B, Eich G,
Chambaz C, Janecke AR, Yeowell H, Weis
M, Eyre DR, Kraenzlin M, Steinmann B.
2008. Spondylocheiro dysplastic form of the
Ehlers—Danlos syndrome—an autosomal-
recessive entity caused by mutations in the
zinc transporter gene SLC39 A13. Am ]
Hum Genet 82:1290-1305.

Greenspan DS, Pasquinelli AE. 1994. BstUI and
Dpnll RFLPs at the COL5A1 gene. Hum
Mol Genet 3:385.

Hausser I, Anton-Lamprecht I. 1994. Differential
ultrastructure aberrations of collagen fibrils
in Ehlers—Danlos syndrome types I-IV as a
means of diagnostics and classification. Hum
Genet 93:394-407.

Heidbreder AE, Ringelstein EB, Dittrich R,
Nabavi D, Metze D, Kuhlenbiumer G.
2008. Assessment of skin extensibility and
joint hypermobility in patients with sponta-
neous cervical artery dissection and Ehlers—
Danlos syndrome. J Clin Neurosci
15:650-653.

Hermanns-Lé T, Piérard GE. 2007. Multifaceted
dermal ultrastructural clues for Ehlers—
Danlos syndrome with arterial rupture and
type I collagen R-to-C substitution. Am J
Dermatopathol 29:449-451.

Karaa A, Stoler JM. 2013. Ehlers Danlos Syn-
drome: An unusual presentation you need to
know about. Case Rep Paediatr
2013:764659.

Kirschner J, Hausser I, Zou Y, Schreiber G,
Christen HJ, Brown SC, Anton-Lamprecht
I, Muntoni E Hanefeld E Bonnemann CG.
2005.  Ullrich  congenital — muscular



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

RESEARCH REVIEW

dystrophy: Connective tissue abnormalities
in the skin support overlap with Ehlers—
Danlos syndromes. Am ] Med Genet Part A
132A:296-301.

Malfait E Coucke P, Symoens S, Loeys B,
Nuytinck L, De Paepe A. 2005. The
molecular basis of classic Ehlers—Danlos
Syndrome: A comprehensive study of
biochemical and molecular findings in
48 unrelated patients. Hum Mutat
25:28-37.

Malfait E De Paepe A. 2005. Molecular genetics in
classic Ehlers—Danlos syndrome. Am ] Med
Genet C Semin Med Genet 139C:17-23.

Malfait E Symoens S, Coucke P, Nunes L, De
Almeida S, De Paepe A. 2006. Total
absence of the a2(I) chain of collagen
type I causes a rare form of Ehlers—Danlos
syndrome with hypermobility and propen-
sity to cardiac valvular problems. ] Med
Genet 43:e36.

Malfait E Symoens S, De Backer J, Hermanns-Lé
T, Sakalihasan N, Lapiere CM, Coucke P,
De Paepe A. 2007. Three Arginine to
Cysteine Substitutions in the Pro-Alpha
(I)-Collagen Chain Cause Ehlers—Danlos
Syndrome with a propensity to arterial
rupture in early adulthood. Hum Mutat
28:387-395.

Malfait E Wenstrup R, De Paepe A. 2010. Clinical
and genetic aspects of Ehlers—Danlos syn-
drome, classic type. Genet Med 12:10.

Malfait F, Symoens S, Goemans N, Gyftodimou
Y, Holmberg E, Ldpez-Gonzilez V,
Mortier G, Nampoothiri S, Petersen
MB, De Paepe A. 2013. Helical mutations
in type I collagen that affect the processing
of the amino-propeptide result in an
Osteogenesis  Imperfecta/Ehlers—Danlos
Syndrome overlap syndrome. Orphanet J
Rare Dis 8:78.

Mazziotti G, Dordoni C, Doga M, Galderisi
Venturini M, Calzavara-Pinton P, Maroldi
R, Giustina A, Columbi M. 2016. High
prevalence of radiological vertebral fractures
in adult patients with Ehlers—Danlos syn-
drome. Bone 84:88-92.

McDonnell NB, Gorman BL, Mandel KW,
Schurman SH, Assanah-Carroll A, Mayer
SA, Najjar SS, Francomano CA. 2006.
Echocardiographic findings in classical and
hypermobile Ehlers—Danlos syndromes. Am
J Med Genet Part A 140A:129-136.

Mehta S, Dhar S, Birnbaum Y. 2012. Common iliac
artery aneurysm and spontaneous dissection
and contralateral latrogenic common iliac
artery dissection in classic Ehlers—Danlos
syndrome. Int ] Angiol 21:167-170.

Mitchell AL, Schwarze U, Jennings JE Byers P.
2009. Molecular mechanisms of classical
Ehlers—Danlos syndrome. Hum Mutat
30:995-1002.

Moller MB, Kjer 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.

Monroe GR, Harakalova M, Van Der Crabben F
SN, Majoor-Krakauer D, Bertoli-Avella
AM, Moll FL, Oranen BI, Dooijes D,
Vink A, Knoers NV, Maugeri A, Pals G,
Nijman IJ, van Haaften G, Baas AE 2015.

Familial Ehlers—Danlos Syndrome with
lethal arterial events caused by a mutation
in COL5A1. Am J Med Genet Part A
167A:1196-1203.

Morais P, Ferreira O, Magina S, Silva C, Leao M,
Maia A, Azevedo F 2013. classic Ehlers—
Danlos syndrome: Case report and brief
review of literature. Acta Dermatovenerol
Croat 21:118-122.

Murphy-Ryan M, Psychogios A, Lindor NM.
2010. Hereditary disorders of connective
tissue: A guide to the emerging differential
diagnosis. Genet Med 12:344-354.

Nelson AD, Mouchli MA, Valentin N, Deyle D,
Pichurin P, Acosta A, Camilleri M. 2015.
Ehlers Danlos syndrome and gastrointestinal
manifestations: A 20-year experience at
mayo clinic. Neurogastroenterol Motil
27:1657-1666.

Nicholls AC, Oliver JE, McCarron S, Harrison JB,
Greenspan DS, Pope FM. 1996. An exon
skipping mutation of a type V collagen gene
(COL5A1) in Ehlers—Danlos syndrome.
J Med Genet 33:940-946.

Pierro VS, Vazquez-Sullca R, Vieira AS, Takiya
CM, Carakushansky G, Feres-Filho EJ. 2006.
Ligneous periodontitis and Ehlers—Danlos
syndrome. J Periodontol 77:123-128.

Proske S, Hartschuh W, Enk A, Hausser I . 2006.
Ehlers—Danlos syndrome: 20 years experi-
ence with diagnosis and classification. JDDG
4:308-318.

Remvig L, Duhn PH, Ullman S, Arokoski ],
Jurvelin J, Safi A, Jenson E Farholt S, Hove
H, Juul-Kristensen B. 2010. Skin signs in
Ehlers—Danlos syndrome: Clinical tests and
para-clinical methods. Scand J Rheumatol
39:511-517.

Ritelli M, Dordoni C, Venturini M, Chiarelli N,
Quinzani S, Traversa M, Zoppi N, Vascellaro
A, Wischmeijer A, Manfredini E, Garavelli
L, Calzavara-Pinton P, Colombi M. 2013.
Clinical and molecular characterization of
40 patients with classic Ehlers—=Danlos
syndrome: Identification of 18 COL5A1
and 2 COL5A2 novel mutations. Orphanet J
Rare Dis 8:58.

Rowe PC, Barron DE Calkins H, Maumenee TH,
Tong PY, Geraghty MT. 1999. Orthostatic
intolerance and chronic fatigue syndrome
associated with Ehlers—Danlos syndrome.
J Pediatr 135:494—499.

Schroeder E, Lavallee ME. 2006. Ehlers—Danlos
syndrome in athletes. Curr Sports Med
Reports 5:327-333.

Schwarze U, Atkinson M, Hoffman G, Greenspan
DS, Byers P. 2000. Null Alleles of the
COLS5A1 Gene of Type V Collagen are a
cause of the classical forms of Ehlers—Danlos
syndrome (types I and IT). Am ] Hum Genet
66:1757-1765.

Schwarze U, Hata R, McKusick VA, Shinkai H,
Hoyme HE, Pyeritz RE, Byers PH. 2004.
Rare autosomal recessive cardiac valvular
form of Ehlers—Danlos syndrome results
from mutations in the COL1A2 gene that
activate the nonsense-mediated RNA de-
cay pathway. Am J Hum Genet
74:917-930.

Segev F Héon E, Cole WG, Wenstrup RJ,
Young E Slomovic AR, Rootman DS,
Whitaker-Menezes D, Chervoneva I, Birk
DE. 2006. Structural abnormalities of the

cornea and lid resulting from collagen V
mutations. Invest Ophthalmol Vis Sci
47:565-573.

Sobey G. 2014. Ehlers—Danlos syndrome—a
commonly misunderstood group of con-
ditions. ClinMed 14:432-436.

Sobey G. 2015. Ehlers—Danlos syndrome: How to
diagnose and when to perform genetic tests.
Arch Dis Child 100:57-61.

Steinmann B, Royce PM, Superi-Furga A. 2002.
The Ehlers—Danlos syndrome. In: Royce
PM, Steinmenn B, editors. Connective
tissue and its heritable disorders. Molecular
genetic and medical aspects, 2nd Edition.
Hoboken, NJ, USA: John Wiley & Sons,
Inc. pp 446-451.

Symoens S, Malfait E Renard M, Andre J, Hausser
I, Loeys B, Coucke P, De Paepe A. 2008.
COL5AT1 signal peptide mutations interfere
with protein secretion and cause classic
Ehlers—Danlos Syndrome. Hum Mutat 30:
E395-E403.

Symoens S, Malfait E Vlummens P, Hermanns-Lé
T, Syx D, De Paepe A. 2011. A Novel Splice
Variant in the N-propeptide of COL5A1
causes an EDS phenotype with severe
kyphoscoliosis and eye involvement. PLoS
ONE 6:¢20121

Symoens S, Syx D, Malfait E Callewaert B,
Vanakker O, Coucke P, De Paepe A. 2012.
Comprehensive molecular analysis demon-
strate type V collagen mutations in over 90%
of patients with classical EDS and allows to
refine diagnostic criteria. Hum Mutat
33:1485-1493.

Toriello HV, Glover TW, Takahara K, Byers PH,
Miller DE, Higgins JV, Greenspan DS.
1996. A translocation interrupts the
COL5A1 gene in a patient with Ehlers—
Danlos syndrome and hypomelanosis of
Ito. Nat Genet 13:361-365.

Viglio S, Zoppi N, Sangalli A, Gallanti A, Barlati S,
Mottes M, Colombi M, Valli M. 2008.
Rescue of migratory defects of Ehlers—Danlos
syndrome fibroblasts In vitro by type V collage
but not insulin-Like binding protein-1.
J Invest Dermatol 128:1915-1919.

Villani E, Garoli E, Bassotti A, Magnani E Tresoldi
L, Nucci P, Ratiglia R. 2013. The cornea in
classic type Ehlers—Danlos syndrome:
Macro- and microstructural changes. Invest
Ophthalmol Vis Sci 54:8062-8068.

Voermans NC, van Alfen N, Pillen S, Lammers M,
Schalkwijk ], Zwarts MJ, van Rooij IA,
Hamel BCJ, van Engelen BG. 2009.
Neuromuscular involvement in various
types of Ehlers—Danlos syndrome. Ann
Neurol 65:687-697.

Voermans NC, Knoop H, Bleijenberg G, van
Engelen BG. 2010. Pain in Ehlers-Danlos
syndrome is common, severe, and associated
with functional impairment. J Pain Symp-
tom Manage 40:370-378.

Vogel A, Holbrook KA, Steinmann B, Gilzel-
mann R, Byers PH. 1979. Abnormal
collagen fibril structure in the gravis form
(type I) of Ehlers—Danlos syndrome. Lab
Invest 40:201-206

Wenstrup R, Langland G, Willing M, D’Souza
VN, Cole WG. 1996. A splice-junction
mutation in the region of COL5A1 that
codes for the carboxyl propeptide of pro
alpha 1(V) chains results in the gravis form of



RESEARCH REVIEW AMERICAN JOURNAL OF MEDICAL GENETICS PART C (SEMINARS IN MEDICAL GENETICS) 39

the Ehlers—Danlos syndrome (type I). Hum the classical form of EDS. Am ] Hum Genet Yasuda S, Imoto K, Uchida K, Machida D, Yanagi
Mol Genet 5:1733—-1736. 66:1766—1776. H, Sugiura T, Kurosawa K, Masuda M.
Wenstrup R]J, Florer JB, Willing MC, Giunta C, Wenstrup RJ, Meyer RA, Lyle JS, Hoechstetter L, 2013. Successful endovascular treatment of a
Steinmann B, Young E Susic M, Cole WG. Rose PS, Levy HP, Francomano CA. 2002. ruptured superior mesenteric artery in a
2000. COL5A1 haploinsufficiency is a Prevalence of aortic root dilation in the Ehlers— patient with Ehlers—Danlos syndrome. Ann

common molecular mechanism underlying Danlos syndrome. Genet Med 4:112-117. Vas Surg 27:975,el1—e5.



