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1  | INTRODUC TION

Ehlers‐Danlos (EDS) is a group of heritable connective tissue dis‐
orders.1 Despite some overlapping minor clinical features, namely 
joint hypermobility, skin hyperextensibility, and tissue fragility, major 
cardiovascular features are limited to only one or two of six major 
subtypes.1,2 While this may be well known to those routinely pro‐
viding care to these patients, a single eponym for multiple distinct 

disorders requiring different management strategies provides a 
great deal of confusion for patients and providers alike.

Hypermobile Ehlers‐Danlos syndrome (hEDS) is a commonly 
diagnosed disorder devoid of significant cardiac complications.3 
While the overall prevalence of all types of EDS is estimated at 1 
in 5000 persons worldwide, more than 90% of these patients will 
have hEDS.4 The diagnosis of hEDS is clinical as there is no confir‐
matory laboratory test. In contrast to hEDS, the vascular form of 
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Abstract
Objectives: This study assessed the frequency and utility of echocardiographic  
examination in patients with all forms of Ehlers‐Danlos syndrome and sought to iden‐
tify clinical variables associated with an abnormal echocardiogram.
Design/setting: This was a retrospective study of all patients carrying a diagnosis of 
Ehlers‐Danlos syndrome of any type who were evaluated by a pediatrician or pediatric  
subspecialist at a single tertiary medical center with an affiliated children’s hospital  
during the period January 2013 to December 2018.
Patients: Chart review was performed on all patients carrying a diagnosis of Ehlers‐
Danlos syndrome in the electronic medical record.
Outcome Measures: Data from genetics examination, cardiovascular examination 
where applicable, genetic test results when available, and echocardiography were 
recorded.
Results: Of 262 patients identified, echocardiography and cardiac evaluation were 
common occurring in 90% and 50% of patients with any form of Ehlers‐Danlos 
syndrome. Cardiovascular complications occurred in 50% of patients with vascular 
Ehlers‐Danlos syndrome but echocardiography was normal in all. Aortic dilation was 
common in classic Ehlers‐Danlos syndrome but absent in hypermobile Ehlers‐Danlos 
syndrome. Mitral valve prolapse and bicuspid aortic valve occurred at the same inci‐
dence as the general population. Cardiac symptoms were present in 12% but did not 
correlate with abnormal cardiac structure. Presentation with symptoms of musculo‐
skeletal pain was inversely related to the presence of cardiac pathology.
Conclusions: In light of the absence of cardiac pathology in patients with hypermo‐
bile Ehlers‐Danlos syndrome, routine cardiac evaluation and echocardiography are 
not required for patients with hypermobile Ehlers‐Danlos syndrome.
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Ehlers‐Danlos syndrome (vEDS) is quite rare with a prevalence of 
1/50 000 and is associated with significant morbidity and mortality.2 
While the diagnosis of vEDS can be suspected on the basis of clinical 
features, it is confirmed with genetic testing showing a COL3A1 mu‐
tation.4 Patients with vEDS have characteristic facial features, and 
generalized hypermobility is not a mainstay of the diagnosis.2

The role of cardiac evaluation and echocardiography in assessing 
patients with hEDS has been historically unclear1 but contemporary 
data notes no associated structural cardiac pathology of significance 
in these patients.5 We sought to determine whether this data were 
reflected in current practice patterns by assessing the frequency 
of cardiac referral and echocardiography in patients with EDS. In 
addition we sought to ascertain whether echocardiography was of 
any additional value to standard history and examination in these 
patients.

2  | METHODS

An IRB approved retrospective chart review was performed. Clinical 
and echocardiographic databases were reviewed and all patients 
with a confirmed or suspected diagnosis of Ehlers‐Danlos syndrome 
of any type seen during the period January 2013 to December 
2018 were identified. Variables extracted from the clinical records 
included age, gender, primary symptom, Beighton score, type of 
Ehlers‐Danlos suspected, family history of aneurysm, genetic testing 
results where applicable, subspecialty type of provider referring to 
cardiology, cardiovascular exam findings, and final clinical diagnosis 
if different than suspected diagnosis prior to cardiac evaluation.

Echocardiograms were reviewed and the following recorded: 
age(s) at echocardiogram, specialty of provider ordering the study, 
number of studies per patient, presence or absence of aortic dilation 
defined as a z score > 26 presence or absence of valvar pathology 
and presence or absence of other significant findings defined as 
echocardiographic findings requiring a follow‐up study. Aortic di‐
mensions were taken in the parasternal long axis view in systole and 
obtained inner edge to inner edge.7 In those patients with Ehlers‐
Danlos who had repeat echocardiography, progression, or normal‐
ization of aortic dilation was tracked over time.

Patients were grouped into those with classic, hypermobile, vas‐
cular, or other types of EDS based on clinical documentation at the 
time the initial referral was made for cardiology evaluation and/or 
echocardiography. Patients were excluded if there was insufficient 
documentation to ascertain the type of EDS suspected or if they had 
an unrelated congenital cardiac defect that required ongoing cardiac 
care and imaging. Data from these patients were excluded so as to 
not inflate the prevalence and utilization data. Final diagnosis after 
cardiac evaluation ± echocardiography, was noted and differences 
from preliminary diagnosis explored.

Descriptive statistics were represented as means with standard 
deviations and medians with ranges as appropriate. The following 
factors were explored as possible clinical correlates of an abnormal 
echocardiogram: presence of a family history of aneurysm, abnormal 

cardiac examination, Beighton score, age, gender, presenting symp‐
tom, and EDS type at cardiac referral. T test, Chi square analyses and 
Fisher’s exact test were used to assess differences between clinical 
variables for those with a normal vs abnormal echocardiogram as 
appropriate.

3  | RESULTS

A total of 262 patients from 223 families were diagnosed with 
some type of EDS during the 6 year study period at a mean age of 
12.1 ± 9.0 years. There were 97 males and 165 females. Of those, 
four patients were excluded for unrelated cardiac pathology requir‐
ing periodic echocardiography including four with chemotherapy‐
induced cardiomyopathy, one with myocarditis, one with a large 
secundum atrial septal defect, and one with atrioventricular septal 
defect. Clinical ± echocardiographic data were reviewed on the re‐
maining 258 patients of whom 236 (91%) were suspected of having 
hEDS, 16 classic EDS, 4 vEDS and 2, another form of EDS (1 ky‐
phoscoliotic and 1 dermatospraxis).

Of 258 patients, cardiac evaluation was performed in all patients 
with classic and vascular EDS as well as 120 of 236 (51%) patients 
suspected of having hypermobile EDS. A family history of aortic an‐
eurysm ± dissection was present in 19 families. Abnormal cardiovas‐
cular examination was present in 8 of 120 (6%) patients. The primary 
presenting complaint included asymptomatic hypermobility in 80, 
diffuse pain in 44, skin abnormalities in 31, joint dislocations in 17, 
positive family history of EDS in 12, dizziness/presyncope in 11, pal‐
pitations in 6, dysmorphia in 3, ocular abnormalities in 3, hypotonia 
in 2, vascular complication in 2, other in 13 and unknown in 34. No 
subjects were diagnosed with reflex sympathetic dystrophy/com‐
plex regional pain syndrome. The primary complaint in 30 patients 
(12%) was cardiac in origin.

Genetic testing was performed in 74 of 262 patients (28%) sus‐
pected of having any form of EDS. Results in those with a presumed 
diagnosis of EDS other than hEDS included the following pathogenic 
variants: COL3A1 mutation in four, a homozygous PLOD1 mutation 
in one, CHST14 mutation in one, and COL5A1 mutation in seven. In 
those suspected of having hEDS, the following pathogenic variants 
or variants of uncertain significance were found: OPA1 in one, FBN5 
in one, MYLK in two families, COL9A1 in one, COL 11A1 in four fami‐
lies, COL1A1 in one, TNXB in two families and MT‐RNR in one.

A total of 315 echocardiograms were performed over the 6 year 
study period with an average of 1 (1‐6) study per patient. All but 28 
of 236 (11%) with hEDS underwent echocardiography as did all pa‐
tients with other forms of EDS. The frequency of echocardiographic 
assessment was significantly different between those with vEDS vs 
classic EDS vs hEDS (4 [1‐6] vs 2 [1‐6] vs 1 [0‐5], F = 26.1, P < .0001). 
Despite a normal first echocardiogram, 44 (18%) patients with hEDS 
underwent at least one additional echocardiogram during the study 
period.

Echocardiographic abnormalities were identified in 17 (6%) pa‐
tients undergoing echo for an initial suspicion of any form of EDS. 
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Abnormalities included aortic dilation in 12 (4%), mitral valve pro‐
lapse with mild mitral insufficiency in 3, patent ductus arteriosus in 
1, and bicuspid aortic valve in 3 patients (2 of whom had associated 
aortic dilation). Echocardiographic findings per confirmed type of 
EDS are shown in Table 1.

Of four patients with vEDS, all had normal serial echocardio‐
grams. The single patients with the kyphoscoliotic and musculocon‐
tractural forms of EDS both had aortic dilation. Mild to moderate 
aortic dilation was also seen in 7 of 16 patients (43%) with classic EDS. 
Four patients initially suspected to have hEDS, but subsequently ge‐
netically confirmed to have a different disorder (mitochondrial my‐
opathy in two, MYLK familial thoracic aortic aneurysm syndrome in 
one, and cutis laxa in one) had mild aortic dilation. After excluding 
patients with positive genetic testing for other disorders, there were 
no patients with hEDS with aortic dilation. Cardiovascular complica‐
tions occurred in six patients in our cohort—two with vEDS and four 
with classic EDS (cEDS). One patient with vEDS developed a sponta‐
neous coronary artery branch rupture and carotid artery dissection 
and the other developed a spontaneous iliac artery and radial artery 
dissection. Two patients with cEDS and bicuspid aortic valve devel‐
oped significant aortic dilation requiring surgical intervention with 
ascending aortic replacement, and two patients with cEDS required 
surgical intervention for peripheral arterial aneurysm ruptures—one 
in the popliteal artery and the other in the superior mesenteric ar‐
tery. No patient with hEDS developed a cardiovascular complication.

In the hEDS cohort, which represented the vast majority of the 
patients, echocardiograms were primarily ordered by pediatricians 
(45%), cardiologists (33%), geneticists (10%), rheumatologists (5%), 
and other providers (7%).

In addition to cEDS, the only other predictors of an abnormal echo‐
cardiogram in the entire cohort included family history of aneurysm 
(47% vs 4%, P < .001), and abnormal cardiac examination (85% vs 5%, 
P < .001). Patients whose primary symptom was pain were less likely to 
have an abnormal echo than those without pain (0% vs 20%, P = .008).

4  | DISCUSSION

hEDS is a common disorder not associated with aortic dissection.3 
We found substantial utilization of echocardiography in patients with 
suspected hEDS with our center performing close to 300 normal 

echocardiograms in patients over the 6 year period. As previously dem‐
onstrated we found that patients with hEDS did not have significant, or 
any, aortic disease once other genetic conditions were ruled out. The 
impetus for testing in these patients comes from patients and physi‐
cians alike. The name EDS invokes concern given the eponym’s asso‐
ciation with lethal vascular pathology. To further confuse matters the 
2017 hEDS diagnostic guidelines1 now include aortic root dilation as a 
supportive feature for a diagnosis of hEDS despite the lack of evidence 
for significant aortic pathology in these patients. At present, there are 
no published reports of thoracic aortic aneurysms requiring surgical 
intervention or aortic dissection occurring in patients with hEDS.

We found that over 10% of patients with hEDS present with car‐
diac symptoms and thus are likely to have some interaction with a 
pediatric or internal medicine cardiologist. As such, it is important 
that cardiologists are well versed in the various types of Ehlers‐
Danlos syndrome in order to allow for appropriate testing.

Perhaps somewhat surprising, none of the patients with vEDS had 
an abnormal echocardiogram during the course of follow‐up. This is 
consistent with the literature. Despite the high risk of vascular dis‐
section the majority of patients with vEDS will not have aortic root 
dilation on imaging studies.8 Aortic aneurysms may occur anywhere 
throughout the vascular tree and dissection may occur in the absence 
of aneurysm formation. Because echocardiography only visualizes a 
small portion of the arterial tree, it is not an adequate tool for surveil‐
lance of these patients and may provide false reassurance.

The incidence of bicuspid aortic valve found in this study (1%) as 
well as that of mitral valve prolapse are in keeping with previously 
reported statistics for the general population.9-12

We found a relatively high incidence of mild to moderate aortic 
dilation in patients with cEDS. Aortic root dilation aneurysms and 
branch vessel aneurysms have been previously reported in this dis‐
order13-15 albeit less commonly than in vEDS. We also found branch 
vessel aneurysms in these patients as young as adolescence—one 
with a superior mesenteric artery aneurysm with dissection and 
one with a popliteal artery dissection. Both patients presented with 
symptoms and successful surgical intervention was performed. 
Surveillance methods for these patients have not been established.

In light of our findings and those of other large studies assess‐
ing the results of echocardiographic evaluation in patients with EDS, 
it appears that echocardiography may play a role in the following 
patients with hEDS: patients with a positive family history for aneu‐
rysms or abnormal auscultatory examination, particularly in those 
who do not have pain as their primary symptom. For the vast major‐
ity of patients with hEDS, echocardiography adds little value above 
and beyond a careful history and examination. Educational efforts 
should be made to highlight the differences between hEDS and the 
other forms of EDS which can be associated with cardiac pathology. 
If significant aortic dilation is seen in a patient with a diagnosis of 
hEDS, other causes of aortic dilation should be thoroughly inves‐
tigated. In contrast, echocardiography remains an important diag‐
nostic tool for patients with cEDS and vEDS. Unfortunately, without 
a distinct name change, uncertainty is likely to persist and result in 
continued misuse of clinical resources.

TA B L E  1   Echocardiographic Findings by final diagnosis of 
Ehlers‐Danlos syndrome type

Diagnosis hEDS cEDS vEDS Other EDS

Mitral valve 
prolapse

2/208 1/16 0/4 0/2

Bicuspid Aortic 
Valve

0/208 3/16 0/4 0/2

Aortic Dilation 0/208 7/16 0/4 2/2

Abbreviations: cEDS, classic Ehlers‐Danlos syndrome; hEDS, hypermo‐
bile Ehlers‐Danlos syndrome; vEDS, vascular Ehlers‐Danlos syndrome. 
Other EDS included type kyphoscoliotic and dermatospraxis.
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