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a b s t r a c t   
 

Purpose: The purpose of this study was to evaluate the impact of congenital heart disease (CHD) on infants with 

congenital diaphragmatic hernia (CDH). 

Methods: Using a defined search strategy (PubMed, Cochrane, Embase, Web of Science MeSH headings), we 

searched studies reporting the incidence, management, and outcome of CDH infants born with associated CHD. 

Results: Of 6410 abstracts, 117 met criteria. Overall, out of 28,974 babies with CDH, 4427 (15%) had CHD, of which 

42% were critical. CDH repair was performed in a lower proportion of infants with CHD (72%) than in those with- 

out (85%; p b 0.0001). Compared to CDH babies without CHD, those born with a cardiac lesion were more likely  

to have a patch repair (45% vs. 30%; p b 0.01) and less likely to undergo minimally invasive surgery (5% vs. 17%; 

p b 0.0001). CDH babies with CHD had a lower survival rate than those without CHD (52 vs. 73%; p b 0.001). Sur- 

vival was even lower (32%) in babies with critical CHD. 

Conclusion: CHD has a strong impact on the management and outcome of infants with CDH. The combination of 

CDH and CHD results in lower survival than those without CHD or an isolated cardiac defect. Further studies are  

needed to address some specific aspects of the management of this fragile CDH cohort. 

Type of study: Systematic review and meta-analysis. 

Level of evidence: Level III. 

 
 

 
 

Congenital diaphragmatic hernia (CDH) is a severe birth defect, 

which is still burdened by high morbidity and mortality rates [1–3]. 

The majority of infants with CDH suffer from a combination of pulmo- 

nary hypoplasia, pulmonary hypertension, and cardiac dysfunction [4–

6]. Moreover, in almost half of the cases, CDH occurs in association with 

other congenital anomalies, the most frequent of which are cardiac 

lesions [7–13]. Congenital heart disease (CHD) in patients with CDH 

comprises a broad spectrum of cardiac anomalies that range from sim- 

ple remnants of fetal circulation, such as a patent ductus arteriosus 

(PDA), to complex lethal heart diseases [14]. A way to assess the sever- 

ity of CHD is by evaluating the need and/or urgency of cardiac interven- 

tion. According to the classification of the United States National Library 

of Medicine, lesions that require urgent intervention in the early neona- 

tal period to prevent death are considered critical [15]. Some of the most 

complex aspects for the management of patients with CDH and 
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associated CHD are the timing and prioritization of the diaphragmatic 

and cardiac repairs, especially in infants with a critical lesion. However, 

only a few studies have investigated this aspect. Likewise, several stud- 

ies have focused on this fragile population of patients with CDH and 

CHD and have mainly reported increased mortality and morbidity 

rates compared to babies without CHD [7,16–23]. However, aspects of 

the management such as the accuracy of prenatal diagnosis, the use of 

extracorporeal membrane oxygenation (ECMO) and the role of 

fetoscopic endoluminal tracheal occlusion (FETO) remain controversial. 

Herein, we systematically reviewed the literature to determine the 

incidence of CHD in CDH patients, and to evaluate the management 

and the impact of CHD on the outcome of these infants. 

 
1. Material and methods 

 
1.1. Data sources and study selection 

 
This study was registered on PROSPERO — international prospective 

register of systematic reviews (registration number: CRD42018102679) 

[24]. The systematic review was drafted according to the Preferred 
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Table 1 

Inclusion criteria for the systematic review. 
 

 

Publication 
 

 

Language English 

Date Until June 2018 

Subject Human studies 

Study type Retrospective 

Prospective 

Case control 

Cohort 

Excluded Case reports 

Case series 

Letters 

Editorials 

Gray Literature 

Keywords Congenital diaphragmatic hernia 

Cardiac 

Heart 
 

 

 

 
Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) 

statement [25]. A systematic review of the literature was conducted 

using a defined search strategy (Table 1). Two investigators (LM and 

GL) independently searched scientific databases (PubMed, Medline, 

Cochrane Collaboration, Embase and Web of Science) using a combina- 

tion of keywords. MeSH headings and terms used were “congenital dia- 

phragmatic hernia” and “cardiac” or “heart”. Reference lists were 

searched to identify relevant cross-references. Case reports, opinion ar- 

ticles and animal studies were excluded from the review. All gray liter- 

ature publications (i.e. reports, theses, conference proceedings, 

bibliographies, commercial documentations, and official documents 

not published commercially) were excluded. Articles irrelevant to our 

search or articles reporting cohorts of CDH patients, but excluding se- 

lected CHD were excluded. The full text of potentially eligible studies 

was retrieved and independently assessed for eligibility by the two 

investigators. 

The main outcome measures of this study were incidence, prenatal 

diagnosis, management, survival and morbidity of CHD in infants with 

CDH. 

 
1.1.1. Incidence 

The incidence of CHD was analyzed in all CDH patients (overall inci- 

dence), as well as in live-births, still-births, and pregnancy terminations, 

whenever explicitly reported. Moreover, we reported the incidence of 

CHD in patients with bilateral CDH as well as in late-presenting CDH 

(defined as diagnosed at N 30 days of life). To avoid data duplication 

owing to overlapping patient populations reported in multiple articles 

based on the same databases, we decided to include the article with the 

largest cohort of patients. 

 
1.1.2. Prenatal diagnosis 

We analyzed the rate of prenatal diagnosis of CHD at the fetal echo- 

cardiogram in fetuses with CDH. 

 
1.1.3. Management 

We analyzed the impact of CHD in infants with CDH undergoing di- 

aphragmatic repair, cardiac intervention, use of ECMO, and use of FETO. 

 
1.1.4. Survival 

We included only studies reporting the survival rate of babies born 

with CDH, whose cardiac defect was clearly described. To distinguish 

CHD cases, we used a classification based on the physiology of the le- 

sion: single ventricle lesions, ductal-dependent pulmonary circulation, 

ductal-dependent systemic circulation, total mixing lesions, nonmixing 

lesions and shunts. The first five groups were considered critical, and 

shunts were considered noncritical. 

 

 
 

Fig. 1. Diagram of workflow in the systematic review according (PRISMA flowchart). 
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1.1.5. Morbidity 

We included studies that reported cardiac, pulmonary, and neuro- 

logical outcomes in CDH patients with CHD compared to those without. 

 
1.2. Statistical analysis 

 
Categorical variable frequencies were compared using Pearson's chi- 

square test or the two-tailed Fisher exact probability test, as appropriate. 

 
Four studies focused on the association of CHD and CDH in still- 

births and pregnancy terminations (Table 2) [18,23,73,83]. From these 

studies, we calculated an incidence of 28% in still-births (5/18, range 

0–57%) and 27% in pregnancy terminations (30/112, range 20–50%). 

 

 
Table 2 

Studies included in analysis for incidence of CHD in CDH. 

Meta-analysis of comparative studies was conducted with RevMan 5.3 

[26], using the random-effects model to produce risk ratio (RR) for cate- 

gorical variables, along with 95% confidence intervals (CI). A p-value 

Reference Study 

period 

Incidence    CDH CDH 

and 

CHD 

b 0.05 was considered statistically significant. 
Overall (N = 98) 1962–2018     15% 28,974    4427 

[7,14,17,18,20,21,23,30–121] 

1.3. Quality assessment Live-births 

Greenwood et al. 1976 [35] 

 
 

1962–1973 

 
 
23% 

 
 

48 

 
 

11 

Risk of bias for individual studies was assessed using the methodo- Puri et al. 1984 [36] 1973–1982 16% 25 4 

Nakayama et al. 1985 [37] logical index for nonrandomized studies (MINORS) [27]. Differences be- 1979–1982 30% 20 6 

Mallik et al. 1995 [38] 1978–1994 17% 52 9 

tween the two reviewers (LM and GL) were resolved through consensus Ssemakula et al. 1997 [39] 1985–1996 12% 111 13 

and discussion with a third author (AZ). The total score for this 12-item Reyes et al. 1998 [40] 1993–1996 13% 24 3 

instrument ranges from 0 to 24 points with a validated “gold standard” Losty et al. 1999 [41] 1970–1992 9% 301 26 

cut-off of 19.8. 
Khawahur et al. 1999 [42] 1989–1996 21% 33 7 

Suda et al. 2000 [43] 1992–1996 17% 41 7 

For each outcome, we graded the quality of evidence as high, moder- CDH Study Group 2001 [32] 1995–1999 16% 966 156 

ate, low and very low, using the Grading of Recommendations Assess- Cohen et al. 2002 [23] 1996–2000 18% 145 26 

ment, Development and Evaluation (GRADE) methodology [28]. The Dott et al. 2003 [44] 1968–1999 13% 230 30 

quality of evidence was rated down in the presence of risk of bias, incon- Rozmiarek et al. 2004 [45] 1991–2002 37% 111 41 

sistency, indirectness, imprecision and publication bias. For assessment 
Tonks et al. 2004 [46]

 1995–200 17% 145 25 

Fumino et al. 2005 [47] 1981–2004 15% 46 7 

of risk of bias in observational studies, we used the MINORS instrument. Rygl et al. 2006 [50] 1996–2004 7% 104 7 

Inconsistency was determined according to heterogeneity. We pro- Okawada et al. 2006 [48] 1979–2005 21% 100 21 

duced I2 values to assess heterogeneity. I2 values of 0–40, 30–60, Harmath et  al. 2006 [121] 1990–2005 29% 106 31 

50–90, and 75–100% were considered as low, moderate, substantial, Levison et  al. 2006 [49] 1992–2001 15% 200 30 

Migliazza et al. 2007 [75] 1994–2005 11% 111 12 

and considerable heterogeneity, respectively. Imprecision was assessed Lin et al. 2007 [14] 1972–2002 11% 203 23 

using optimal information size (OIS), which was based on 25% relative Beck et al. 2008 [73] 1995–2004 16% 19 3 

risk reduction, 0.05 of α error and 0.20 of β error [29]. Publication bias Fisher et al. 2008 [77] 1990–2006 13% 267 34 

was assessed using funnel plots. Vivante et al. 2008 [78] 1985–2007 12% 68 8 

Olgun et al. 2009 [81] 1998–2007 8% 25 2 

Chao et al. 2010 [82] 1987–2008 54% 24 13 

2. Results Chang et al. 2010 [84] 1987–2007 17% 85 14 

Vogel et al. 2010 [83] 1998–2008 24% 85 20 

2.1. Study selection and characteristics Aly et al. 2010 [85] 1997–2004 22% 2140 481 

Van den Hout et al. 2011 [87] 2006–2009 17% 167 28 

Antonoff et al. 2011 [89] 2002–2011 13% 94 12 

The search initially yielded 6410 articles screened for potentially rel- Benjamin et  al. 2013 [98] 2001–2005 16% 43 7 

evant studies. Based on title and abstract, 5939 were excluded. Four Gray et al. 2013 [21] 1997–2011 19% 216 40 

hundred and seventy-one full text articles were evaluated for inclusion Jawaid et al. 2013 [92] 1990–2010 27% 118 32 

criteria (Fig. 1). One hundred and forty-eight articles met the inclusion Edmonds et al. 2013 [99] 1987–2010 8% 52 4 

criteria. Thirty-one studies were excluded because of duplication. All 
Beres et al. 2013 [93]

 2005–2010 9% 348 33 

Takahashi et al. 2013 [20] 2006–2010 18% 614 108 
studies were retrospective; there were no prospective or randomized Menon et al. 2013 [17] 2000–2010 18% 4268 757 

controlled trials. After full-text review, 117 articles were the subject of Wynn et al. 2013 [97] 2005–2012 21% 220 47 

this review. Hidaka et al. 2015 [104] 2005–2013 19% 63 12 

The studies were conducted from 1960 to 2016, and published be- Akinkuoto et al. 2016 [7] 2004–2014 30% 189 56 

Garcia et al. 2016 [105] 2001–2013 16% 81 13 

tween 1975 and 2018. Most studies were conducted in Europe (35%) Kalanj et al. 2016 [108] 2005–2014 7% 42 3 

or North America (35%), 17% were conducted in Asia, 4% in Australia, Hung et al. 2016 [112] 2007–2014 3% 39 1 

2% in South America. Six studies were from intercontinental databases Murthy et al. 2016 [110] 2010–2014 14% 677 94 

(at least two continents) [17,30–34]. Hagadorn et al. 2015 [110] 2003–2012 13% 3123 393 

Grizelj et al. 2017 [34] 1991–2016 13% 228 29 

Kadir et al. 2017 [113] 1995–2016 19% 113 21 
2.2. Incidence Long et al. 2018 [114] 2009–2010 9% 219 20 

Bent et al. 2018 [119] 2007–2012 18% 705 130 

After excluding 19 articles because of overlapping cohorts, ninety- Hautala et al. 2018 [18] 2002–2011 21% 80 17 

eight articles (n = 28,974 CDH patients) met the inclusion criteria Total (N = 51)  17% 17,534 2927 

Still-births     

 
 
 
 

they were enrolled in a multicenter study (17%, 2276/13,675; 12 studies 

[4,17,20,32,34,85,93,97,110,111,114,119]) or if they were from a single- 

institution study (17%, 651/3859; 39 studies [7,14,18,21,23,35–50,57, 

73,75,77,78,81–84,89,92,98,99,104,105,108,112,113]). 

[7,14,17,18,20,21,23,30–121]. Overall, out of 28,974 babies with CDH, Cohen et al. 2002 [23] 1996–2002 10% 10 1 

4427 (15%; range 1–58%) had CHD (Table 2). Vogel et al. 2010 [83] 1998–2008 0% 1 0 

Out of the 51 articles included, the incidence of CHD in live-births 

CDH infants was 17% (17,534 CDH infants, range 3–54%) (Table 2). 
We found a similar incidence of CHD in CDH patients regardless if 

Hautala et al. 2018 [18] 

Total (N = 3) 

Pregnancy  terminations 
Cohen et al. 2002 [23] 

2002–2011 

 
 

1996–2002 

57% 

28% 

 
21% 

7 

18 

 
19 

4 

5 

 
4 

 
     

Beck et al. 2008 [73] 1995–2004 50% 10 5 

Vogel et al. 2010 [83] 1998–2008 20% 25 5 

Hautala et al. 2018 [18] 2002–2011 28% 58 16 

Total (N = 4)  27% 112 30 

 

https://doi.org/10.1016/j.jpedsurg.2019.01.018


Please cite this article as: L. Montalva, G. Lauriti and A. Zani, Congenital heart disease associated with congenital diaphragmatic hernia: A system- 
atic review on incidence, pr..., Journal of Pediatric Surgery, https://doi.org/10.1016/j.jpedsurg.2019.01.018 

 

 

 

  
Table 3 

Incidence of CHD diagnosed prenatally in fetuses with CDH. 

  Table 4 

Cardiac intervention in CDH patients. 

 

 Incidence  CDH infants who had Survival after cardiac 

Fogel et al. 1991 [56] 18% (2/11)  cardiac intervention surgery 

Sharland et al. 1992 [52] 16% (9/55)  Greenwood et al. 1976 [35] 9% (1/11) 0% (0/1) 

Manni et al. 1994 [130] 32% (9/28)  Cohen et al. 2002 [23] 23% (6/26) 33% (2/6) 

Geary et al. 1998 [55] 9% (3/34)  Menon et al. 2013 [17] 8% (59/757) 58% (32/55) 

Witters et al. 2001 [54] 5% (2/42)  Gray et al. 2013 [21] 30% (12/ 40) Not specified 

Gallot et al. 2006 [53] 13% (3/24)  Ruano et al. 2015 [19] 28% (6/21) 100% (6/6) 

Vogel et al. 2010 [83] 23% (25/111)  Total 10% (84/855) 59% (40/68) 

Lee et al. 2013 [96] 27% (6/22)    

Mesas Burgos et al. 2016 [107] 4% (2/53)    

2.3. Prenatal diagnosis 
 

 

 
The incidence of CHD in CDH was higher in these latter two groups than 

in live-births (p = 0.003). 

When investigating the incidence of CHD in bilateral CDH, we found 

two articles from the CDH Study Group, published in 2003 and in 2017 

[122,123]. These studies reported an incidence of CHD in CDH patients 

of 41 and 46%, respectively. Interestingly, this incidence was higher 

than in infants with unilateral CDH [122]. 

The incidence of CHD in late-presenting CDH patients was reported in 

five studies and was 9% (53/559) [51,88,95,124,125]. This incidence was 

significantly lower than that calculated from live-births (p b 0.0001). 

Studies based on the Extracorporeal Life Support Organization 

(ELSO) registry have shown an incidence of CHD in  ECMO-treated CDH 

infants of 1% (17/1318) [30] in 1994, increasing to 9% (316/3342) in 

2013 [31]. When considering only “critical CHD”, the ELSO registry 

analysis from 2018 reported an incidence of 3% (197/6696) in CDH in- 

fants treated by ECMO [126]. Four other studies reported an incidence 

of CHD in ECMO treated CDH infants of 5–23% [84,127–129]. 

Eleven studies [52–56,83,96,106,107,115,130] reported the inci- 

dence of CHD diagnosed prenatally in CDH fetuses (Table 3). The inci- 

dence was found to be 16% (range 4–32%). Another study did not 

report the total number of CDH fetuses diagnosed prenatally, but de- 

scribed that of the 37 infants with CDH and CHD, 9 had a prenatal diag- 

nosis of CDH and CHD, 9 of CDH alone (CHD detected postnatally), and 6 

of CHD alone (CDH diagnosed after birth) [18]. 

 
2.4. Management 

 
2.4.1. CDH repair 

Overall, 71% of infants with CHD underwent CDH repair, as reported 

in seven studies [17,19,21,23,35,93,131]. A diaphragmatic repair was 

carried out in a lower proportion of infants with CHD (72%) compared 

to those who did not have CHD (85%; p b 0.0001, RR 1.17 [95% CI 1.11, 

1.24], I2 = 4%), as reported in 5 comparative studies (Fig. 2A) 

[17,19,21,23,93]. The funnel plot of this analysis did not suggest a pub- 

lication bias, even though the number of studies included was low (Fig. 

2B). Three studies reported that a patch repair was required 

 

 
 

Fig. 2. (A) Forest plot comparison of diaphragmatic repair in CDH infants with and without CHD. (B) Co-respective funnel plot. 

Oh et al. 2016 [106] 19% (13/69) 

Sperling et al. 2018 [115] 15% (27/184) 

Total (N = 11) 16% (101/633) 
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Table 5 

Use of ECMO in CDH patients. 

   

 Infants with CHD Infants without CHD  

Menon et al. 2013 [17] 29% (220 /757) 29% (1034/3511)  

Gray et al. 2013 [21] 53% (21/40) 39% (69/176)  

Takahashi et al. 2013 [20] 7% (5/76) Not specified  

Ruano et al. 2015 [19] 38% (8/21) 34% (40/118)  

Total 28% (254/894) 30% (1143/3805)  

 

significantly more often in infants with CHD (39/86, 45%) than in those 

without (132/434, 30%; p b 0.01) [21,92,132]. Only 5% (9/178) of infants 

with CHD underwent minimally invasive repair compared to 17% (479/ 

2889; p b 0.0001) of infants without CHD [133]. 

 

2.4.2. Cardiac intervention 

Five studies (n = 855 CDH patients) reported that 10% (range 8–

30%) of infants underwent cardiac intervention (Table 4) 

[17,19,21,23,35]. Of those who underwent cardiac surgery, 59% (range 

0–100%) survived to hospital discharge [17,19,23,35]. CDH repair pre- 

ceded the cardiac intervention in the majority of cases (83%, 15/18 in- 

fants with critical CHD) [21,23]. 

 

2.4.3. Use of ECMO 

Overall, the use of ECMO in infants with CHD associated to CDH was 

reported to be 28% in 4 studies (Table 5) [17,19–21]. There was no differ- 

ence in the use of ECMO, when we considered only the studies that 

 
 
 
 
 
 
 
 
 
 
 

Fig. 3. Survival of infants with CDH associated with CHD. 

 

 
compared infants with isolated CDH (1143/3805 infants, 30%) vs. those 

with CDH and CHD (249/818 patients, 30%; p = 0.8; Table 5) [17,19,21]. 

 
2.4.4. Use of FETO 

Only one study reported the use of FETO in 6 babies with associated 

CHD (three aortic stenosis, two cases of coarctation of the aorta, and one 

severe mitral atresia), with a 50% survival to discharge [134]. 

 

Table 6 

Survival to discharge by type of CHD. 
 

 Survival rate Infants (n=929) Survived to discharge (n=469) 

Single ventricle 19% 115 22 

Hypoplastic left heart syndrome 13% 60 8 

Single ventricle (non-specified) 36% 11 4 

Double outlet right ventricle (DORV) 22% 32 7 

Tricuspid atresia 25% 12 3 

Duct-dependent pulmonary circulation 40% 80 32 

Tetralogy of Fallot (TOF) 37% 43 16 

Pulmonary stenosis (PS) or atresia 52% 21 11 

TOF / DORV with PS 31% 16 5 

Duct-dependent systemic circulation 44% 87 38 

Coarctation of aortic arch 44% 87 38 

Total mixing lesions 20% 20 4 

Anomalous pulmonary venous return 13% 17 3 

Truncus arteriosus 33% 3 1 

Non-mixing lesions 29% 28 8 

Transposition of great arteries 14% 7 1 

Complex two-ventricle (non-specified) 33% 21 7 

Shunts 60% 460 278 

Ventricular septal defects 59% 222 131 

Atrial septal defects 65% 197 129 

Atrio-ventricular septal defects 31% 26 8 

Patent ductus arteriosus 64% 14 9 

Patent foramen ovale 100% 1 1 

Others 40% 25 10 

Pentalogy of Cantrell 45% 22 10 

Absent pericardium 0% 1 0 

Heterotaxy syndrome 0% 1 0 

Tumor 0% 1 0 

Not specified 68% 114 77 
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Fig. 4. (A) Forest plot comparison of the survival of CDH infants with and without CHD. (B) Co-respective funnel plot. 

 

2.5. Survival 

 
Six articles met the inclusion criteria [17,19–21,23,35], reporting 

survival by type of CHD (Table 6). Out of 5471 live births, 929 infants 

(17%) had a CHD (Fig. 3). When considering only the groups of CHD 

as predefined in the methods, 42% of the infants with CHD had a critical 

lesion. Overall, 50% infants with CHD survived to discharge. Out of CDH 

infants born with critical CHD, 32% survived to discharge. The survival 

rate was the lowest for CDH patients with a single ventricle and total 

mixing lesions, and poor for those with duct-dependent circulation and 

nonmixing lesions. Survival to discharge was higher for noncritical 

infants with shunts, although it reached only 60%. 

In four comparative studies, survival was lower in infants with CHD 

(52%, 441/842) compared to infants without CHD (73%, 2854/3924, 

p b 0.001, RR 0.75 [95% CI 0.63–0.89], I2 = 51%; Fig. 4A) [17,19,21,23]. 

The funnel plot of these studies demonstrated a convincing symmetry, 

thus indicating no potential publication bias, even though the number 

of studies considered was low (Fig. 4B). 

 
2.6. Morbidity 

 
Two studies reported that only 10–13% of infants with CDH and CHD 

were discharged without any morbidity [3,20]. 

 
2.6.1. Cardiac morbidity 

The only study reporting long-term cardiac morbidity indicated that 

none of the CDH patients with CHD seen in the follow up clinic (17/22) 

had complications or activity restrictions following cardiac surgery [21]. 

 
2.6.2. Pulmonary morbidity 

At discharge, the incidence of pulmonary morbidity, described as the 

need for oxygen therapy and/or medications, was higher in infants with 

CHD (70%; 58/83) than in infants without CHD (602/2100, 29%, 

p b 0.0001) [3]. The need for pulmonary support at day 30 of life in 

CDH survivors with an associated CHD was found to be higher (64–

82%) compared to infants without CHD (38–46%) [4,135]. Another study 

showed that 23% of CDH infants with CHD required oxygen ther- apy at 

1 year of life [21]. 

 
2.6.3. Neurological morbidity 

We found no difference in terms of neurological morbidity at dis- 

charge between CDH infants with CHD (25%, 21/83) and those without 

CHD (20%, 425/2100, p = 0.2) [3]. 

 
3. Discussion 

 
The present systematic review of the literature has shown that CHD 

in babies with CDH is a relevant problem, with a specific impact on the 

management and outcome of this fragile population of patients. We 

found a relatively large number of studies either dedicated to or 

reporting on this relatively rare cohort of infants, although none of 

them were prospective. To the best of our knowledge, the present 

study is the first systematic review of the literature on the association 

between CHD and CDH. 

Our review reports that 17% of CDH infants are born with an associ- 

ated CHD. This incidence equally derives from single institution studies 

and international multicenter databases. However, we have noticed a 

strong variation among the selected studies, with an incidence rang- 

ing from 3% to 54%. Not surprisingly, when we analyzed studies 

reporting still-births or pregnancy termination, we found a higher 

incidence of CHD (27–28%). Moreover,  the  variation  in  incidence can 

be attributed to the definition of CHD. A congenital heart disease has 

been defined by Mitchell  et al.  as a gross structural abnormality of the 

heart or intrathoracic great vessels that is actually or poten- tially of 

functional significance [136]. However, this definition em- braces a 

broad spectrum of anomalies, resulting in a population 
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differently included in various studies [137]. Furthermore, these 

studies used different classifications of CHD, either based on the se- 

verity of the lesion  and  hemodynamic  significance  [17,18,126], based 

on the requirement for surgical treatment [20], or based on surgical 

risk, such as RACHS-1 and STS-EACTS scores [7,19,21]. In the  

present  study, we divided the  different  types of CHD according to 

their physiology. This is indeed a more pragmatic way, which is 

commonly used by cardiologists and cardiac surgeons. 

Interestingly, we found a similar incidence of CHD in CDH fetuses 

that were prenatally diagnosed. The majority of the studies selected de- 

tected CHD in patients who also had an antenatal diagnosis of CDH. This 

may be owing to the fact that the diagnosis of CDH is often made at the 

anatomy scan and is then followed by a fetal echocardiography or mag- 

netic resonance imaging, as scheduled in most protocols. 

In this study, we have shown that the presence of a CHD negatively 

impacts the eligibility for diaphragmatic repair and the modalities of 

surgery. In fact, the proportion of infants with CDH that underwent sur- 

gery was lower if a CHD was associated. This could be owing to the rel- 

ative instability of their underlying cardiac and pulmonary condition. 

Not surprisingly, babies with CHD are not good candidates for mini- 

mally invasive surgery and often present with large diaphragmatic de- 

fect that requires a patch closure. These data come from large 

comparative studies and represent an important knowledge especially 

for parental counseling. 

In this systematic review, we found that only 10% of infants with asso- 

ciated CDH and CHD underwent cardiac intervention. Although this rate 

seems low, the proportion of infants with a CHD requiring cardiac surgery 

was not indicated. Most likely the majority of infants born with an asso- 

ciated CHD suffered from a noncritical lesion that did not warrant neona- 

tal cardiac intervention. Over the last decades, we have witnessed a 

substantial improvement in the outcome of cardiac surgical neonates with 

a survival rate for non-CDH neonates undergoing cardiac surgery quoted 

as N 90% [138]. Conversely, we noticed that of the CDH infants who 

underwent cardiac surgery, less than 2/3 survived to hospital dis- charge. 

This confirms that this surgical population is more fragile, possibly 

suffering from a combination of critical cardiac lesions, pulmonary hypo- 

plasia and pulmonary hypertension. Unfortunately, most selected studies 

did not report the cause of death, nor the timing and type of cardiac sur- 

gery. At present, there are no guidelines to manage babies born with CDH 

in CHD, but given the rarity of the association and the variable severity of 

the lesions, it is hard to think that these could be developed. 

 
Neonates with CDH and CHD are treated with ECMO in less than a 

third of cases, which is comparable with other CDH infants. The use of 

ECMO in CHD infants undergoing CDH repair has been reported as pre- 

dictive of lower hospital survival [17]. However, it is difficult to draw 

conclusions given the intercenter variability in the use of ECMO. FETO 

is currently the only available prenatal treatment for severe CDH that 

may improve survival [139]. However, cardiac anomalies which might 

affect postnatal outcome are currently an exclusion criterion for the on- 

going randomized clinical trials on FETO [140]. Interestingly, there have 

been a few cases of FETO performed in infants with CHD associated with 

survival [134,141]. 

The present study has confirmed that the mortality rate of infants 

with CDH and CHD is higher than that of infants without CHD. Only one 

third of the infants born with critical lesions survive to discharge. This 

correlates with the results of a study, where the presence of a major 

cardiac anomaly (defined in the study according to the RACHS- 1 score) 

has been reported as being the only independent predictor of mortality 

in CDH infants [7]. Moreover, we noticed that although shunts rarely 

require intervention in the neonatal period, the survival rate of infants 

with shunts was still lower than the reported survival rate for CDH 

infants without CHD. Hypoplastic left heart syndrome (HLHS) is the 

most common single ventricle CHD in patients with CDH, and it has a 

very low survival rate in this population (13%). Conversely, in in- fants 

without CDH, the five-year survival rate for HLHS is up to 70% [142]. 

Balduf et al. suggested that HLHS in mild pulmonary hypoplasia cases 

should be managed with a Norwood stage I palliation before CDH 

repair, and that outcome of neonates with CDH and HLHS is deter- mined 

primarily by the degree of associated pulmonary hypoplasia [143]. The 

infant will later undergo two other staged surgeries, culmi- nating in a 

Fontan repair [144]. One study reviewed retrospectively ne- onates with 

associated CHD and CDH, showing that although 21% of these infants 

had been eligible for a Fontan procedure, only 5% had pal- liative 

surgeries and none underwent the Fontan repair [131]. Infants with 

duct-dependent lesions require immediate treatment in order to 

maintain pulmonary or systemic circulation and our review shows a 

survival rate for infants with duct-dependent lesions in association 

with CDH of 40–44%. The most frequent duct-dependent lesion in CDH 

patients is a coarctation of the aortic arch, as it represented 9% of all 

CHDs. This includes a spectrum of lesions, from interrupted aortic arch 

to discrete coarctation. Overall postoperative mortality in a recent large 

cohort of infants undergoing coarctation or hypoplastic aortic arch 

 
Table 7 

Risk of bias assessment for individual studies using methodological index for nonrandomized studies (MINORS) [27]. 

 
 
 
 
 

patients 

 
 

aim of the study 

study endpoint 

to the aim of the study 

 
 

study size 

 
 
 

groups 

 

 
0 = not reported. 

1 = reported but inadequate. 

2 = reported and adequate. 

Item Putnam van den Menon Ruano Takahashi Gray Cohen Green-wood Beres Shiono Brindle Putnam Jani Cauley 

[3] Hout [4] [17] [19] [20] [21] [23] [35] [93] [131] [132] [133] [134] [135] 

1. A clearly stated aim 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

2. Inclusion of consecutive 
2

 
2 2 2 2 2 2 2 2 2 2 2 2 2 

3. Prospective collection of data 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

4. Endpoints appropriate to the 
2

 
2 2 2 2 2 2 2 2 1 1 2 2 2 

5. Unbiased assessment of the 
0

 
0 0 0 0 0 0 0 0 0 0 0 0 0 

6. Follow-up period appropriate 
0

 
0 0 1 0 2 2 0 0 0 0 0 1 2 

7. Loss to follow-up less than 5% 0 0 0 0 0 1 0 0 0 0 0 0 0 1 

8. Prospective calculation of the 
0

 
0 0 0 0 0 0 0 0 0 0 0 0 0 

9. An adequate control group 2 2 2 2 0 2 2 2 1 2 2 1 1 1 

10. Contemporary groups 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

11. Baseline equivalence of 
2

 
1 2 2 0 2 2 2 1 2 1 1 2 2 

12. Adequate statistical analyses 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Total score 14 13 14 15 10 17 16 14 12 13 12 12 14 16 
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Table 8 

GRADE evidence profile [28] for CHD in CDH versus isolated CDH. 

Quality assessment No. of patients Effect Quality 

No. of 

studies 

Study 

design 

Risk of 

bias 

Inconsistency   Indirectness    Imprecision     Other 

Considerations 

 
 

CHD+CDH Isolated CDH Relative 

(95% CI) 

Absolute 

(95% CI) 

CDH repair 

7 OS Moderatea      Low Not serious     Seriousb None 629/877 (71%) 3589/4239 (85%)    RR 1.17 

(1.11, 1.24) 

 
CDH repair with patch 

 
140 fewer per 1000 

(from        264 

fewer to 111 fewer) 

 
⊗⊗OO 

LOW 

3 

 
 
ECMO 

OS Moderatea --- Not serious Seriousb None 39/86 (45%) 132/434 (30%) --- MD 15.33 higher 

(from         10.91 

higher to 21.29 higher) 

⊗⊗OO 

LOW 

3 OS Moderatea --- Not serious Seriousb None 249/818 (30%) 1143/3805 (30%) --- MD 5.70 higher ⊗⊗OO 
          (from 0.39 LOW 
          lower to 13.29 higher)  

Survival 

4 
 
OS 

 
Moderatea 

 
Moderate 

 
Not serious 

 
Seriousb 

 
None 

 
441/842 (52%) 

 
2854/3924 (73%) 

 
RR 0.75 

 
210 fewer per 1000 

 
⊗⊗OO 

         (0.63, 0.89) (from 371 LOW 
          fewer to 57 fewer)  

Pulmonary morbidity 

3 OS Moderatea     --- Not serious     Seriousb None 199/297 (67%) 1183/3597 (33%)    --- MD 34.84 higher 

(from         26.61 

higher to 41.21 higher) 

 
⊗⊗OO 

LOW 

Neurological morbidity 

1 OS Moderatea     --- Not serious     Seriousb None 21/83 (25%) 425/2100 (20%)    --- MD 5.00 higher ⊗⊗OO 

LOW 

OS: observational study; CI: confidence interval; RR: risk relative; MD: mean difference. 

GRADE Working Group grades of evidence: 

High quality: Further research is very unlikely to change our confidence in the estimate of effect; 

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate; 

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate; 

Very low quality: We are very uncertain about the estimate. 
a Bias owing to possible confounding. 
b Optimal information size (OIS) not met. 

 

repair was around 2% [73,78]. Conversely, our review has detected an 

overall survival for these infants of 44%. 

Overall, it seems these are infants who would have better survival 

rates if they were born without CDH. In fact, a recent review on 1000 

consecutive neonates who underwent cardiac surgery has reported a 

survival rate above 90% for the same critical lesions. Although this re- 

view was not designed to compare outcomes of infants with associated 

CHD and CDH with infants with only CHD, it seems undeniable that the 

presence of CDH, and possibly associated pulmonary hypoplasia and hy- 

pertension, is a burden for these patients. Survivors with associated 

CDH and CHD seem to have increased pulmonary morbidity compared 

to infants with CDH alone, with an increased rate of infants requiring 

oxygen for a longer period of time. In these infants, persistent pulmo- 

nary hypertension can be secondary to both conditions. Pulmonary hy- 

poplasia of various degrees is known to be associated in infants with 

CDH. Moreover, a recent study has shown that in  fetuses  without CDH, 

the presence of CHD with right ventricular outflow tract obstruc- tion 

was associated with pulmonary hypoplasia [145]. This suggests that 

some CHD can prenatally participate in the development of pulmo- nary 

hypoplasia and explain the particularly high mortality in infants with 

CDH and CHD. 

 
3.1. Limitations 

 
We acknowledge the limitations of this systematic review of the 

literature whose quality is dependent on the quality of the papers 

published. Of the articles selected, only a few were designed to spe- 

cifically address the population of CDH babies with CHD. None of the 

studies reached the gold standard cut-off on MINORS of 19.8 out of 

24 (Table 7). All papers used retrospective data. Nonetheless, some 

included large number of  patients  with  this  rare  association,  as they 

were part of multicenter and/or nationwide registries. The studies 

that were not focused on this population of patients mainly 

reported the incidence and the outcome of CHD in CDH,  whereas more 

detailed information regarding the surgical management of these 

infants was not described. Furthermore, a GRADE Evidence Profile 

table was provided (Table 8). According to GRADE methodol- ogy, the 

quality of evidence was low for the rate of CDH repair, the requirement 

of patch repair, the need of ECMO, the percentage of survival, and the 

incidence  of  pulmonary  and  neurological morbidity. 

 

4. Conclusion 

 
In conclusion, the present study shows that CHDs, especially crit- 

ical lesions, have a strong  impact on  the  management and outcome of 

infants with CDH. In fact, the severity of CHD can be considered as 

an important predictive factor for the morbidity and the mortality of 

babies with CDH. The combination of CDH and CHD  results  in much 

lower survival than in CDH patients without CHD as well as in 

patients born with  isolated  cardiac  defects.  Various  aspects  of the 

management of these  patients remain controversial.  Moreover, no 

guidelines currently exist for the management of these fragile babies. 

We believe that there is a need for prospective multicenter dedicated 

studies that are designed  to address some specific aspects of these 

patients' management. 

This research did not receive any specific grant from funding agen- 

cies in the public, commercial, or not-for-profit sectors. 

 

References 

[1] Burgos CM, Frenckner B, Luco M, et al. Prenatally versus postnatally diagnosed con- 

genital diaphragmatic hernia — side, stage, and outcome. J Pediatr Surg 2018. 

https://doi.org/10.1016/j.jpedsurg.2018.04.008. 

[2] Friedman S, Chen C, Chapman JS, et al. Neurodevelopmental outcomes of congen- 

ital diaphragmatic hernia survivors followed in a multidisciplinary clinic at ages 1 

https://doi.org/10.1016/j.jpedsurg.2019.01.018
https://doi.org/10.1016/j.jpedsurg.2018.04.008


Please cite this article as: L. Montalva, G. Lauriti and A. Zani, Congenital heart disease associated with congenital diaphragmatic hernia: A system- 
atic review on incidence, pr..., Journal of Pediatric Surgery, https://doi.org/10.1016/j.jpedsurg.2019.01.018 

 

 

 
 

and 3. J Pediatr Surg 2008;43:1035–43. https://doi.org/10.1016/j.jpedsurg.2008.02. 

029. 

[3] Putnam LR, Harting MT, Tsao K, et al. Congenital diaphragmatic hernia defect size 

and infant morbidity at discharge. Pediatrics 2016;138. https://doi.org/10.1542/ 

peds.2016-2043. 

[4] van den Hout L, Reiss I, Felix JF, et al. Risk factors for chronic lung disease and mor- 

tality in newborns with congenital diaphragmatic hernia. Neonatology 2010;98: 

370–80. https://doi.org/10.1159/000316974. 

[5] Wong M, Reyes J, Lapidus-Krol E, et al. Pulmonary hypertension in congenital dia- 

phragmatic hernia patients: prognostic markers and long-term outcomes. J Pediatr 

Surg 2018;53:918–24. https://doi.org/10.1016/j.jpedsurg.2018.02.015. 

[6] Ameis D, Khoshgoo N, Keijzer R. Abnormal lung development in congenital dia- 

phragmatic hernia. Semin Pediatr Surg 2017;26:123–8. https://doi.org/10.1053/j. 

sempedsurg.2017.04.011. 

[7] Akinkuotu AC, Cruz SM, Cass DL, et al. An evaluation of the role of concomitant 

anomalies on the outcomes of fetuses with congenital diaphragmatic hernia. J 

Pediatr Surg 2016;51:714–7. https://doi.org/10.1016/j.jpedsurg.2016.02.008. 

[8] Yang W, Carmichael SL, Harris JA, et al. Epidemiologic characteristics of congenital 

diaphragmatic hernia among 2.5 million California births, 1989–1997. Birth Defects 

Res A Clin Mol Teratol 2006;76:170–4. https://doi.org/10.1002/bdra.20230. 

[9] Bojanić K, Pritišanac E, Luetić T, et al. Malformations associated with congenital di- 

aphragmatic hernia: impact on survival. J Pediatr Surg 2015;50:1817–22. https:// 

doi.org/10.1016/j.jpedsurg.2015.07.004. 

[10] Bedoyan JK, Blackwell SC, Treadwell MC, et al. Congenital diaphragmatic hernia: as- 

sociated anomalies and antenatal diagnosis. Outcome-related variables at two De- 

troit hospitals. Pediatr Surg Int 2004;20:170–6. https://doi.org/10.1007/s00383- 

004-1138-2. 

[11] Pimenta J, Vaz Silva P, Pinto C, et al. Improving outcome in congenital diaphrag- 

matic hernia — experience of a tertiary center without ECMO. J Neonatal Perinat 

Med 2018;11:37–43. https://doi.org/10.3233/NPM-181710. 

[12] Stoll C, Alembik Y, Dott B, et al. Associated non diaphragmatic anomalies among 

cases with congenital diaphragmatic hernia. Genet Couns Geneva Switz 2015;26: 

281–98. 

[13] Kaiser JR, Rosenfeld CR. A population-based study of congenital diaphragmatic her- 

nia: impact of associated anomalies and preoperative blood gases on survival. J 

Pediatr Surg 1999;34:1196–202. 

[14] Lin AE, Pober BR, Adatia I. Congenital diaphragmatic hernia and associated cardio- 

vascular malformations: type, frequency, and impact on management. Am J Med 

Genet C Semin Med Genet 2007;145C:201–16. https://doi.org/10.1002/ajmg.c. 

30131. 

[15] Newborn screening coding and terminology guide. CCHD Critical Congenital Heart 

Disease Available at: https://newbornscreeningcodes.nlm.nih.gov/nb/sc/condition/ 

CCHD. 

[16] Brindle ME, Cook EF, Tibboel D, et al. A clinical prediction rule for the severity of 

congenital diaphragmatic hernias in newborns. Pediatrics 2014;134:e413–9. 

https://doi.org/10.1542/peds.2013-3367. 

[17] Menon SC, Tani LY, Weng HY, et al. Clinical characteristics and outcomes of patients 

with cardiac defects and congenital diaphragmatic hernia. J Pediatr 2013;162: 114–

9. https://doi.org/10.1016/j.jpeds.2012.06.048 [e2]. 

[18] Hautala J, Karstunen E, Ritvanen A, et al. Congenital diaphragmatic hernia with 

heart defect has a high risk for hypoplastic left heart syndrome and major extra- 

cardiac malformations: 10-year national cohort from Finland. Acta Obstet Gynecol 

Scand 2018;97:204–11. https://doi.org/10.1111/aogs.13274. 

[19] Ruano R, Javadian P, Kailin JA, et al. Congenital heart anomaly in newborns with 

congenital diaphragmatic hernia: a single-center experience. Ultrasound Obstet 

Gynecol 2015;45:683–8. https://doi.org/10.1002/uog.14648. 

[20] Takahashi S, Sago H, Kanamori Y, et al. Prognostic factors of congenital diaphrag- 

matic hernia accompanied by cardiovascular malformation. Pediatr Int 2013;55: 

492–7. https://doi.org/10.1111/ped.12104. 

[21] Gray BW, Fifer CG, Hirsch JC, et al. Contemporary outcomes in infants with congen- 

ital heart disease and bochdalek diaphragmatic hernia. Ann Thorac Surg 2013;95: 

929–34. https://doi.org/10.1016/j.athoracsur.2012.07.010. 

[22] Graziano JN, Congenital Diaphragmatic Hernia Study Group. Cardiac anomalies in 

patients with congenital diaphragmatic hernia and their prognosis: a report from 

the Congenital Diaphragmatic Hernia Study Group. J Pediatr  Surg  2005;40: 1045–

9 [discussion 1049-1050] https://doi.org/10.1016/j.jpedsurg.2005.03.025. 

[23] Cohen MS, Rychik J, Bush DM, et al. Influence of congenital heart disease on sur- 

vival in children with congenital diaphragmatic hernia. J Pediatr 2002;141:25–30. 

https://doi.org/10.1067/mpd.2002.125004. 

[24] PROSPERO international prospective register of systematic reviews. Available at: 

http://www.crd.york.ac.uk/prospero/about.php?about=about. [on 15th July 2018]. 

[25] Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for systematic re- 

views and meta-analyses: the PRISMA statement. J Clin Epidemiol 2009;62: 1006–

12. https://doi.org/10.1016/j.jclinepi.2009.06.005. 

[26] Review Manager (RevMan). Version 5.3. Copenhagen: The Nordic Cochrane Centre, 

The Cochrane Collaboration; 2014. 

[27] Slim K, Nini E, Forestier D, et al. Methodological index for non-randomized studies 

(MINORS): development and validation of a new instrument. ANZ J Surg 2003;73: 

712–6. 

[28] Guyatt GH, Oxman AD, Vist GE, et al. GRADE: an emerging consensus on rating 

quality of evidence and strength of recommendations. BMJ 2008;336:924–6. 

[29] Dupont WD, Plummer WD. Power and sample size calculations: a review and com- 

puter program. Control Clin Trials 1990;11:116–28. 

[30] Ryan CA, Perreault T, Johnston-Hodgson A, et al. Extracorporeal membrane oxy- 

genation in infants with congenital diaphragmatic hernia and cardiac 

malformations. J Pediatr Surg 1994;29:878–81. 

 
[31] Dyamenahalli U, Morris M, Rycus P, et al. Short-term outcome of neonates with 

congenital heart disease and diaphragmatic hernia treated with extracorporeal 

membrane oxygenation. Ann Thorac Surg 2013;95:1373–6. https://doi.org/10. 

1016/j.athoracsur.2013.01.003. 

[32] Congenital Diaphragmatic Hernia Study Group. Estimating disease severity of con- 

genital diaphragmatic hernia in the first 5 minutes of life. J Pediatr Surg 2001;36: 

141–5. 

[33] Weaver KL, Baerg JE, Okawada M, et al. A multi-institutional review of 

thoracoscopic congenital diaphragmatic hernia repair. J Laparoendosc Adv Surg 

Tech A 2016;26:825–30. https://doi.org/10.1089/lap.2016.0358. 

[34] Grizelj R, Bojanić K, Vuković J, et al. Congenital diaphragmatic hernia: the side of di- 

aphragmatic defect and associated nondiaphragmatic malformations. Am J 

Perinatol 2017;34:895–904. https://doi.org/10.1055/s-0037-1599821. 

[35] Greenwood RD, Rosenthal A, Nadas AS. Cardiovascular abnormalities associated 

with congenital diaphragmatic hernia. Pediatrics 1976;57:92–7. 

[36] Puri P, Gorman F. Lethal nonpulmonary anomalies associated with congenital dia- 

phragmatic hernia: implications for early intrauterine surgery. J Pediatr Surg 1984; 

19:29–32. 

[37] Nakayama DK, Harrison MR, Chinn DH, et al. Prenatal diagnosis and natural history 

of the fetus with a congenital diaphragmatic hernia: initial clinical experience. J  

Pediatr Surg 1985;20:118–24. 

[38] Mallik K, Rodgers BM, McGahren ED. Congenital diaphragmatic hernia: experience 

in a single institution from 1978 through 1994. Ann Thorac Surg 1995;60:1331–5. 

https://doi.org/10.1016/0003-4975(95)00617-T [discussion 1335-1336]. 

[39] Ssemakula N, Stewart DL, Goldsmith LJ, et al. Survival of patients with congenital 

diaphragmatic hernia during the ECMO era: an 11-year experience. J Pediatr Surg 

1997;32:1683–9. 

[40] Reyes C, Chang LK, Waffarn F, et al. Delayed repair of congenital diaphragmatic her- 

nia with early high-frequency oscillatory ventilation during preoperative stabiliza- 

tion. J Pediatr Surg 1998;33:1010–4 [discussion 1014-1016]. 

[41] Losty PD, Connell MG, Freese R, et al. Cardiovascular malformations in experimen- 

tal congenital diaphragmatic hernia. J Pediatr Surg 1999;34:1203–7. 

[42] Khawahur H, Kattan A, Al-Alaiyan S, et al. Congenital diaphragmatic hernia: a local 

experience. Ann Saudi Med 1999;19:501–4. 

[43] Suda K, Bigras JL, Bohn D, et al. Echocardiographic predictors of outcome in new- 

borns with congenital diaphragmatic hernia. Pediatrics 2000;105:1106–9. 

[44] Dott MM, Wong L-YC, Rasmussen SA. Population-based study of congenital dia- 

phragmatic hernia: risk factors and survival in metropolitan Atlanta, 1968–1999. 

Birt Defects Res A Clin Mol Teratol 2003;67:261–7. https://doi.org/10.1002/bdra. 

10039. 

[45] Rozmiarek AJ, Qureshi FG, Cassidy L, et al. Factors influencing survival in newborns 

with congenital diaphragmatic hernia: the relative role of timing of surgery. J 

Pediatr Surg 2004;39:821–4 [discussion 821-824]. 

[46] Tonks A, Wyldes M, Somerset DA, et al. Congenital malformations of the dia- 

phragm: findings of the West Midlands Congenital Anomaly Register 1995  to 2000. 

Prenat Diagn 2004;24:596–604. https://doi.org/10.1002/pd.908. 

[47] Fumino S, Shimotake T, Kume Y, et al. A clinical analysis of prognostic parameters 

of survival in children with congenital diaphragmatic hernia. Eur J Pediatr Surg 

2005;15:399–403. https://doi.org/10.1055/s-2005-872925. 

[48] Okawada M, Okazaki T, Yamataka A, et al. Efficacy of protocolized management for 

congenital diaphragmatic hernia. A review of 100 cases. Pediatr Surg Int 2006;22: 

925–30. https://doi.org/10.1007/s00383-006-1759-8. 

[49] Levison J, Halliday R, Holland AJA, et al. A population-based study of congenital di- 

aphragmatic hernia outcome in New South Wales and the Australian Capital Terri- 

tory, Australia, 1992–2001. J Pediatr Surg 2006;41:1049–53. https://doi.org/10. 

1016/j.jpedsurg.2006.01.073. 

[50] Rygl M, Pycha K, Stranak Z, et al. Congenital diaphragmatic hernia: onset of respi- 

ratory distress and size of the defect: analysis of the outcome in 104 neonates. 

Pediatr Surg Int 2007;23:27–31. https://doi.org/10.1007/s00383-006-1788-3. 

[51] Hosgor M, Karaca I, Karkiner A, et al. Associated malformations in delayed presen- 

tation of congenital diaphragmatic hernia. J Pediatr Surg 2004;39:1073–6. 

[52] Sharland GK, Lockhart SM, Heward AJ, et al. Prognosis in fetal diaphragmatic her- 

nia. Am J Obstet Gynecol 1992;166:9–13. 

[53] Gallot D, Coste K, Francannet C, et al. Antenatal detection and impact on outcome of 

congenital diaphragmatic hernia: a 12-year experience in Auvergne, France. Eur J 

Obstet Gynecol Reprod Biol 2006;125:202–5. https://doi.org/10.1016/j.ejogrb. 

2005.06.030. 

[54] Witters I, Legius E, Moerman P, et al. Associated malformations and chromosomal 

anomalies in 42 cases of prenatally diagnosed diaphragmatic hernia. Am J Med 

Genet 2001;103:278–82. 

[55] Geary MP, Chitty LS, Morrison JJ, et al. Perinatal outcome and prognostic factors in 

prenatally diagnosed congenital diaphragmatic hernia. Ultrasound Obstet Gynecol 

1998;12:107–11. https://doi.org/10.1046/j.1469-0705.1998.12020107.x. 

[56] Fogel M, Copel JA, Cullen MT, et al. Congenital heart disease and fetal 

thoracoabdominal anomalies: associations in utero and the importance of cytoge- 

netic analysis. Am J Perinatol 1991;8:411–6. https://doi.org/10.1055/s-2007- 

999427. 

[57] Harmath A, Hajdú J, Csaba A, et al. Associated malformations in congenital dia- 

phragmatic hernia cases in the last 15 years in a tertiary referral institute. Am J Med 

Genet A 2006;140:2298–304. https://doi.org/10.1002/ajmg.a.31470. 

[58] Thommesen P, Hedemand N. Congenital diaphragmatic hernia (Bochdaleck) with 

special reference to the prognostic influence of congenital cardiac and gastro- 

intestinal anomalies. Rofo 1975;122:156–60. https://doi.org/10.1055/s-0029- 

1230044. 

[59] Benjamin DR, Juul S, Siebert JR. Congenital posterolateral diaphragmatic hernia: as- 

sociated malformations. J Pediatr Surg 1988;23:899–903. 

https://doi.org/10.1016/j.jpedsurg.2019.01.018
https://doi.org/10.1016/j.jpedsurg.2008.02.029
https://doi.org/10.1016/j.jpedsurg.2008.02.029
https://doi.org/10.1542/peds.2016-2043
https://doi.org/10.1542/peds.2016-2043
https://doi.org/10.1159/000316974
https://doi.org/10.1016/j.jpedsurg.2018.02.015
https://doi.org/10.1053/j.sempedsurg.2017.04.011
https://doi.org/10.1053/j.sempedsurg.2017.04.011
https://doi.org/10.1016/j.jpedsurg.2016.02.008
https://doi.org/10.1002/bdra.20230
https://doi.org/10.1016/j.jpedsurg.2015.07.004
https://doi.org/10.1016/j.jpedsurg.2015.07.004
https://doi.org/10.1007/s00383-004-1138-2
https://doi.org/10.1007/s00383-004-1138-2
https://doi.org/10.3233/NPM-181710
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0060
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0060
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0060
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0065
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0065
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0065
https://doi.org/10.1002/ajmg.c.30131
https://doi.org/10.1002/ajmg.c.30131
https://newbornscreeningcodes.nlm.nih.gov/nb/sc/condition/CCHD
https://newbornscreeningcodes.nlm.nih.gov/nb/sc/condition/CCHD
https://doi.org/10.1542/peds.2013-3367
https://doi.org/10.1016/j.jpeds.2012.06.048
https://doi.org/10.1111/aogs.13274
https://doi.org/10.1002/uog.14648
https://doi.org/10.1111/ped.12104
https://doi.org/10.1016/j.athoracsur.2012.07.010
https://doi.org/10.1016/j.jpedsurg.2005.03.025
https://doi.org/10.1067/mpd.2002.125004
http://www.crd.york.ac.uk/prospero/about.php?about=about
https://doi.org/10.1016/j.jclinepi.2009.06.005
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0130
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0130
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0135
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0135
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0135
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0140
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0140
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0145
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0145
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0150
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0150
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0150
https://doi.org/10.1016/j.athoracsur.2013.01.003
https://doi.org/10.1016/j.athoracsur.2013.01.003
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0160
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0160
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0160
https://doi.org/10.1089/lap.2016.0358
https://doi.org/10.1055/s-0037-1599821
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0175
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0175
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0180
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0180
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0180
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0185
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0185
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0185
https://doi.org/10.1016/0003-4975(95)00617-T
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0195
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0195
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0195
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0200
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0200
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0200
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0205
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0205
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0210
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0210
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0215
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0215
https://doi.org/10.1002/bdra.10039
https://doi.org/10.1002/bdra.10039
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0225
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0225
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0225
https://doi.org/10.1002/pd.908
https://doi.org/10.1055/s-2005-872925
https://doi.org/10.1007/s00383-006-1759-8
https://doi.org/10.1016/j.jpedsurg.2006.01.073
https://doi.org/10.1016/j.jpedsurg.2006.01.073
https://doi.org/10.1007/s00383-006-1788-3
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0255
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0255
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0260
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0260
https://doi.org/10.1016/j.ejogrb.2005.06.030
https://doi.org/10.1016/j.ejogrb.2005.06.030
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0270
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0270
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0270
https://doi.org/10.1046/j.1469-0705.1998.12020107.x
https://doi.org/10.1055/s-2007-999427
https://doi.org/10.1055/s-2007-999427
https://doi.org/10.1002/ajmg.a.31470
https://doi.org/10.1055/s-0029-1230044
https://doi.org/10.1055/s-0029-1230044
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0295
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0295


Please cite this article as: L. Montalva, G. Lauriti and A. Zani, Congenital heart disease associated with congenital diaphragmatic hernia: A system- 
atic review on incidence, pr..., Journal of Pediatric Surgery, https://doi.org/10.1016/j.jpedsurg.2019.01.018 

 

 

 
[60] Torfs CP, Curry CJ, Bateson TF, et al. A population-based study of congenital dia- 

phragmatic hernia. Teratology 1992;46:555–65. https://doi.org/10.1002/tera. 

1420460605. 

[61] Fauza DO, Tannuri U, Ayoub AA, et al. Surgically produced congenital diaphrag- 

matic hernia in fetal rabbits. J Pediatr Surg 1994;29:882–6. 

[62] Bollmann R, Kalache K, Mau H, et al. Associated malformations and chromosomal 

defects in congenital diaphragmatic hernia. Fetal Diagn Ther 1995;10:52–9. 

https://doi.org/10.1159/000264193. 

[63] Martínez-Frías ML, Prieto L, Urioste M, et al. Clinical/epidemiological analysis of 

congenital anomalies associated with diaphragmatic hernia. Am J Med Genet 

1996;62:71–6. https://doi.org/10.1002/(SICI)1096-8628(19960301)62:1b71::AID- 

AJMG15N3.0.CO;2-S. 

[64] Cannon C, Dildy GA, Ward R, et al. A population-based study of congenital dia- 

phragmatic hernia in Utah: 1988–1994. Obstet Gynecol 1996;87:959–63. 

[65] Kamata S, Usui N, Ishikawa S, et al. Prolonged preoperative stabilization using high- 

frequency oscillatory ventilation does not improve the outcome in neonates with 

congenital diaphragmatic hernia. Pediatr Surg Int 1998;13:542–6. https://doi.org/ 

10.1007/s003830050398. 

[66] Migliazza L, Otten C, Xia H, et al. Cardiovascular malformations in congenital dia- 

phragmatic hernia: human and experimental studies. J Pediatr Surg 1999;34:1352–8. 

[67] Sabharwal AJ, Davis CF, Howatson AG. Post-mortem findings in fetal and neonatal 

congenital diaphragmatic hernia. Eur J Pediatr Surg 2000;10:96–9. https://doi.org/ 

10.1055/s-2008-1072334. 

[68] Dillon E, Renwick M, Wright C. Congenital diaphragmatic herniation: antenatal de- 

tection and outcome. Br J Radiol 2000;73:360–5. https://doi.org/10.1259/bjr.73. 

868.10844860. 

[69] Garne E, Haeusler M, Barisic I, et al. Congenital diaphragmatic hernia: evaluation of 

prenatal diagnosis in 20 European regions. Ultrasound Obstet Gynecol 2002;19: 

329–33. https://doi.org/10.1046/j.1469-0705.2002.00635.x. 

[70] van Dooren MF, Goemaere NNT, de Klein A, et al. Postmortem findings and clinico- 

pathological correlation in congenital diaphragmatic hernia. Pediatr Dev Pathol  

2004;7:459–67. https://doi.org/10.1007/s10024-004-1118-2. 

[71] Davis PJ, Firmin RK, Manktelow B, et al. Long-term outcome following extracorpo- 

real membrane oxygenation for congenital diaphragmatic hernia: the UK experi- 

ence. J Pediatr 2004;144:309–15. https://doi.org/10.1016/j.jpeds.2003.11.031. 

[72] Ruano R, Bunduki V, Silva MM, et al. Prenatal diagnosis and perinatal outcome of 38 

cases with congenital diaphragmatic hernia: 8-year experience of a tertiary Brazilian 

center. Clin Sao Paulo Braz 2006;61:197–202 [doi:/S1807–59322006000300003]. 

[73] Beck C, Alkasi O, Nikischin W, et al. Congenital diaphragmatic hernia, etiology and 

management, a 10-year analysis of a single center. Arch Gynecol Obstet 2008;277: 

55–63. https://doi.org/10.1007/s00404-007-0407-4. 

[74] Midrio P, Gobbi D, Baldo V, et al. Right congenital diaphragmatic hernia: an 18-year 

experience. J Pediatr Surg 2007;42:517–21. https://doi.org/10.1016/j.jpedsurg. 

2006.10.044. 

[75] Migliazza L, Bellan C, Alberti D, et al. Retrospective study of 111 cases of congenital 

diaphragmatic hernia treated with early high-frequency oscillatory ventilation and 

presurgical stabilization. J Pediatr Surg 2007;42:1526–32. https://doi.org/10.1016/ 

j.jpedsurg.2007.04.015. 

[76] Slavotinek AM, Warmerdam B, Lin AE, et al. Population-based analysis of left- and 

right-sided diaphragmatic hernias demonstrates different frequencies of selected 

additional anomalies. Am J Med Genet A 2007;143A:3127–36. https://doi.org/10. 

1002/ajmg.a.32100. 

[77] Fisher JC, Jefferson RA, Arkovitz MS, et al. Redefining outcomes in right congenital 

diaphragmatic hernia. J Pediatr Surg 2008;43:373–9. https://doi.org/10.1016/j. 

jpedsurg.2007.10.049. 

[78] Vivante A, Bilik R, Schushan Eisen I, et al. Congenital diaphragmatic hernia: 22 

years experience in a single tertiary medical center. Isr Med Assoc J 2008;10:880–3. 

[79] Shah SR, Wishnew J, Barsness K, et al. Minimally invasive congenital diaphragmatic 

hernia repair: a 7-year review of one institution's experience. Surg Endosc 2009; 

23:1265–71. https://doi.org/10.1007/s00464-008-0143-2. 

[80] Peetsold MG, Heij HA, Kneepkens CMF, et al. The long-term follow-up of patients 

with a congenital diaphragmatic hernia: a broad spectrum of morbidity. Pediatr 

Surg Int 2009;25:1–17. https://doi.org/10.1007/s00383-008-2257-y. 

[81] Olgun H, Karacan M, Caner I, et al. Congenital cardiac malformations in neonates 

with apparently isolated gastrointestinal malformations. Pediatr Int 2009;51: 260–

2. https://doi.org/10.1111/j.1442-200X.2008.02711.x. 

[82] Chao P-H, Huang C-B, Liu C-A, et al. Congenital diaphragmatic hernia in the neona- 

tal period: review of 21 years' experience. Pediatr Neonatol 2010;51:97–102. 

https://doi.org/10.1016/S1875-9572(10)60018-6. 

[83] Vogel M, McElhinney DB, Marcus E, et al. Significance and outcome of left heart hy- 

poplasia in fetal congenital diaphragmatic hernia. Ultrasound Obstet Gynecol 2010; 

35:310–7. https://doi.org/10.1002/uog.7497. 

[84] Chang S-W, Lee H-C, Yeung C-Y, et al. A twenty-year review of early and late- 

presenting congenital Bochdalek diaphragmatic hernia: are they different clinical 

spectra? Pediatr Neonatol 2010;51:26–30. https://doi.org/10.1016/S1875-9572 

(10)60006-X. 

[85] Aly H, Bianco-Batlles D, Mohamed MA, et al. Mortality in infants with congenital di- 

aphragmatic hernia: a study of the United States National Database. J Perinatol 

2010;30:553–7. https://doi.org/10.1038/jp.2009.194. 

[86] Hoffman SB, Massaro AN, Gingalewski C, et al. Predictors of survival in congenital 

diaphragmatic hernia patients requiring extracorporeal membrane oxygenation: 

CNMC 15-year experience. J Perinatol 2010;30:546–52. https://doi.org/10.1038/ 

jp.2009.193. 

[87] van den Hout L, Schaible T, Cohen-Overbeek TE, et al. Actual outcome in infants with 

congenital diaphragmatic hernia: the role of a standardized postnatal treatment proto- 

col. Fetal Diagn Ther 2011;29:55–63. https://doi.org/10.1159/000322694. 

 
[88] Chao P-H, Chuang J-H, Lee S-Y, et al. Late-presenting congenital diaphragmatic her- 

nia in childhood. Acta Paediatr 2011;100:425–8. https://doi.org/10.1111/j.1651- 

2227.2010.02025.x. 

[89] Antonoff MB, Hustead VA, Groth SS, et al. Protocolized management of infants with 

congenital diaphragmatic hernia: effect on survival. J Pediatr Surg 2011;46:39–46. 

https://doi.org/10.1016/j.jpedsurg.2010.09.060. 

[90] O’Mahony E, Stewart M, Sampson A, et al. Perinatal outcome of congenital dia- 

phragmatic hernia in an Australian tertiary hospital. Aust N Z J Obstet Gynaecol 

2012;52:189–94. https://doi.org/10.1111/j.1479-828X.2011.01381.x. 

[91] Samangaya RA, Choudhri S, Murphy F, et al. Outcomes of congenital diaphragmatic 

hernia: a 12-year experience. Prenat Diagn 2012;32:523–9. https://doi.org/10. 

1002/pd.3841. 

[92] Jawaid WB, Qasem E, Jones MO, et al. Outcomes following prosthetic patch repair in 

newborns with congenital diaphragmatic hernia. Br J Surg 2013;100:1833–7. 

https://doi.org/10.1002/bjs.9306. 

[93] Beres AL, Puligandla PS, Brindle ME, et al. Stability prior to surgery in congenital di- 

aphragmatic hernia: is it necessary? J Pediatr Surg 2013;48:919–23. https://doi. 

org/10.1016/j.jpedsurg.2013.02.002. 

[94] Munim S, Maheen H, Zainab G, et al. Fetal outcome of cases with diaphragmatic 

hernia. J Matern-Fetal Neonatal Med 2013;26:1439–42. https://doi.org/10.3109/ 

14767058.2013.783814. 

[95] Kim DJ, Chung JH. Late-presenting congenital diaphragmatic hernia in children: the 

experience of single institution in Korea. Yonsei Med J 2013;54:1143–8. https://doi. 

org/10.3349/ymj.2013.54.5.1143. 

[96] Lee SYS, Tan KH. Antenatally diagnosed congenital diaphragmatic hernia in 

Singapore: a five-year series. Singapore Med J 2013;54:432–6. 

[97] Wynn J, Krishnan U, Aspelund G, et al. Outcomes of congenital diaphragmatic her- 

nia in the modern era of management. J Pediatr 2013;163:114–9. https://doi.org/ 

10.1016/j.jpeds.2012.12.036 [e1]. 

[98] Benjamin JR, Gustafson KE, Smith PB, et al. Perinatal factors associated with poor 

neurocognitive outcome in early school age congenital diaphragmatic hernia survi- 

vors. J Pediatr Surg 2013;48:730–7. https://doi.org/10.1016/j.jpedsurg.2012.09.026. 

[99] Edmonds L, Boniface C, Alcock G, et al. Congenital diaphragmatic hernia in North- 

ern Queensland. J Paediatr Child Health 2013;49:475–9. https://doi.org/10.1111/ 

jpc.12211. 

[100] Leeuwen L, Walker K, Halliday R, et al. Growth in children with congenital dia- 

phragmatic hernia during the first year of life. J Pediatr Surg 2014;49:1363–6. 

https://doi.org/10.1016/j.jpedsurg.2014.02.081. 

[101] Tudorache S, Chiuţu LC, Iliescu DG, et al. Prenatal diagnosis and perinatal outcome 

in congenital diaphragmatic hernia. Single tertiary center report. Romanian J 

Morphol Embryol 2014;55:823–33. 

[102] McGivern MR, Best KE, Rankin J, et al. Epidemiology of congenital diaphragmatic 

hernia in Europe: a register-based study. Arch Dis Child Fetal Neonatal Ed 2015; 

100:F137–44. https://doi.org/10.1136/archdischild-2014-306174. 

[103] Huang JS, Lau CT, Wong WY, et al. Thoracoscopic repair of congenital diaphrag- 

matic hernia: two centres' experience with 60 patients. Pediatr Surg Int 2015;31: 

191–5. https://doi.org/10.1007/s00383-014-3645-0. 

[104] Hidaka N, Ishii K, Mabuchi A, et al. Associated anomalies in congenital diaphrag- 

matic hernia: perinatal characteristics and impact on postnatal survival. J Perinat 

Med 2015;43:245–52. https://doi.org/10.1515/jpm-2014-0110. 

[105] García AM, Machicado S, Gracia G, et al. Risk factors for congenital diaphragmatic 

hernia in the Bogota birth defects surveillance and follow-up program, Colombia. 

Pediatr Surg Int 2016;32:227–34. https://doi.org/10.1007/s00383-015-3832-7. 

[106] Oh T, Chan S, Kieffer S, et al. Fetal outcomes of prenatally diagnosed congenital dia- 

phragmatic hernia: nine years of clinical experience in a Canadian tertiary hospital. J 

Obstet Gynaecol Can 2016;38:17–22. https://doi.org/10.1016/j.jogc.2015.10.006. 

[107] Mesas Burgos C, Hammarqvist-Vejde J, Frenckner B, et al. Differences in outcomes 

in prenatally diagnosed congenital diaphragmatic hernia compared to postnatal 

detection: a single-center experience. Fetal Diagn Ther 2016;39:241–7. https:// 

doi.org/10.1159/000439303. 

[108] Kalanj J, Salevic P, Rsovac S, et al. Congenital diaphragmatic hernia — a Belgrade 

single center experience. J Perinat Med 2016;44:913–8. https://doi.org/10.1515/ 

jpm-2015-0333. 

[109] Vaja R, Bakr A, Sharkey A, et al. The use of extracorporeal membrane oxygenation 

in neonates with severe congenital diaphragmatic hernia: a 26-year experience 

from a tertiary Centre. Eur J Cardiothorac Surg 2017;52:552–7. https://doi.org/10. 

1093/ejcts/ezx120. 

[110] Murthy K, Pallotto EK, Gien J, et al. Predicting death or extended length of stay in 

infants with congenital diaphragmatic hernia. J Perinatol 2016;36:654–9. https:// 

doi.org/10.1038/jp.2016.26. 

[111] Hagadorn JI, Brownell EA, Herbst KW, et al. Trends in treatment and in-hospital 

mortality for neonates with congenital diaphragmatic hernia. J Perinatol 2015;35: 

748–54. https://doi.org/10.1038/jp.2015.46. 

[112] Hung W-T, Huang S-C, Mazloum DE, et al. Extracorporeal membrane oxygenation 

for neonatal congenital diaphragmatic hernia: the initial single-center experience in 

Taiwan. J Formos Med Assoc 2017;116:333–9. https://doi.org/10.1016/j.jfma. 

2016.06.012. 

[113] Kadir D, Lilja HE. Risk factors for postoperative mortality in congenital diaphrag- 

matic hernia: a single-centre observational study. Pediatr Surg Int 2017;33: 317–

23. https://doi.org/10.1007/s00383-016-4032-9. 

[114] Long A-M, Bunch KJ, Knight M, et al. Early population-based outcomes of infants 

born with congenital diaphragmatic hernia. Arch Dis Child Fetal  Neonatal  Ed 2018. 

https://doi.org/10.1136/archdischild-2017-313933. 

[115] Sperling JD, Sparks TN, Berger VK, et al. Prenatal diagnosis of congenital diaphrag- 

matic hernia: does laterality predict perinatal outcomes? Am J Perinatol 2018. 

https://doi.org/10.1055/s-0037-1617754. 

https://doi.org/10.1016/j.jpedsurg.2019.01.018
https://doi.org/10.1002/tera.1420460605
https://doi.org/10.1002/tera.1420460605
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0305
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0305
https://doi.org/10.1159/000264193
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0320
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0320
https://doi.org/10.1007/s003830050398
https://doi.org/10.1007/s003830050398
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0330
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0330
https://doi.org/10.1055/s-2008-1072334
https://doi.org/10.1055/s-2008-1072334
https://doi.org/10.1259/bjr.73.868.10844860
https://doi.org/10.1259/bjr.73.868.10844860
https://doi.org/10.1046/j.1469-0705.2002.00635.x
https://doi.org/10.1007/s10024-004-1118-2
https://doi.org/10.1016/j.jpeds.2003.11.031
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0360
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0360
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0360
https://doi.org/10.1007/s00404-007-0407-4
https://doi.org/10.1016/j.jpedsurg.2006.10.044
https://doi.org/10.1016/j.jpedsurg.2006.10.044
https://doi.org/10.1016/j.jpedsurg.2007.04.015
https://doi.org/10.1016/j.jpedsurg.2007.04.015
https://doi.org/10.1002/ajmg.a.32100
https://doi.org/10.1002/ajmg.a.32100
https://doi.org/10.1016/j.jpedsurg.2007.10.049
https://doi.org/10.1016/j.jpedsurg.2007.10.049
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0390
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0390
https://doi.org/10.1007/s00464-008-0143-2
https://doi.org/10.1007/s00383-008-2257-y
https://doi.org/10.1111/j.1442-200X.2008.02711.x
https://doi.org/10.1016/S1875-9572(10)60018-6
https://doi.org/10.1002/uog.7497
https://doi.org/10.1016/S1875-9572(10)60006-X
https://doi.org/10.1016/S1875-9572(10)60006-X
https://doi.org/10.1038/jp.2009.194
https://doi.org/10.1038/jp.2009.193
https://doi.org/10.1038/jp.2009.193
https://doi.org/10.1159/000322694
https://doi.org/10.1111/j.1651-2227.2010.02025.x
https://doi.org/10.1111/j.1651-2227.2010.02025.x
https://doi.org/10.1016/j.jpedsurg.2010.09.060
https://doi.org/10.1111/j.1479-828X.2011.01381.x
https://doi.org/10.1002/pd.3841
https://doi.org/10.1002/pd.3841
https://doi.org/10.1002/bjs.9306
https://doi.org/10.1016/j.jpedsurg.2013.02.002
https://doi.org/10.1016/j.jpedsurg.2013.02.002
https://doi.org/10.3109/14767058.2013.783814
https://doi.org/10.3109/14767058.2013.783814
https://doi.org/10.3349/ymj.2013.54.5.1143
https://doi.org/10.3349/ymj.2013.54.5.1143
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0480
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0480
https://doi.org/10.1016/j.jpeds.2012.12.036
https://doi.org/10.1016/j.jpeds.2012.12.036
https://doi.org/10.1016/j.jpedsurg.2012.09.026
https://doi.org/10.1111/jpc.12211
https://doi.org/10.1111/jpc.12211
https://doi.org/10.1016/j.jpedsurg.2014.02.081
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0505
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0505
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0505
https://doi.org/10.1136/archdischild-2014-306174
https://doi.org/10.1007/s00383-014-3645-0
https://doi.org/10.1515/jpm-2014-0110
https://doi.org/10.1007/s00383-015-3832-7
https://doi.org/10.1016/j.jogc.2015.10.006
https://doi.org/10.1159/000439303
https://doi.org/10.1159/000439303
https://doi.org/10.1515/jpm-2015-0333
https://doi.org/10.1515/jpm-2015-0333
https://doi.org/10.1093/ejcts/ezx120
https://doi.org/10.1093/ejcts/ezx120
https://doi.org/10.1038/jp.2016.26
https://doi.org/10.1038/jp.2016.26
https://doi.org/10.1038/jp.2015.46
https://doi.org/10.1016/j.jfma.2016.06.012
https://doi.org/10.1016/j.jfma.2016.06.012
https://doi.org/10.1007/s00383-016-4032-9
https://doi.org/10.1136/archdischild-2017-313933
https://doi.org/10.1055/s-0037-1617754


Please cite this article as: L. Montalva, G. Lauriti and A. Zani, Congenital heart disease associated with congenital diaphragmatic hernia: A system- 
atic review on incidence, pr..., Journal of Pediatric Surgery, https://doi.org/10.1016/j.jpedsurg.2019.01.018 

 

 

 
 

[116] Tyson AF, Sola R, Arnold MR, et al. Thoracoscopic versus open congenital diaphrag- 

matic hernia repair: single tertiary center review. J Laparoendosc Adv Surg Tech A 

2017;27:1209–16. https://doi.org/10.1089/lap.2017.0298. 

[117] Shanmugam H, Brunelli L, Botto LD, et al. Epidemiology and prognosis of congenital 

diaphragmatic hernia: a population-based cohort study in Utah. Birth Defects Res 

2017;109:1451–9. https://doi.org/10.1002/bdr2.1106. 

[118] Morsberger JL, Short HL, Baxter KJ, et al. Parent reported long-term quality of life 

outcomes in children after congenital diaphragmatic hernia repair. J Pediatr Surg 

2018. https://doi.org/10.1016/j.jpedsurg.2018.06.009. 

[119] Bent DP, Nelson J, Kent DM, et al. Population-based validation of a clinical predic- 

tion model for congenital diaphragmatic hernias. J Pediatr 2018. https://doi.org/ 

10.1016/j.jpeds.2018.05.027. 

[120] Zaiss I, Kehl S, Link K, et al. Associated malformations in congenital diaphragmatic 

hernia. Am J Perinatol 2011;28:211–8. https://doi.org/10.1055/s-0030-1268235. 

[121] Harmath A, Hajdú J, Hauzman E, et al. Experiences in the perinatal management of 

congenital diaphragmatic hernia during the last 15 years in a tertiary referral insti- 

tute. Fetal Diagn Ther 2007;22:209–16. https://doi.org/10.1159/000098720. 

[122] Neville HL, Jaksic T, Wilson JM, et al. Bilateral congenital diaphragmatic hernia. J 

Pediatr Surg 2003;38:522–4. https://doi.org/10.1053/jpsu.2003.50092. 

[123] Botden SM, Heiwegen K, van Rooij IA, et al. Bilateral congenital diaphragmatic her- 

nia: prognostic evaluation of a large international cohort. J Pediatr Surg 2017;52: 

1475–9. https://doi.org/10.1016/j.jpedsurg.2016.10.053. 

[124] Kitano Y, Lally KP, Lally PA, et al. Late-presenting congenital diaphragmatic hernia. J 

Pediatr Surg 2005;40:1839–43. https://doi.org/10.1016/j.jpedsurg.2005.08.023. 

[125] Abdullah F, Zhang Y, Sciortino C, et al. Congenital diaphragmatic hernia: outcome 

review of 2,173 surgical repairs in US infants. Pediatr Surg Int 2009;25:1059–64. 

https://doi.org/10.1007/s00383-009-2473-0. 

[126] Guner YS, Delaplain PT, Zhang L, et al. Trends in mortality and risk characteristics of 

congenital diaphragmatic hernia treated with extracorporeal membrane oxygena- 

tion. ASAIO J 1992;2018. https://doi.org/10.1097/MAT.0000000000000834. 

[127] Seetharamaiah R, Younger JG,  Bartlett RH, et al.  Factors associated with  survival 

in infants with congenital diaphragmatic hernia requiring extracorporeal 

membrane oxygenation: a report from the  Congenital  Diaphragmatic  Hernia Study 

Group. J Pediatr Surg 2009;44:1315–21. https://doi.org/10.1016/j. 

jpedsurg.2008.12.021. 

[128] Inamura N, Usui N, Okuyama H, et al. Extracorporeal membrane oxygenation for 

congenital diaphragmatic hernia in Japan. Pediatr Int 2015;57:682–6. https://doi. 

org/10.1111/ped.12554. 

[129] Robertson JO, Criss CN, Hsieh LB, et al. Comparison of early versus delayed strate- 

gies for repair of congenital diaphragmatic hernia on extracorporeal membrane ox- 

ygenation. J Pediatr Surg 2018;53:629–34. https://doi.org/10.1016/j.jpedsurg.2017. 

10.056. 

[130] Manni M, Heydanus R, Den Hollander NS, et al. Prenatal diagnosis of congenital di- 

aphragmatic hernia: a retrospective analysis of 28 cases. Prenat Diagn 1994;14: 

187–90. 

 
[131] Shiono N, Inamura N, Takahashi S, et al. Outcome of congenital diaphragmatic her- 

nia with indication for Fontan procedure. Pediatr Int 2014;56:553–8. https://doi. 

org/10.1111/ped.12322. 

[132] Brindle ME, Brar M, Skarsgard ED, et al. Patch repair is an independent predictor of 

morbidity and mortality in congenital diaphragmatic hernia. Pediatr Surg Int 2011; 

27:969–74. https://doi.org/10.1007/s00383-011-2925-1. 

[133] Putnam LR, Tsao K, Lally KP, et al. Minimally invasive vs open congenital diaphrag- 

matic hernia repair: is there a superior approach? J Am Coll Surg 2017;224: 416–

22. https://doi.org/10.1016/j.jamcollsurg.2016.12.050. 

[134] Jani JC, Nicolaides KH, Gratacós E, et al. Severe diaphragmatic hernia treated by fetal 

endoscopic tracheal occlusion. Ultrasound Obstet Gynecol 2009;34:304–10. 

https://doi.org/10.1002/uog.6450. 

[135] Cauley RP, Potanos K, Fullington N, et al. Pulmonary support on day of life 30 is a 

strong predictor of increased 1 and 5-year morbidity in survivors of congenital di- 

aphragmatic hernia. J Pediatr Surg 2015;50:849–55. https://doi.org/10.1016/j. 

jpedsurg.2014.12.007. 

[136] Mitchell SC, Korones SB, Berendes HW. Congenital heart disease in 56,109 births. 

Incidence and natural history. Circulation 1971;43:323–32. 

[137] Hoffman JIE, Kaplan S. The incidence of congenital heart disease. J Am Coll Cardiol 

2002;39:1890–900. 

[138] Amir G, Frenkel G, Bruckheimer E, et al. Neonatal cardiac surgery in the new era: 

lessons learned from 1000 consecutive cases. Isr Med Assoc J 2016;18:645–8. 

[139] Al-Maary J, Eastwood MP, Russo FM, et al. Fetal tracheal occlusion for severe pul- 

monary hypoplasia in isolated congenital diaphragmatic hernia: a systematic re- 

view and meta-analysis of survival. Ann Surg 2016;264:929–33. https://doi.org/ 

10.1097/SLA.0000000000001675. 

[140] Belfort MA, Olutoye OO, Cass DL, et al. Feasibility and outcomes of fetoscopic tra- 

cheal occlusion for severe left diaphragmatic hernia. Obstet Gynecol 2017;129: 20–

9. https://doi.org/10.1097/AOG.0000000000001749. 

[141] Seravalli V, Jelin EB, Miller JL, et al. Fetoscopic tracheal occlusion for treatment of 

non-isolated congenital diaphragmatic hernia. Prenat Diagn 2017;37:1046–9. 

https://doi.org/10.1002/pd.5139. 

[142] Feinstein JA, Benson DW, Dubin AM, et al. Hypoplastic left heart syndrome: current 

considerations and expectations. J Am Coll Cardiol 2012;59:S1–42. https://doi.org/ 

10.1016/j.jacc.2011.09.022. 

[143] Balduf K, Kumar TKS, Boston U, et al. Improved outcomes in management of hypo- 

plastic left heart syndrome associated with congenital diaphragmatic hernia: an al- 

gorithmic approach. Semin Thorac Cardiovasc Surg 2018. https://doi.org/10.1053/j. 

semtcvs.2018.02.010. 

[144] Gruber PJ, Spray TL. Surgical approaches to the hypoplastic left heart syndrome. Pediatr. 

Congenit. Cardiol. Card. Surg. Intensive Care, Springer-Verlag; 2014; 1787–808. 

[145] Ruchonnet-Metrailler I, Bessieres B, Bonnet D, et al. Pulmonary hypoplasia associ- 

ated with congenital heart diseases: a fetal study. PLoS One 2014;9:e93557. 

https://doi.org/10.1371/journal.pone.0093557. 

https://doi.org/10.1016/j.jpedsurg.2019.01.018
https://doi.org/10.1089/lap.2017.0298
https://doi.org/10.1002/bdr2.1106
https://doi.org/10.1016/j.jpedsurg.2018.06.009
https://doi.org/10.1016/j.jpeds.2018.05.027
https://doi.org/10.1016/j.jpeds.2018.05.027
https://doi.org/10.1055/s-0030-1268235
https://doi.org/10.1159/000098720
https://doi.org/10.1053/jpsu.2003.50092
https://doi.org/10.1016/j.jpedsurg.2016.10.053
https://doi.org/10.1016/j.jpedsurg.2005.08.023
https://doi.org/10.1007/s00383-009-2473-0
https://doi.org/10.1097/MAT.0000000000000834
https://doi.org/10.1016/j.jpedsurg.2008.12.021
https://doi.org/10.1016/j.jpedsurg.2008.12.021
https://doi.org/10.1111/ped.12554
https://doi.org/10.1111/ped.12554
https://doi.org/10.1016/j.jpedsurg.2017.10.056
https://doi.org/10.1016/j.jpedsurg.2017.10.056
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0650
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0650
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0650
https://doi.org/10.1111/ped.12322
https://doi.org/10.1111/ped.12322
https://doi.org/10.1007/s00383-011-2925-1
https://doi.org/10.1016/j.jamcollsurg.2016.12.050
https://doi.org/10.1002/uog.6450
https://doi.org/10.1016/j.jpedsurg.2014.12.007
https://doi.org/10.1016/j.jpedsurg.2014.12.007
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0680
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0680
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0685
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0685
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0690
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0690
https://doi.org/10.1097/SLA.0000000000001675
https://doi.org/10.1097/SLA.0000000000001675
https://doi.org/10.1097/AOG.0000000000001749
https://doi.org/10.1002/pd.5139
https://doi.org/10.1016/j.jacc.2011.09.022
https://doi.org/10.1016/j.jacc.2011.09.022
https://doi.org/10.1053/j.semtcvs.2018.02.010
https://doi.org/10.1053/j.semtcvs.2018.02.010
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0720
http://refhub.elsevier.com/S0022-3468(19)30055-7/rf0720
https://doi.org/10.1371/journal.pone.0093557

