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Abstract

Background Gastroesophageal reflux (GER) is common

in children with congenital diaphragmatic hernia (CDH),

and the optimal management in these patients is not well

established. The aim of this study was to assess whether a

preventive fundoplication performed during the first sur-

gery will improve GER and nutritional morbidity in

patients with a left CDH.

Methods Thus we studied one group of 17 patients treated

with a one-step antireflux procedure (group A) and a group

of 19 patients with only initial diaphragmatic repair (group

B) between January 1994 and December 2004. The patients

were classified in three stages, mild intermediate and

severe form, based on anatomic criteria (liver position and

patch requirement). Most of the patients with the severe

form of disease were in group A. Clinical charts were

compared between the two groups with a mean follow-up

of 3 years.

Results For patients with intra-abdominal liver and direct

diaphragmatic closure, the duration of hospitalization was

significantly longer in group A than in group B (p = 0.08).

The incidence of GER was significantly lower in group A

(17.6%) than in group B (52.6%) at 1-year follow-up

(p \ 0.5). In the last group, 30% required a fundoplication

before 6 months. Seven patients (19%) required intermit-

tent nutritional supplementation via nasogastric tube

feeding; for these patients there was no difference between

the two groups. A gastrostomy was performed in only one

patient. Twelve percent of patients had growth retardation

during most of their first year, again with no difference

between the two groups.

Conclusions Based on the published data, recommenda-

tions can be made regarding the efficacy of adding an

antireflux surgery procedure to left CDH repair in only

patients with intrathoracic liver and/or patch requirement.

Introduction

Gastroesophageal reflux (GER) is common after congenital

diaphragmatic hernia (CDH) repair, occurring in 28%–69%

of patients [1–6]. It has been recognized as a significant

contributing factor, delaying both artificial ventilation and

hospitalization in CDH survivors [3, 4, 6]. The mechanisms

responsible for pathological GER in this condition remain

poorly established, but 15%–70% of the affected CDH

patients remain symptomatic under medical treatment, and

thus require surgical correction [1–5, 7]. Koot et al. [4] and

Sigalet et al. [8] have supported Nissen fundoplication in

early infancy if there is no result with medical therapy. We

previously proposed performance of preventive fundopli-

cation at the time of CDH repair [3].

The aim of the present study was to assess the efficiency

of such a one-step surgical procedure in CDH repair.

Materials and methods

Materials

This is a retrospective study of 70 neonates admitted to our

institution for CDH between 1994 and 2004. Fifty-seven of

these infants were born in our hospital and 13 were referred
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postnatally. Sixty-three had a left-sided hernia; 18 of them

died prior to surgery and 40 survived after 3 months. Four

were discharged to other centers after their CDH repair.

We reviewed the medical charts of the 36 remaining cases

with a mean follow-up of 3 years (range: 6–132 months).

The infants in this series included 22 boys and 14 girls.

The mean birth weight was 2,834 g (1,710–4,150 g; med-

ian, 2,875 g); the mean gestational age was 37.3 weeks

(32–41 weeks; median, 38 weeks). Eleven patients had

associated congenital anomalies, including three with

neurological disease. High-frequency oscillatory ventila-

tion (HFO) was used in 25 patients and nitric oxide (NO)

inhalation support was required in 20. No extracorporeal

membrane oxygenation was used.

Surgical repair was performed through a subcostal

abdominal incision. The diaphragmatic defect was

repaired with direct closure in 20 patients and with a

prosthetic patch in 16 patients. The surgery included a

fundoplication in 17 cases (10 Nissen and 7 partial wrap)

according to the surgeon’s option and peropertative

hemodynamic stability. No gastrostomy tube was placed

during the initial surgery.

Methods

We defined two groups of patients: group A when in which

initial antireflux procedure was performed and group B in

which no initial antireflux procedure was performed. In

each group, we noted the following items:

• Anatomical form: mild (when the diaphragmatic defect

was repaired with direct closure and the liver was in an

intra-abdominal position), intermediate (when the dia-

phragmatic defect was repaired using a prosthetic patch

or the liver was in an intrathoracic position), severe

(when the diaphragmatic defect was repaired using a

prosthetic patch and the liver was in an intrathoracic

position).

• Duration of artificial ventilation

• Duration of parenteral nutrition

• Duration of hospitalization

• Ponderal status (growth retardation was defined as

weight under fifth percentile compared with the refer-

ence curves of Sempé)

• Need for enteral nutrition support after hospitalization

• Incidence of GER, assessed by clinical investigation,

upper gastrointestinal UGI) series, 24-hour pH moni-

toring, or endoscopies.

Twenty-three of the 36 patients had had at least one

GER investigation during the first year of life, 10 in group

A and 13 in group B (Table 1).

Pathological GER was defined as follows:

• persistent vomiting and recurrent respiratory symptoms

despite medical treatment

• pH of less than 4.0 for more than 5% of the time

monitored

• moderate and severe GER revealed by UGI

• endoscopic biopsies showing at least moderate

esophagitis

Statistical analysis was performed using the chi-square

test (with continuity correction) and Fischer’s exact test for

categorical data, and the Mann-Whitney test for continuous

data. A p value of less than 0.05 was considered significant.

Results

Population

The significant differences between groups A and B were the

presence of intrathoracic stomach herniation and hernia sac,

which was significantly more frequent in group A. The two

groups were therefore evaluated as homogeneous groups

(Table 2). There were 16 patients with mild disease and 13

patients with the intermediate anatomical form; their repair

carried out for patients in the two groups was similar. Six of

the seven patients with a severe form of CDH were treated

with a one-step fundoplication. One patient with this form

could not have a fundoplication because of a hemodynamic

instability during the diaphragmatic repair.

Table 1 Gastroesophageal reflux (GER) exploration in two congenital diaphragmatic hernia (CDH) patient groups during the first year of life

Group A (n = 17) Group B (n = 19) p-Value

pH monitoring No.a 6 (35) 10 (53) .24

Age (months)b 4.5 (2–12) 3 (1–6) .42

UGI No.a 8 (47) 8 (42) .88

Age (months)b 4 (3–12) 6 (1–6) .53

Endoscopies No.a 2 (12) 3 (16) .69

Age (months)b 3 (3–3) 3 (2–3) .56

a Values are patient number, with percentages in parentheses
b Data are expressed as median, with the range in parentheses
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Postoperative care

There was no significant difference between the two groups

in terms of duration of mechanical ventilation and paren-

teral nutrition. Table 3 shows that the duration of

hospitalization was significantly longer in group A than in

group B, but only for patients with the mild anatomical

form of the disease (p = .008).

Seven patients had recurrent herniation during their first

year of life, four with a severe form of CDH in group A and

one with each anatomical form in group B. All patients

were alive at a mean follow-up of 3 years.

Incidence of GER

Twelve of the 17 patients in group A and 6 of 19 patients in

group B did not have any clinical problems and no proven

pathological GER during the first year of life (p = .02). The

incidence, during this period, of a proven pathological GER

was 17.6% (3 patients of 17) in group A and 52.6% (10 patients

of 19) in group B with a significant difference (p = .04).

Durations of artificial ventilation, parenteral nutrition,

and hospitalization in group B were significantly longer for

infants with pathological GER than for those without

pathological GER (Table 4). We could not find a statisti-

cally significant correlation between anatomical form and

GER in this group (Table 5).

Three patients with severe proven pathological GER in

group B were lost to follow-up after one year. In this group,

a patient with the severe form did not have a one-step

fundoplication because of peroperative hemodynamic

instability. He underwent surgical treatment for pathologic

GER at 3 months of age. Two other group B patients with

the intermediate form required a Nissen fundoplication

during their first 5 months of life.

All patients in group A with pathological postoperative

GER responded well to medical therapy. No initial fun-

doplication broke down within the 3-year follow-up.

Table 2 Demographic data of

the group A and group B CDH

patients

HFO, high-frequency

oscillatory ventilation
a Values are patient number

with percentage in parentheses
b Data are expressed as median,

with the range in parentheses

* Statistically significant

(p \ .05)

Group p-Value

A (n = 17) B (n = 19)

Malesa 10 (59) 12 (63) .8

Gestational age (weeks)b 37 (32–41) 38 (33–40) .51

Birth weight (g)b 2,820 (2,150–3,220) 2,920 (1,710–4,150) .23

Antenatal diagnosisa 13 (76) 16 (84) .57

HFO requirementa 12 (71) 14 (74) .84

Nitrous oxide requirementa 10 (59) 10 (53) .72

Median age at surgery (h)b 34 (6–456) 24 (4–144) .14

Herniatic saca 1 (6) 7 (37) .02*

Thoracic stomacha 15 (88) 10 (53) .02*

Thoracic livera 6 (35) 5 (26) .57

Pulmonary hypoplasiaa 3 (18) 3 (16) .56

Patch repaira 10 (59) 5 (26) .05

Table 3 Duration of artificial

ventilation, parenteral nutrition,

and hospitalization for patients

with each anatomic form of

CDH

Note. Data are presented as

median, with the range in

parentheses. The Mann-

Whitney U-test was used to

establish significant differences

* Statistically significant

(p \ .05)

Artificial

ventilation

(days)

Parenteral

nutrition

(days)

Hospitalization

(days)

Mild form Group A (n = 7) 8 (2–45) 27 (6–68) 45 (21–84)

Group B (n = 9) 4 (2–9) 7 (5–21) 18 (12–45)

p Value .2 .01* .008*

Intermediate

form

Group A (n = 4) 32 (22–40) 50 (36–78) 88 (45–118)

Group B (n = 9) 10 (3–45) 37 (6–365) 50 (15–365)

p Value .06 .35 .32

Severe form Group A (n = 6) 23 (17–43) 31 (26–122) 60 (45–184)

Group B (n = 1) 47 145 150

p Value .13 .13 .32
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Nutritional morbidity

There was no dysphagia after the 20 fundoplications. Three

of the 17 patients in group A and 1 of the 16 patients in

group B with a severe form had growth retardation after the

first year of life. In group A, 2 patients had a severe ana-

tomical CDH form and the other one had a mild form.

Seven patients required intermittent nutritional supple-

mentation via nasogastric tube feeding without difference

between the two groups. None of them had a mild ana-

tomical form and 6 had a patch repair. The mean duration

of this nutrition was significantly shorter for the 4 patients

in group A (6–12 months; median, 10 months) than for the

3 patients in group B (18–108 months; median, 54 months)

with a significant difference (p = 0.03). Only one patient

with neurological disease in group A required placement of

a gastrostomy tube.

Discussion

The association of proven GER and CDH has been

described in prospective studies with an incidence in sur-

vivors ranging from 55% to 68% [4, 6]. It seems to be an

important contributing factor in the overall morbidity of

CDH. Despite the risk of GER requiring antireflux surgery

after CDH repair, the efficacy of a preventive one-step

fundoplication procedure has not been reported in the

published literature. As in other studies, our patients with

proven GER after diaphragmatic repair had a significantly

longer duration of initial hospital stay than those without

[3, 4, 9].

Severe GER after CDH repair may require fundoplica-

tion with a reported incidence of 44% to 57% [1, 5].

Several theories have been offered for physiopathology of

GER in this population and may explain the high failure

rate of medical treatment [3, 6, 8, 10–15]. Because GER

seems to depend on several anatomical factors, we tried to

establish a classification to define at-risk patients. We did

not consider the position of the stomach in this classifica-

tion, but the contribution of this factor to an association of

postoperative GER remains controversial in survivors of

CDH [1, 3, 9, 16]. Like Fasching et al. [1] and Koot et al.

[4], we could not find, in our series, any parameter that

could predict GER. However, there was a trend toward an

increase in the incidence of proven gastroesophageal reflux

in our patients with a thoracic liver and/or a patch repair,

treated without initial fundoplication, but this was not

statistically significant.

The results of this study demonstrate that patients with

CDH who undergo initial fundoplication have significantly

less pathological proven GER during early infancy than

those treated with a standard CDH repair. Nevertheless, for

patients with the mild anatomical form of CDH, the hos-

pital stay was longer if preventive antireflux procedures

had been performed. Therefore we suggest that preventive

anti-reflux surgery is not effective in these patients.

We found that fundoplication in these infants is tech-

nically feasible even if the gastric fundus may in a few

patients be too small to be wrapped circumferentially

around the esophagus. Nevertheless the feasibility of this

procedure may be limited by hemodynamic instability

during the surgery in patients with severe CDH.

Failure to thrive is frequently described in CDH survi-

vors with an incidence ranging from 20% to 56% [2, 5, 13,

17–19]. Growth failure in CDH patients is multifactorial, in

part secondary to chronic lung disease, GER, and oral

aversion. Moreover, in a retrospective analysis of CDH

survivors, Muratore et al. [5] reported that extracorporeal

membrane oxygenation (ECMO) was a predictive factor of

growth failure during the first year of life. Our reported

incidence of failure to thrive among patients with CDH

after one year of age is only 11%. One explanation for this

low rate may be that the majority of our children with

growth retardation had a severe anatomical form of CDH

but none of them was treated with ECMO. Another

explanation might be that a preventive antireflux procedure

was used in 48% of these infants.

The management of these patients is difficult, and there

is no consensus in the literature [2, 5, 20]. Thirty-three

percent of patients in the study by Muratore et al. [5]

required a gastrostomy tube for supplemental feeding.

Table 4 Duration of artificial ventilation, parenteral nutrition, and

hospitalization in CDH patients in group B with and without patho-

logical GERa

GER?

(n = 10)

GER-

(n = 6)

p-Value

Artificial ventilation (days) 14.5 (2–47) 4 (2–10) .04*

Parenteral nutrition (days) 34 (6–365) 6.5 (5–51) .06

Hospitalization (days) 47.5 (18–365) 15.5 (12–60) .03*

Note. The Mann-Whitney U-test was used to establish significant

differences
a Values are expressed as median, with the range in parentheses

* Statistically significant (p \ .05)

Table 5 Anatomical form of CDH and proven pathological GER in

group Ba

CDH No. GER?

(n = 10)

GER-

(n = 6)

p-

Value

Mild form 7 3 4 NS

Intermediate form 8 6 2 NS

Severe form 1 1 0 NS

a Values are numbers of patients
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However, we were very restrictive, compared to other

authors, in performing gastrostomy because it may increase

the risk of oral aversion [2].

Conclusions

This study points out the need to establish a classification

in the CDH population for the management of GER. The

pattern of the at-risk patient for pathological GER emerg-

ing from our study involves either use of a prosthetic patch

during CDH repair or location of the liver in an intratho-

racic position. The advantages of our proposed

classification in 3 stages (mild, intermediate, and severe)

lie in its simplicity based on anatomical criteria and the fact

that it will be useful when comparing results.

From results of the present study, we therefore recom-

mend that during repair of CDH, a preventive one-step

antireflux procedure should be performed only in selected

patients with the intermediate or severe anatomical form of

CDH. Fundoplication is a feasible and effective procedure

in very young infants with primary GER, and it may have

an important palliative role in facilitating feeding in further

selected cases.
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