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Congenital diaphragmatic hernia:

experience of 14 years

G. ROCHA 1, M. J. BAPTISTA 2, J. CORREIA-PINTO 3, H. GUIMARAES !

Aim. Over the last two decades, new thera-
pies have emerged for the management of
oongenital diaphragmatic hernia (CDH). The
aim of this paper was to review our experi-
ence in the management of newborns diag
nosed with CDH over a 14-year period.
Methods. Review of maternal and infant med-
ical records, 1997-2010.

Resnlts. Eighty newborns with CDH; 21
(26%) were preterm and 28 (35%) of low
birthweight (<2500 g), including 3 (4%) of
very low birthweight (< 1500 g). Prenatal di-
agnosis was made in 53 (66%) cases.The lo-
cation of the hernia was: left side 48 (90.5%);
right 4 (7.5%); bilateral 1 (1%). Corrective
surgery was performed in 58 (73%) patients.
High frequency oscillatory ventilation was
used in 10 (12.5%), inhaled nitric oxide in 1&
(22.5%), sildenafil in 15 (18.7%) and extracoe
paoreal membrane oxygenation in 1 (1%). The
overall survival was 49% (N.=39). Since 2003,
the overall survival raised to 64%. The sur
vival rate of the appropriate for gestational
age term newborns without other congeni-
tal/chromosomal anomaly or hydrops fetalis
was 67% (24/36).

Conclusion. Our survival rate for congenital
diaphragmatic hernia has improved over the
last 14 years, associated to the use of new
therapies, such as high-frequency oscillation
ventilation (HFOV), inhaled nitric oxide and
sildenafil.
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wver the course of the past two decades,
along with the increase in prenatal de-
tection and transfer to tertiary institutions
for delivery and treatment, new therapies
have emerged for the management of con-
genital diaphragmatic hernia (CDH), inchud-
ing delayed operative repair,t 4 inhaled
nitric oxide (INO),* high-frequency oscil-
lation ventilation (HFOW), 467 gentle ven-
tilation with permissive hypercapnea,l 2 8
and extracorporeal membrane oxygenation
(ECMO) 3 4 9 10 Coincidently, with these
technological advances the in-hospital su-
vival of CDH patients has improved to over
80% in some centers h 3 112 A standardized
postnatal management of infants with CDH,
the CDH EURO Consortium Consensus, has
been proposed in 2010.14
This study was undertaken in order to re-
view our experience in the management of
newborns diagnosed with CDH over a 14
year period, before the publication of the
CDH EURO Consortium Consensus.
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Materials and methods

Cases of CDH were identified in our da-
tabase, a tertiary referral centre for neonatal
swrgery. All neonates diagnosed with CDH
from January 1997 to December 2010 were
included. Neonates with diaphragmatic
eventration were not included in the study

Data were obtained from review of ma-
ternal and infant medical records, including
demographic characteristics, prenatal diag-
nosis, obstetric managerment, place of birth,
method of delivery, resuscitation and Apgar
scores, presence of associated anomalies,
side of defect and contents of hernia, evalu-
ation of pulmonary hypertension, use of
INO and sildenafl, timing of surgical repair,
preoperative and acute postoperative com-
plications, duration and methods of me-
chanical ventilation, oxXygen requirernent,
total parenteral nutrition, use of paralysis,
inotropic support, hospital stay and post-
mortern fAndings. Fetal lung-to-head ratio
and ultrasonographic assessment of the de-
gree of pulmonary hypoplasia were notun-
dertaken routinely during the study period.

Treatnent of infants with CDH included
elective intubation, sedation with or with-
out paralysis and ventilation according to
clinical criteria.  Permissive hypercapnea
was routinely practiced. HFOV was avail-
able from 1999 and was used as a rescue
modality in infants with refractory hypoxia
and/or hypercapnea. INO (20 ppmm) was
routinely used from 2003 after echocardiog-
raphy and an oxygenation index (rmean air-
way pressure X fraction of inspired oxyzen
x 100 / partial arterial pressure of oxygen)
over 20. Sildenafil has been used in infants
with persistent pulmonary hypertension re-
fractory to INO. Since 2003 we have rou-
tinely used a total daily water intake of 80
ml/kg (until start enteral feeds) along with
a perfusion of dopamine 5 mcg/kg/min
(until after surgery). A perfusion of dob-
utarnine (5 meg/ke/min) was started if signs
of myocardial dysfunction were present at
echocardiographic evaluation. Higher dos-
es of dopamine and dobutamine were used
according to clinical criteria. Routinely, all
CDH patients performed echocardiogra-
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phy in order to detect associated congenital
heart disease and evaluate the presence and
significance of pulmonary hypertension.
Pulmonary artery pressure estimation was
based on the gradient between right ven-
tricle and atriumn, through tricuspid regu-
gitation, assuming the right atriwm pressure
as 15 mmHg (estimated pultnonary artery
pressure = right wventricle to right atrium
gradient + 15 mmHg). Pulmonary hyper-
tension was stratified as mild if estimated
pulmonary artery pressure was less than
40 mmHg, moderate if between 40 and 60
mmHg, and severe if higher than 60 mmHg
Additionally, the presence of right-to-left
shunt at ductus arteriosus or foramen ovale
was a criterion of severity of pultnonary hy-
pertension. A policy of delayed surgery af-
ter preoperative stabilization was practiced
throughout the study period. The size of the
diaphragmatic defect was not determined.
Data on surgical aspects such as closure of
diaphragmn or prosthesis use were incom-
plete for a significant number of patients,
and were not used in this analysis. ECMO
was used for the first time in one patient.

Statistical analysis

Categorical wvariables were compared
through Chi-square or the exact Fisher’s
test. The Mann-Whitney test was used to
compare two independent samples. A lo-
gistic regression method was used to assess
adjusted odds ratio.

Results

A total of 80 newborns with CDH were
treated at owr institution dwring the con-
sidered period. The demographics of the
patient population are reported in Table
1. There were 21 (2696) preterm newborns
and 28 (35%) of low birthweight (<2500
), including three (4%) of very low birth-
weight (<1500 ).

Prenatal diagnosis of CDH was made in
53 (66%) cases, as detailed in Table II. A
case of CDH associated to a cystic hygro-
ma of the neck did not present any other
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TaeLe 1. —Characieristics of the studied population.

Patients, N. (36) 20 (100)

Male, N. (36) £1(51)

Female, N. (96) 39 (42)

Sindeton, N. (36) 78 (98D

Multiple, N. (36) 2(2)

Birthweight (), median (min — nax) 2735 (880-3770)
1500-2500 g, N. (36) 25 (31)
<1500 g, N. (36) 3 (4
IUGR, N. (36) 2 (%

Gestatiomal age (weeks), median 3B (28- 41)
(min — max)

Preterm (<37 weeks), N. (96) 21 (26)

Inborn, N. (%) 58 (73)

Outborn, N. (36) 22 (27)

Prematal diagnceis, N. (36) 53 (66)

Postmatal diagnosis, N. (36) 27 (34)
Caection, N. (96) 50 (63)

TUGR: lntrauterine growsth mstdction

Taere 1. —Prenatal diagnosis (N.=53).

side of DH N. (96)

Left side, N. (96) 48 (90.5)
Right side, N. (%6) £(7.5)
Bilateral N. (36) 1(29%)

Gestational age at PD (weeks), median 26 (19-38)
(min — max)

Referred to prematal consultation, . (36) 33 (62)

FPolyhydramnios, N. (96) 18 (34)

Chromceonml anonmly (amnictic fluid 23D

study), N. (36) 101.8)
£5,%0 N. (95) 1018
47 ==, +i(9) (pter-pl0:plo-ptef) ish
19) (wep™) N. (38)

Other major congenital anconmaly, N. (36) 3(5.6)
Esophageal atrsia, M. (96) 1(1.8)
Cyatic hygronm of the neck, N. (%6) 101.8)
Coarctation of aorta, N. (96) 101.8)

Heart deeaze (fetal echocardiogram), 00

N. (36)

Noo-immune hydrops fetalis, N. (96) 101.8)

Tracheal plug, N. (36) 3(5.6)

Elective delivery, N. (96) 42 (79.2)
Vaginal, N. (95) 2(21.4)
Cection, N. (36) 33 (78.5)

DH: dlaphmagmatic hernla; PD: prenatal dlagnosls

features of Fryns syndrome. Postnatal di-
agnosis occurred in 27 (34%) cases, in the
first day of life in 22 (28%) patients, and
between days 2 and 25 of life in the remain-
ing Ave (6%).

The clinical characteristics of the study
population are reported in Table III. Ten
(12.5%) patients were adrmitted in sponta-
neous ventilation, presenting a mild res
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Tasie IIL— Clinical characieristics of the study p opu-
lation (N.=80).

RESUSCITATION
5 minute Apgarscomr
<7, M. (36) 16 (20D
7-10, M. (95) 64 (80D
ADMISSION
Mechanical ventilation, N. (%) 70(87.5)
Spontaneous ventilation, N. (96) 10 (12.5)
Arterial blood pH
27.35, N. (38 25(31.3)
<7.35, N. (36) 55 (68.7)
EVOLUTION
Pulmomary hypertersion
Mild (<40 mniHg), N. (%6) 19 (23.7)
Moderate (40-80 mmHg), N. (36) 27 (33.8)
Severe (>80 mmHg), N. (96) 34(42.5)
HFOV, N. (35) 10 (12.5)
INO, N. (36) 18 (22.5)
Sildemafil, N. (95) 15(18.7)
Inctropic support, N. (96) 42(52.5)
ECMO, N. (96) 1(1.2)
Need for paralysis, N. (36) 20025)
FPreoperative pneumothorax, N. (96) 7(87)
Surgery, N. (96 58 (72.5)
Day of surgery, median (min-nmax) 401 -42)
Side of hernia
Right, N. (36) 11(13.8)
Left, N. (36) 68 (85)
Bilateral, N. (36) 1(1.2)
Intrathoracic liver, N. (96) 22 (20)
Duration of NICU stay (days), median 14 (1 — 167)
(min-nmax)
Posto perative complications
Hydrothorax, M. (96) 2(11.2)
Chylothorax, N. (36) 5(6.2)
Sepeis, N. (36) 11(13.8)
Poeumothorax, N. (96) 9(11.2)
Intestinal chetruction, N. (36) 1(1.2)
ECMO-related complications
Hemorrhagic diatesis (hemothorax, 1¢1.2)
haemopericadium, pulmonary
haemordage), N. (36
Deceased, N. (%) £1(51.2)
Day 1, N. (36) 13 (31.7)
Day 1, N. (36) 29 (70.7)
Discharged, N. (%) 39 (48.7)
Oxygen at discharge, N. (36) 6(15.3)
Home, N. (36) 22 (56.4)
Pediatric division, N. (96) 17 (43.5)

BOMO: extracorporsal membrane oxygenation; ING: lnhaled
nlirle aelde; HRPOV: high frequency cecllatory wentlation;
TICU: necnatal lntershe care unlt.
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Taere IV.—Comparative analysis between survivors and non-survivors.

Sulvors MNon-survlhvees P
(MN.=32) (N.=41)
Sex
Male, N. (%6 25 (64) 16 () 0.028
Fermle, N. (36) 14 (36) 25 (61)
Birthweight (2), median (min-nmax) 2905 (1780-3725) 2600 (880-3770) 0.022
Gestatiomal age (weels), Median (min-nmax) 38 (32 —41) 38 (28 —41) 0.021
Prematal diagneeis of COH, N. (36) 20 (51) 33 (80) 0.015
Inborn, N. (%) 23 (59) 35 (85) 0.029
Arterial pH at admizsion <7.35, N.(%) 19 (49) 36 (82) 0.021
Pulmomary hypertersion
Mild (0 mmiHg), N. (96) 11(28) 829 <0.001
Moderate (40-80 mmHg), N. (36) 16 (41) 11(27)
Severe (560 mmHZ), N. (36) 7018 27 (&5
Systemic arterial hypotersion N. (95) 7(18) 29 (70) <0001
Inhaled NO, N. (36) 7018 11(27) 0.473
ECMO ] 1(24) 0.001
Sildenafil N. (36) 615D 9(22) 0.54G
Side of hernia
Right, N. (36) £(10) 717 0039
Left, N. (36) 35 (59) 33 (£0)
Bilateral, N. (96) 0 1(2)
FPreoperative pneumothorax, N. (96) n] 701D 0033
Surzery, N. (36) 39 (100) 19 (46) <0001
Postoperative complicatiors
Hydrothorax, N. (36) 5(13) £(10) 0999
Chylothorax, N. (36) 5(13) 37 00nE54
Prneumothorax, N. (36) 308 6(15) 0351
Sereis, N. (36) 7(18) 4£010) 0536
Intestimal obetruction, N. (96) 1(3) 0 0437

BOMO: extracarporeal membmne aeygenation; NO: nltde oxlde

piratory distress, before the diagnosis of
CDH was done. Corrective surgery was
petformed in 58 (73%) patients. Twenty
two (28%) patients were deceased before
preoperative  stabilization was achieved.
Necropsy study was obtained in 17 (4994)
patients and revealed a double congenital
anomaly (coarctation of aorta associated
to an intra-abdorninal pulrnonary seques-
tration) in one terrn neonate, not detected
at prenatal study. Other additional Aindings
at post-morterm study included pneumonia
(six cases), meconium aspiration (three cas-
es), fulminating sepsis (one case) and hy-
pertensive pneumothorax (one case).

The comparative analysis of demograph-
ic and clinical data between survivors and
non-survivors is reported in Table IV,

Annual trends in prenatal diagnosis, in-
born patients and survival rates are report-
ed in Table V. Survival rate has improved
since 2003.

4 MINERVA PEDIATRIC A&

Comparison of characteristics and out-
comes of infants with CDH between two
epochs (1997-2002 and 2003-2010) is re-
ported in Table VI, Survival rate was statisti-
cally different between these two epochs,
even after adjustment to the variable sex
(OR 3.308 [95% CI: 1.008-9.158]).

The overall survival was 49% (IN.=39).
Since 2003, the owverall survival raised to
649, The swvival rate of the appropriate
for gestational age term newborns (excud-
ed one with intrauterine growth restriction,
IUGR) without other congenital/ chromo-
somal anomaly or hydrops fetalis was 67%
(24/36).

Discussion
The mortality rate associated with CDH

varies widely between centres and remains
relatively high, despite the widespread im-
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TAELE V—Annual tends in prevaial diagnosis, inborm patients and survival.

Vear 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
N. patents 8 5 G 8 5 1 2 5 7 8 3 5 4 G
PD N.(%6) 5(63) 2040 467 6(7H) 4(80) 1Q00) (50 430 4(5N 7@ 300 4(80) O 4(61
Inbom N.(%6) G(7%) 30 47 7(38) 4(z0) 1Q00) 5¢36 4(a0) 4¢3 sQ00) 3(100) 4(30) 0O 4(67)
Survival N.(36)  2(2%) 2¢40) 1Q17) 3(33) 1(2) 0@ 3¢50 5000 4(57) 3338 2067 4(30) 4(100) 350

PIN: prenatal dlagnoels.

TaeLE VI —Comparison of characteristics and outcomes of infants with CDH between two epochs (1997-2002

and 2003-2010)
1997-2002 2003-2010 P
(N=33 (N.=47)
Gender
Male, N. (%6 12 (36) 29 (62) 0.056
Fenmule, N. (96) 21 (64) 18 (3%)
Gestatiomal age (weeks)

Median (min — max) 38 (28-41) 3B (29-41) 0.732
Birthweight (g)

Median (min — max) 2600 (880-3770) 2810 (1335-3725) 0.154
Prematal diagnoeis N. (36) 22 (67 31 (&6 0.899
Inborn N. (96) 25 (76) 33 (&) 0.836
Other major congenital anonmly N. (%6) 30 102 0.035
Chromiceonnl anonrmly N. (96) 2 (&) 0 0.493
Nop-immune hydrops fetalis N. (96) 103 1] 20.999
IUGR N. (96) 0 1(2) 0.432
Survival (96) 9 (27.2) 30 (63.8) 0.016

TUGR: lntrauterine growsth mstdction.

plementation of new therapeutic modalities.
Experienced referral centres with ECMO
describe that a large proportion of infants
can be saved.!% 16 The overall swrvival rate
for liveborn infants remains at about 60%
to 80%.1? Our survival rate corresponds to
these Agures.

The optimal management of CDH re-
mains unsolved.!216. 17 A standardized post-
natal management of infants with CDH, the
CDH EURO Consortium Consensus, has
been proposed in 2010.44 Use of a standard-
ized protocol may contribute to more valid
comparisons of patient data in multicentre
studies and identification of areas for fur-
ther research.'® Different patients have dif-
ferent degrees of pulmonary hypertension.
Geggel e al. showed hypoplastic lung not
only in the ipsilateral but also in the con-
tralateral lung of infants born with CDH. 18

Many new therapeutic modalities used
in infants with this problem hawve been
implemented without properly controlled
studies. !? It remains uncertain, and cannot

Vel 64 -No. 1

be recommended at this time, that antena-
tal corticosteroids should be provided be-
yond 34 weeks of gestation in pregnancies
complicated with CDH in an attempt to
“mature” the fetal lang 7. 12 Whereas there
may be potential advantages of planning
the timing of delivery of a fetus known to
have a CDH, there are no controlled trials to
support either scheduling these deliveries
electively or opting for a caesarean section
versus the vaginal route. @ In this study, we
verified at post-rortem study that three of
the deceased infants were born by vaginal
route and presented a significant meconium
aspiration. This may be in favour of a C-sec-
tion. Notwithstanding, given that the post-
natal management of these infants often
involves utilization of invasive therapies,
such INO, HFOV, and ECMO, whenever
possible, deliveries of these infants should
occur in a centre experienced in the use of
these modalities. Further support for these
recommendations sterms from reports of in-
creased survival for infants with CDH man-
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aged in “high-volume” centres.!3 2! Given
the fact that often it is important to have
titne to look for other anomalies, to discuss
potential therapeutic alternatives with the
parents, and to engage the opinion of other
consultants, our current recommmendation
is to adopt a conservative approach and
delay swrgical repair of the CDH until the
infant has had an opportunity to stabilize
from a hemodynamic and respiratory point
of view 22 2 Most other studies found as-
sociated major anomalies to be important
predictors of mortality rate.?d In owr study,
all infants affected by other congenital or
chromosomal anomaly, non-immune hy-
drops fetalis or JUGR were deceased.

Judged by descriptions in the literature
published dwring the last decade and data
from the International CDH Registry, the use
of swfactant has been incorporated as part
of a more comprehensive strategy into treat-
ment protocols at many centres worldwide.
Therefore, based on the lack of definitive
evidence and the availability of only limited
studies, administration of surfactant to infants
with CDH cannot be recornmended, with the
exception of participation in well-designed
dinical trials, or in the setting of significant
prematurity when, besides CDH, the infant
may also exhibit respiratory distress due to
true surfactant deficiency!2 17,12 A sady by
Boucherar O & @l. in human fetuses conclud-
ed that CDH does not impair surfactant stor-
age or raturation in the hypoplastic lungs. 22

The optimal mode of ventilation for pa-
tients with CDH is not clear. However, re-
gardless of the ventilatory approach used,
management strategies desighed to Llimit
lung distension and inspiratory pressures
while allowing some degree of perrnissive
hypercapnea are recommended, as they
seem to be associated with a higher likeli-
hood of survival 642, 14,17, 12

The effect of INO on the outcome in
CDH remains controversial. @ 27 The car-
diovascular effects of sildenafil in neonates
wih CDH and pulmonary hypertension
despite optimized ventilatory management,
INO and supportive care are not known.
Preliminary findings suggest that sildenafl
may improve cardiac output by reducing

é MINERYA PEDIATRIC A
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pulmonary hypertension refractory to INO
in patients with CDH.?

Ow and other studies have found birth
weight, richt side hernia, and pneumothorax
to be predictive of mortality in CDH. We also
found a significant mortality rate associated
to fernale sex, prenatal diagnosis of CDH,
inborn birth, arterial pH=7.35 at adrnission,
the severity of pulmonary hypertension and
systernic arterial hypotension. HFOV has
also been found to predict mortality when
used solely for critically ill infants. 2

According to the results of a study con-
ducted by the Congenital Diaphragmatic
Hernia Study Group, the main determinant
of survival in CDH remains the severity of
pulmonary hypoplasia and pulmonary hy
pertension, and the size of diaphragmatic
defect correlates well with mortality, as well
as morbidity in the live born infants with
CDH.# In that multicentre study (8 coun-
tries, 51 centres, 3062 live born infants) the
overall survival was 69%, and the defect
size was the most significant factor that af-
fected outcome.? In 2001 this same group
analysed data subrnitted on 1054 infants of
71 centers and found the 5 minute Apgar
score and bithweight as the most significant
predictors of outcomme. 3!

Conclusions

Like us, other institutions hawve improved
their survival rate on CDH in the past dec-
ade.2? We observed an improvernent in sur-
vival rate since 2003, associated to the prac-
tice of a new treatment protocol including
some of the new therapies. We have tried
ECMO in a case of bilateral CDH, without
success, and the autopsy revealed severely
hypoplastic langs. We hope ECMO can pro-
vide additional advantage, at our NICU, for
selected infants in the near future.

Riassunto
Emia digframmatica congenita: unesperienxa di

14 anni

Obiettivo. Nel corso degli ultimi due decenni,
S0No emerse nuove terapie per la gestione dell'er-
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nia diaframmatica congenita (CDH). Obiettivo del
presente articolo & stato quello di passare in rasse-
ana la nostra esperienza nella gestione di neonati
con diagnosi di CDH in un periodo di 14 anni.

Metodi. Review di cartelle diniche materne e
neonatali tra il 1997 e il 2010.

Riswliat. Ottanta neonati con diagnosi di CDH,
tra cui 21 (20%) pretermine e 28 (35%) con basso
peso alla nascita (<2500 @), inclusi 3 (4%6) con peso
alla nascita estremamente basso (<1500 g). La dia-
gnaosi prenatale € stata effettuata in 53 (6096 casi.
La sede dell'ernia era: lato sinistro (48 casi, 90,59,
destro (4 casi, 7,5%), bilaterale (1 caso, 19%). La
chirurgia correttiva & stata effettuata in 58 pazienti
(73%). La ventilazione oscillatoria ad alta frequenza
(HEOV) & stata ulilizzata in 10 casi (12,5%), il mo-
nessido di azoto inalato in 18 casi (22,5%6), sildena-
Al in 15 casi (18,796 e l'ossigenazione extracorpo-
rea a membrana in 1 caso (19%). [a sopravvivenza
complessiva & stata del 49% (N.=30). Dal 2003, la
sopravvivenza complessiva € salita al 64%. Il tasso
di sopravvivenza appropriato per i neonati a ter-
mine di eta gestazionale senza altre anormalie cro-
masomiche/congenite o idrope fetale era del 67%
(24/306).

Conclustoni Il nostro tasso di sopravvivenza per
l'ernia diaframrmatica congenita & migliorato negli
ultimi 14 anni, associato all'utilizzo di huove tera-
pie, come |la HFOV, il monossido di azoto inalato
e sildenafil.

Parole chiawe: Ernia congenita diaframmatica -
Trattamento - Sopravvivenza, tasso.
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