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ABSTRACT
Purpose: Congenital diaphragmatic hernia (CDH) is rare but potentially fatal. The
overall outcome is highly variable. This study aimed to identify a simple and dynamic
parameter that helps predict the mortality of CDH patients in real time, without inva
sive tests.
Methods: We conducted a retrospective chart review of 59 CDH cases. Maternal and
fetal information included the gestational age at diagnosis, site of defect, presence
of liver herniation, and lung-to-head ratio (LHR) at 20 to 29 weeks of gestational
age. Information regarding postnatal treatment, including the number of days until
surgery, the need for inhaled nitric oxide (iNO), the need for extracorporeal mem
brane oxygenation (ECMO), and survival, was collected. The highest respiratory se
verity score (RSS) within 24 hours after birth was also calculated.
Results: Statistical analysis showed that a younger gestational age at the initial dia
gnosis (P<0.001), a lower LHR (P=0.001), and the presence of liver herniation (P=
0.003) were prenatal risk factors for CDH mortality. The RSS and use of iNO and
ECMO were significant factors affecting survival. In the multivariate analysis, the only
remaining significant risk factor was the highest preoperative RSS within 24 hours
after birth (P=0.002). The area under the receiver operating characteristic curve was
0.9375, with a sensitivity of 91.67% and specificity of 83.87% at the RSS cut-off value of
5.2. The positive and negative predictive values were 82.14% and 92.86%, respectively.
Conclusion: Using the RSS as a prognostic predictor with simple calculations will
help clinicians plan CDH management.
Key Words: Respiratory severity score, Congenital diaphragmatic hernia, Predictive
factor, Mortality, Prognosis, Neonate

INTRODUCTION
Congenital diaphragmatic hernia (CDH) is rare but potentially fatal and affects neonates
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1)

103

in one out of every 3,000 live births . The severity of pulmonary

tory ventilation mode at the NICU. The target range of oxygen

hypertension due to pulmonary hypoplasia is the major factor in

saturation was 85% to 95% by pulse oximetry . We clinically

mortality and morbidity. Because the overall outcome is highly

assessed the possibility of pulmonary hypertension in patients

2)

13)

variable, the management plan is not uniform . There have

with a pre- and post-ductal peripheral oxygen saturation

been many efforts to predict the postnatal outcomes of CDH so

(SpO2) difference of ≥10%. Echocardiograms were performed

that risk stratification can direct the planning of tailored mana

before and after surgery to assess the degree of pulmonary

gement

2-6)

. However, these predictive models are difficult to

hypertension. The diagnostic criteria for pulmonary hypertension

apply, too complex to understand intuitively, and are not able

were: (1) tricuspid valve regurgitation (TR) velocity ≥3 m/sec

to reflect postnatal progress in real time. Our study begins with

in the absence of pulmonary stenosis, (2) flat or left-deviated

the design of a simple and dynamic parameter that reflects the

interventricular septal shape, and (3) right-to-left shunt or right-

postnatal changes of CDH patients in real time, without a blood

to-left dominant bidirectional shunt flow through the patent

test or echocardiogram.

ductus arteriosus . Patients were classified into three groups

14)

The purpose of the present study was to identify risk factors for

according to estimated pulmonary arterial pressure relative

predicting the mortality of CDH neonates. We aimed to address

to systemic systolic blood pressure: less than 2/3 of systemic

this goal with the respiratory severity score (RSS), which is the

systolic pressure (no/mild pulmonary hypertension), equal to

product of the mean airway pressure (MAP) and the fraction of

or greater than 2/3 of systemic-to-systemic pressure (moderate

inspired oxygen (FiO2). The RSS was first described in 2004 as

pulmonary hypertension), or systemic-to-suprasystemic pressure

7)

an index for the non-invasive assessment of ventilatory status .

(severe pulmonary hypertension). The assessment hierarchy

The RSS has been used in clinical trials as a modified surrogate

was: (1) pressure differential by direction and velocity of ductus

of the oxygenation index (OI; FiO 2×MAP×100/partial pres

arteriosus flow using the Bernoulli equation; (2) 2-dimensional

7-10)

sure of oxygen in arterial blood [PaO2])

, and a strong asso

interventricular septum position (parasternal short axis), graded

ciation between the RSS and OI in ventilated newborns was

as normal, flattened (indicating right ventricular pressure ≥2/3

11)

demonstrated in one study .

systemic pressure), or D-shaped (right ventricular pressure
considered to be systemic-to-suprasystemic pressure); and (3)
right ventricular pressures based on peak TR jet velocity esti
mated by the modified Bernoulli equation (assuming a right

MATERIALS AND METHODS

15,16)

atrial pressure of 0 mm Hg )

.

Seoul National University Children’s Hospital (SNUCH) is a

We provided inhaled nitric oxide (iNO) therapy to infants

tertiary hospital in Seoul, Korea. We have 40 beds in the neonatal

with pulmonary hypertension if they showed evidence of extra

intensive care unit (NICU), and approximately 600 neonates

pulmonary right-to-left shunting and if the OI was greater than

are admitted every year. Support from pediatric professionals,

25 after effective lung recruitment

13,17)

. The usual starting dose

including subspecialists and surgeons, is well available for medi

was 20 ppm. Additionally, hemodynamic support comprising

cal intervention or surgery. SNUCH is a high-volume case center

volume expansion or the administration of catecholamines

(annual repair case number >6), as per a study that reported the

was conducted when necessary. We performed extracorporeal

12)

effect of hospital case volume on the outcome of CDH .
We conducted a retrospective chart review of CDH cases

membrane oxygenation (ECMO) procedure if a patient with
pulmonary hypertension did not respond to medical therapy
18-20)

, except when the patient

admitted between December 2006 and June 2015. All live inborn

or if the OI was elevated above 40

and outborn CDH infants admitted to the NICU of SNUCH

was less than 34 weeks of gestational age or weighed less than

within 24 hours after birth were included.

2 kg. Other indications for ECMO included increased PaCO2

The acute postnatal management protocol was as follows.

and refractory respiratory acidosis with pH <7.15. Usually we

All newborns diagnosed with CDH prenatally were delivered

preferred immediate (<24 hours after birth) repair after initial

with attending pediatric doctors. Immediate intubation was

stabilization with a gentle ventilation technique rather than

performed after birth, and mechanical ventilator support was

delayed (>48 hours after birth) repair of CDH because no known

initiated using either conventional or high-frequency oscilla

definitive benefit of prolonged stabilization of CDH patients
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21,22)

before repair surgery has been demonstrated to date

. Repair

surgery was performed in patients on ECMO in some cases.

Cox proportional hazards multivariate models were generated
to assess the relationship between the risk factors of CDH and

The variables collected for analysis included gestational

mortality. Area under the receiver operating characteristic (ROC)

age, birth weight, sex, and other combined anomalies. The

curve (AUC) analysis was used to determine the cut-off value of

collected information regarding postnatal treatment included

the predictive factor. Data were described as the mean±standard

the number of days until surgery, the need for iNO, the need for

deviation and the range or as the rate. All statistical analyses were

ECMO, and survival. The RSS (MAP×FiO2) was calculated hourly

performed using SPSS version 24.0 (IBM Corp., Armonk, NY,

during the 24 hours after birth. If the conventional ventilator

USA) and STATA version 12.1 (STATA Corp., College Station, TX,

mode was used, the MAP was calculated as MAP=PEEP+[(PIP–

USA).

PEEP)×(ti/ti+te)] (PEEP, positive end-expiratory pressure; PIP,
peak inspiratory pressure; ti, the inspiratory time; te, the expira
23)

2. Ethics statement

tory time) . If the high frequency oscillatory ventilator mode

The study was approved by the Institutional Review Board

was applied, the MAP of the actual ventilator setting was used

(IRB) of SNUCH and the IRB waived to obtain informed consent

for calculating RSS. Additionally, maternal information was

(IRB No. 1804-084-937).

collected. Data included demographics, antenatal history, mode
of delivery, and fetal information, including the gestational age at
CDH diagnosis, the site of defect, the presence of liver herniation,

RESULTS

and the lung-to-head ratio (LHR), only if the measurement was
taken from a sonogram that had been performed at 20 to 29
weeks of gestational age.

A total of 59 infants who were diagnosed with CDH and ad
mitted to the NICU during the study period were included in
the analysis. A flow chart of the disease course is presented in

1. Statistical analysis

Figure 1. Preoperative ECMO was performed in five patients, and

Demographic data and predictors of outcome that were found

among them, one patient also underwent postoperative ECMO.

and published previously were examined by univariate analyses

One patient who underwent ECMO but not surgery expired.

with independent t-tests and Wilcoxon rank-sum tests. The

All 13 patients without surgical intervention died, regardless of

chi-square test was used to evaluate categorical data, and the

whether ECMO was performed. Diaphragmatic hernia repair

Mann-Whitney U-test was used for all continuous variable com

was performed in 46 neonates, and the number of survivors was

parisons. P<0.05 was considered statistically significant. Factors

34.

thought to be useful for the pretreatment stratification scheme

The baseline characteristics of the patients are shown in Table

were examined with multivariate logistic regression analysis.

1. The mean gestational age was 38.71±1.43 weeks, and the mean

59 Infants diagnosed with CDH
December 2006-June 2015

53 Non-ECMO

6 ECMO

5 Operation

4 Non-ECMO

1 ECMO

4 Death

1 Death

1 Non-operation

41 Operation

40 Non-ECMO
1 Death

34 Survival

6 Death

12 Non-operation

1 ECMO
1 Death

12 Death

Figure 1. Flow chart of disease course in patients admitted between December
2006 and June 2015. Abbreviations: CDH, congenital diaphragmatic hernia; ECMO,
extracorporeal membrane oxygenation.
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Table 1. Baseline Characteristics of Study Object Infants with
Congenital Diaphragmatic Hernia (n=59)

Table 3. Postnatal Risk Factors for the Mortality of Congenital
Diaphragmatic Hernia

Characteristic

Variable

Value

Gestational age (wk)

38.71±1.43 (34–41.43)

Birth weight (g)

3,001±510 (1,570–3,900)

Male sex

39 (66.1)

Small for gestational age (<10%)

15 (25.4)

Survival (n=34) Death (n=25) P-value

Operation

2.74±1.52

4.25±2.99

0.117

3.99±2.21

14.50±5.33

<0.001

6 (17.6)

24 (96.0)

<0.001

Pre-op NO

Duration of hospitalization (d)

19.20±20.67 (1–131)

Pre-op ECMO

0

6 (24.0)

0.004

Post-op RSS

3.98±1.94

12.32±10.61

0.004

Post-op NO

7 (20.6)

11 (44.0)

<0.001

0

6 (24.0)

<0.001

Post-op ECMO

Variable
Gestational age (wk)
Birth weight (g)
SGA

Survival (n=34) Death (n=25) P-value
38.86±1.14

38.71±1.86

3,073.82±447.38 2,898.33±581.85

0.001

Operation day

11.34±14.34 (0–104)

Table 2. Prenatal Risk Factors for the Mortality of Congenital
Diaphragmatic Hernia

12 (48.0)

Pre-op RSS in 24 hours
after birth

Duration of assisted ventilation (d)

Values are expressed as mean±standard deviation (range) or number
(%).

34 (100)

Values are expressed as number (%) or mean±standard deviation.
Abbreviations: op, operation; RSS, respiratory severity score; NO, nitric
oxide; ECMO, extracorporeal membrane oxygenation.

0.884
0.398

Table 4. Risk Factors for the Mortality of Congenital Diaphrag
matic Hernia by Multivariate Analysis

8 (23.5)

7 (28.0)

0.763

Initial diagnosis (wk)

28.43±5.57

19.71±9.86

<0.001

LHR

2.15±0.99

1.26±0.63

0.001

GA with initial diagnosis

0.061 0.964 (0.928–1.002)
0.249 0.375 (0.071–1.989)

Variable

P-value

OR (95% CI)

Site (right side)

0

3 (12.0)

0.071

Lung-to-head ratio

Liver herniation

11 (32.4)

17 (68.0)

0.003

Combined anomaly

4 (11.8)

7 (28.0)

0.172

The highest preoperative respiratory se 0.002 1.591 (1.181–2.145)
verity score within 24 hours after birth

Complex heart disease

2 (5.9)

1 (4.0)

1.000

Liver herniation

Values are expressed as mean±standard deviation or number (%).
Abbreviations: SGA, small for gestational age; LHR, lung-to-head ratio.

0.195 0.169 (0.012–2.487)

Abbreviations: OR, odds ratio; CI, confidence interval; GA, gestational
age.

birthweight was 3,001±510 g.

1.00

First, we analyzed the presumptive prenatal risk factors for
CDH mortality. The results of statistical analysis indicated that
LHR (P=0.001), and the presence of liver herniation (P=0.003)
were significantly associated with CDH mortality in the study.

0.75

Sensitivity

a younger gestational age at initial diagnosis (P<0.001), a lower

0.50

The differences in these factors between the survival and the
death groups are presented in Table 2.

0.25

Possible postnatal risk factors for CDH, including hernia repair
surgery, the number of days from birth to the day of surgery, the
highest preoperative and postoperative RSSs within 24 hours
after birth, the application of preoperative and postoperative
iNO, and the application of preoperative and postoperative
ECMO, are compared in Table 3. All survivors had repair opera

Area under ROC curve=0.9375

0

0

0.25

0.50

0.75

1.00

1-Specificity

Figure 2. Receiver operating characteristic (ROC) curve of
the highest pre-operative respiratory severity score within 24
hours after birth.

tions. Additionally, the RSS, application of iNO and ECMO were
statistically significant factors that affected the survival rate.

within 24 hours after birth (P=0.002) (Table 4).

Multivariate analysis was performed using the aforementioned

ROC analysis of the preoperative RSS was performed to iden

statistically significant factors. The only remaining significant

tify the appropriate cut-off value predictive of mortality (Figure

factor affecting CDH mortality was the highest preoperative RSS

2). The AUC was 0.9375, with a sensitivity of 91.67% and a speci
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ficity of 83.87% at a cut-off value of 5.2. The positive and negative

such as the LHR, is originally subjective and operator dependent.

predictive values were 82.14% and 92.86%, respectively.

Recently, the Congenital Diaphragmatic Hernia Study Group
suggested a scoring equation with multiple variables, such as
birth weight, Apgar scores, the presence of severe pulmonary
hypertension at the first echocardiogram, a major cardiac ano

DISCUSSION

2)

maly, and chromosomal anomaly . However, these are all fixed
To our knowledge, the present study is the first evaluation of

factors at a single evaluation, and hence, cannot reflect the dyna

the relationship between RSS and CDH. We found that the pre

mic disease course of this group of patients. Conversely, the RSS

operative RSS within 24 hours after birth was the most significant

is the product of 2 real-time values and is thus able to promptly

predictive factor; the cut-off value had acceptable sensitivity and

reflect the changing conditions of patients. The values can be

specificity according to ROC curve analysis for the prognoses

objectively measured and easily obtained without any invasive

of CDH neonates. The positive and negative predictive values

procedure. This is the specific usefulness of the RSS as a dynamic

were also reasonable. The contribution of this study involves

prognostic predictive factor and the very strength of the present

the finding and suggesting of a possible postnatal respiratory

study.

predictive factor for the prognosis of CDH.

All neonates who died before surgery had conditions that were

Originally, RSS was designed under conditions in which PaO2

not favorable to repair operations. Our results showed significant

measurements were not routinely performed because not all

differences between the survivor and non-survivor groups re

patients had umbilical arterial catheters. Indwelling arterial

garding the application of iNO and ECMO. iNO improves oxy

catheters are required for the frequent monitoring of other respi

genation, and reduces the need for ECMO in neonates with

ratory indices, such as OI, and thus, complications including

persistent pulmonary hypertension . However, no randomized

24,25)

28)

. Further

trial has demonstrated that iNO improves the outcomes of CDH

more, the risk of iatrogenic anemia following blood samplings

patients. Moreover, two well-designed trials found that early iNO

that often requiring multiple blood transfusions should be a

treatment fails to improve survival or reduce the need for ECMO

thrombosis and infection are potential burdens

26)

29)

concern . However, when using the RSS, there is no need to

in newborns with CDH . Even the possibility of increasing the

perform frequent blood sampling, and hence, the effort and risk

need for ECMO in CDH patients treated with iNO has been sug

are reduced. Previous studies suggested that using the RSS as

gested . The poorer outcome in our patients who were treated

a respiratory index can be an option for less invasive intensive

with iNO could be partially explained by these findings . The

care, especially for the most vulnerable patients in the NICU.

benefit of ECMO for CDH patients is still unclear . The benefit

One study reported that the RSS on day 30 of life can provide

of delayed surgery after ECMO rather than emergency surgery

useful prognostic information for very low birth weight infants

on ECMO was reported previously, but there has been no con

9)

30)

31)

18)

undergoing prolonged mechanical ventilation . Recently, a

vincing reduction in mortality with ECMO in randomized trials.

study addressing RSS and extubation readiness in very low

In our study, all patients who received the ECMO either pre- or

27)

birth weight infants was published . These reports, along with

post- operatively died. As noted, we consider ECMO use mainly

ours, suggest that the RSS can be used as a reliable respiratory

if the OI exceeds 40. However, because of the invasiveness of

predictive factor.

the procedure and known poor long-term outcome , we tend

32)

To date, several studies have addressed the factors which can

to avoid ECMO use as long as the neonate can withstand the

predict the prognoses of CDH neonates, but no standardized,

disease course. As a result, the most seriously ill patient who did

universally accepted method has been identified. Known can

not respond to other treatments would have been chosen to

didate prenatal evaluation factors, such as the gestational age

receive ECMO. Thus, we think that some degree of selection bias

when the initial diagnosis was made, the LHR, and liver hernia

affected the higher mortality of the ECMO group. This tendency

tion, have been proposed, but they are insufficient to reflect

in treatment strategies is observed in another study in Japan .

33)

variable changes in the postnatal disease course because they

The present study may have several limitations because it is

are fixed values at a single moment during the prenatal period.

based on a retrospective chart review in a single center. Addi

Additionally, another problem exists wherein a measured value,

tionally, during the study period, there were quantitative and
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qualitative changes in the NICU. Therefore, gradual changes in
clinical practice over 10 years, such as in the ventilation strategy,
treatment of pulmonary hypertension, and timing of surgery
may not have been adequately corrected for in the results. A
prospective multicenter study with a precisely designed protocol
will be needed to address this issue. Furthermore, the high
mortality and morbidity of the CDH patient group arise from
refractory pulmonary hypertension. Thus, the medical approach
to these patients is mainly focused on treating pulmonary hyper
tension, which is unavoidably accompanied by pulmonary
hypoplasia. Future studies should consider using the RSS to
evaluate the efficacies of new therapies, including medicine and
ventilator modalities, for refractory pulmonary hypertension in
CDH patients.
In conclusion, we confirmed that the highest RSS value mea
sured within 24 hours after birth is related to the prognosis of
CDH. The RSS is an index that can be calculated in real-time
from the ventilator setting without invasive testing. Therefore,
using the RSS as a prognostic predictor with simple calculations
may help clinicians plan to manage CDH patients.
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