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Early outcome of congenital
diaphragmatic hernia in a Malaysian
tertiary centre
Rohana J, Boo N Y, Thambidorai C R
ABSTRACT

Introduction: This prospective observational
study was conducted to determine the outcome
of newborns with congenital diaphragmatic hernia
(CDH). They were managed with a protocol
of gentle ventilation to avoid barotraumas,
and inhaled nitric oxide (iNO) or intravenous
magnesium sulphate for treatment of persistent
pulmonary hypertension of newborns (PPHN).
Methods: All newborns with CDH admitted to
neonatal intensive care unit of this hospital during
the six -year study period were recruited. High
frequency oscillatory ventilation was used when
infants required peak inspiratory pressure of
more than 25 mmHg. iNO at 20 ppm or intravenous
magnesium sulphate was used when PPHN
developed. Arterial blood pH was maintained
between 7.35 and 7.45, and partial pressure of
arterial carbon dioxide was kept above 35 mmHg.
Surgery was performed when the infants' general
condition and blood gases were stabilised for at
least 24 hours.
Results: Of 21 infants recruited (I5 males and six

females, median gestational age 39.0 weeks, median

birth weight 2,800 grams), 52.4 percent had PPHN.
12 (57.1 percent) underwent surgery at a median
age of 4.9 days. One died postoperatively due to
PPHN. Out of the 21 subjects, 11 (52.4 percent)
survived to discharge. There was no significant
difference in the demographic characteristics,
side and size of CDH defects, presence of PPHN,
or type of treatment received, between infants
who survived and died. However, infants who died
had significantly lower mean Apgar scores at five
minutes of life (p -value is 0.02), and higher mean
oxygenation indexes (01) (p -value is 0.01) than
those of survivors. Two (18.2 percent) of the II
survivors developed chronic lung disease.
Conclusion: Low Apgar scores and high 01 were
associated with poor outcome in infants with
CDH.
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INTRODUCTION
Congenital diaphragmatic hernia (CDH), although rare (1
per 2,000-4,000 births), is associated with high mortality
(36% based on the CDH registry).(') Specialised centres
with extracorporeal membrane oxygenation (ECMO)
facilities reported survival rates of almost 80%.(2,3)
Current management strategies consists of preoperative
stabilisation and delayedrepair.o> ECMO facilities are not
available in mostAsian countries. Various other treatment
strategies were developed by different centres to improve
outcome. High frequency oscillatory ventilation (HFOV)
and inhaled nitric oxide (NO) were first made available at
our centre in the late 1990s. Prior to this, newborns with
CDH were ventilated using conventional ventilators and
intravenous magnesium sulphate (MgSO4) for treatment of
persistent pulmonary hypertension of newborns (PPHN).
A protocol, which focused on gentle ventilation and
treatment of PPHN with iNO or MgSO4 was developed
in our centre. This study was conducted to determine the
early outcome of newborns with CDH treated according
to this protocol.

METHODS
This was a prospective, observational study conducted
at the neonatal intensive care unit (NICU) of Hospital
Universiti Kebangsaan Malaysia. This hospital is a
tertiary referral centre with neonatal surgery services.
All newborns with CDH admitted over a six -year period
(between January 1, 2000 and December 31, 2005) were
treated according to a standard protocol. HFOV was used
when infants required a peak inspiratory pressure (PIP)
of more than 25 mmHg on conventional ventilators.
iNO at 20 ppm, or intravenous MgSO4, was commenced
when PPHN, confirmed by echocardiography, developed.
Intravenous MgSO4 was used as the first -line vasodilator
only if the infants' blood pressure was normal. Infants
treated with intravenous MgSO4 were given a loading
dose of MgSO4 at 200 mg/kg infused over half an hour,
followed by a continuous infusion of maintenance dose
of MgSO4 at 25-50 mg/kg/hour to achieve a serum level
of magnesium of 5.0-7.0 mmol/L. The serum level was
checked and measured every 12 hours. Patients were
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switched to the second vasodilator (iNO or MgSO4)
whenever their condition deteriorated or PPHN persisted
after four hours of treatment with the first vasodilator.
The first vasodilator was weaned off over 12-48 hours
depending on the response of infants. Arterial blood pH
was maintained between 7.35 and 7.45, and a partial
pressure of arterial carbon dioxide (PaCO2) was kept at
between 35 and 50 mmHg. Surgery was performed when
infants' vital signs, general condition, and blood gases
were stabilised for at least 24 hours.
The oxygenation index (OI), a measure of the level of
ventilatory support and the severity of hypoxaemia of the
infants, was serially monitored. It was calculated from the
following equation:
[Mean airway pressure

X

fraction of inspired oxygen (Fi02)

X

100]

postductal Pa02,

where postductal Pa02 was expressed in mmHg.
The data was collected prospectively and analysed
using the Statistical Package for Social Sciences version
11.0 (SPSS Inc, Chicago, IL, USA). Chi-square test was
used to compare categorical variables. Independent t-test
was used for analysis of normally distributed continuous
data, while Mann -Whitney U test was used for analysis of
skewed data. A p -value of less than 0.05 was considered
to be statistically significant.
RESULTS
21 infants were treated (15 males and six females) during

the study period. The median gestational age and birth
weight were 39.0 (interquartile range [IQR] 4.0) weeks
and 2,800 (IQR 675) grams, respectively. A majority
(61.9%) of infants were inborn. CDH was prenatally
diagnosed in 28.6% of infants. The lesions were left-sided
in 15 (71.4%), and isolated (without other congenital
anomaly) in 16 (76.2%) of the infants. Extensive shift
of mediastinum was seen in the chest radiographs of
14 (66.7%) infants. 15 (71.4%) infants were ventilated
using HFOV. PPHN occurred in 11 (52.4%) infants.
Nine infants died before surgery could be carried out. 12
(57.1%) underwent surgery at a median age of 4.9 (IQR
3.6) days. The median OI prior to surgery was 5.8 (IQR
18.5). Surgery was performed on two infants in the NICU
while on HFOV and iNO therapy, because they were too
unstable for transfer to the operation theatre. One infant
died postoperatively due to PPHN. 11 (52.4%) infants, out
of the total number of study subjects, survived to discharge
with a median hospital stay of 36 (IQR 25) days. Two
(18.2%) survivors developed chronic lung disease.
There was no significant difference in the ethnic and
gender distributions between infants who survived or died
(Table I). Neither were there any differences in gestational
age, birth weight, places of birth, prenatal diagnosis, and
modes of delivery between the two groups. However,
infants who had significantly lower mean Apgar scores
at 5 minutes of life (p = 0.02). There was no significant
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difference in the side of CDH, presence of extensive
mediastinal shift or associated abnormality between the
two groups (Table II). A higher proportion of infants
who developed PPHN died, but this was not statistically
significant. Infants who died, however, had significantly
higher OI, reflecting more severe PPHN than the survivors
(p = 0.04).

DISCUSSION
In recent years, various therapeutic modalities have
been used to improve the outcome of infants with
CDH. However, it remains unclear which strategy or
combination of strategies offers the best survival rates.
Most ofthe reported studies were non -randomised and the
number of patients was small. From the limited evidence
available, better outcomes were reported in infants
delivered at tertiary centres, with surgical repair delayed
until haemodynamic and respiratory stability were
achieved, and with the judicious use of non -aggressive
mechanical ventilation and permissive hypercapnia.
Other therapeutic modalities, such as HFOV, NO, and
ECMO, may provide additional advantages for selected
infants.(') Our study showed that the condition of more
than 50% (n = 12) of infants with CDH when treated
with combinations of gentle ventilation and treatment of
PPHN with NO or Mg SO4, could be stabilised to undergo
surgery. 91.7% (11/12) of them survived to discharge. The
major weakness of the present study, however, lies in it
being a non -randomised controlled trial. Furthermore, the
number of infants recruited was small.
The overall survival rate from our series of patients
was 52.4%. The CDH registry reported a survival rate of
64%,(1)while a centre in Australia, which used ECMO, had

a higher survival rate of 78%.(5) The infants who died in
our study had a median highest OI of 48.4. OI of greater
than 40 predicts a high mortality and has been widely used
as criteria for ECM0.(6) A centre in Italy, which followed
a similar protocol to ours, except for administration of

surfactant when persistently high levels of Fi02 were
needed to maintain Pa02 values > 60 mmHg, reported the
a higher survival rate of 60%.(7) The CDH Study Group
compared 192 surfactant -treated with 330 non -surfactant
treated infants (non -randomised) and concluded that no
benefit was associated with surfactant therapy.($) Large
prospective controlled trials are required for confirmation
of its beneficial role.
Since the 1980s, delayed surgery has become a widely
accepted strategy for treatment of CDH and after Sakai
et al reported the worsening of cardiopulmonary function
following early surgical repair.(9) Delayed surgery allows
for stabilisation of newborns with CDH associated with
lung hypoplasia and PPHN. The optimal timing of surgery
is still not universally accepted. The mean age at repair
varied between 4.5 and 8.9 days.(210) Rozmiarek et al
reported that cardiac defects, renal failure and initial blood
gases were significant factors that influenced survival
and not the timing of surgery(11) Therefore, the timing
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Comparison of demographical and perinatal variables between infants who died and survived.

Perinatal variables

Died

Survived

n=10

n=11

Male (%)

8 (80)

7

(63.6)

0.6

Malay (%)

8 (80)

8 (72.7)

0.5

Inborn (%)

8 (80)

5

(45.5)

0.2

Prenatal diagnosis (%)

3

(30)

3

(27.3)

1.0

p -value

Modes of delivery
Spontaneous vertex delivery

6

8

Vacuum

0

2

Forceps

4

0

Lower segment Caesarean section

0

0.06

Mean gestation (SD) (weeks)

39.3 (2.7)

37.8 (2.2)

0.2

Median birth weight (IQR) (g)

2,840 (915)

2,800 (750)

0.9

Mean Apgar score at one min (SD)

5.2 (2.4)

7.2 (1.5)

0.05

Mean Apgar score at five min (SD)

6.9 (1.8)

8.7(1.2)

0.02*

* statistical significance.
Table II. Comparison of characteristics of diaphragmatic hernia and clinical variables between infants who died
and survived.
Clinical variables

Died

Survived

n=

n=11

10

p -value

Side of diaphragmatic hernia (%)

Left

8 (80)

7

Right

2 (20)

4 (36.4)

0.06

Presence of extensive mediastinal shift (%)

8 (80)

6 (54.5)

0.40

No associated abnormality (isolated CDH) (%)

8 (80)

8 (72.7)

1.00

Developed PPHN (%)

7 (70)

4 (36.4)

0.08

Ventilated with HFOV (%)

9 (90)

6 (54.5)

0.20

Median highest oxygenation index (IQR)

48.4 (87.5)

22.9 (31.6)

0.004*

(63.6)

CDH: congenital diaphragmatic hernia; PPHN: persistent pulmonary hypertension; HFOV: high frequency oscillation ventilation; IQR:
interquartile range

* statistical significance

of surgery should be based on optimising these clinical
parameters, as opposed to adhering to a specific time
period. This is reflected in our series, in which the age at
surgery was highly variable, with a mean and median age
of 5.6 (SD 3.6) and 4.9 (IQR 3.6) days, respectively.

NO for CDH has been associated with good outcome
in some centres, but other groups reported disappointing
results.(') Three of our patients with PPHN received only
iNO as a vasodilator and all of them died. One newborn
who received only MgSO4 also died. Two newborns who
received MgSO4 as the first vasodilator survived, while
another two who received iNO as the first vasodilator
died. This suggests that Mg SO4 may be effective but
takes a longer time to take effect. However, this needs to
be confirmed by a proper randomised trial. Three other
patients with PPHN were not given vasodilator because
they had associated lethal cardiac malformations. In
conclusion, this small observational study showed that
low Apgar scores and high initial OI were associated
with poor early outcome of CDH. There is a need to do
properly -controlled studies involving a good number of
infants with CDH to answer some of the critical questions
about the management and outcome of these infants.

REFERENCES
1.

2.

3.

4.

5.

6.

7.

8.

9.

Estimating disease severity of congenital diaphragmatic hernia in the
first 5 minutes of life. The Congenital Diaphragmatic Hernia Study
Group. J Pediatr Surg 2001; 36:141-5.
Boloker J, Bateman DA, Wung JT, Stolar CJ. Congenital diaphragmatic
hernia in 120 infants treated conservatively with permissive
hypercapnea/spontaneousrespiration/elective repair. J Pediatr Surg
2002; 37:357-66.
Kays DW, Langham MR Jr, Ledbetter DJ, Talbert JL. Detrimental
effects of standard medical therapy in congenital diaphragmatic hernia.
Ann Surg 1999; 230:340-8.
Moffitt ST, Schulze KF, Shani R, et al. Preoperative cardiorespiratory
trends in infants with congenital diaphragmatic hernia. J Pediatr Surg
1995; 30:604-11.
Finer NN, Tierney A, Etches PC, PeliowskiA, Ainsworth W. Congenital
diaphragmatic hernia: developing a protocolized approach. J Pediatr
Surg 1998; 33:1331-7.
Gotoff SP. The fetus and the neonatal infant. In: Behrman RE,
Kliegman RM, Nelson WE, Vaughan VC, eds. Nelson Textbook of
Pediatrics. 14th ed. Philadelphia: WB Saunders, 1992: 471.
Lago P, Meneghini L, Chiandetti L, et al. Congenital diaphragmatic
hernia: intensive care unit or operating room? Am J Perinatol 2005;
22:189-97.
Van Meurs K; Congenital Diaphragmatic Hernia Study Group. Is
surfactant therapy beneficial in the treatment of the term newborn infant
with congenital diaphragmatic hernia? J Pediatr 2004; 145:312-6.
Sakai H, Tamura M, Hosokawa Y, et al. Effect of surgical repair on
respiratory mechanics in congenital diaphragmatic hernia. J Pediatr
1987; 111:432-8.

10.

11.

Reickert CA, Hirschl RB, Schumacher R, et al. Effect of very
delayed repair of congenital diaphragmatic hernia on survival and
extracorporeal life support use. Surgery 1996; 120:766-73.
RozmiarekAJ, Qureshi FG, Cassidy L, Ford HR, Hackam DJ. Factors
influencing survival in newborns with congenital diaphragmatic hernia:
the relative role of timing of surgery. J Pediatr Surg 2004; 39:821-4.

