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Background/purpose Gastroesophageal reflex disease

(GERD) is a highly prevalent problem in infants and

children with severe neurological impairment (33–75%).

It occurs in 44–67% of children undergoing antireflux

surgery. This study is conducted to compare the results of

fundoplication, according to the Nissen and Thal procedure

for management of GERD in neurologically impaired

children.

Materials and methods Between May 2007 and January

2011, 69 neurologically impaired children with severe

GERD underwent fundoplication (Nissen = 32, Thal = 37)

with construction of a Stamm gastrostomy tube in 58

patients. The male-to-female ratio was 1.6 : 1; the mean

age was 1.8 years. Preoperative workup of the patients

included upper gastrointestinal tract contrast series,

upper gastrointestinal tract endoscopy, and a 24-h pH

study.

Results Perinatal asphyxia was the most common cause

of neurological impairment (30.4%). Feeding dysfunction

represented the most common indication for surgery

(52.2%). Recurrence of symptoms was found in 14 patients

(20.3%); 10 patients (14.5%) died because of respiratory

failure. Acid pH-metry showed a statistically significant

difference between preoperative and postoperative data;

however, this difference was insignificant on comparing the

postoperative parameters of the Nissen fundoplication

group with the Thal fundoplication group.

Conclusion GERD in neurologically impaired children is a

very common problem associated with a high failure rate

after properly performed fundoplication. In our series, the

outcome of Thal fundoplication showed an insignificant

difference when compared with that of Nissen

fundoplication with less dissection and less dysphagia or

gas bloat. Long-term evaluation is needed as incidence of

recurrence increases with time secondary to the persistent

comorbidities. Further refinement of management

strategies is required to decrease incidence of recurrence

and to improve the overall quality of life. Ann Pediatr Surg
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Introduction
Gastroesophageal reflux disease (GERD) is a very

common problem in infants and children with severe

neurological impairment (NI). The prevalence of GER in

this population of patients is reported to be between 33

and 75% [1,2]. This group of patients includes 44–67% of

patients undergoing antireflux surgery [3–5].

This high rate of GERD is because of a combination of

poor esophageal and gastric motility (due to vagal nerve

dysfunction), chronic supine positioning, abdominal

spasticity, diaphragmatic flaccidity, scoliosis, retching,

and increased use of gastrostomy for feeding [6].

Medical treatment is often ineffective, and surgical

fundoplication may be necessary to control symptoms [7].

In addition to GER, many other deleterious mechanisms

contribute to the feeding and respiratory problems in

these patients like abnormalities in lower esophageal

function [8,9]; delayed gastric emptying [10,11]; and

antroduodenal dysmotility [12].

The diagnostic tools routinely used for GERD do not

identify these abnormalities correctly. Careful observation

of clinical symptoms [13] or other investigative methods,

such as antroduodenal manometry [14] or transit time

measurement, may be necessary to detect these under-

lying gastrointestinal motor problems in handicapped

children.

Morton et al. [15] reported that oral and pharyngeal motor

problems are the major causes of respiratory tract

infection in children with severe neurodisability, leading

to direct aspiration.

Excellent results are obtainable with conventional anti-

reflux surgery as long as it effectively eliminates

reflux [16]; but postfundoplication failure rate in children

with NI reaches up to 71% within 1 year of conventional

antireflux surgery [17].

Nissen fundoplication (NF) is the most commonly

performed antireflux procedure, and experience with

other antireflux procedures is limited in neonates and

infants having this problem, although the data available

seem to confirm that Thal fundoplication (TF) is as

effective as NF and, at the same time, that patients can

burp and vomit if necessary and have less dysphagia or

‘gas bloat’, which may otherwise be present after

NF [18,19].

Recurrent GERD after fundoplication in children with NI

could be treated using gastrojejunal feeding tubes, a

Roux-en-Y jejunostomy tube, esophagogastric dissociation,

or redo antireflux surgery. However, redo fundoplication
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has a higher failure rate with greater risks of redo surgery

like excessive bleeding [20].

Aim of the work
This work was conducted to compare the outcome of the

3601 NF and the partial 2701 TF the in management of

GERD in neurologically impaired children at the

Mansoura University Children’s Hospital.

Patients and methods
Between May 2007 and January 2011, 69 neurologically

impaired children with severe GERD underwent fundo-

plication after failure of medical therapy (NF = 32,

TF = 37) with construction of a Stamm gastrostomy tube

in patients with difficulty in swallowing. The male-to-

female ratio was 1.6 : 1 (43 boys : 26 girls). Medical treat-

ment included fractionation of feeds into small frequent

meals, positioning after feeds, and use of thickening meals

and pharmacological treatment that was mainly in the form

of H2 blockers or proton pump inhibitors. Four patients

presented with nasogastric feeding because of their severe

NI. The age of the children ranged from 5 months to

6 years (mean 1.8 years).

Indications of surgery included GERD with feeding

dysfunction, recurrent respiratory tract infection second-

ary to repeated aspiration, failure to gain weight, and/or

upper GI bleeding.

Preoperative workup of the patients included patient

history taking and examination, upper gastrointestinal

tract contrast series, upper gastrointestinal tract endo-

scopy, and a 24-h pH study.

Demographic data of the patients, associated morbidity,

preoperative investigations, operative techniques, post-

operative investigations, and complications were described.

Nissen fundoplication [21]

This procedure aims to establish a high-pressure zone in

the distal esophagus. A relatively large nasogastric tube

was placed before incision.

Incision: midline upper abdominal incision. Exposure: by

dividing the left triangular ligament to expose the

gastroesophageal junction. Mobilization of the fundus of

the stomach: the proximal one-third to one-half of the

greater curvature of the stomach was liberated from its

attachment to the spleen by dividing the short gastric

vessels. Alternatively, the long gastric vessels may not be

divided (modified Rossetti technique). The esophageal

hiatus was then exposed by dividing the phrenoesopha-

geal membrane. Narrowing of the hiatus was performed

by suturing with nonabsorbable deep sutures through the

crura of the diaphragm allowing the tip of a curved

hemostat to pass. Construction of a 3601 fundoplication:

the mobilized fundus of the stomach is folded behind the

esophagus. The length of the wrap varies from 1.0 cm in

an infant to 2–2.5 cm in an older child and is performed

using 3-4 sutures of nonabsorbable material.

Thal fundoplication [22]

The idea is to preserve at least 2.5 cm of the intra-

abdominal esophagus and an acute angle of His. Incision,

exposure, mobilization of the esophagus, and narrowing of

the hiatus are similar to that in the Nissen procedure.

The posterior wall of the esophagus was then sutured to

the crural closure using nonabsorbable sutures. Imbrica-

tion of the gastroesophageal junction with nonabsorbable

sutures was carried out between the stomach and the left

side of the esophagus reaching the hiatus. The anterior

free wall of the stomach was then sutured to the exposed

anterior half of the esophagus to complete the 230–2701

anterior fundoplication, which is completed by running

the nonabsorbable sutures down the right margin of the

esophagus to the cardia.

Stamm’s gastrostomy

In 58 patients, a feeding gastrostomy tube was con-

structed to enable enteral feeding because of the

presence of severe oropharyngeal dysmotility. For the

remaining 11 patients, such an abnormality did not

manifest, thus gastrostomy was not needed.

Follow-up

The postoperative follow-up protocol included evaluation

at 3, 6, and 12 months. The parents were asked about the

quality of life after antireflux surgery as regards

recurrence of vomiting, dysphagia, chest complications,

dumping syndrome, gas bloat syndrome, and tolerance to

oral feeding. Postoperative 24-h pH-metry was performed

for all patients 3 months after surgery (except for eight

patients who were lost to follow-up).

Children with symptoms of recurrence like vomiting,

weight loss, recurrent pulmonary infection, or choking

during gastrostomy feeding were investigated by contrast

study and 24-h pH-metry to identify true recurrence

(esophageal pH less than 4 more than 4% of the time [23]).

Ambulatory 24-h pH-metry

A GERD pH-monitoring system (Sandhill Scientific,

Highlands Ranch, Colorado, USA and Canada) was used.

All patients stop taking proton pump inhibitor medica-

tions at least 1 week before the study, H2 blockers and

gastric motility drugs were stopped 4 days before the

study. No antacids were taken within 6 h of the test or

during the study itself [24].

The study was continued for 24 h, following which pH

recordings were downloaded into the computer. Results

were compared with the preset normal values supplied for

GERD pH analysis software, and accordingly, the patients

were classified as having normal reflux or acid reflux.

Upper endoscopy and mucosal biopsy

Upper endoscopy and mucosa; biopsy were performed

using a Pentax upper GI endoscope (EPM-3500 Pentax

video processor model; Asahi Optical Co., Tokyo, Japan)

and a standard reusable stainless steel Olympus-FB-25-K

mucosal punch biopsy forceps (Olympus, Tokyo, Japan),

respectively.

Complete examination of the esophagus, stomach, and

the second part of the duodenum was successfully

conducted for all patients with no reported major

complication. Any abnormal gross endoscopic finding
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was reported in detail and routine endoscopic biopsies

were performed. The Los Angeles classification was used

to report on the gross endoscopic abnormalities in the

esophagus [25].

At least two esophageal biopsy specimens were obtained

from the distal esophagus 3–4 cm proximal to the

esophagogastric junction [26]. A subjective assessment

of the severity as mild, moderate, or severe was made in

concordance with the reported histopathologic features.

Data were tabulated and statistically analyzed using

SPSS, version13 (SPSS Inc., Chicago, Illinois, USA).

Student’s t-test was used to compare continuous data,

whereas the Fisher exact test was used to compare

categorical data.

Results
The study included 69 children with NI with severe

GERD, who underwent fundoplication between May 2007

and January 2011. The NF group (NFG) included 32

patients and the TF group (TFG) included 37 patients,

with construction of a Stamm gastrostomy tube in patients

with difficulty in swallowing (58 patients = 84%). The

male-to-female ratio was (1.6 : 1). The age of the children

ranged from 5 months to 6 years (mean 1.8 years; Table 1).

Fifty-two patients were nonambulatory (75.4%). Perinatal

asphyxia was the most common cause of NI (30.4%;

Table 2). Feeding dysfunction represented the common-

est indication of surgery (52.2%; Table 3). Recurrence

of symptoms was found in 14 patients (20.3%). Acid

pH-metry showed a statistically significant difference

between preoperative and postoperative data (Tables 4

and 5); in six included patients, the reported acid

pH-metry results did not confirm the presence of acid

reflux, meanwhile, the presence of reflux esophagitis was

confirmed histologically (nonacidic reflux). However, these

differences were insignificant on comparing the post-

operative parameters NFG and TFG (Table 6).

Preoperative endoscopic findings showed that 87% of

patients had grade A esophagitis, whereas the cardia was

incompetent in 84.1% (Table 7); there was no macro-

scopic evidence of GERD in 13% of patients in spite of

evidence of its presence histologically. The severity of

reflux esophagitis in the study group was reported as

mild, moderate, and severe in nine (13%), 44 (63.8%),

and 16 (23.2%) patients, respectively.

Minor preoperative complications occurred in three

patients of NFG (one segmental infarction and two

minor capsular injuries of the spleen). Perforation of

the pleura occurred in two patients, one in each group.

Table 1 Patient demographics

NFG TFG

Mean age (years) 1.5 1.3
Male/female 20\12 23\14
Associated morbidity

Heart disorders 4 3
P–R syndrome 2 3
Skeletal disorders 4 2
Gastric herniation 2 4
Nonambulatory patient 24 28

NFG, Nissen fundoplication group; TFG, Thal fundoplication group.

Table 2 Causes of neurological impairment

Causes n

Perinatal asphyxia 21
Prematurity 17
CNS anomalies 3
Meningitis, encephalitis 9
Chromosomal abnormalities 7
Developmental delay without known cause 12

CNS, central nervous system.

Table 3 Indications of surgery

NFG TFG

Aspiration 8 5
Feeding dysfunction 17 19
Failure to thrive 11 13
Upper GIT bleeding 2 2

GIT, gastrointestinal tract; NFG, Nissen fundoplication group; TFG, Thal
fundoplication group.

Table 4 Postoperative complications

Complication NFG TFG

Recurrence of symptoms 6 (18.7%) 8 (21.6%)
Gastrostomy leakage 1 (3.1%) 0
Subphrenic collection 1 (3.1%) 1 (2.7%)
Adhesive intestinal obstruction 3 (9.4%) 2 (5.4%)
Burst abdomen 0 1 (2.7%)
Intrathoracic herniation 1 (3.1%) 0
Dysphagia 2 (6.2%) 1 (2.7%)

NFG, Nissen fundoplication group; TFG, Thal fundoplication group.

Table 5 Comparison between preoperative and postoperative acid
pH-metry parameters reported in the study group

Parameters
Preoperative
data (n = 69)

Postoperative
data (n = 61a) P-value

Upright time in reflux (%) 10.6 ± 6.5 4 ± 4.2 0.001*
Recumbent time in reflux (%) 11.7 ± 6.3 2.6 ± 5.7 0.018*
Total time in reflux (%) 11.7 ± 5.3 3.2 ± 4.3 0.027*
Number of episodes over 5 min. 8.6 ± 3.6 1.8 ± 3.2 0.007*
Longest episode duration (min) 25.5 ± 10.1 6.1 ± 11.6 0.012*
Total episodes number 91.8 ± 53.7 49.1 ± 42 0.223
Distal channel composite score 40.8 ± 14.8 14 ± 15.2 0.030*

aEight cases lost to follow-up.
*Student t-test: significant.

Table 6 Comparison between postoperative acid pH-metry para-
meters reported after Nissen (n = 27) and Thal (n = 34) procedures

Parameters

Postoperative
data after the

Nissen procedure
(n = 27)

Postoperative
data after the

Thal procedure
(n = 34) P-value

Upright time in reflux (%) 4 ± 3.1 4 ± 5.2 0.086
Recumbent time in reflux (%) 2.4 ± 4.9 2.8 ± 5.4 0.128
Total time in reflux (%) 3.1 ± 3.9 3.3 ± 4.2 0.097
Number of episodes over 5 min 1.7 ± 4.7 1.9 ± 4.2 0.324
Longest episode duration (min) 5.1 ± 10.6 7.1 ± 9.6 0.180
Total episodes number 47.1 ± 32 51.1 ± 43 0.243
Distal channel composite score 13 ± 14.2 15 ± 16.2 0.325

*Student t-test: significant.
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All complications were easily controlled at the time of the

operation and passed without sequelae.

Recurrence of reflux-associated symptoms occurred in 14

patients (20.3%), six patients belonging to NFG and eight

patients belonging to TFG. Recurrence manifested

sequentially during the follow-up period (the first case

manifested 2 months after operation). These patients were

subjected to contrast study and 24-h pH-metry. These

investigations confirmed recurrence in 10 patients, of

whom four improved spontaneously over 3 months post-

operatively, three patients improved on administration of

H2 blockers for 6–8 weeks, whereas three patients did not

improve (two patients belonging to TFG and one belonging

to NFG; recurrence was caused by intrathoracic herniation

of the wrap). These patients were reoperated upon using

the NF procedure. Reoperation was performed early in the

patient with intrathoracic herniation and late in the other

two patients, with no recurrence in any of them in spite of

difficult dissection because of adhesion.

The previous work-ups showed normal results in four

patients from the symptomatic recurrence group. Recur-

rence symptoms appeared intermittently over a period of

3 months then totally disappeared. Parents were reas-

sured during these 3 months.

Dysphagia was seen in three patients (two in NFG and

one in TFG); one of them was in need of repeated

endoscopic dilatations, whereas the other two patients

improved spontaneously. Dysphagia may be caused by

tight fundoplication.

Patients were operated upon for treatment of leaking

caused by gastrostomy (NFG = 1) and burst abdomen

(TFG = 1) once diagnosed.

Subphrenic collection (one in each group) was treated by

ultrasonic guided tube drainage. Adhesive intestinal

obstruction (NFG = 4, TFG = 2) was treated conserva-

tively in three patients, and exploration and adhesiolysis

was performed in one patient after failure of conservative

treatment.

Ability to swallow was observed postoperatively in six

patients (10.3%) and gastrostomy feeding was stopped

gradually in these patients (six of 58 patients who were

gastrostomy dependent postoperatively). Chest compli-

cations, caused by repeated aspiration, were corrected

postoperatively in nine of 13 patients (69.2%). Tracheo-

stomy was performed in the other four patients to

decrease the incidence of aspiration; however, two of

them died as a result of respiratory failure.

We had no procedure-related mortality in the series;

however, 10 patients (14.5%) died within 4 to 24 months

of follow-up because of respiratory failure.

Discussion
In neurologically impaired patients with GERD, medical

treatment is often ineffective and surgical management is

mandatory to control symptoms and to improve quality of

life even in the presence of high postoperative failure

rate.

Eposito and colleagues [27] studied postoperative com-

plications in 80 neurologically impaired children after

antireflux surgery. The total postoperative complication

rate was 30%, of which redo surgery was necessary in

6.2%. In our series, the total complication rate was 39.1%

and redo surgery was indicated in 4.3%. This high rate of

complications is another issue to be solved. Several

characteristics of children with NI, such as concomitant

malnutrition, spasticity, epilepsy, and chronic respiratory

disease, have been suggested as factors possibly contribut-

ing to the recurrence of GERD [28].

Improvement of respiratory symptoms was observed in

69.2% of our patients at 3 months after operation. In the

study by Capito et al. [23], the incidence of respiratory

symptom improvement was 89% at 3 months after

operation. The other four patients with persistent

respiratory symptoms in our study needed tracheostomy

to control persistent aspiration; however, two patients

from this group died because of progressive deterioration

of respiratory status. Takamizawa et al. [29] concluded

that respiratory resuscitation should include tracheo-

stomy or laryngotracheal separation in the treatment of

handicapped children with respiratory symptoms when

fundoplication has been indicated or respiratory symp-

toms persist after fundoplication.

In our series, dysphagia occurred in three patients (4.3%).

In the study by Mathei et al. [30] on 49 patients with NI,

the incidence of dysphagia following NF was 10.2%.

The lower incidence in our study may be because of the

number of patients operated upon using the TF

procedure, which is associated with a decreased incidence

of dysphagia. The lower incidence of dysphagia after

anterior 2701 fundoplication was also confirmed by

Engelmann et al. [31] through their study on the effect

of fundoplication on the quality of life of NI and

neurologically healthy children having GERD.

Similar to the results obtained by Capito et al. [23],

postoperative 24-h pH monitoring showed a significant

decrease in the prevalence of acid reflux compared with

that observed preoperatively in both NFG and TFG.

These parameters parallelize the resulting clinical

improvement.

Table 7 Reported gross endoscopic findings of the study group

Parameters n (%)

Esophagus
No abnormality 9 (13%)

Abnormal 60 (87%)

Grade A 5 (7.3%)
Grade B 23 (33.3%)
Grade C 20 (29%)
Grade D 12 (17.4%)

Cardia
Incompetent 58 (84.1%)
Competent 11 (15.9%)

Gastric herniation 6 (8.7%)
Gastric axis malrotation 3 (4.3%)
Other associated endoscopic abnormalities

Gastric mucosal abnormalities 37 (53.6%)
Gastric ulceration 4 (5.8%)
Antral nodularity 15 (21.7%)
Duodenal mucosal abnormality 31 (44.9%)
Duodenal mucosal ulceration 6 (8.7%)

Bold values represent the total numbers, other values are for subgroups.
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Mathei et al. [30], in their study, reported that mechan-

isms other than anatomical failure may play a role in

symptom recurrence after antireflux surgery; this was

because three patients in their study showed wrap failure

and were still asymptomatic; however, in our study we

found the opposite, in which there were four patients

with symptomatic recurrence without evidence of anato-

mical failure. This may be due to many other putative

mechanisms that contribute to the symptomatic recur-

rence in this group of patients – namely, abnormalities of

lower esophageal function [8,9]; delayed gastric empty-

ing [10,11]; and antroduodenal dysmotility [12].

In the present study, the incidence of symptomatic reflux

was 20.3%, of which NFG represented 8.7% and TFG

represented 11.6%; all patients except three were

managed conservatively. The patient with wrap migration

was treated, after diagnosis with contrast study and

24-h pH-metry, by reduction of the wrap, repair of the

crura, and fixation of the wrap to the diaphragm. The

other two patients were operated upon 3 months after

diagnosis; these patients showed disruption of fundopli-

cation after the Thal procedure and were reoperated

upon using the NF procedure. The incidence of

symptomatic recurrence in the study by Mathei

et al. [30] was 18.4% in patients with NI, in whom

postoperative work-up was completely normal and who

improved conservatively without the need for reopera-

tion. Capito et al. [23] performed NF on 73 children with

NI among whom 12% had GERD recurrence and 8.2%

were reoperated upon. Pimpalwar and Najmaldin [32],

after performing NF on 54 children with NI, found that

the recurrence rate was 16%. In the TFG of our study, the

incidence of postoperative recurrence was 11.6%, which is

statistically insignificant when compared with postopera-

tive recurrence after NFG in our study and also in

the studies mentioned previously [23,32]. Moreover,

Ramachandran et al. [33] reported that TF retains the

ability to vomit, is easier to perform, and involves less

dissection, less blood loss, and fewer small-bowel adhe-

sions postoperatively.

Tuggle et al. [34] found that eight of 48 patients with

central nervous system disorders had recurrent reflux

with gastrostomy feedings after TF (16%), whereas only

two of 68 neurologically normal children had a failure of

operation (2.9%). Van der zee et al. [35] performed NF on

23 patients and TF on 21 patients. They found the

postoperative recurrence rate to be much higher for NF

(37%) compared with TF (4%). In our series, it was 8.7%

for NFG and 11.6% for TFG.

Conclusion
GERD in neurologically impaired children is a very

common problem associated with a high failure rate after

properly performed fundoplication. The outcome of TF is

similar to that of NF with less dissection, decreased

incidence of intestinal adhesion, and less dysphagia or gas

bloat. Long-term evaluation is required as incidence of

recurrence increases with time secondary to the persis-

tent comorbidities. Further refinement of management

strategies is needed to decrease incidence of recurrence

and improve the overall quality of life.
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