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Abstract
Neurologically impaired children (NIC) suffer severe gastroesophageal reflux (GER) with poor fundoplication outcome. 
Aims of the study were: (1) to determine the recurrence of GER after fundoplication in NIC; (2) to compare fundoplication 
versus gastro-jejunal tube feeding insertion (GJ) and fundoplication versus total esophagogastric dissociation (TEGD) in 
primarily treating GER in NIC. Using defined search strategy, two investigators identified all comparative studies report-
ing the mentioned procedures to primarily treat GER in NIC. The study was conducted under PRISMA guidelines. The 
meta-analysis was performed using RevMan 5.3. Data are mean ± SD. Of 3840 titles/abstracts screened, 14 studies on fun-
doplication (2716 pts.) reported a recurrence/persistence of GER higher in NIC (14.2 ± 8.3%) than in neurologically normal 
(9.4 ± 5.2%; p = 0.0001), with an increased incidence of re-do fundoplication (12.6 ± 7.0% versus 9.1 ± 4.5%; p < 0.01). 
Three studies revealed a similar risk of undergoing subsequent fundoplication after GJ (4.9 ± 2.1%) or initial fundoplication 
(12.0 ± 0.6%; p = ns). Four studies showed a lower recurrence of GER following TEGD (1.4 ± 1.1%) than fundoplication 
(24.8 ± 1.4%; p = 0.002). NIC are at risk of recurrence/persistence of GER after fundoplication or GJ. TEGD seems more 
effective to primarily treat GER in NIC. Prospective randomized controlled trials are necessary to establish which is the 
ideal treatment of GER in NIC.

Keywords Gastroesophageal reflux · Neurologically impaired children · Fundoplication · Gastro-jejunal tube feeding · 
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Introduction

Neurologically impaired children (NIC) often present feed-
ing problems because of esophageal dysmotility, reduced 
lower esophageal pressure, increased intra-abdominal 
pressure, and delayed gastric emptying [1, 2]. As a con-
sequence, NIC have an increased risk of gastroesophageal 
reflux (GER): several studies have demonstrated the high 
incidence of GER in NIC, reporting symptoms such as 

vomiting, rumination and regurgitation in about 20–30% of 
this population [3–5]. Furthermore, these patients frequently 
continue to experience symptoms and complications during 
the medical management of GER, thus requiring a surgical 
procedure [6–8].

The most frequently performed surgical approach to pri-
marily treat this disease remains fundoplication via open 
or laparoscopic approach [9, 10]. However, high rates of 
complications and recurrences after fundoplication in NIC 
have been reported [10–12], even if these results are not 
homogeneous [13]. The success rate of fundoplication varies 
from 95 to 98% in neurologically normal children (NNC) to 
70–85% in NIC [14]. Moreover, the prevalence of re-opera-
tion following failed fundoplication was significantly higher 
in NIC (15.4%) compared to NNC (7.0%; p = 0.003) [10].

Because of these apparently limited outcomes of fun-
doplication, different techniques have been proposed in pri-
marily treating GER in NIC, including gastro-jejunal tube 
feeding (GJ) and total esophagogastric dissociation (TEGD) 
[15, 16]. However, on the one hand, GJ is usually considered 

Electronic supplementary material The online version of this 
article (https ://doi.org/10.1007/s0038 3-018-4335-0) contains 
supplementary material, which is available to authorized users.

 * Giuseppe Lauriti 
 giuseppe.lauriti@gmail.com

1 Division of General and Thoracic Surgery, The Hospital 
for Sick Children, Toronto, ON, Canada

2 Department of Pediatric Surgery, “G. d’Annunzio” University 
and “Spirito Santo” Hospital, Chieti-Pescara, Italy

http://orcid.org/0000-0002-0619-8957
http://crossmark.crossref.org/dialog/?doi=10.1007/s00383-018-4335-0&domain=pdf
https://doi.org/10.1007/s00383-018-4335-0


1140 Pediatric Surgery International (2018) 34:1139–1149

1 3

as an intermediate solution before proceeding to surgery, 
it requires periodic replacement, and it is easily exposed 
to complications, such as tube displacement, kink, intus-
susception, clog, and possible jejunal perforation [17]. On 
the other hand, TEGD is uncommonly performed, with a 
few published data regarding long-term outcomes, and it is 
frequently executed as a salvage operation after failed fun-
doplication rather than as a primary procedure to treat GER 
in NIC [18].

The aims of the study were: (1) to systematically review 
the literature to determine whether the recurrence rate of 
GER after fundoplication is significantly higher in NIC in 
comparison with NNC; (2) to compare the outcome of fun-
doplication versus GJ and fundoplication versus TEGD in 
the treatment of GER in NIC.

Materials and methods

Both the systematic review and the meta-analysis were 
drafted with the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) statement [19]. Two 
different health librarians were involved: the Bibl@Ud’A 
(“d’Annunzio” University of Chieti-Pescara, Italy) and the 
Gerstein Science Information Centre (University of Toronto, 
ON, Canada).

Systematic review

The present study was registered on PROSPERO, an interna-
tional prospective register of systematic reviews (registration 
number: CRD42017065462) [20].

A systematic review of the literature was made using a 
defined search strategy. Two investigators (GL and GL) inde-
pendently searched scientific databases (PubMed, Medline, 
Cochrane Collaboration, Embase and Web of Science) using 
a combination of keywords (Table 1). MeSH headings and 
terms used are “gastroesophageal reflux AND neurological 
impairment AND children” and “fundoplication AND neu-
rological impairment AND children” (Supplementary file 
1). Case reports, opinion articles, and case series with less 
than ten patients were excluded.

All grey literature publications (i.e. reports, theses, con-
ference proceedings, bibliographies, commercial documen-
tations, and official documents not published commercially) 
were excluded.

The full text of the potentially eligible studies was 
retrieved and independently assessed for eligibility by the 
same two investigators. Any disagreement between them 
over the eligibility of particular studies was resolved through 
discussion with a third author (AZ).

Meta‑analysis

Only studies comparing fundoplication in NIC versus NNC 
and fundoplication versus GJ or fundoplication versus 
TEGD to primarily treat GER in NIC were included. The 
primary outcome was the success rate of the surgical pro-
cedure (or the recurrence/persistence of GER). The second-
ary outcomes included the incidence of complications, the 
operative time, the length of post-operative intensive care 
unit (ICU) stay, the time to reach full enteral feeding, and 
the risk of further surgical procedures.

Meta-analysis was conducted with RevMan 5.3 [21], 
using the fixed-effects model to produce the risk ratio (RR) 
for categorical variables and the mean differences (MD) for 
continuous variables, along with 95% confidence intervals 
(CI). We produced I2 values to assess homogeneity. Publi-
cation biases were assessed using the funnel plot method.

Data were compared using Fisher’s exact test and are 
expressed as mean ± SD and range.

Quality assessment

Two investigators (GL and GL) independently assessed the 
quality and then came to a consensus of all papers that met 
our inclusion criteria using the Cochrane ‘Risk of bias’ tool 
for comparative studies [22]. Two senior authors (PLC and 
AP) independently evaluated the present systematic reviews 
and the meta-analysis using A Measurement Toll to Assess 
Systematic Reviews (AMSTAR) [23]. The PRISMA check-
list of the study was subsequently completed [19].

Table 1  Inclusion criteria of systematic review

Publication

Language Any
Date After 1950
Subject Human studies
Study type Retrospective

Prospective
Case–control
Cohort

Excluded Case reports
Case series
Letters
Editorials
Grey literature

Keywords Gastroesophageal reflux
Neurologically impaired children
Fundoplication
Gastro-jejunal tube feeding
Total esophagogastric dissociation
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Results

Outcome of fundoplication in NIC versus NNC

Of 3840 titles screened, 2153 abstracts were analyzed, 142 
full-text articles were examined, and 21 studies met our 
inclusion criteria and were included in the meta-analysis 
(Fig. 1). Of these, 14 papers (2716 children) compared 
fundoplication in NIC versus NNC (Table 2) [24–37]. 
Eleven studies were retrospective [24–29, 31–34, 37] and 
only three were prospective but not randomized [30, 35, 
36]. Moreover, a classical 360° Nissen fundoplication was 
performed in 9 studies [24, 27, 29–34, 36], a partial ante-
rior Thal fundoplication was executed in 2 [25, 35], and 
either a Nissen or a Thal fundoplication was carried out 
in 3 [26, 28, 37].

The recurrence or persistence of GER symptoms was 
significantly higher in NIC (14.2 ± 8.3%, range 0–33.3%) 
than in NNC [9.4 ± 5.2%, range 0–21.0%; RR 1.55 (95% 
CI 1.24, 1.93); p = 0.0001, Fig. 2a]. Heterogeneity was not 
significant between the studies included (I2 = 38%, p = ns). 
The funnel plot of published studies demonstrated a 

convincing symmetry, thus indicating not potential publi-
cation bias (Fig. 2b). Consequently, the incidence of re-do 
fundoplication was significantly increased in NIC in com-
parison with NNC [12.6 ± 7.0 versus 9.1 ± 4.5%, respec-
tively; RR 1.46 (95% CI 1.11, 1.91); p < 0.01, Fig. 2c]. 
Furthermore, two different studies [14, 29] reported a 
relevant albeit not significant risk of failure of the re-do 
fundoplication in NIC [39.4 ± 8.9 versus 29.7 ± 3.9%, 
respectively; RR 1.41 [95% CI 0.80, 2.48); p = ns, Fig. 2d].

Outcome of fundoplication versus GJ in NIC

Only three studies compared fundoplication (431 infants) 
versus GJ (123 infants) to primarily treat GER in NIC 
(Table 3) [38–40]. Two studies were retrospective [38, 40] 
and one was prospective but not randomized [39].

There was no difference in the recurrence or persistence of 
GER symptoms following fundoplication (35.2 ± 7.4%) ver-
sus GJ [30.5 ± 11.8%; RR 1.16 (95% CI 0.79, 1.70); p = ns, 
Fig. 3a]. Similarly, the risk of a subsequent fundoplication 
was similar after fundoplication (12.0 ± 0.6%) in comparison 
with GJ [4.9 ± 2.1%; RR 2.28 (95% CI 0.81, 6.41); p = ns, 
Fig. 3b]. The incidence of complications was significantly 

Fig. 1  Diagram of workflow in 
the systematic review and meta-
analysis
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higher in the fundoplication group (51.8 ± 7.9%) versus GJ 
cases [32.9 ± 9.0%; RR 1.58 (95% CI 1.12, 2.21); p < 0.01], 
even if there was a relevant albeit not significant heterogene-
ity between the studies (I2 = 46%, p = ns, Fig. 3c). However, 
the incidence of pneumonia was not statistically different 
between NIC treated by fundoplication or by GJ [16.9 ± 8.0 
versus 21.6 ± 6.3%; RR 0.89 (95% CI 0.60, 1.31), respec-
tively; p = ns, Fig. 3d].

When reported [39], the most common complications 
other than pneumonia were retching, esophagitis, and recur-
rence of reflux after fundoplication (36.5, 19.0, and 14.3%, 
respectively) and tube dislodgment, intussusception or small 
bowel obstruction, and esophagitis following GJ insertion 
(66.7, 20.8, and 14.6%, respectively).

Outcome of fundoplication versus TEGD in NIC

Four studies compared fundoplication (105 children) versus 
TEGD (71 patients) to primarily treat GER in NIC (Table 4) 
[41–44]. Two studies were retrospective [42, 43], one was a 
retrospective analysis from a prospectively collected data-
base [44], and one paper was prospective but not randomized 
[41].

As expected, operative time was significantly shorter in 
fundoplication (143 ± 47.5 min) in comparison with TEGD 
[255 ± 90.0 min, MD − 113.34 (95% CI − 141.84, − 84.83); 
p < 0.00001, Fig. 4a], with a relevant yet not significant het-
erogeneity between the studies (I2 = 58%, p = ns). However, 
the length of post-operative ICU stay was not statistically 
different between fundoplication (2.1 ± 4.5 days) and TEGD 
[2.1 ± 4.2 days, MD − 0.02 (95% CI − 1.42, 1.37); p = ns, 

Fig. 4b]. Similarly, the time to reach full feeds was similar 
after fundoplication (6.6 ± 11.7 days) and TEGD [8.4 ± 9.0 
days, MD − 2.25 (95% CI − 5.42, 0.93); p = ns, Fig. 4c].

Fundoplication showed a significantly higher recurrence 
of vomiting (24.8 ± 1.4%) than TEGD in NIC [1.4 ± 1.1%, 
RR 7.40 (95% CI 2.02, 27.05); p = 0.001, Fig. 4d]. The inci-
dence of complications was reduced after fundoplication 
(8.2 ± 8.3%) in comparison with TEGD (21.6 ± 2.8%), albeit 
no statistical significance was found [RR 0.57 (95% CI 0.27, 
1.20); p = ns, Fig. 4e].

Discussion

Fundoplication in NIC versus NNC

There continues to be considerable uncertainty regarding 
the optimal treatment option when faced with the primary 
treatment of GER in NIC. As reported in a recent meta-
analysis, surgeons and patients should be aware that in NIC 
both open and laparoscopic Nissen fundoplication are asso-
ciated with high rates of recurrence and mortality [12]. In 
NIC, medical treatment and fundoplication should be well 
considered, given the risks and benefits of each treatment. 
Furthermore, the lack of high-quality evidence regarding 
the relative merits and drawbacks of each option should be 
shared with families [45].

As described by Pearl et al. [25] the success ratio of 
the fundoplication is dependent on the neurologic status 
of the patient and the major cause of fundoplication fail-
ure is the herniation of the wrap into the chest. Because of 

Table 2  Studies comparing outcomes of fundoplication to treat GER in NIC versus NNC

Fundo fundoplication, GER gastroesophageal reflux, NIC neurologically impaired children, NNC neurologically normal children, R retrospec-
tive, P prospective not randomized, ON open Nissen, OT open Thal, LN laparoscopic Nissen, LT laparoscopic Thal, nr not reported

References Year Type of study Type of fundo Recurrence of GER Re-do fundoplication

NIC (%) NNC (%) NIC (%) NNC (%)

Dedinsky et al. [24] 1987 R ON 29/297 (9.8) 9/132 (6.8) 29/297 (9.8) 9/132 (6.8)
Tuggle et al. [25] 1988 R OT 8/48 (16.7) 2/68 (2.9) nr nr
Pearl et al. [26] 1990 R ON, OT 43/153 (28.1) 5/81 (6.2) 29/153 (18.9) 4/81 (4.9)
Rice et al. [27] 1991 R ON 3/52 (5.8) 2/25 (8.0) 3/52 (5.8) 2/25 (8.0)
Kazerooni et al. [28] 1994 R ON, OT 7/74 (9.5) 4/86 (4.6) 7/74 (9.5) 4/86 (4.6)
Subramanian et al. [29] 2000 R ON 2/38 (5.3) 0/18 (0) 2/38 (5.3) 0/18 (0)
Capito et al. [30] 2007 P LN 9/49 (18.4) 1/54 (1.8) nr nr
Mathei et al. [31] 2008 R LN 0/49 (0) 3/57 (5.3) nr nr
Shariff et al. [32] 2010 R LN 11/48 (22.9) 3/31 (9.7) 11/48 (22.9) 3/31 (9.7)
Baerg et al. [33] 2013 R LN 49/395 (12.4) 51/428 (11.9) 49/395 (12.4) 51/428 (11.9)
Lopez-Fernandez et al. [34] 2014 R ON, LN 13/100 (13.0) 29/260 (11.1) nr nr
Mauritz [35] 2014 P LT 6/26 (23.1) 5/28 (17.9) nr nr
Knatten et al. [36] 2016 P ON, LN 12/44 (27.3) 7/41 (17.1) 7/44 (15.9) 2/41(4.9)
Heinrich et al. [37] 2016 R ON, LN, OT, LT 5/15 (33.3) 4/19 (21.0) 4/15 (26.7) 3/19 (15.8)
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concomitant spasticity, convulsions, or scoliosis, the risk of 
herniation is high in NIC. One of the possible risk factors 
that induced failure of fundoplication was epilepsy. Repeat-
edly, the increased abdominal pressure and the prolonged 
relaxations of the lower esophageal sphincter due to a direct 
vagal effect are the principle causes of the herniation or 
disruption of the wrap [11]. Furthermore, because of their 
neurologic impairment, these children are also susceptible 
to early postoperative complications, especially recurrent 
pulmonary infections. This is mostly the result of poor oro-
pharyngeal clearance of saliva with subsequent aspiration 
[31].

Moreover, the right crus and muscles of the diaphragm 
are weak in NIC because of malnutrition and distorted anat-
omy. Hence, it has been reported that if the crural muscles 
are weak, there is a significant chance for reflux to recur 
because the angle of His is not maintained after the fun-
doplication and the whole wrap is liable to prolapse through 
the hiatus [29].

The studies reported in Table 2 seem to be homogene-
ous, demonstrating an overall significant increased risk 
of recurrence or persistence of GER in NIC versus NNC 
(Fig. 2a), as well as an increased rate of re-do fundoplication 
(Fig. 2c). However, it is noticeable that a case-control study 
by Ngerncham et al. failed to confirm the above findings 
most likely because the study had rigorously controlled for 
obvious confounding variables, such as surgeon, operative 
technique, and duration of follow-up [46]. This result was 
also confirmed in a more recent prospective cohort study 
with a meticulous follow-up, a well-defined classification of 
NIC, and a scoring of complications according to a standard-
ized classification system [36].

These results lead us to the principal limitation of the 
present study: the lack of a validated tool to assess GER 
symptoms and outcome after fundoplication for the pediatric 
patient population [36]. As reported, there is no a uniform 
definition of failure after antireflux surgery, especially in 
pediatric syndromic patients [11].

Criteria for evaluation of outcome after treatment for 
GER includes subjective assessment of symptoms, including 
the recurrence of reflux, and subjective assessment of overall 
respiratory or feeding difficulties. An international panel of 
experts created guidelines in 2009 [7]; however, most stud-
ies were published before 2009. Moreover, these guidelines 
have yet to be universally adopted. Still, few comparative 
studies provided a lack of clear outcomes and standardized 
follow-up protocols. Hence, many complications were likely 
not detected, not reported or both. Moreover, observer bias 
and lack of objective measures of outcome has led to incon-
sistency in the literature. Furthermore, the length of follow-
up varies greatly among the studies analyzed. A possible 
factor causing the wide range of recurrences is that most 
studies on long-term efficacy of pediatric fundoplication 

were retrospective and introduced selection bias by includ-
ing only alive and available patients into the analysis [35]. 
To overcome the difficulties in assessing symptoms of recur-
rent GER in NIC, objective evaluations of all these patients, 
including 24-h pH monitoring, are required. Moreover, long-
term follow-up studies are required as reduction of respira-
tory symptoms after fundoplication seemed to be limited 
to the first post-operative year. A number of reasons can 
account for the persistence of respiratory symptoms after 
fundoplication in NIC, including discoordinated swallowing, 
gastroesophageal dysmotility, spasticity, aerophagy, chronic 
constipation, scoliosis, or a predominantly supine position 
[37].

Outcome of fundoplication versus GJ in NIC

Because of the high complication rate of fundoplication 
and the significant comorbid disease in NIC, many investi-
gators have favored GJ as an alternative to fundoplication. 
As know, GJ could be preferred because of a high success-
ful insertion rate and the requirement of sedation and local 
anesthesia; therefore, this procedure can also be tolerated 
to some weak NIC unfit to receive general anesthesia for 
fundoplication [39].

However, NIC treated with GJ are at continued risk 
for vomiting and aspiration pneumonia of gastric fluid 
because GJ does not treat GER, necessitating that patients 
continue medical management [38]. NIC treated with GJ 
are fed continuously via an infusion pump increasing the 
complexity and the cost of treatment in the community. In 
addition, there are complications associated with GJ such as 
dislodgement of the GJ tube, intussusception, and leakage 
that necessitate readmission to the hospital and anesthesia. 
The quality of life of these children treated with GJ has not 
been prospectively evaluated [8, 47, 48]. Moreover, none of 
the included comparative studies reported quality of life or 
patient-reported outcomes using validated measures.

As an expected consequence, in our meta-analysis the 
persistence of GER symptoms were similar following both 
fundoplication and GJ (Fig. 3a), with a relevant incidence 
of pneumonia following both these primary procedures 
(Fig. 3d).

Furthermore, as reported in a recent systematic review 
and meta-analysis on this topic, the evidence supporting 
the use of fundoplication versus GJ to treat refractory GER 
in NIC is low [8]. Only three comparative but retrospec-
tive studies have been published up to know on this focus. 
These observational studies indicate a lack of evidence to 
support one approach over the other. Hence, more studies are 
needed to compare the outcomes of fundoplication versus GJ 
to primarily treat NIC with GER. Only high-quality studies 
(i.e. adequately powered, multicenter randomized controlled 
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trial, RCT) could determine if one approach is truthfully 
superior [40].

Outcome of fundoplication versus TEGD in NIC

TEGD is commonly considered a “rescue” procedure for 
recurrent GER because of the extent of the procedure and 
the potential for serious operative complications (i.e. bleed-
ing, anastomotic leakage, necrosis of the Roux loop, perfora-
tion, wound dehiscence, diaphragmatic hernia, and adhesive 
obstruction) [42].

A systematic review on this procedure reported a 16% 
early complication rate and a 15.5% late complications rate 
following TEGD procedure. Moreover, the overall mortal-
ity related to TEGD was 3.3%, though some of these losses 
occurred months or even years after the procedure [49].

However, in recent years TEGD has revealed an accept-
able complication rate, which was lower than some opera-
tion rates after fundoplication [43]. Hence, few authors 
have adopted TEGD as a useful procedure to primarily treat 
severe NIC affected by GER.

Predictably, operative time was significantly longer in 
TEGD in comparison with fundoplication (Fig. 4a). Con-
versely, no differences were found with regards to the length 
of post-operative ICU stay and the time to reach full feeds 
(Fig. 4b, c).

As reported in our meta-analysis, patients who underwent 
TEGD presented a higher albeit not significant incidence of 
complications compared to NIC who underwent fundoplica-
tion (Fig. 4e) and no deaths related to TEGD were reported.

As expected, TEGD showed a significantly lower recur-
rence of GER in comparison with fundoplication in NIC 
(Fig. 4d). As a matter of fact, after fundoplication hospi-
talization became less frequent, although a substantial 
decrease with a significant improvement in quality of life 
has been reported only after TEGD [41]. However, a carer 
questionnaire survey of symptoms and quality of life across 
previously validated domains was not significantly different 
between TEGD and fundoplication, even if carers reported 
those who had a TEGD had significantly better enjoyment 
of life [44].

In the end, concerns remain over the magnitude of the pro-
cedure and the potential for serious operative complications 
[42]. Thus, it seems appropriate to still consider TEGD as a 
significantly more ‘invasive’ procedure requiring longer peri-
ods of rehabilitation [44]. Consequently, to the best of our 
knowledge, further studies are necessary to demonstrate the 
true efficacy of TEGD as a primary procedure to treat GER in 
NIC and not only as a “salvage” procedure for those recurrent 
cases. Hence, a RCT to compare these operations is warranted 
[41]. Up to now, TEGD should only be offered to families of 
severe NIC as part of comprehensive preoperative counseling 
[44].

Limitations of the study

We acknowledge the limitations of the present study, which as 
any other meta-analysis, relies on the quality of the studies and 
the data available in the literature. Some of the limitations of 
our current meta-analysis are due to the retrospective nature 
of most of the studies included (Tables 2, 3, 4) as well as to 
the variability in the definition of GER and its recurrence. As 
already mentioned above, uncertainty around the diagnosis 
of GER based on ICD-9-CM coding or in clinical practice 
is widely recognized [50]. As recently reported, ESPGHAN 
recommends use of objective measures for the diagnosis of 
GER in NIC (i.e. oesophageal pH- or pH/multichannel intra-
luminal impedance monitoring, and/or upper gastrointestinal 

Fig. 2  a Forest plot comparison of recurrence or persistence of GER 
symptoms after fundoplication in NIC versus NNC. b Funnel plot 
of included studies comparing the recurrence or persistence of GER 
symptoms after fundoplication in NIC versus NNC. c Forest plot 
comparison of the incidence of re-do fundoplication in NIC versus 
NNC. d Forest plot comparison of the incidence of failure of re-do 
fundoplication in NIC versus NNC

◂

Table 3  Studies comparing outcomes of fundoplication versus GJ in treating GER in NIC

GJ gastro-jejunal tube feeding, GER gastroesophageal reflux, NIC neurologically impaired children, Fundo fundoplication, R retrospective, P 
prospective not randomized, ON open Nissen, nr not reported

References Year Type of 
study

Type of 
fundo

Recurrence or persis-
tence of GER

Subsequent fun-
doplication

Major complications Pneumonia

Fundo 
(%)

GJ (%) Fundo 
(%)

GJ (%) Fundo 
(%)

GJ (%) Fundo (%) GJ (%)

Albanese et al. 
[38]

1993 R ON 8/45 
(17.8)

1/34 (2.9) 6/45 
(13.3)

0/34 
(0)

15/45 
(33.3)

4/34 
(11.8)

2/45 (4.4) 2/34 (4.9)

Wales et al. 
[39]

2002 R ON 30/63 
(47.6)

24/48 
(50.0)

7/63 
(11.1)

4/48 
(8.3)

41/63 
(65.1)

23/48 
(47.9)

23/63 (36.5) 15/48 (31.3)

Srivastava 
et al. [40]

2009 P ON nr nr nr nr nr nr 48/323 
(14.9)

10/43 (23.2)
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Fig. 3  a Forest plot comparison of recurrence or persistence of GER 
symptoms after fundoplication versus GJ in NIC. b Forest plot com-
parison of subsequent fundoplication after fundoplication versus GJ 

in NIC. c Forest plot comparison of the incidence of major complica-
tions after fundoplication versus GJ in NIC. d Forest plot comparison 
of the incidence of pneumonia after fundoplication versus GJ in NIC

Table 4  Studies comparing outcomes of fundoplication versus TEGD in treating GER in NIC

TEGD total esophagogastric dissociation, GER gastroesophageal reflux, NIC neurologically impaired children, Fundo fundoplication, ICU inten-
sive care unit, P prospective not randomized, R retrospective, R* retrospective analysis from a prospectively collected database, ON open Nissen, 
LN laparoscopic Nissen, nr not reported

References Year Type 
of 
study

Type of 
fundo

Operative time Length of post-
operative ICU 
stay

Time to full 
enteral feeding

Complications Recurrence or per-
sistence of GER

Fundo 
(SD)

TEGD 
(SD)

Fundo 
(SD)

TEGD 
(SD)

Fundo 
(SD)

TEGD 
(SD)

Fundo 
(%)

TEGD 
(%)

Fundo 
(%)

TEGD (%)

Gatti et al. 
[41]

2001 P ON nr nr nr nr nr nr 4/12 
(33.3)

4/14 
(28.6)

3/12 
(25.0)

0/14 (0)

Goyal et al. 
[42]

2005 R ON 150m 
(45.0)

238m 
(87.5)

4.1d 
(4.25)

1.6d 
(2.25)

9.1d 
(11.2)

8.4d 
(3.7)

nr nr 5/20 
(25.0)

0/20 (0)

Molinaro 
et al. [43]

2014 R LN nr nr nr nr nr nr 0/49 (0) 3/14 
(21.4)

13/49 
(26.5)

0/14 (0)

Lansdale et al. 
[44]

2015 R* LN 137m 
(43.7)

270m 
(82.5)

0.5d 
(2.25)

2.5d 
(4.0)

5.5d 
(4.0)

9.5 
(9.0)

3/24 
(12.5)

4/23 
(17.4)

5/24 
(20.8)

1/23 (4.3)
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endoscopy), with a periodical re-evaluation of long-term ther-
apy of GER disease in these patients [51].

Moreover, the severity of the neurological impairment as 
well as the co-existence of other major comorbidities were 
not always well defined, clarified, or reported in the included 
studies.

Furthermore, as reported in Tables 2 and 4, there was and 
heterogeneity with regards to the fundoplication procedure (i.e. 
open or laparoscopic approach, Nissen or Thal fundoplication).

The risk of bias assessments for the individual comparing 
studies included in the present meta-analysis varied quite a bit 

(Supplementary file 2). Statistical heterogeneity of data was 
fairly low for all of our analyses, with a relevant yet not sig-
nificant heterogeneity between the studies in three forest plots 
(Figs. 2a, 3c, 4a). Despite this, clinical heterogeneity does exist 
and it is inherent in the meta-analysis, and this must be consid-
ered when interpreting the results of this study. However, to the 
best of our knowledge, the present paper is the only one in the 
literature that attempted to analyze the outcomes of all avail-
able surgical options to treat GER in NIC. Furthermore, when 
independently assessed by two senior authors using AMSTAR, 
the present systematic reviews and meta-analysis received a 

Fig. 4  a Forest plot comparison of operative time of fundoplication 
versus TEGD in NIC. b Forest plot comparison of the length of post-
operative ICU stay after fundoplication versus TEGD in NIC. c For-
est plot comparison of the time to full enteral feeds after fundoplica-

tion versus TEGD in NIC. d Forest plot comparison of recurrence or 
persistence of vomiting after fundoplication versus TEGD in NIC. e 
Forest plot comparison of the incidence of complications after fun-
doplication versus TEGD in NIC
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relevant score (Supplementary file 3). Lastly, the PRISMA 
checklist of our study was completed (Supplementary file 4).

Conclusion

In conclusion, NIC are at significantly high risk of recur-
rence of GER after fundoplication, with results in an 
increased incidence of re-do fundoplication. GJ seems not 
to improve the outcome of GER in NIC. TEGD seems to be 
effective to primarily treat GER in NIC when compared to 
fundoplication. However, this technique increased the risk of 
serious post-operative complications and it is associated to a 
known risk of mortality. Because of the invasiveness of this 
procedure, to the best of our knowledge high-quality studies 
(i.e. RCT) are deserved to prove the effectiveness of TEGD 
to primarily treat GER in NIC. Quality of life remains the 
primary outcome after treatment of GER in NIC and a pro-
spective study is needed to determine which is the preferred 
treatment of GER in these patients.

Funding This study was not funded by any grant.

Compliance with ethical standards 

Conflict of interest Authors have no potential conflicts of interest for 
this study.

Ethical approval Not applicable, since the study is a systematic review 
and meta-analysis.

Informed consent Not applicable, since the study is a systematic 
review and meta-analysis.

References

 1. Pimpalwar A, Najmaldin A (2002) Results of laparoscopic antire-
flux procedures in neurologically impaired children. Semin Lapa-
rosc Surg 9:190–196

 2. Iwanaka T, Kanamori Y, Sugiyama M et al (2010) Laparoscopic 
fundoplication for gastroesophageal reflux disease in infants and 
children. Surg Today 40:393–397

 3. Andrew MJ, Parr JR, Sullivan PB (2012) Feeding difficulties 
in children with cerebral palsy. Arch Dis Child Educ Pract Ed 
97:222–229

 4. Sullivan PB, Lambert B, Rose M et al (2000) Prevalence and 
severity of feeding and nutritional problems in children with 
neurological impairment: Oxford Feeding Study. Dev Med Child 
Neurol 42:674–680

 5. Quitadamo P, Thapar N, Staiano A et al (2016) Gastrointestinal 
and nutritional problems in neurologically impaired children. Eur 
J Paediatr Neurol 20:810–815

 6. Lightdale JR, Gremse DA (2013) Section on gastroenterology, 
hepatology, and nutrition. Gastroesophageal reflux: management 
guidance for the pediatrician. Pediatrics 131:e1684–e1695

 7. Vandenplas Y, Rudolph CD, Di Lorenzo C et al (2009) North 
American Society for Pediatric Gastroenterology Hepatology 

and Nutrition, European Society for Pediatric Gastro- enterol-
ogy Hepatology and Nutrition. Pediatric gastroesophageal reflux 
clinical practice guidelines: joint recommendations of the North 
American Society for Pediatric Gastroenterology, Hepatology, and 
Nutrition (NASPGHAN) and the European Society for Pediatric 
Gastroenterology, Hepatology, and Nutrition (ESPGHAN). J Pedi-
atr Gastroenterol Nutr 49:498–547

 8. Livingston MH, Shawyer AC, Rosenbaum PL et al (2015) Fun-
doplication and gastrostomy versus percutaneous gastrojejunos-
tomy for gastroesophageal reflux in children with neurologic 
impairment: a systematic review and meta-analysis. J Pediatr Surg 
50:707–714

 9. Kane TD, Brown MF, Chen MK (2009) Members of the APSA 
New Technology Committee. Position paper on laparoscopic 
antireflux operations in infants and children for gas- troesophageal 
reflux disease. American Pediatric Surgery Association. J Pediatr 
Surg 44:1034–1040

 10. Martin K, Deshaies C, Emil S (2014) Outcomes of pediatric lapa-
roscopic fundoplication: a critical review of the literature. Can J 
Gastroenterol Hepatol 28:97–102

 11. Rossi V, Mazzola C, Leonelli L et al (2016) Long-term outcome 
and need of re-operation in gastro-esophageal reflux surgery in 
children. Pediatr Surg Int 32:277–283

 12. Zhang P, Tian J, Jing L (2016) Laparoscopic vs. open Nissen’s 
fundoplication for gastro-oesophageal reflux disease in children: 
a meta-analysis. Int J Surg 34:10–16

 13. Engelmann C, Gritsa S, Ure BM (2010) Impact of laparoscopic 
anterior 270 degrees fundoplication on the quality of life and 
symptoms profile of neurodevelopmentally delayed versus neu-
rologically unimpaired children and their parents. Surg Endosc 
24:1287–1295

 14. Pacilli M, Eaton S, Maritsi D et al (2007) Factors predicting 
failure of redo Nissen fundoplication in children. Pediatr Surg 
Int 23:499–503

 15. Towbin RB, Ball WS Jr, Bissett GS III (1988) Percutaneous 
gastrostomy and percutaneous gastrojejunostomy in children: 
antegrade approach. Radiology 168:473–476

 16. Bianchi A (1997) Total esophagogastric dissociation: an alterna-
tive approach. J Pediatr Surg 32:1291–1294

 17. Mathus-Vliegen EMH, Koning H, Taminiau JAJM et al (2001) 
Percutaneous endoscopic gastrostomy and gastrojejunostomy in 
psychomotor retarded subjects: a follow-up covering 106 patient 
years. J Pediatr Gastroenterol Nutr 33:488–494

 18. Lall A, Morabito A, Bianchi A (2006) “Total gastric dissocia-
tion (TGD)” in difficult clinical situations. Eur J Pediatr Surg 
16:396–398

 19. Moher D, Liberati A, Tetzlaff J et al (2009) Preferred reporting 
items for systematic reviews and meta-analyses: the PRISMA 
statement. PLoS Med 21(6):e1000097

 20. PROSPERO International Prospective Register of Systematic 
Reviews. http://www.crd.york.ac.uk/prosp ero/about .php?about 
=about . Accessed 25 Jun 2017

 21. Review Manager (2014) (RevMan). 5.3. The Nordic Cochrane 
Centre, The Cochrane Collaboration, Copenhagen

 22. Higgins JPT, Green S (2011) Cochrane Handbook for System-
atic Reviews of Interventions Version 5.1.0 [updated March 
2011]. The Cochrane Collaboration. http://handb ook-5-1.cochr 
ane.org/. Accessed 25 Jun 2017

 23. Shea BJ, Grimshaw JM, Wells GA et al (2007) Development 
of AMSTAR: a measurement tool to assess the methodological 
quality of systematic reviews. BMC Med Res Methodol 7:10

 24. Dedinsky GK, Vane DW, Black T et al (1987) Complications 
and reoperation after Nissen fundoplication in childhood. Am J 
Surg 153:177–183

 25. Tuggle DW, Tunell WP, Hoelzer DJ et al (1988) The efficacy of 
Thal fundoplication in the treatment of gastroesophageal reflux: 

http://www.crd.york.ac.uk/prospero/about.php?about=about
http://www.crd.york.ac.uk/prospero/about.php?about=about
http://handbook-5-1.cochrane.org/
http://handbook-5-1.cochrane.org/


1149Pediatric Surgery International (2018) 34:1139–1149 

1 3

the influence of central nervous system impairment. J Pediatr 
Surg 123:638–640

 26. Pearl RH, Robie DK, Ein SH et  al (1990) Complications 
of gastroesophageal antiref lux surgery in neurologically 
impaired versus neurologically normal children. J Pediatr Surg 
25:1169–1173

 27. Rice H, Seashore JH, Touloukian RJ (1991) Evaluation of Nissen 
fundoplication in neurologically impaired children. J Pediatr Surg 
26:697–701

 28. Kazerooni NL, VanCamp J, Hirschl RB et al (1994) Fundopli-
cation in 160 children under 2 years of age. J Pediatr Surg 
29:677–681

 29. Subramaniam R, Dickson AP (2000) Long-term outcome of Boix-
Ochoa and Nissen fundoplication in normal and neurologically 
impaired children. J Pediatr Surg 35:1214–1216

 30. Capito C, Leclair M, Piloquet H et al (2008) Long-term outcome 
of laparoscopic Nissen–Rossetti fundoplication for neurologically 
impaired and normal children. Surg Endosc 22:875–880

 31. Mathei J, Coosemans W, Nafteux P et al (2008) Laparoscopic 
Nissen fundoplication in infants and children: analysis of 106 con-
secutive patients with special emphasis in neurologically impaired 
vs. neurologically normal patients. Surg Endosc 22:1054–1059

 32. Shariff F, Kiely E, Curry J et al (2010) Outcome after laparoscopic 
fundoplication in children under 1 year. J Laparoendosc Adv Surg 
Tech A 20:661–664

 33. Baerg J, Thorpe D, Bultron G et al (2013) A multicenter study of 
the incidence and factors associated with redo Nissen fundoplica-
tion in children. J Pediatr Surg 48:1306–1311

 34. Lopez-Fernandez S, Hernandez F, Hernandez-Martin S et al 
(2014) Failed Nissen fundoplication in children: causes and man-
agement. Eur J Pediatr Surg 24:79–82

 35. Mauritz FA, van Herwaarden-Lindeboom MYA, Zwaveling S et al 
(2014) Laparoscopic Thal fundoplication in children: a prospec-
tive 10- to 15-year follow-up study. Ann Surg 259:388–393

 36. Knatten CK, Kvello M, Fyhn TJ et al (2016) Nissen fundopli-
cation in children with and without neurological impairment: a 
prospective cohort study. J Pediatr Surg 51:1115–1121

 37. Heinrich M, Kain A, Bergmann F et al (2017) Parents reported 
reduced symptoms and improved satisfaction after fundoplication 
and their perceptions were an important outcome measure. Acta 
Paediatr 106:168–173

 38. Albanese CT, Towbin RB, Ulman I et al (1993) Percutaneous 
gastrojejunostomy versus Nissen fundoplication for enteral feed-
ing of the neurologically impaired child with gastroesophageal 
reflux. J Pediatr 123:371–375

 39. Wales PW, Diamond IR, Dutta S et al (2002) Fundoplication and 
gastrostomy versus image-guided gastrojejunal tube for enteral 
feeding in neurologically impaired children with gastroesophageal 
reflux. J Pediatr Surg 37:407–412

 40. Srivastava R, Downey EC, O’Gorman M et al (2009) Impact of 
fundoplication versus gastrojejunal feeding tubes on mortality 
and in preventing aspiration pneumonia in young children with 
neurologic impairment who have gastroesophageal reflux disease. 
Pediatrics 123:338–345

 41. Gatti C, Federici di Abriola G, Villa M et al (2001) Esophagogas-
tric dissociation versus fundoplication: which is best for severely 
neurologically impaired children? J Pediatr Surg 36:677–680

 42. Goyal A, Khalil B, Choo K et al (2005) Esophagogastric dissocia-
tion in the neurologically impaired: an alternative to fundoplica-
tion? J Pediatr Surg 40:915–919

 43. Molinaro F, Bindi E, Cerchia E et al (2014) Esophagogastric 
dissociation reduces the re-operation rate for persistent gastroe-
sophageal reflux in severely neurologically impaired children. 
Pediatr Surg Int 30:997–1001

 44. Lansdale N, McNiff M, Morecroft J et al (2015) Long-term and 
‘patient-reported’ outcomes of total esophagogastric dissocia-
tion versus laparoscopic fundoplication for gastroesophageal 
reflux disease in the severely neurodisabled child. J Pediatr Surg 
50:1828–1832

 45. Vernon-Roberts A, Sullivan PB (2013) Fundoplication versus 
postoperative medication for gastro-oesophageal reflux in chil-
dren with neurological impairment undergoing gastrostomy. 
Cochrane Database Syst Rev 28(8):CD006151. https ://doi.
org/10.1002/14651 858.CD006 151.pub3

 46. Ngerncham M, Barnhartb DC, Haricharanb RN et al (2007) Risk 
factors for recurrent gastroesophageal reflux disease after fun-
doplication in pediatric patients: a case–control study. J Pediatr 
Surg 42:1478–1485

 47. Mahant S, Pastor ac, DeOliveira L et al (2011) Well-being of 
children with neurologic impairment after fundoplication and 
gastrojejunostomy tube feeding. Pediatrics 128:e395–e403

 48. Kapadia MZ, Joachim KC, Balasingham C et al (2016) A core out-
come set for children with feeding tubes and neurologic impair-
ment: a systematic review. Pediatrics 138(1):e20153967. https ://
doi.org/10.1542/peds.2015-3967

 49. Peters RT, Goh YL, Veitch JM et al (2013) Morbidity and mortal-
ity in total esophagogastric dissociation: a systematic review. J 
Pediatr Surg 48:707–712

 50. Stone B, Hester G, Jackson D et al (2017) Effectiveness of fun-
doplication or gastrojejunal feeding in children with neurologic 
impairment. Hosp Pediatr 7:140–148

 51. Romano C, van Wynckel M, Hulst J et al (2017) ESPGHAN—
guidelines for the evaluation and treatment of gastrointestinal and 
nutritional complications in children with neurological impair-
ment. J Pediatr Gastroenterol Nutr 65:242–264

https://doi.org/10.1002/14651858.CD006151.pub3
https://doi.org/10.1002/14651858.CD006151.pub3
https://doi.org/10.1542/peds.2015-3967
https://doi.org/10.1542/peds.2015-3967

	Gastroesophageal reflux in children with neurological impairment: a systematic review and meta-analysis
	Abstract
	Introduction
	Materials and methods
	Systematic review
	Meta-analysis
	Quality assessment

	Results
	Outcome of fundoplication in NIC versus NNC
	Outcome of fundoplication versus GJ in NIC
	Outcome of fundoplication versus TEGD in NIC

	Discussion
	Fundoplication in NIC versus NNC
	Outcome of fundoplication versus GJ in NIC
	Outcome of fundoplication versus TEGD in NIC
	Limitations of the study

	Conclusion
	References


