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Congenital diaphragmatic hernia (CDH) is a severe 
developmental anomaly with an estimated global 
prevalence at birth of about 2.3 in 10,000 live births [1]. 
Despite recent advances in antenatal diagnosis, fetal 
interventions and postnatal management, the condition 
continues to have a high mortality due to pulmonary 
hypoplasia and pulmonary hypertension [2,3] and affected 
infants can suffer long-term morbidity. In a prospective 
national population cohort study from the United Kingdom 
and Ireland, the overall survival to one year of infants 
with CDH was 75% with the majority of deaths occurring 
before surgical repair [2]. Right-sided CDH (RCDH) is less 

common than left-sided defects and accounts for 15-20% 
of all CDH cases and there is conflicting evidence as to 
whether it represents a more severe condition with different 
outcomes [4-6]. Reported survival rates for infants with 
RCDH have been variable, but more frequently are lower 
than for infants with a LCDH [7,8]. In this commentary, 
we provide an updated summary of the literature on the 
outcomes of CDH infants with reference to the side of 
the defect and will present some ongoing studies of novel 
therapeutic management strategies.

We have previously reported that the morbidity and 
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Congenital diaphragmatic hernia (CDH) is a severe developmental anomaly associated with high mortality and long-term morbidity. 
Right-sided defects (RCDH) are less common than left-sided (LCDH) with variable outcomes and survival rates reported in the 
literature that are more frequently worse than for infants with left hernias.

RCDH has been associated with increased severity of pulmonary hypoplasia and increased incidence of pulmonary hypertension. 
Long-term respiratory, surgical and musculoskeletal morbidity also appears greater in infants with RCDH that tend to have a higher 
proportion of larger defects. Laterality alone is not an independent predictor of survival but gestational age, being small for gestation, 
the size of the defect and antenatal assessment of the fetal lung size have been identified as independent predictors of survival. 
Fetoscopic endoluminal tracheal occlusion (FETO) in the antenatal period improves survival rates in infants with severe left or right 
CDH and seem to improve the morbidity associated with right-sided defects but it remains an invasive procedure with potential 
complications. Ongoing studies aim to reduce FETO-associated complications and to develop adjunct therapies, such as stem cells or 
sildenafil, that could promote fetal lung growth and maturation and target pulmonary hypertension.

As mortality and morbidity of CDH survivors remain high and till results from the above studies become available, following a 
structured antenatal and postnatal management of CDH patients with standardised follow up of survivors could help improve 
neonatal outcomes.

Keywords: Congenital diaphragmatic hernia, Survival, Laterality, Outcome



                                                                                                                                                      
  Kaltsogianni O, Dassios T, Greenough A. Congenital Diaphragmatic Hernia: An Update on Management Strategies 
and Outcomes. Arch Gastroenterol Res. 2021; 2(2): 68-73.

Arch Gastroenterol Res. 2021
Volume 2, Issue 2 69

mortality of infants with a right versus a left-sided CDH 
and highlighted whether any differences occurred in 
those infants who had undergone fetoscopic endoluminal 
tracheal occlusion (FETO) in the antenatal period [9]. 
Survival to discharge of the infants overall and in the FETO 
group did not differ significantly according to the side of 
the defect. Infants with RCDH, however, had a significantly 
higher need for inhaled nitric oxide (iNO) in the neonatal 
period and greater long-term respiratory, surgical and 
musculoskeletal morbidity at follow up. This included 
chronic cough or more than two respiratory admissions, 
hernia recurrence, pectus deformity and scoliosis. We did 
not, however, observe any significant differences in short 
or long-term morbidity following FETO according to the 
side of the lesion and speculate that the procedure may 
reduce the greater disadvantageous effects that occur in 
utero due to a right compared to a left sided hernia [9].

Previous studies comparing outcomes of right versus left 
CDH have also reported a higher risk of hernia recurrence 
[10,11] and need for patch repair in patients with RCDH 
[4,10], but no significant differences in survival. In a large 
multi-centre, international study which included 3754 
cases of CDH, right-sided hernias had a higher proportion of 
larger defects [4]. Multivariable logistic regression analysis 
revealed a significant correlation between the size of the 
defect and survival, but not for laterality; similar survival 
rates were observed for similar defect sizes independent 
of the side of the hernia [4].  Larger diaphragmatic defects 
have also been associated with increased incidence of 
spinal and chest wall deformities [12] and in our series 
more RCDH infants who tended to have larger defects 
developed musculoskeletal abnormalities at follow-up, 
which was at least for one year and all those born in 2014 
had at least four years follow-up [9].

We demonstrated an increased need for iNO in infants 
with RCDH. Previous studies had also highlighted an 
association between RCDH and increased pulmonary 
morbidities as evidenced by the higher requirement for 
treatment with pulmonary vasodilators and extracorporeal 
membrane oxygenation (ECMO) [4], prolonged oxygen 
treatment and increased requirement for tracheostomy 
[6]. Although mortality was not higher in RCDH infants 
in all those studies, the results may indicate an increased 
severity of pulmonary hypoplasia with an increased 
incidence of pulmonary hypertension in infants with 
RCDH.

More recently, a retrospective multicentre analysis 
comparing outcomes of right and left CDH infants 
suggested that laterality alone is not an independent 
predictor of morbidity and mortality [13]. In a cohort of 
588 neonatal patients, infants with RCDH (n=93) were 
more frequently diagnosed with co-existing congenital 

heart defects (RCDH 29% versus LCDH 20%, p=0.046), 
but no significant differences were observed regarding 
other coexisting congenital anomalies overall or clinically 
evaluated genetic syndromes. RCDH patients were more 
likely to require a patch or muscle flap for repair with a 
thoracic approach likely due to the relatively larger size of 
the defect in agreement with previous studies [4,10]. There 
were, however, no significant differences in pulmonary or 
surgical complications including pulmonary hypertension, 
need for ECMO and hernia recurrence. At two-year follow 
up, neurodevelopmental outcomes were similar between 
the groups and within one standard deviation of the 
general population [13]. An eight-year review of 189 CDH 
pregnancies from a single institution revealed an increased 
association of right-sided defects with known antenatal 
predictors of poor perinatal outcomes (ultrasound 
evidence of liver herniation, ascites, pleural effusion or 
hydrops and a lower lung to head ratio (LHR)). Despite 
that association, infant survival to hospital discharge was 
similar with regards to laterality (64 versus 66.4%, p=0.49) 
with comparable obstetric (stillbirth, mode of delivery) and 
short-term neonatal (small for gestational age at birth, need 
for ECMO and length of stay at the Neonatal Intensive Care 
Unit) outcomes [14]. The study though did not report on 
long term morbidity and the authors emphasised that due 
to missing data they may have been underpowered in the 
analysis of adverse neonatal outcomes [14]. In agreement 
with the above, in a retrospective cohort study using the 
French national database of the Reference Centre for CDH, 
antenatal presence of liver herniation on ultrasound and a 
lower observed to expected lung-to-head ratio (o/e LHR) 
were independent predictors of mortality in a logistic 
regression model. Survival was higher for infants with 
LCDH compared to RCDH (77% versus 57%, p<0.01), but 
laterality was not an independent predictor after adjusting 
for liver herniation and O/E LHR. Infants with RCDH 
required significantly more frequently silo insertion, liver 
reduction and patch repair at surgery. Neonatal morbidity, 
pulmonary hypertension at forty-eight hours after birth, 
need for ECMO, oxygen therapy at twenty-eight days and 
the length of intensive care stay, were comparable between 
the groups [15]. Infants with CDH who had undergone 
FETO were excluded from the study and it was limited by a 
high rate of missing data for some variables.  In a national 
population-based study in the UK and Ireland, survival of 
CDH patients to one year was also not related to the side 
of the diaphragmatic defect, but being small for gestation 
was identified as a risk factor for increased infant mortality 
and diaphragmatic closure with a patch was linked to an 
increased incidence of chylothorax and mortality due to 
the well-known association of large defects with adverse 
clinical outcomes [2].

A retrospective review of patients across four European 
FETO centres with standardised prenatal and postnatal 
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management strategies [16] included 214 cases with an 
isolated RCDH and demonstrated, that in expectantly 
managed infants, a larger fetal lung size assessed by either 
the observed to expected lung to head ratio on ultrasound 
or by the total fetal lung volume (TFLV) on MRI or a lower 
liver-to-thorax ratio (LiTR) on MRI were significantly 
associated with higher rates of survival at discharge from 
intensive care and length of hospital stay. It should be 
noted that the best cut-off value of the O/E LHR to predict 
survival was 50% with higher specificity than the previously 
used value of 45% [17]. TFLV on MRI had similar predictive 
ability with the O/E LHR. In the FETO group, gestational 
age was the only predictor of survival (OR (95% CI): 
1.25 (1.04-1.5), p=0.02). Infants with severe pulmonary 
hypoplasia that had undergone FETO were more likely to 
survive to discharge (41% versus 15%, p=0.014) and the 
improvement in survival was sustained at six and twelve 
months of age. FETO cases had a higher risk of preterm 
prelabour rupture of membranes (PPROM) and preterm 
delivery when compared with cases of similar severity 
in the expectant management group. Despite earlier 
birth, neonatal morbidity indicators and the duration of 
intensive care stay did not differ significantly between the 
two groups. The authors concluded that FETO incurs a 
survival benefit to infants with severe isolated RCDH that 
outweighs the risk of prematurity related to the procedure. 
Mortality rates though remained high and comparable 
to these reported in earlier FETO studies [18] indicating 
that RCDH may constitute a separate entity with different 
biology and outcomes [6,18,19].

The outcomes of the infants with an isolated LCDH 
post FETO were determined in two large multi-centre 
randomised controlled trials (Tracheal Occlusion to 
Accelerate Lung Growth trials for moderate or severe 
hypoplasia) which took place across twelve European 
FETO centres. Infants with severe isolated LCDH (O/E 
LHR of less than twenty-five per cent) randomised to 
FETO had increased survival rates at discharge when 
compared to the expectant management group (40% 
versus 15%, p=0.009) and the increase in survival was 
sustained until six months of age. As observed in infants 
with RCDH that had undergone FETO, the risks of PPROM 
and preterm delivery were higher, but there was no 
increase in the duration of ventilatory support, intensive 
care stay or other complications related to prematurity. It 
should be noted, however, the trial was not powered for 
those outcomes or for the less common maternal or fetal 
complications [20]. In moderate congenital diaphragmatic 
hernia on the left side (O/E LHR 25 to 34.9% irrespective 
of liver position, or 35 to 44.9% with intrathoracic liver 
herniation) survival of infants to discharge or survival 
without oxygen supplementation at six months was not 
greater following prenatal FETO when compared with 
expectant management. In that trial, the procedure was 

performed at a later gestation (thirty to thirty-two weeks 
weeks) to account for the risk of preterm delivery and the 
authors speculate that this delayed occlusion of shorter 
duration could have contributed to the lack of significant 
improvement in survival [21]. Both trials required a 
long time period to complete during which protocols for 
postnatal management may have changed. The centres 
involved had high antenatal detection rates for CDH and 
experience in performing FETO. Therefore, the findings 
may not be generalisable to centres with different case mix 
or less experience in performing the procedure.

Although FETO seems to be of benefit in infants 
with severe CDH, it remains an invasive procedure 
with potential complications. Tracheomalacia and 
tracheomegaly have been reported [20-24].  In a 
retrospective, cross-sectional study of 37 CDH infants 
treated by FETO, tracheal diameter at birth measured on 
chest radiographs, was significantly increased in its whole 
length when compared with term and preterm controls, 
who were non-CDH neonates, matched for gestational age 
admitted at the Neonatal Intensive Care Unit with various 
pathologies including prematurity, respiratory distress 
and non-pulmonary problems [24].  Regression analysis 
showed that the severity of the CDH as measured by the 
pre-FETO O/E LHR and the duration of tracheal occlusion 
were significant predictors of the tracheal diameter at the 
level of tracheal entry into the chest. At follow up at the 
age of 22 months, about 20% of CDH survivors had an 
effort-induced barking cough. Early tracheal occlusion, 
especially before 26 weeks of gestational age, when the 
airways are highly compliant, also seemed to predispose to 
tracheomegaly [24,25]. With the exception of a few cases 
reported in the literature [23], tracheal issues appear to 
become less pronounced with age and clinical symptoms 
are very rare [22]. Cases of unsuccessful balloon removal 
prenatally or failure of postnatal puncture of the balloon 
leading to neonatal demise have also occurred [20,26]. 
In a cohort of 210 CDH cases that underwent FETO, 
ten deaths were reported as being directly related to 
difficulties with removal of the balloon and that was more 
likely to occur when the procedure was performed as an 
emergency. For those reasons, patients participating in 
the TOTAL trials were advised to stay near a FETO centre 
during the occlusion period. In the trials, two neonatal 
deaths were attributed to unsuccessful balloon removal 
that was also attempted postnatally [20,21]. Studies are 
under way to assess potential strategies to reduce FETO-
associated complications [27-29]. Long-term outcomes of 
participants remain to be assessed.

Despite the advances in antenatal and postnatal 
management strategies, mortality due to pulmonary 
hypoplasia in infants with CDH remains high. In addition, 
survivors suffer from complex medical and surgical 
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problems that continue through childhood, adolescence and 
adulthood [30,31]. New treatments are being investigated 
that could facilitate fetal lung growth and maturation and 
target pulmonary hypertension in CDH infants including 
cell therapies and sildenafil. Mesenchymal stem cells are 
considered to play an important role in lung development 
and have a potential beneficial effect in the prevention or 
treatment of bronchopulmonary dysplasia in neonates 
[32]. Adjunct therapies using stem cells have been studied 
in animal CDH models. In a rabbit CDH model, tracheal 
occlusion combined with intra-tracheal injection of human 
amniotic fluid stem cells led to an increase in the number 
of alveoli and a trend towards a decrease in peripheral 
muscularization with no signs of toxicity [33]. In a more 
recent study of a nitrofen-induced rodent CDH model, 
intra-amniotic injection of human mesenchymal stem cells 
(hMSCs) into the CDH fetuses resulted in more alveoli, 
larger air spaces and thinner alveolar walls compared to 
that in the controls. The medial and adventitial thickness 
of the pulmonary arteries were also improved in the 
CDH-hMSCs group. These studies [32,33] show that 
stem cells may have a role in improving fetal pulmonary 
morphological abnormalities related to CDH and reducing 
pulmonary hypertension. 

Inhaled nitric oxide (iNO), a pulmonary bronchodilator 
and vasodilator, is often the drug of first choice for 
pulmonary hypertension in CDH newborns. In term or 
near-term infants with persistent pulmonary hypertension 
of the newborn (PPHN) or severe hypoxic respiratory 
failure, iNO improves oxygenation and reduces the need 
for ECMO [34,35]. In CDH infants, however, mortality 
was not reduced and more ECMO treatment was needed 
[36,37]. Sildenafil improves oxygenation and reduces 
mortality in neonates with PPHN [38], but prospective data 
in CDH patients are lacking. A prospective, multicentre, 
international randomised-controlled trial (RCT) of 
iNO versus sildenafil for the treatment of pulmonary 
hypertension in neonates with CDH is under way. The trial 
will also report on long-term follow up at twelve months 
[39]. Antenatal sildenafil therapy has been studied in 
animal models and was shown to cross the placenta 
and improve pulmonary vascular resistance and airway 
morphometry [40]. A prospective randomised phase I/IIb 
trial evaluating the transplacental transfer of sildenafil in 
humans is ongoing [41].

In conclusion, the mortality of CDH remains high 
despite recent advances in antenatal interventions and 
postnatal management strategies. Laterality alone may 
not affect mortality, but there is some evidence to suggest 
that RCDH infants have greater morbidity compared to 
infants with LCDH due to the relatively larger size of the 
defect. FETO plays a role in the management of infants 
with severe left or right CDH improving overall mortality 
regardless of the side of the defect. Long-term follow up 

data of participants in trials are necessary to review the 
impact of the intervention on long-term morbidity and to 
inform antenatal counselling and follow up planning of 
these patients. Future treatments may incorporate adjunct 
medical interventions such as stem cells or sildenafil to 
further optimize neonatal outcomes. A structured antenatal 
and postnatal management of infants with CDH based on 
the best available evidence along with standardised follow 
up of survivors is necessary if the morbidity and mortality 
of the disease are to improve. 
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