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How common are extracardiac malformations in patients 

with congenital heart disease?

What type of extracardiac malformations are common in 

patients with congenital heart disease?

What is the effect of extracardiac malformations on 

outcomes after congenital heart surgery?

Extracardiac malformations

• Chromosomal abnormalities

– Trisomies 15, 18, 21

– Turner syndrome

• Recognized patterns of malformations

– DiGeorge syndrome

– VACTERL

– CHARGE

• Extracardiac malformations (single or multiple) without recognized 
pattern of malformation
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Stoll et al. Eur J Med Gen 2015;58:75-85

Egbe et al. Pediatr Cardiol 2014;35:1239-45.

Data from Nationwide 

Inpatient Sample (NIS)

Births 1998-2008

97,154 pts CHD

12,078,482 controls
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Metropolitan Atlanta Congenital 
Defects Program

Live-born and stillborn infants and 
fetuses with CHD

1968-2005

Miller et al. J Pediatr 2011;159:70-8.

Prevalence in Neonates Undergoing CHS (STS)

NC/GA/S NC GA/S Total

AVSD 212 (59%) 28 (8%) 207 (58%) 357

TOF 417 (44%) 73 (2%) 384 (43%) 1383

Other SV 627 (29%) 151 (7%) 527 (25%) 2147

HLHS 294 (11%) 46 (2%) 272 (11%) 2599

TGA 111 (4%) 15 (1%) 101 (4%) 2778

Total 2894 (19%) 479 (3%) 2661 (17%) 15376

Patel et al. Ann Thorac Surg 2016;102:1607-14.

NC: Non-cardiac anatomic abnormalities, GA: Genetic abnormalities, S: Syndromes.
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Prevalence of extracardiac malformations in CHD

• 10-30% of patients with CHD will have associated 

extracardiac malformations

• Prevalence varies depending on the particular CHD 

diagnosis

• The mix between genetic syndromes, recognized patterns, 

and isolated/multiple congenital anomalies differs among 

different series

How common are extracardiac malformations in patients 

with congenital heart disease?

What type of extracardiac malformations are common in 

patients with congenital heart disease?

What is the effect of extracardiac malformations on 

outcomes after congenital heart surgery?
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Egbe et al. Pediatr Cardiol 2014;35:1239-45.

Distribution of extracardiac malformations

Distribution of Non-Syndromic ECM in CHD

Egbe et al. 2014
(N = 11075)

Stoll et al. 2015
(N = 1197)

Miller et al. 2011
(N = 1080) 

Genitourinary 30% 20% 25%

Respiratory 17% 2% 11%

Gastrointestinal 16% 16% 25%

Craniofacial 10% 15% Not specified

Neurologic 9% 10% 19%

Musculoskeletal 11% 18% 35%
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Distribution of ECM at TCH

Extracardiac malformation N (%)

Respiratory / airway 246 (24%)

Neurological 120 (12%)

Genitourinary 110 (11%)

Craniofacial 100 (10%)

Gastrointestinal 97 (10%)

Musculoskeletal 83 (8%)

Others 245 (24%)

Total 1001

How common are extracardiac malformations in patients 

with congenital heart disease?

What type of extracardiac malformations are common in 

patients with congenital heart disease?

What is the effect of extracardiac malformations on 

outcomes after congenital heart surgery?
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STS CHSD Mortality Risk Adjustment Model

O’Brien et al. Ann Thorac Surg 2015;100:1054-62.

• Children’s Healthcare of Atlanta

• 1538 neonates (2002-2012)

• 312 (20%) with ECM

• 263 with genetic anomalies

• 49 with ECM not associated to GA

Alsoufi B et al. Sem Thorac Cardiovasc Surg. 2016; 28(1):105-13
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Alsoufi B et al. Sem Thorac Cardiovasc Surg. 2016; 28(1):105-13

Alsoufi B et al. Sem Thorac Cardiovasc Surg. 2016; 28(1):105-13



2/23/2018

10

Alsoufi B et al. Sem Thorac Cardiovasc Surg. 2016; 28(1):105-13

Effect of Gastrointestinal Malformations

• Retrospective matched cohort study

• All neonates & infants with GI malformations undergoing CHS

Thoracic GI 
Malformations

Abdominal GI 
Malformations

Esophageal Atresia Duodenal stenosis/atresia

Tracheoesophageal

Fistula

Imperforate anus

Hirschprung disease

Mery CM et al. Ann Thorac Surg. 2017; 104:1590-6.
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Gastrointestinal Malformations

• 1:1 or 2:1 variable matching based on:

– Diagnosis

– Primary procedure

– Prematurity (<37 weeks gestation)

– Presence of a genetic syndrome

• Propensity score including weight and year of surgery

Mery CM et al. Ann Thorac Surg. 2017; 104:1590-6.

Gastrointestinal Malformations

• 383 Patients

– Thoracic GI malformations (n=52)

– Thoracic GI controls (n=98)

– Abdominal GI malformations (n=80)

– Abdominal GI controls (n=153)

• Median follow-up: 6 years (16 days – 20 yrs)

Mery CM et al. Ann Thorac Surg. 2017; 104:1590-6.
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Mery CM et al. Ann Thorac Surg. 2017; 104:1590-6.

Thoracic GI Malformations

p=0.06

76%

88%

Mery CM et al. Ann Thorac Surg. 2017; 104:1590-6.
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Abdominal GI Malformations

p=0.95

92%

93%

Mery CM et al. Ann Thorac Surg. 2017; 104:1590-6.

STS Database (2002-2006)

– Stage 1 (n=1,236)

– Stage 2 (n=702)

– Stage 3 (n=553)

CHSS Critical LVOTO (1994-2001)

703 infants that underwent stage 1 

palliation and were followed

Patel A et al. Ann Thorac Surg. 2010; 89:1805-14
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Patel A et al. Ann Thorac Surg. 2010; 89:1805-14

STS Database

Patel A et al. Ann Thorac Surg. 2010; 89:1805-14
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Patel A et al. Ann Thorac Surg. 2010; 89:1805-14

STS Database

CHSS Database

Patel A et al. Ann Thorac Surg. 2010; 89:1805-14
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CHSS Database

Patel A et al. Ann Thorac Surg. 2010; 89:1805-14

Conclusions

• ECM are present in 10-30% of pts undergoing CHS

• The distribution of types of ECM vary depending on 

the study (probably related to definition and severity)

• ECM, with or without genetic syndromes, are 

associated with worse short-term and long-term 

prognosis in patients after CHS
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Conclusions

• The effect on morbidity and mortality likely depends 

on the type of ECM or genetic syndrome

• More studies are needed to define the impact of 

particular malformations and syndromes on 
particular patients with CHD to adequate counsel 

families and direct management


