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Purpose: Cardiac–valvular and vascular Ehlers–Danlos syndrome
(EDS) have significant cardiovascular issues. The prevalence and
significance of such abnormalities in classical (cEDS) or hypermo-
bile EDS (hEDS) remain unclear. We report the prevalence of
cardiac abnormalities in patients with cEDS and hEDS.

Methods: We identified 532 pediatric patients with potential EDS
evaluated at our institution from January 2014 through April 2019
by retrospective chart review. Ninety-five patients (12 cEDS and 83
hEDS patients) met 2017 EDS diagnostic criteria and had an
echocardiogram. One patient was excluded due to complex
congenital heart disease, and two were excluded due to lack of
images. We reviewed echocardiograms for all structural abnorm-
alities.

Results: Of these 95 patients, 1 had mild aortic root dilation, and 1
had mild ascending aorta dilation in the setting of a bicuspid aortic

valve. Eleven patients (11.6%) had a cardiac valve abnormality, all
of which were trivial to mild. None of the patients required cardiac
intervention.

Conclusion: Our results demonstrate that aortic dilation and
valvular anomalies are uncommon in cEDS or hEDS patients.
Given the lack of evidence, we do not recommend echocardio-
graphic evaluation and surveillance in patients with cEDS and
hEDS in the absence of clinical findings or positive family history.
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INTRODUCTION
Ehlers–Danlos syndromes (EDS) are a collection of multi-
system, heritable connective tissue disorders characterized by
the presence of joint hypermobility, skin hyperextensibility,
and tissue fragility.1 In addition to these cardinal features,
there are other clinical manifestations of EDS that, with the
presence of associated genetic defects, provide for the
differentiation of EDS into multiple types. In the 1970s, there
were six identified types of EDS2 that remained in place
until the Berlin nosology delineated 11 types of EDS.3

Subsequently, a revised classification scheme with a greater
molecular basis was devised, returning to six identified
subtypes.4 Most recently, a new, revised nosology has been
developed that identifies 13 types of EDS and has become the
diagnostic standard.1 The new nosology has greater stringency
in the diagnostic criteria, thereby increasing specificity of
diagnoses.
Cardiovascular findings began to be increasingly reported

after Cabeen et al. reported mitral valve prolapse and
conduction abnormalities in a patient with a then (1977)
diagnosis of type III EDS.5 In 1980, Leier et al. reported
on cardiac defects in 19 patients with types I (classical) and

III (hypermobile) EDS, with mitral and/or tricuspid
valve prolapse being the most common finding, followed
by aortic dilation.6 Subsequently, studies have been
discrepant as to the presence and/or degree of cardiovas-
cular involvement.7–10 In light of the prior studies, (Table 1)
the most recent diagnostic guidelines for hypermobile EDS
include aortic root dilation and mitral valve prolapse as
criteria in the diagnosis.1

The experience in our large, pediatric connective tissue
disorder program led us to question the degree of cardiovas-
cular involvement in patients with either classical EDS
(cEDS) or hypermobile EDS (hEDS). Given that previous
studies were performed prior to the development of the
current nosology and diagnostic criteria, and identification of
the cardiac–valvular form of EDS,1 we hypothesized those
studies might have incorrectly classified some patients as
having either cEDS or hEDS, thus falsely elevating the
prevalence of cardiovascular involvement. In this study,
utilizing strict adherence to current diagnostic criteria for
cEDS and hEDS, we sought to determine the prevalence of
structural cardiovascular abnormalities in cEDS or hEDS
patients evaluated at our institution.
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MATERIALS AND METHODS
Subjects
We performed a retrospective review of the electronic medical
record from January 2014 through April 2019 for all patients
at Lucile Packard Children’s Hospital Stanford who were
clinically suspected to have either cEDS or hEDS (Fig. 1). Our
inclusion criteria were: (1) patients met cEDS or hEDS
diagnostic criteria based on the 2017 guidelines,1 and (2)
patients had undergone an echocardiogram as part of their
clinical evaluation. Two subjects were excluded based on a
subsequent identification of a more severe syndrome (one
with spondylodysplastic EDS, and one with an FLNA variant
associated with periventricular nodular heterotopia, which is

no longer considered a form of EDS based on the 2017
guidelines). An additional subject was excluded due to
additional severe non-EDS phenotypes who was recom-
mended to undergo exome analysis. One subject was excluded
due to the presence of double outlet right ventricle, a form of
complex congenital heart disease with a known association
with aortic dilation. Two additional subjects were excluded
due to lack of echocardiogram images available for review.
The remaining potential subjects were excluded based on
lack of evidence to satisfy the 2017 criteria for a diagnosis of
cEDS or hEDS, including patients whose clinical features were
more compatible with a diagnosis of hypermobility spectrum
disorder.

Ethics statement
This study was reviewed and approved by the Stanford
University Institutional Review Board.

Analysis of echocardiograms
The study echocardiograms were reviewed by two indepen-
dent pediatric cardiologists with advanced training in
echocardiography (E.S.S.T. and R.T.C.). In accordance with
the guidelines of the American Society of Echocardiography,
aortic dimensions were measured at the annulus, sinus of
Valsalva (aortic root), sinotubular junction, and ascending
aorta on parasternal long-axis images from inner edge to
inner edge during systole.11 Absolute measurements of the
aorta in combination with patient age, height, and weight
were used to calculate Z-scores in the Boston Z-score
database.12 We also assessed the echocardiograms for valvular
abnormalities, including stenosis, regurgitation, redundancy,
and prolapse. Interreader variability for the study echocardio-
graphic measurements was <10%. Measurements were made
on the initial echocardiogram for all subjects. For subjects
with multiple serial echocardiograms, these were reviewed for
any change in the Z-scores of aortic measurements or valvular
dysfunction.

RESULTS
A total of 532 pediatric patients with a suspected diagnosis of
cEDS or hEDS were evaluated at our institution during the 5-

Table 1 Review of prior studies of aortic dilation and/or mitral valve prolapse in patients with cEDS and hEDS.

Study Number of patients Age (years) Aortic dilation Mitral valve prolapse

Leier et al.6 19 12 to 59 5/19 (26%) 15/19 (80%)

Wenstrup et al.10 71 1 to 60 20/71 (28%) Not reported

McDonnell et al.8 38 12 to 60 5/38 (13.2%) 1/38 (2.6%)

Atzinger et al.9 213 1 to 52 23/213 (10.8%) 15/213 (6.0%)

Ritter et al.15a 325 2.5 to 52.5 46/325 (14.2%) Not reported

Asher et al.16 209 31.8 ± 12.3 3/189 (1.6%) 13/209 (6.4%)

Rauser-Foltz et al.24 224 12.1 ± 9.0 7/224 (3.1%) 3/224 (1.3%)

Current study 95 13.4 ± 4.4 2/95 (2.1%) 4/95 (4.2%)

Composite 1194 1 to 60 111/1174 (9.5%) 51/798 (6.4%)
cEDS classical Ehlers–Danlos syndrome, hEDS hypermobile Ehlers–Danlos syndrome.
aStudy included 163 patients who were in the study of Atzinger et al.,16 which likely impacts prevalence estimates.

532 patients clinically
suspected to have

hEDS or cEDS

Excluded:
437 patients who did

not meet 2017
diagnostic criteria

98 patients with EDS
(86 hEDS and 12

cEDS)
Excluded:

2 patients without
echocardiograms, 1
patient with double-
outlet right ventricle

95 patients in study
cohort with EDS and
an echocardiogram

Pediatric patients
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Hospital Stanford
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Fig. 1 Study cohort selection. cEDS classical Ehlers–Danlos syndrome,
hEDS hypermobile Ehlers–Danlos syndrome.
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year study period. After excluding patients who did not meet
2017 EDS diagnostic criteria, had alternative diagnoses, had
potentially confounding congenital heart disease, or did not
have echocardiogram images available for review, the study
cohort consisted of 95 subjects (73/95 female, 76.8%) with a
confirmed diagnosis of either cEDS (12/95, 12.6%) or hEDS
(83/95, 87.4%). The mean patient age at the time of the
echocardiogram was 13.4 ± 4.4 years.

Aortic dimensions
All 95 subjects with cEDS or hEDS in our cohort had at least
one echocardiogram for review. Follow-up echocardiograms
were available in 29/95 (30.5%). Table 2 reports the aortic
Z-scores in study subjects with cEDS or hEDS. As shown in
Fig. 2, we observed a roughly normal distribution of aortic
measurements, similar to that of the general population, with
rare measurements exceeding a Z-score of 2. One subject had
aortic root enlargement (Z-score= 2.36), which notably
normalized on follow-up echocardiograms. One subject had

mild ascending aorta dilation (Z-score= 2.52) in the setting
of bicuspid aortic valve, a known association.13 Additionally,
as demonstrated in Fig. 3, aortic dimension Z-scores showed
no relationship to age.

Valvular assessment
Eleven patients (11.6%) had trivial-to-mild abnormalities of at
least one cardiac valve (Table S1). Only one of the valvular
abnormalities in the study cohort—the incidental finding of
bicuspid aortic valve—would be expected to need ongoing
cardiological follow-up.

DISCUSSION
Following stringent adherence to the 2017 diagnostic criteria
for cEDS and hEDS, and relying on expert review of the
echocardiographic images instead of chart review, we have
shown that cardiovascular involvement in pediatric patients is
rare, not of hemodynamic significance, and is generally not of
a type that necessitates ongoing cardiovascular follow-up.
Additionally, we found the majority of those patients with
suspected cEDS and hEDS do not meet diagnostic criteria for
EDS. Our results indicate that patients with confirmed or
suspected cEDS and hEDS do not warrant cardiac evaluation
unless there are clinical symptoms or a family history of
aortopathy.
We did not find any clinically significant aortic abnorm-

alities in our study cohort. While there were two patients who
had evidence of mild aortic dilation, there are two important
considerations to be made. The determination of aortic
dilation is based on the statistical construct of Z-scores. In any
population with a normal distribution of aortic diameters, we
expect there to be 2.3% of that cohort whose aorta exceeds
two standard deviations above the mean of zero. As such, in a
study group of 95 subjects with a normal distribution, we
would expect two subjects to have a Z-score above the
“normal” maximum cutoff of 2, which is consistent with what
we found. Additionally, one of our subjects had a bicuspid
aortic valve, which is known to be accompanied by ascending
aorta dilation, most often of a mild degree, in pediatric
patients.13 Therefore, our findings of aortic dilation in only
two subjects is no different from that in the general
population.
The strength of the association of aortic dilation with cEDS

and hEDS is questionable. This association was first reported
by Leier et al. in their 1980 study of 19 patients; six of whom
had aortic dilation, two of which were in the presence of a
bicuspid aortic valve.6 A subsequent case series reported
aortic dilation in five patients with cEDS and hEDS.14 More
recently, in the largest study to date of 325 patients evaluated
at Cincinnati Children’s Hospital Medical Center, which
included patients from two prior studies9,10 in addition to new
patients, Ritter et al. reported a prevalence of 14% for aortic
dilation with a Z-score ≥2. In that study, 5.5% had an aortic
Z-score ≥3.15 Similar to our results, the authors found there
was no increase in the aortic Z-scores over time; in fact, they
found the aortic Z-scores decreased over time. Further, the

Table 2 Echocardiographic findings in patients with classical
or hypermobile Ehlers–Danlos syndrome (EDS).

Classical

EDS (n= 12)

Hypermobile

EDS (n= 83)

Overall

(n= 95)

Aortic valve

annulus Z-score

0.71 (0.65) −0.44 (1.23) −0.29 (1.23)

Aortic root Z-

score

0.24 (0.79) −0.27 (0.97) −0.20 (0.96)

Sinotubular

junction Z-score

−0.16 (0.64) −0.53 (0.95) −0.49 (0.93)

Ascending aorta

Z-score

−0.25 (0.88) −0.53 (0.99) −0.49 (0.98)

Date presented as mean (standard deviation).

-4 -2 0 2 4

Ascending Aorta

Sinotubular Junction

Aortic Sinus

Aortic Valve

Z-Score

Fig. 2 Z-score calculations for aortic dimensions for patients with
classical and hypermobile Ehlers–Danlos syndromes (cEDS/hEDS). Z-
scores were calculated using the Boston Z-score methodology for the aortic
valve annulus, aortic sinus of Valsalva (aortic root), sinotubular junction, and
ascending aorta. All parameters show a roughly normal distribution around
a mean (solid lines) slightly less than zero, indicating there is no significant
difference between cEDS/hEDS patients and the general population.
Of note, one of the two patients with an ascending aortic Z-score >2 had a
bicuspid aortic valve, which is known to be associated with ascending
aorta dilation.
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authors reported significant variance in the aortic Z-score
depending on which Z-score database was used for the
calculations. The investigators determined that “routine
echocardiograms may not be warranted for pediatric patients
with hEDS.” Asher et al. arrived at a similar conclusion in
their study of 209 adults with hEDS.16 The investigators found
aortic root dilation in 1.6% of patients, consistent with the
expected prevalence in the general population. Additionally,
none of the patients in their study had aortic dilation of a size
to necessitate intervention. Those authors concluded routine
echocardiograms to assess for aortic root dilation “may not be
necessary unless warranted by presence of symptoms or
family history.” Lastly, the recent study by Rauser-Foltz et al.
identified aortic enlargement in none of the 208 pediatric
patients with hEDS in their cohort. Thus, our findings
regarding the aorta and the lack of significance of dilation in
the setting of cEDS and hEDS are consistent with those of
prior recent investigators, and our results are backed by the
strength of strict adherence to the 2017 diagnostic criteria.
Aortic dilation is a common feature in multiple connective

tissue disorders, such as Marfan syndrome (MFS),17

Loeys–Dietz syndrome (LDS),18 and 7q11.23 duplication
syndrome,19 and represents a leading cause of morbidity
and mortality for several. Given the commonality of aortic
dilation in patients with connective tissue disorders, since
EDS represents the most common connective tissue disorder,

the suspicion that aortic involvement might be present in
patients with EDS is understandable. However, the underlying
biochemical pathological etiologies of disorders like MFS and
LDS are entirely different from those of EDS. In both MFS
and LDS, the underlying pathophysiologic mechanisms are
related to abnormalities in TGF-β signaling, which impacts
the integrity of the aortic wall resulting in aortic dilation.20,21

Conversely, cEDS and hEDS result from known or presumed
genetic variants that impact the structure and function of
collagen, including reduced levels of Tenascin-X, a protein
involved in collagen fibrillogenesis, in patients with
hEDS.1,22,23 Therefore, with varying underlying biochemical
mechanisms affecting entirely different structural proteins,
similar impacts on the aorta should not be assumed or
expected.
Our results clearly demonstrate that aortic dilation is not a

part of the clinical picture in cEDS and hEDS, as it did not
occur more frequently than would be expected in the general
population. Additionally, it is important to highlight that
there was no correlation between patient age and aortic Z-
scores in our cohort, even during the period of rapid growth
velocity typically seen during puberty. This is in contrast to
what is observed in patients with MFS and LDS, where aortic
dilation increases with age. This reiterates the dissimilarity in
aortic pathology between MFS or LDS and cEDS or hEDS.
Further, prior studies have shown that patients with cEDS or
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Fig. 3 Lack of association of patient age and aortic Z-scores. In many connective tissue disorders with aortic involvement, the aortic enlargement is
often apparent and more rapidly progressive during puberty. Here, we show that classical Ehlers–Danlos syndrome (cEDS) and hypermobile Ehlers–Danlos
syndrome (hEDS) patients who have reached late adolescence do not have higher aortic Z-scores compared with younger patients.
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hEDS who have normal aortas in childhood do not develop
aortic dilation in adulthood,9 another important distinction
from patients with MFS or LDS.17

Mitral valve prolapse was neither overly common nor
particularly striking in our study cohort. Only four subjects
had greater than trivial mitral valve prolapse, all of which
were mild, and mitral regurgitation of greater than trivial
severity was identified in only one subject. Our results are
similar to those of other investigators. Rauser-Foltz et al.
recently reported mitral valve prolapse in 1.3% of patients
with confirmed or suspected hEDS and cEDS.24 In their study
of 252 patients, Atzinger and colleagues reported mitral valve
prolapse in 6% of patients, only one of which was greater than
mild in severity.9 This prevalence was similar to the 6.4%
reported by Asher et al. in their study of adults.16 Based on
our results and some of these prior studies, mild mitral valve
prolapse appears to be slightly more prevalent in cEDS and
hEDS than the reported 2.4% in the general population.25

However, none of these studies have reported mitral valve
prolapse of clinical significance. Thus, routine echocardio-
grams to assess for the presence of mitral valve prolapse do
not appear to be of clinical benefit in patients with cEDS
or hEDS.
Though our study has multiple strengths and important

conclusions, there are limitations to the study that must be
considered. This study was a retrospective review and is subject
to the limitations inherent in such a design. By adhering strictly
to the 2017 diagnostic criteria, we removed over 80% of patients
in our institution who were suspected to have either cEDS or
hEDS, which may have resulted in differences in the prevalences
we report when compared with other studies. A similar loss of
those diagnosed with cEDS and hEDS was reported by Asher
et al. who found a 90% decrease in those diagnosed with hEDS
after the introduction of the 2017 diagnostic guidelines.16

However, our goal was to characterize the cardiovascular
findings in patients with a confirmed diagnosis of either cEDS
and hEDS. Therefore, we see this as less of a limitation and
more of a strength of the study. Additionally, we suspect that if
the 2017 diagnostic criteria were applied to the subjects from
other studies, as was the case in the study by Asher and
colleagues, there would be a dramatic decline in the reported
prevalence of aortic enlargement or valvular abnormalities. We
did not have longitudinal follow-up echocardiograms in many
of the study subjects, which could impact our conclusions about
the lack of evidence supporting echocardiograms. Our clinical
approach is not to perform follow-up echocardiograms in
patients who do not have cardiovascular abnormalities. Never-
theless, our findings are in alignment with multiple studies that
have had a greater degree of longitudinal follow-up, including
the study by Asher et al. in adults.16 Finally, our cohort included
only 12 subjects with cEDS, which may limit the generalizability
of our findings. Our finding that 0/12 cEDS subjects had aortic
dilation is in contrast to the recent report by Rauser-Foltz et al.,
who found that 7/16 pediatric cEDS subjects in their study had
aortic dilation, although notably three of those patients also had
bicuspid aortic valve.24 This discrepancy may be, in part, due to

the small sample size in both studies, necessitating future
multicenter studies to clarify the prevalence of aortic involve-
ment in cEDS.
In conclusion, aortic dilation and/or valvular abnormalities

are uncommon in pediatric patients with cEDS or hEDS, and
when present they are not of clinically significant severity.
None of the patients in our cohort with or without mild aortic
or valvular anomalies required medication therapy or surgery,
and none have had any cardiovascular events. When
considered in the context of prior studies, our data suggest
that routine echocardiographic evaluation is unwarranted
for patients with cEDS or hEDS. Rather, complete cardiovas-
cular evaluation, including imaging, should be limited to
patients with concerning clinical symptoms, a family history
of aortic enlargement or dissection/rupture, or for whom the
diagnosis could potentially be another form of EDS such as
cardiac–valvular or vascular EDS.

SUPPLEMENTARY INFORMATION
The online version of this article (https://doi.org/10.1038/s41436-
020-0856-8) contains supplementary material, which is available
to authorized users.
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