
Original Article

Cardiac diagnoses, procedures, and healthcare utilisation in
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Abstract Introduction: Ellis–van Creveld syndrome is a rare condition associated with a very high incidence of
congenital malformations of the heart. Prior reports have suggested increased morbidity and mortality following
surgery for congenital malformations of the heart in patients with Ellis–van Creveld syndrome. Materials and
methods: The Pediatric Health Information System database, an administrative database containing data from
43 free-standing paediatric hospitals in North America, was queried to search for patients with the diagnostic
code for Ellis–van Creveld syndrome between 2004 and 2011. Those patients who underwent cardiac procedures
were compared with those who did not with respect to measures of healthcare utilisation. Results: A total of
138 admissions occurred in 93 patients with Ellis–van Creveld syndrome during the study period. Of these,
74% had an underlying diagnosis of congenital malformations of the heart. Half of the patients in the sample
underwent a cardiac surgical or interventional catheterisation procedure. Patients who underwent a cardiac
procedure had a longer hospital length of stay, higher incidence of intensive care unit admission, and higher total
and per day hospital charges than patients who did not undergo cardiac surgery during admission. Conclusions: In
a large group of inpatients with Ellis–van Creveld syndrome, the prevalence of congenital malformations of the
heart was similar to that reported in prior studies. Cardiac surgical and interventional procedures appear to drive a
substantial portion of healthcare utilisation in these patients.
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ELLIS–VAN CREVELD SYNDROME (ONLINE MENDELIAN

Inheritance in Man 225500), also known as
chondroectodermal dysplasia, is a rare auto-

somal recessive disorder with cardiac, skeletal,
dermatologic, gastrointestinal, and respiratory mani-
festations.1 Although quite rare in the general
population (1 in 20,000 births), its incidence is
much more common in Amish populations because
of founder effect and concentration of the recessive
gene in a closed society.2 First described in 1940,3

the Ellis–van Creveld syndrome is well known to

have a high incidence and prevalence of congenital
malformations of the heart. Approximately 60–70%
of patients with Ellis–van Creveld syndrome are
affected with significant congenital malformations of
the heart, with atrial, ventricular, and atrioventricu-
lar septal defects, common atrium, and abnormalities
of the pulmonary and systemic veins most commonly
encountered.2,4,5 Cognitive development is normal,
and premature mortality beyond infancy is unusual.2

Although cardiac surgery is generally offered to
children with Ellis–van Creveld syndrome and
congenital malformations of the heart, relatively high
morbidity and mortality have been demonstrated in
some small, single-centre series.6 The cause of this
excess morbidity and mortality is not entirely clear,
but may involve the additive risk of features specific
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to Ellis–van Creveld syndrome such as thoracic
cage abnormalities, respiratory insufficiency, and an
increased risk of pulmonary hypertension.6 We
sought therefore to investigate measures of morbid-
ity, mortality, and healthcare utilisation in a
contemporary population of patients with Ellis–van
Creveld syndrome cared for in United States
children’s hospitals.

Materials and methods

Following approval by the institutional review board
of the University of Arkansas for Medical Sciences,
data were obtained from the Pediatric Health Infor-
mation System, a large inpatient administrative
database of 43 participating free-standing, tertiary
care children’s hospitals in the Child Health
Corporation of America, a children’s hospital con-
sortium. The Pediatric Health Information System
data include detailed, de-identified information on
each inpatient’s demographics, diagnoses, proce-
dures, medications, and outcomes. Data quality
assurance is ongoing and data from individual hos-
pitals are accepted when classified errors for a given
quarter occur less frequently than a criterion thresh-
old of 2%. The study design was a multi-centred,
retrospective cohort investigation of all patients cared
for in the children’s hospitals within the Child
Health Corporation of America network with an
International Classification of Diseases (9th revision
code), principal or secondary, for chondroectodermal
dysplasia (756.55). Data were limited to the time
period between 1 January, 2004 and 31 December,
2011. For the purposes of this study, information
abstracted from the Pediatric Health Information
System database included demographic data, primary
and secondary diagnoses, primary and secondary
procedures performed, hospital length of stay, use
and duration of mechanical ventilation, and charges
applied to each admission.
To aid in data analysis, both diagnoses and proce-

dures were grouped into the following categories:
infectious, haematology-oncology, endocrine, nutrition
and metabolism, fluid and electrolyte, immunology,
psychiatric and development, neurologic and otolar-
yngologic, cardiovascular, dermatology, pulmonary,
gastroenterologic, renal and genitourinary, gynaecolo-
gic, rheumatologic and orthopaedic, genetic, trauma
and accidental injury, and symptoms.
All data were analysed usingR v2.15.1 (R Foundation

for Statistical Computing, Vienna, Austria). We
hypothesised that patients who underwent any cardio-
vascular surgical or interventional catheterisation
procedure during an admission would have higher
morbidity, mortality, and healthcare utilisation than
patients who did not undergo cardiovascular procedures.

Summary statistics were expressed as mean±
standard deviation and/or median (1st quartile, 3rd
quartile) for continuous variables, and frequency and
percentage for categorical variables. The means of
continuous variables were compared using the mixed
model by taking into account the correlated admis-
sions from the same patient, and the correlated
patients from the same hospital unit. The proportions
of binary variables were compared using the gen-
eralised estimating equations after taking into
account the nested clustering. The length of stay was
considered to be time-to-event outcome, whereas
discharge from the hospital was treated as the event,
and the patients who died during the hospital stay
were censored. Similar analyses were carried out to
assess the difference across years (2004–2011). All
hospital charges are reported in 2011 United States
dollars. p-values< 0.05 were considered to be statis-
tically significant.

Results

Between 1 January, 2004 and 31 December, 2011,
there were 183 admissions in 93 patients with the
diagnosis code for chondroectodermal dysplasia. In
all, 33 hospitals admitted patients with Ellis–van
Creveld syndrome during the study period, repre-
senting 77% of hospitals within the Pediatric Health
Information System sample. A total of 41 (44%)
patients had multiple admissions, with a median of 3
admissions per patient (range 2–8). Demographic
and clinical outcomes data are presented in Table 1.
Of the 93 patients, three (3.2%) expired before dis-
charge; however, data regarding disposition were
missing in 103 admissions (56% of total admissions).
Diagnostic categories and their relative prevalence

for all admissions are displayed in Table 2. All patients
carried the diagnosis code for chondroectodermal dys-
plasia, and were thus classified as having a genetic
diagnosis. The second most commonly encountered
diagnostic category, present in 74% of admissions, was
cardiovascular. Pulmonary and orthopaedic diagnoses
were also commonly encountered, comprising 58%
and 50% of admissions, respectively.
Cardiovascular procedures were performed most

commonly, occurring in 50% of admissions. The
cardiovascular procedures performed most commonly
are listed in Table 3. The most common cardiovas-
cular surgical procedures performed, in descending
order, included repair of endocardial cushion defect,
repair of atrial septal defect, systemic-to-pulmonary
artery shunt, and interatrial baffle of transposed
venous return. No patient was supported with
extracorporeal membrane oxygenation, although one
patient underwent placement of a ventricular assist
device. Pulmonary procedures were performed in

96 Cardiology in the Young January 2015

https://doi.org/10.1017/S1047951113001819 Published online by Cambridge University Press

https://doi.org/10.1017/S1047951113001819


36% of admissions, the majority of which involved
endotracheal intubation and mechanical ventilation.
In all, 27% of the procedures were orthopaedic in
nature, most of which involved lower extremity
reconstructive surgeries.
Hospital charges and length of stay for each diag-

nosis group with stratification by year are displayed
in Table 4. No significant differences in hospital
charges per day and length of stay were noted
between diagnostic groups or study years.
Differences in outcomes between patients who

underwent cardiac surgical or interventional proce-
dures during a single admission versus those who did
not are presented in Table 5 and Figure 1. Patients
who underwent cardiac procedures during hospitali-
sation had significantly higher hospital charges per
day ($17,794± 7869 versus $9801± 6620) and
length of stay (28.9± 38.1 days versus 7.3± 20.5
days) than those whose admissions did not involve
cardiac procedures. In addition, there was a higher
incidence of intensive care unit admission and
mechanical ventilation in patients who underwent a
cardiac procedure. Meaningful analysis of hospital
survival between groups could not be performed
because of the high rate of missing disposition data.

Discussion

To our knowledge, the present study represents the
largest cohort of patients with Ellis–van Creveld
syndrome reported to date in the literature. In this
study, demographic, clinical, and healthcare utilisa-
tion data are presented, with specific analysis of
in-hospital outcome and resource utilisation measures
in those with coexisting congenital malformations of
the heart. Although Ellis–van Creveld syndrome is a
rare diagnosis that tends to be clustered in specific
geographic regions of the United States of America,
an understanding of how the treatment of congenital
malformations of the heart may be different in
individuals with Ellis–van Creveld syndrome is
important, on account of the very high reported
incidence of congenital malformations of the heart.
Our relatively robust sample size (93 patients) allows
for some conclusions and generalisations to be drawn
from this special patient population.
Nearly 75% of the study population carried a

diagnosis of congenital malformations of the heart,
which is consistent with a reported prevalence of
~60–70% in prior reports.2,4,6 Moreover, it was the
most commonly encountered diagnostic category for

Table 1. Demographic and hospital resource utilisation data in patients with Ellis–van Creveld syndrome.

Category Value

Admissions 183
Patients 93
Demographics
Age (years) 5.0± 7.0; 1.4 (0.4, 7.5)
Race
White 67 (37%)
Asian 1 (1%)
Black 7 (4%)
Other 5 (3%)
Missing 103 (56%)

Male 82 (45%)
Clinical data
Hospital length of stay (days) 11.8± 26.6; 4.0 (2.0, 7.0)
Hospital charges ($) 119,477± 251,938; 32,196 (17,083; 92,110)
Hospital charges ($)* 121,468± 253,561; 33,180 (17,458; 93,387)
Charges/day ($) 11,212± 7652; 8914 (5648; 15,273)
Charges/day ($)* 11,399± 7576; 9547 (5714; 15,454)
ICU admission 66 (36%)
Mechanical ventilation 60 (33%)
ECMO 0 (0%)
Operating room 83 (45%)

Disposition
Discharged 75 (41%)
Transferred 2 (1%)
Expired 3 (2%)
Missing 103 (56%)

ECMO= extracorporeal membrane oxygenation; ICU= intensive care unit
Values are presented as count (%) or mean± standard deviation; median (1st quartile, 3rd quartile)
*After excluding charges with “0” value
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the population. The reported incidence of congenital
malformations of the heart in the present study is
likely higher than that in the general Ellis–van Creveld
syndrome population; patients with congenital mal-
formations of the heart will have higher rates of
hospitalisation, and thus will be over-represented in

inpatient database studies such as this one. Interest-
ingly, nearly 20% of patients carried a diagnosis code
reflecting a history of prior surgery for cardiovascular
disease. It is plausible that many of these patients with
a prior cardiac surgical history represent children with
single-ventricle congenital malformations of the heart,
many of whom required staged palliation to a Fontan
procedure; however, the nature of the Pediatric Health
Information System database does not allow for
definitive testing of this hypothesis. This is supported by
the fact that procedure codes for systemic-to-pulmonary
artery shunt, superior cavopulmonary connection
(Glenn), and Fontan procedure were observed in the
Pediatric Health Information System dataset.
Cardiovascular procedures also predominated

among those performed on the patients reported in
this study, with 50% of admissions being associated
with a cardiovascular procedure. Cardiopulmonary
bypass was utilised in half of the admissions with
cardiovascular procedures. Repair of atrioventricular
septal defect was the most common cardiac surgical
procedure performed; however, consistent with the
wide range of heart disease encountered in patients

Table 2. Most commonly encountered diagnostic codes for hospital
admissions in patients with Ellis–van Creveld syndrome (n= 183).

Diagnosis grouping
Frequency
(%)*

Genetic 183 (100)
756.55 – Chondroectodermal dysplasia 183 (100)
259.4 – Dwarfism NEC 15 (8)
V136.9 – History of congenital malformation NEC 10 (5)
V197 – Family history of consanguinity 7 (4)
V195 – Family history of congenital anomalies 5 (3)

Cardiovascular 135 (74)
745.69 – Endocardial cushion defect NEC 43 (23)
745.5 – Ostium secundum type ASD 40 (22)
V151 – History of major cardiovascular procedure 34 (19)
747.0 – Patent ductus arteriosus 30 (16)
746.89 – Other congenital heart anomaly 17 (9)

Pulmonary 107 (58)
518.89 – Other lung disease NEC 24 (13)
518.0 – Pulmonary collapse 20 (11)
518.81 – Acute respiratory failure 18 (10)
748.5 – Agenesis of lung 13 (7)
770.89 – Other respiratory problems after birth 10 (5)

Rheumatologic and Orthopaedic 91 (50)
755.01 – Polydactyly of fingers 33 (18)
755.02 – Polydactyly of toes 12 (7)
736.41 – Genu valgum 12 (7)
756.3 – Rib and sternum anomaly NEC 10 (5)
7183.6 – Recurrent dislocation lower leg 9 (5)

Infectious 77 (42)
466.19 – Acute bronchiolitis due to organism NEC 10 (5)
079.99 – Viral infection NOS 8 (4)
599.0 – Urinary tract infection NOS 8 (4)
486 – Pneumonia organism NOS 8 (4)
V090 –– Penicillin-resistant organism 7 (4)

Gastroenterologic 77 (42)
V441 – Gastrostomy status 33 (18)
530.81 – Oesophageal reflux 24 (13)
779.3 – Newborn feeding problems 5 (3)
578.1 – Blood in stool 4 (2)
558.9 –Non-infectious gastroenteritis NEC andNOS 4 (2)

Neurologic and Otolaryngologic 56 (31)
748.3 – Laryngotracheal anomaly NEC 8 (4)
382.9 – Otitis media NOS 7 (4)
V440 – Tracheostomy status 7 (4)
520.6 – Tooth eruption disturbance 6 (3)
742.3 – Congenital hydrocephalus 5 (3)

ASD= atrial septal defect; NEC= not elsewhere classified; NOS= not
otherwise specified
Diagnostic codes under the categories haematology–oncology,
symptoms, fluid and electrolyte, psychiatric and development, nutrition
and metabolism, trauma and accidental injury, endocrine, immunology,
renal and genitourinary, and gynaecologic were not included in this
table because of their relative infrequency of occurrence
*Patients may have had more than one diagnosis

Table 3. Interventional and surgical cardiac procedures (n= 137).

Procedure
Frequency
(%)

Cardiovascular, any type 68 (50)*
39.61 – Cardiopulmonary bypass 34 (25)
35.63, 35.54, 35.73 – Repair AVSD 19 (14)
35.12 – Open mitral valvuloplasty 10 (7)
35.51, 35.61, 35.71 – Repair ASD 9 (7)
39.0 – Systemic-to-pulmonary artery shunt 4 (3)
35.91 – Interatrial transposition of venous return 3 (2)
39.21 – SCV-to-pulmonary artery anastomosis 2 (1)
35.96 – Percutaneous balloon valvuloplasty 2 (1)
37.33 – Open ablation of heart tissue (Maze) 2 (1)
37.49 – Other repair of heart/pericardium 2 (1)
35.14 – Open tricuspid valvuloplasty 2 (1)
38.34 – Incision, excision, and occlusion of vessels 2 (1)
34.03 – Reopen thoracotomy site 1 (1)
35.11 – Open aortic valvuloplasty 1 (1)
35.42 – Create heart septal defect 1 (1)
35.82 – Total repair of TAPVC 1 (1)
35.94 – Fontan procedure 1 (1)
35.95 – Heart repair revision 1 (1)
36.99 – Heart vessel operation NEC 1 (1)
37.11 – Cardiotomy 1 (1)
37.12 – Pericardiotomy 1 (1)
39.54 – Aorta re-entry operation 1 (1)
39.64 – Intra-operative (temporary) pacemaker 1 (1)
86.07 – VAD insertion 1 (1)

ASD= atrial septal defect; AVSD= atrioventricular septal defect;
NEC= not elsewhere classified; NOS= not otherwise specified;
SCV= superior caval vein; TAPVC= total anomalous pulmonary
venous connection; VAD= ventricular assist device
*The listed procedures do not sum to the total number of procedures, as
patients may have had more than one procedure performed

98 Cardiology in the Young January 2015

https://doi.org/10.1017/S1047951113001819 Published online by Cambridge University Press

https://doi.org/10.1017/S1047951113001819


with Ellis–van Creveld syndrome, surgical proce-
dures such as repair of atrial septal defect and total
anomalous pulmonary venous return were also
encountered. The performance of the relatively rare
procedure to correct transposed venous return – via
interatrial baffle – in three patients supports the
known association of Ellis–van Creveld syndrome
with systemic and pulmonary venous abnormalities;
furthermore, the performance of this procedure also
supports a clinical link between Ellis–van Creveld
syndrome and heterotaxy syndrome. Similarities
at the molecular genetic level between Ellis–van

Creveld syndrome and heterotaxy syndrome have
been described in several reports.4,7,8 Interventional
catheterisation procedures were uncommon in the
present study, with the most common procedure
being balloon valvuloplasty (valve not specified),
which was performed in only two hospitalisations. As
discussed previously, procedures consistent with an
underlying diagnosis of single-ventricle congenital
malformations of the heart were also encountered,
including systemic-to-pulmonary artery shunt and
superior cavopulmonary connection (Glenn). We
have previously reported the performance of Fontan

Table 4. Hospital length of stay and charges per day according to diagnosis group.

Diagnosis group
Number of
admissions

Total charges
($)

Hospital charges
($)

Length of stay
(days)

Charges per day
($)

Cardiovascular 135 19,953,669 151,164± 289,456 14.2± 30.4 12,212± 7813
Dermatologic 18 2,703,140 150,174± 240,555 17.8± 30.7 7485± 4349
Endocrine 12 1,630,476 135,873± 302,178 14.2± 29.8 11,684± 7625
Fluid and electrolyte 35 11,353,929 324,398± 426,202 31.9± 41 9785± 5413
Gastroenterologic 77 15,301,705 204,023± 359,817 20.4± 38.3 10,760± 7218
Genetic 183 21,864,215 121,468± 253,561 11.8± 26.6 11,399± 7576
Gynaecologic 10 533,918 53,392± 60,940 5.9± 4.2 6796± 5036
Haematology–oncology 36 7,130,068 203,716± 329,536 18.8± 30.7 9933± 5760
Immunology 11 555,385 50,490± 34,221 5.9± 6.2 15,441± 13,440
Infectious 77 15,190,239 197,276± 353,064 20.4± 37.5 9476± 5610
Neurologic and otolaryngologic 56 9,270,191 165,539± 298,457 16± 28.8 11,107± 5757
Nutrition and metabolism 19 3,875,529 215,307± 302,585 21.8± 29.5 10,040± 7806
Psychiatric and development 31 5,952,447 192,014± 352,302 21.5± 38.9 10,534± 7065
Pulmonary 107 19,522,981 182,458± 314,388 17.9± 33.4 11,220± 7255
Renal and genitourinary 10 1,070,864 107,086± 211,712 9.9± 14.4 8211± 4530
Rheumatologic and orthopaedic 91 12,146,370 133,477± 249,977 13.1± 28.9 12,425± 7504
Symptoms 36 5,911,562 164,210± 310,250 16± 30.3 13,147± 10,007
Trauma and accidental injury 19 6,085,972 320,314± 48,4075 29.7± 52.5 13,240± 7796

Table 5. Comparison of outcomes in admissions in which cardiac surgery was performed versus those in which cardiac surgery was not
performed.

Admissions without cardiac surgery Admissions with cardiac surgery p-value

Number of admissions 145 38
Number of patients 79 33
Demographics
Age (years) 5.3± 6.6 3.9± 8.4 0.09
Male 61 (42%) 21 (55%) 0.29

Medical data
Hospital charges ($) 60,488± 150,006 365,386± 400,478 <0.001
Length of stay (days) 7.3± 20.5 28.9± 38.1 <0.001*
Charges per day ($) 9801± 6620 17,794± 7869 <0.001
ICU admission 38 (26%) 28 (74%) <0.001
Mechanical ventilation 29 (20%) 31 (82%) <0.001
ECMO 0 (0%) 0 (0%) na
Operating room 52 (36%) 31 (82%) <0.001

Outcome
Expired 1 (2%) 2 (11%) 0.23
Missing 84 19

ECMO= extracorporeal membrane oxygenation; ICU= intensive care unit
*The three patients who died during the hospital stay were excluded from the comparison for length of stay
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completion in patients with Ellis–van Creveld syn-
drome,6 with one patient in the current report coded
as having undergone a Fontan procedure.
In our previous single-institution report of nine

patients with Ellis–van Creveld syndrome undergoing
cardiac surgery, all patients had respiratory-related
morbidity, with one-third of those undergoing cardiac
surgery noted to have had a tracheostomy performed in
the peri-operative period.6 In the present report, a tra-
cheostomy was coded as present in 7% of admissions; an
additional 4% had a tracheostomy performed during
hospital admission. The aetiology of the discrepancy
between the incidence of tracheostomy in this and
our prior report is uncertain, but may be related to
differences in patient populations and centre-specific
variations in the management of profound respiratory
failure in these patients. Continued evidence of
respiratory-related morbidity in Ellis–van Creveld syn-
drome was seen in the present series, a finding largely
manifested by prolongedmechanical ventilation (≥95 h
of mechanical ventilation). Prolonged mechanical
ventilation was observed in 21% of admissions in
which procedures (of any type) were performed.
Surgery and other interventional therapies for

congenital malformations of the heart is a key driver
of healthcare utilisation in children and adults.9,10

We hypothesised that in patients with Ellis–van
Creveld syndrome, measures of healthcare utilisation
would be significantly higher in those who under-
went cardiovascular procedures during hospitalisa-
tion than in those who did not. In the present study,

total hospital charges, hospital charges per day,
length of stay, incidence of intensive care unit
admission, and the use of mechanical ventilation were
all significantly increased in hospitalisations that
included cardiac procedures. It is clear from the pre-
sent data that cardiovascular procedures significantly
impact hospital charges and length of stay in patients
with Ellis–van Creveld syndrome. As a result of the
high prevalence of incomplete disposition data, the
question of the impact of cardiovascular procedures
on in-hospital mortality could not be answered.
Further investigation will be necessary to determine
whether these measures of healthcare utilisation in
patients with Ellis–van Creveld syndrome differ sig-
nificantly from other children undergoing surgery for
congenital malformations of the heart.

Limitations
This report has several important limitations, fore-
most of which is its retrospective nature. The proper
classifications of medical and anatomic diagnoses by
International Classification of Diseases codes in the
Pediatric Health Information System database are
dependent upon those recorded by the billing phy-
sicians during the hospitalisation and the hospital
billing coders, and the diagnosis of Ellis–van Creveld
syndrome was not independently confirmed. Given
the stringent procedures used for quality assurance of
the data within the Pediatric Health Information
System database, and the fact that the diagnosis code

Figure 1.
Comparison of total hospital charges and hospital charges per day in patients with Ellis–van Creveld syndrome who underwent cardiac
surgical or interventional procedures versus those who did not.
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for Ellis–van Creveld syndrome is very specific, the
likelihood of this making a significant impact on the
findings of the study are limited. Data supplied to
the Pediatric Health Information System database
may not be accurate with respect to diagnoses and
procedures, particularly in patients undergoing
cardiac surgery;11 therefore, inaccuracies and lack of
completeness in diagnoses and procedural classifica-
tions cannot be excluded. Furthermore, the data
within the Pediatric Health Information System
database are not granular enough to examine patient-
specific risk factors and outcomes, which are impor-
tant in rare diagnoses with complex interacting
factors. For example, the severity of the underlying
illness and indications for cardiac surgery are not
available in an administrative database such as the
Pedatric Health Information System. Owing to the
nature of the database, prevalence of the reported
comorbid medical conditions is most likely under-
estimated. The study was conducted using data from
inpatient hospitalisations. Thus, the results of the
study with regard to the prevalence of comorbid
medical conditions may not be applicable to all
patients with Ellis–van Creveld syndrome, especially
those in the outpatient setting. The Pediatric Health
Information System database includes data only from
paediatric hospitals. Therefore, these data may not
translate directly to adults with Ellis–van Creveld
syndrome hospitalised in adult facilities.

Conclusions

In this relatively large sample of inpatient admissions,
patients with Ellis–van Creveld syndrome were
admitted to the hospital for a variety of indications,
with cardiovascular diagnoses and procedures being
the most common. Patients with Ellis–van Creveld
syndrome consumed substantial healthcare resources,
which is indicative of the complex clinical picture
commonly encountered in this patient population. In
patients with Ellis–van Creveld syndrome undergoing
cardiovascular procedures, measures of healthcare uti-
lisation were significantly higher than in those whose
admissions were for other indications and procedures.
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