
ORIGINAL ARTICLE

Long-term outcome and need of re-operation in gastro-esophageal
reflux surgery in children

Valentina Rossi1,2 • Cinzia Mazzola2 • Lorenzo Leonelli1,2 • Paolo Gandullia3 •

Serena Arrigo3 • Marina Pedemonte4 • Maria Cristina Schiaffino4 •

Margherita Mancardi4 • Oliviero Sacco5 • Nicola Massimo Disma6 •

Clelia Zanaboni6 • Giovanni Montobbio6 • Arrigo Barabino3 • Girolamo Mattioli1,2

Accepted: 15 December 2015 / Published online: 28 December 2015

� Springer-Verlag Berlin Heidelberg 2015

Abstract

Background Fundoplication is considered a mainstay in

the treatment of gastro-esophageal reflux. However, the

literature reports significant recurrences and limited data on

long-term outcome.

Aims To evaluate our long-term outcomes of antireflux

surgery in children and to assess the results of redo surgery.

Methods We retrospectively analyzed all patients who

underwent Nissen fundoplication in 8 consecutive years.

Reiterative surgery was indicated only in case of symptoms

and anatomical alterations. A follow-up study was carried

out to analyzed outcome and patients’ Visick score asses-

sed parents’ perspective.

Results Overall 162 children were included for 179 proce-

dures in total. Median age at first intervention was 43 months.

Comorbidities were 119 (73 %), particularly neurological

impairments (73 %). Redo surgery is equal to 14 % (25/179).

Comorbidities were risk factors to Nissen failure (p = 0.04),

especially children suffering neurological impairment with

seizures (p = 0.034). Follow-up datasets were obtained for

111/162 = 69 % (median time: 51 months). Parents’ per-

spectives were excellent or good in 85 %.

Conclusions A significant positive impact of redo Nissen

intervention on the patient’s outcome was highlighted;

antireflux surgery is useful and advantageous in children

and their caregivers. Children with neurological impair-

ment affected by seizures represent significant risk factors.
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Introduction

Gastro-esophageal reflux (GOR) is one of the most

prevalent foregut diseases in pediatric patients. Fundopli-

cation is considered the treatment of choice when GOR is

refractory to medical therapy [1].

Despite this procedure is almost considered a mainstay

in the management of GOR, the literature reports described

significant morbidity and recurrences, standing at approx-

imately 6 and 48 % [2–5].

Furthermore, the pediatric population requiring this

procedure is extremely heterogeneous, including patients

with neurological impairment and neuromuscular disorders

that are difficult to manage under a unique treatment

strategy and poorly adapted to a common assessment.

Some authors described a higher incidence of recurrence in

children affected by cerebral palsy and they suggested how

this aspect could justify such a difference range of redo

procedure [6, 7]. Generally, comorbidities and even early

age at first intervention were identified as predictors of

possible failure of Nissen procedure [5, 8].
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Indications for surgery or abstaining from intervention,

which type of antireflux surgery performed, including the

esophagus-gastric disconnection, are frequent surgical

discussion subjects and a source of doubt for the pediatric

surgeon; this also applies to the interpretation of reported

treatment failure and surgical indications that led to the

redo procedure.

We retrospectively analyzed our results in managing

failed antireflux surgery using the same technique by the

same surgical team, in a mixed group of patients in a ter-

tiary pediatric referral center. We hereby present a large

series of data, including the long-term outcomes of

antireflux surgery and tried to determine the failure rate and

the mechanism of failure and to disentangle questions and

controversies regarding use and safety of this procedure in

recurrent disease.

Materials and methods

All patients consecutively evaluated at Gaslini Children’s

Hospital who underwent Nissen fundoplication between

June 2006 and June 2014 were reviewed, after formal

approval of Ethical Committee.

Exclusion criteria were congenital anatomic anomalies

of the esophagus (trachea-esophageal fistula and duplica-

tion) or the diaphragm (congenital diaphragmatic hernia),

in order to limit fault regarding congenital anatomic

alterations.

Data collected included demographic details, surgical

indications, age, and weight at the time of the first inter-

vention, the presence of comorbidities, the presence of

previously placed gastrostomy, post-operative course

including complications related to fundoplication, long-

term outcome, and the need of re-operation.

All data were stored in a digital database according to

the Personal Data Protection Act.

Surgery was indicated in children with complicated

persistent primary GOR or GOR associated with other

comorbidities, such as severe dysphagia with feeding

intolerance, recurrent vomiting and inability to gain

weight, neurologically impairment (cerebral palsy, spas-

ticity, and seizure disorder), neuromuscular disorders

(spinal muscular atrophy 1—SMA1), and severe

esophagitis or Barrett esophagus. Patients with important

neurologic disability were not able to walk, profoundly

retarded and not able to communicate verbally.

Pre-operative evaluation included an upper gastroin-

testinal (GI) study to evaluate the anatomy of the esopha-

gus, the stomach and the duodenum, the presence of reflux

during the exam and/or presence of any para-esophageal

herniation or malrotation, and any delay in gastric

emptying.

Upper endoscopy and/or 24-h pH metering (pH-MII)

were done when deemed clinically necessary.

Open or laparoscopic approach was performed with the

same surgical technique previously described [9, 10].

Persistent or recurrent GOR was defined by clinical

evidence of symptoms confirmed by upper GI evaluation

and endoscopy and/or pH-MII monitoring when clinically

required.

Reiterative surgical procedure was indicated in case of

persistent symptoms and GOR associated with

• absent or incompetent wrap;

• migration of the wrap across the diaphragm; and

• hiatal hernia.

Any X-ray examination was done whenever GOR

symptoms recurred after surgery. Redo procedures were not

offered in our series to asymptomatic patients, especially in

children with cerebral palsy or neuromuscular pathologies.

Regarding the follow-up study, all patient caregivers were

phone called by a physician not involved in the medical and

surgical management and asked about patient’s symptoms

and their quality of life. Need for pump protonic drug for a

long period of time after surgery (at least 3 months), dys-

phagia, drooling, gas bloating, ability to vomit, dumping

syndrome, frequent cough or recurrent airways infections

(more than 1 episode in a year), and the good quality of life

were investigated. Patients’/parents’ perspective of overall

outcome was assessed according to modified Visick score

(1–4: no symptoms, mild symptoms easily controlled, major

symptoms not controlled, failure) [11, 12]).

In case of re-operation, data collection included: risk

factors (SMA1, neurological impairment, Barrett esopha-

gus), hiatal and wrap anatomical aspect and position, type

of redo surgery, and need of diaphragmatic patch. Second

outcome analysis was done in case of redo surgery.

Data were expressed as ratios, or as median and range.

Differences in the frequencies of each categorical variable

were evaluated by the Chi square test, or by the Fisher exact

test when appropriate. A p value lower than 0.05 was con-

sidered statistically significant. Analyses were performed

using Stata for Windows statistical package (release 9.0,

Stata Corporation, College Station, TX). We used Bonfer-

roni’s correction for multiple testing, when appropriate [13].

Results

In the 8-year period, 162 patients who consecutive under-

went a Nissen fundoplication were included, for 179 pro-

cedures in total. Our study population comprised patients

from our institution and those referred from outside insti-

tutions (8 patients).

There were 100 (62 %) males.
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At the time of first intervention, median age was

43 months (range 1–290) and median weight was 11 kg

(range 3–80). It is to be noticed that 34 (21 %) patients

were operated before at 12 months of age (median age

9 months with range 1–12).

Overall comorbidities were 119 (73 %): 87 (73 %)

neurological impairments and 32 (27 %) neuromuscular

disorders.

Figure 1 describes all surgical indications that led to the

intervention. Sixty-one (38 %) patients undergoing Nissen

procedure with the symptom of severe dysphagia also

associated with vomit; they were all affected by neuro-

logical impairment, inability to food, and gain weight.

All 162 patients underwent open (11/162 = 7 %) or

laparoscopic (151/162 = 93 %) Nissen fundoplication.

Concomitant gastrostomy (82 Stamm and 12 endoscopic

procedures PEG) was performed in 94 (58 %) children;

proximal Roux-en-Y gastrojejunal diversion in 14 (9 %)

patients. Gastrostomy was previously placed in 23 (14 %)

patients, all Stamm procedure except one endoscopically

place. Only five patients required a gastrostomy after

Nissen procedure, 2 Stamm and 3 percutaneous endoscopic

gastrostomy (PEG).

There was no operation-related death during the study

period. Seven (4 %) patients died for baseline disease-re-

lated cause: six children died because of cardio circulatory

shock due to underlying cardiac anomaly; the other died for

sepsis unrelated to the fundoplication.

Redo surgery

The median time from initial fundoplication to diagnose of

first failure was 20 months (range 9–55).

Twenty-one (21/162 = 13 %) patients underwent a first

redo procedure overall; 71 % (15/21) performed the first

Nissen procedure at Gaslini Children’s Hospital (15/

154 = 10 %) during the period of study, except one child

who was operated in the same center before 2006. Median

age at redo surgery was 73 months (range 12–249). Failure

rate for neurologically impaired was 52 % (11/21).

During the redo surgery, we identified the surgical

findings of failed fundoplication described below:

Herniation of the wrap into the posterior mediastinum

(‘‘slipped Nissen’’) (3 patients);

Disruption of the wrap (9 patients); and

Combination of herniation and disruption (9 patients).

No tight wrap was documented in this series. The

stomach was reduced in the abdomen, if herniation was

present, and a redo Nissen fundoplication was performed in

all cases. Nine (9/21 = 43 %) diaphragmatic patch were

left in place; four (4/9 = 44 %) were absorbable

prosthesis.

Overall revision ‘‘Gaslini’s surgery’’ failed to solve the

symptoms in three (3/21 = 14 %; 3/162 = 2 %) children;

after radiological confirmation, four patients required third

Nissen procedure: one was referral to us by other pediatric

center after two fundoplication. Three (75 %) combina-

tions of herniation and disruption and one herniation of the

wrap into the mediastinum were recorded. None had pre-

viously placed a diaphragmatic prosthesis. During the

second Nissen intervention, we placed three prosthetic

reinforcements, all non-absorbable.

Overall redo surgery is equal to 14 % (25/179). If we

considered the ‘‘Gaslini’s redo surgery,’’ the incidence rate

dropped to 10 % (15 ? 3 = 18/179 = 10 %).

61

245

60

12

Dysphagia with feeding into-
lerance

Dysphagia with respiratory
symptoms

Barrett’s esophagus

Gastro oesophageal re�lux

Gastro oesophageal re�lux+ hia-
tal hernia

Fig. 1 The pie chart described

the principle indication to

primary surgical procedure
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Four (12 %) children who underwent surgery before 1

year of age were re-operated; the age at intervention was

deemed not statistically significant (p = 1).

Regarding the Nissen indication, the presence of Bar-

rett’s esophagus and/or respiratory symptoms is not sta-

tistically significance associated with a higher incidence of

redo surgery (p = 0.24 and p = 0.77, respectively).

Comorbidities were risk factors to lead to Nissen fun-

doplication failure (p = 0.04). In particular, children suf-

fering neurological impairment with seizures (6/21

epilepsy = 29 %; p = 0.034).

Follow-up study

The mean follow-up time was 51 months (range 7–101).

Fifteen (15/111 = 13 %) patients had a follow-up study

between 7 months and 1 year after the fundoplication.

Complete and exhaustive follow-up data sets on long-term

outcome could be obtained for 111 (111/162 = 69 %), and

an informed consent was obtained from each patient.

Thirteen (8 %) patients went back to their origin country

and we only know that they did not perform redo surgery;

other specific details were not registered because of lan-

guage hindrances. The remaining 38 (23 %) patients were

either not available or refused to participate.

Eighty-four (84/111 = 76 %) patients were syndromic

(66 patients with cerebral palsies/neurodevelopmental

delays and 18with neuromuscular disorders); thismeans that

71 % (84/119) of overall syndromic and 58 % (25/43) of

non-syndromic patients collaborated on the follow-up study.

Table 1 shows the symptoms present after performing

Nissen fundoplication (second column) considering the

presence of the same symptoms before the intervention

itself (first column). Overall after surgery, 8 (8/36 = 22 %)

patients who were full/partial feed orally complained of

transitory dysphagia for some solid food, 10 (10/

111 = 9 %) of drooling, 14 (14/111 = 13 %) of gas

bloating with 79 % (11/14) who performed ventilatory

support at night, 10 (10/111 = 9 %) of vomit (at least one

episode after surgery). Two (2/111 = 2 %) patients

experienced dumping syndrome and 20 (20/111 = 18 %)

recurrent airways infections.

Proton pump inhibitors (PPI) were administrated in 44

patients (44/111 = 40 %) routinely, even after 3 months

after surgery; many patients remained on PPI, although

without symptoms. Patients’ and parents’ perspectives

proved to be excellent (no symptoms) or good (mild occa-

sional symptoms easily controlled) in 94 children (85 %).

Patients who underwent a redo Nissen fundoplication

were compared to a group of 90 patients who underwent a

single effective procedure. Table 2 shows the comparison

of overall follow-up results. Male to female ratio, weight at

intervention, and length of follow-up were comparable.

Among nine selected outcome parameters, none was

significantly and undoubtedly interfered by repeated Nissen

fundoplication.

Discussion

Nissen fundoplication procedure has changed radically the

GOR management in both adults and children. However,

the possibility of major complications and redo surgery still

persist and it is considered a noteworthy variable according

to the international literature. In order to evaluate post-

operative outcomes, we must able to define the term

‘‘failure’’ in clinical practice; it seems puzzling and even

absurd but actually there is no a uniform definition of

failure antireflux surgery [14], especially if we are talking

about syndromic patients. Generally, Nissen fundoplication

failure is associated with post-operative complications

linked to maintenance the anatomical ‘‘rebuilt,’’ the per-

sistence of symptoms, the continuous use of antireflux

medications, and the satisfaction and quality of life level.

Besides, we must point out as not all these parameters

underlying a failure: in fact, children with post-operative

symptoms do not necessarily have a wrap disruption or a

wrap migration. Khajanchee et al. demonstrated with an

abnormal DeMeester score system that more than 20 % of

children, who complained symptoms after surgery, had

perfectly normal 24-h pH metering [15].

In our series, we recorded a fair number of post-opera-

tive symptoms. Kamolz et al. describe that immediately

after surgery, up to 100 % of the children who underwent

fundoplication suffered from temporary dysphagia and this

symptom usually ablated within 3 months after surgery

[16]. We found 20 % of patients, full or partial feeding by

mouth, with occasional swallowing problems that we

included under the heading ‘‘dysphagia,’’ but without any

objective correlation (negative upper GI study and/or

endoscopy evaluation). It has been proposed that neuro-

logically impaired children, who represent a huge part of

our population, were affected by a pre-existing gastric

Table 1 Symptoms of children with failed Nissen fundoplication at

presentation and at follow-up time

Clinical features At presentation

(no. 111)

At follow-up

(no. 111)

Dysphagia 36 8

Drooling 31 10

Gas bloating 26 14

Vomiting 39 10

Recurrence airways infections 24 20
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dysrhythmia, which could lead to retching and dysphagia

itself [17]. Moreover, probably emotional/psychological

factors play a pivotal role in this group of children, as

already suggested by others [18].

Many authors stress about the need to investigate

vomiting after an antireflux surgery [19, 20]. Historically,

the 360� fundoplication was inextricably linked to vomit

inability; the appearance of symptom generally implied the

failure of surgery. Nine percent of our patients present at

least one episode of vomit after Nissen fundoplication but

the contrast studies failed to demonstrate any mechanical

problem with the wrap and/or the crura. Some investigators

moreover performed a subsequent ph-probe and upper GI

endoscopy in these symptomatic patients without a solving

problem [21]. We should attribute the symptom to the

abnormal pathway of gastric emptying and the vagal nerve

dysfunction that affected this group of children, consider-

ing the absence of objective radiological finding [22].

More difficult is the evaluation of neurological patients

who complain drooling, especially in our population in

which the symptom falls into their baseline disease. In fact,

some studies do not include the sialorrhoea as symptom of

provided failure [23].

In our series, a significant number of patients suffer

from recurrent airways infections, more than one episode

per year. We can speculate that the high number of patients

could be overestimated, because more than one episode of

respiratory infections per year could be happen to a healthy

child without comorbidities. Moreover, Morgenthal et al.

reflect on the multifactorial genesis of respiratory symp-

toms with regard to GOR: it is unclear what is the

mechanism by which the healing from reflux symptoms

does not completely eliminates also the respiratory symp-

tom; in fact, the family is often partially unhappy with the

result obtained after the fundoplication [24].

We reported a fairly large group of children that used IPP

medications after surgery, although without feel reflux

symptoms. The answer given by the family regarding the drug

use was aspecific and little contextualized (‘‘The general

practitioner saidme:Goheadwith the IPP somemore, thanwe

will see’’). Some researchers described the lack of correlation

between symptoms and use of medications, showing that the

vast majority of patients were taking PPI, had a pH study with

a normal distal esophagus acid exposure [25].

One of the possible risk factors that induced failure

Nissen fundoplication was epilepsy, as frequently men-

tioned in the literature. Repeatedly, increased abdominal

pressure and prolonged relaxations of the lower esophageal

sphincter due to a direct vagal effect are the principle cause

of herniation or disruption of the wrap [26, 27]. We also

showed a significant correlation between cerebral seizures

and recurrence of GOR and considering the result, we

suggested to carefully investigate patients with seizures

disorders even without detecting any GOR symptoms.

Regarding follow-up time and the correlation with

symptoms of recurrent GOR, we are in line with Pashankar

et al., who highlighted as GOR symptoms occurred

4.9 years after last fundoplication [23]. Moreover, we

showed a quite low rate of complication, compared with

the international literature, after Nissen fundoplication,

while avoiding patient’s selection (high prevalence of

neurological patients).

Table 2 Comparison of overall

follow-up results
Single procedure Redo procedure p

Total no. of patients 90 21

Male to Female ratio 1.1:1 1.3:1 1

Weight at intervention (kg) 14.14 ± 11.32 16.41 ± 15.28 0.93

Length to follow-up (months) 45.63 ± 26.99 55.38 ± 27.88 0.14

Syndromic patients 73/90 (81 %) 11/21 (52 %) 0.010

Inhibitor protonic pump (PPI) administrations 35/90 (39 %) 9/21 (43 %) 0.81

Dysphagia 7/90 (8 %) 1/21 (5 %) 1

Drooling 4/90 (4 %) 6/21 (28 %) 0.21

Gas bloating 11/90 (12 %) 3/21 (14 %) 0.73

Ability to vomit 10/90 (9 %) – 0.20

Dumping syndrome 2/90 (2 %) – 1

Recurrent airways infections 15/90 (17 %) 5/21 (24 %) 0.53

Excellent/good perspective (Visick score) 77/90 (86 %) 17/21 (81 %) 0.74

Regarding syndromic patients were all affected by cerebral palsy. Among the 21 patients known to ‘‘redo

procedure’’ group, three children were subjected to a third surgical procedure

Applying Bonferroni’s correction for multiple testing, a p\ 0.0055 would be required for statistical

significance. Inhibitors protonic pump (IPP), dysphagia, drooling, gas bloating, ability to vomit, dumping

syndrome, recurrent airways infections, and patients’/parents’ perspectives were assessed only in patients

who fulfilled criteria and provided comprehensive answers
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We ourselves said that there are some limitations in this

study. First of all, the information obtained with a retro-

spective study could be incomplete and may be uncon-

trolled. Moreover, a phone follow-up study may result

aspecific or not completely accurate and would be opti-

mally performed in a prospective way. By contrast, the

same surgical team carried out all surgical procedures, with

only two surgeons involved and the study is entirely taken

place in a tertiary pediatric referral center.

Moreover, another limitation is the possible loss of

follow-up for some of our patients due to either transition

of care to adult physicians and surgeons or migration of

family to abroad areas.

We emphasize that, despite the countless surgical

fundoplication techniques, we decided to use only 360�
Nissen procedure because of consolidated learning curve

and standardized skills. Regarding the esophagus-gastric

disconnection, we can only expose our personal doubts

about the high number of complications recorded in the

literature [28] but did not provide data to support this

statement.

In this retrospective study, we want to emphasize that

the presence of residual symptoms after fundoplication not

involve a ‘‘surgical defeat,’’ especially considering the

level of satisfaction shown by patient’s caregivers.

To conclude, Nissen fundoplication would appear a

safe and effective procedure for treating GOR in pedi-

atric age, because of reliable outcome and reasonable

number of recurrence. This study demonstrated a sig-

nificant positive impact of redo Nissen intervention on

the patient’s outcome and the redo surgery does not

particularly result in morbidity and mortality in neuro-

logically impaired children in the hands of experienced

laparoscopic surgeon. Complications leading to a redo

Nissen fundoplication could be related with neurological

patients affected by seizures, who represent significant

risk factors. Most surgical problems are preventable by

experienced surgical and medical team. Despite a quite

high rate of symptomatic patients, the overall effect of

surgery on quality of life is outstanding. We can com-

fortably say that antireflux surgery is useful and advan-

tageous in children and their caregivers, without

considering their neurological status and we can define,

considering the results, that this experience is not a

Nissen fundoplication failure.
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