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Abstract
Background Laparoscopic fundoplication in children under 5 kg is still debated. Our objective was to evaluate the safety 
and efficacy of laparoscopic fundoplication (LF) in children under 5 kg.
Methods We reviewed the cases of 96 children treated by laparoscopic fundoplication between 2005 and 2014. Thirty-five 
patients had a weight of 5 kg or less at the time of LF (Low Weight Group) and 61 patients had a weight between 5.1 and 
10 kg (High Weight Group). The pre-operative, peri-operative, post-operative data regarding surgery and anesthesia were 
compared between groups.
Results Mean weight was 3.9 ± 0.8 kg in the LWG and 7.8 ± 1.5 kg in the HWG. Children in the LWG were more prone 
to pre-operative respiratory management (40% mechanical ventilation and 42.9% oxygen therapy). The operating times 
(82 ± 28 min for LWG and 85 ± 31 min for HWG) and respiratory parameters during the procedure  (PCO2) were comparable 
between groups. Post-operative complications were 1 gastric perforation with peritonitis and 1 small bowel obstruction in the 
LWG, 2 cases of gastric perforation with peritonitis in the HWG. Mean follow-up was 67 ± 44 months. Significant recurrence 
of GERD requiring a redo fundoplication was noted in 3 patients in the LWG and 1 patient in the HWG.
Conclusion Laparoscopic fundoplication is a safe procedure in infants ≤ 5 kg without increase of post-operative complica-
tions, recurrence, or mean operative time.
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Gastro-oesophageal reflux surgery is one of the most com-
mon surgeries performed by pediatric surgeons. According 
to recent guidelines, antireflux surgery may be considered 
in children when gastro-esophageal reflux disease (GERD) 
is refractory to optimal medical management [1–3]. Other 

indications are erosive esophagitis and its complications, 
recurrent aspiration and apnea if diagnosis of GERD has 
been documented, paraoesophageal hernia, and long-term 
thickened enteral feeding [2, 4]. Several indications for fun-
doplication in children with neurological impairment have 
also been reported. In this group of patients, LF is associated 
with a high recurrence rate of GERD in the long-term [5].

Laparoscopic fundoplication (LF) has replaced open 
fundoplication as the standard procedure for this surgery in 
children, because of reduced length of stay, post-operative 
pain, and pulmonary complications without increased long-
term recurrence of GERD [1, 3, 6, 7]. Three fundoplication 
procedures (Nissen, Toupet, and Thal) have shown similar 
long-term efficacy in children and the choice of procedure 
mainly depends on the team [7].

There is no recommended lower age limit for perform-
ing LF. Current guidelines for GERD in older children 
tend to recommend non-operative management as an alter-
native option to surgery. However, in very small infants, 
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GERD refractory to medical management can cause severe 
respiratory or cardiac complications (ALTE), or erosive 
oesophagitis causing reduced oral feeding and weight loss. 
These severe situations may influence decision toward an 
early surgical management of the reflux, to prevent recur-
rence of ALTE or protect the lower respiratory tract [8]. In 
addition, infants with feeding disorders due to neurologic, 
genetic, or metabolic conditions or prematurity may require 
gastrostomy tube feeding. In these small patients with hypo-
tonia, enteral nutrition may increase the risk for aspiration 
pneumonia. Some teams perform prophylactic LF associated 
with gastrostomy tube placement in these cases. LF associ-
ated with gastrostomy tube placement increases tolerance 
to feeds, optimizing nutritional status [9] and may allow an 
earlier discharge from the hospital.

Few studies have reported data on safety of fundoplica-
tion in infants. A single-center retrospective report of open-
surgery Nissen fundoplication in 102 infants under 3 months 
showed that the procedure was safe, with low post-operative 
mortality and morbidity rates and little long-term recurrence 
of GERD [10]. Another study focused on safety of the lapa-
roscopic procedure in infants under 5 kg showing few com-
plications [11]. No study has, to our knowledge, compared 
outcomes of early LF to LF after 5 kg.

The aim of this study was to evaluate the safety and effi-
cacy of laparoscopic fundoplication (LF) in infants under 
5 kg compared to infants weighing more than 5 kg, in terms 
of tolerance of the laparoscopic fundoplication, post-opera-
tive complications, and recurrence rate of GERD.

Materials and methods

Patients

We retrospectively reviewed the charts of all infants < 3 years 
treated by laparoscopic fundoplication according to the Nis-
sen or Toupet technique between January 2005 and Decem-
ber 2014, by a single surgeon (TP) in the department of Pedi-
atric Surgery of the University Hospital of Caen. Ninety-six 
infants fulfilled these criteria.

The study population was divided into two groups 
depending on patient’s weight at the time of the surgery: 
the “Low Weight group” (LWG) for patients weighing 5 kg 
or less, and the “High Weight Group” (HWG) between 5.1 
and 10 kg. Medical records were reviewed in order to com-
pare the peri-operative and post-operative courses between 
groups.

Pre‑operative management and surgery

All patients were selected for surgery after evaluation by a 
pediatric surgeon and pediatric gastroenterologist. Diagnosis 

of Gastro-esophageal reflux disease was documented by 
one or several of the following procedures: pH monitoring, 
esophagogastroduodenoscopy (EGD), or upper gastrointesti-
nal imaging (UGI). Treatments received before surgery were 
a combination of thickened formula, acid buffering agents, 
and anti-secretory agents. Indications for LF were either: 
GERD with severe digestive or non-digestive complications 
despite optimal medical treatment, or to increase tolerance 
to enteral feeds in patients with feeding disorders requiring 
a gastrostomy tube placement. Indications for gastrostomy 
are listed in Table 3.

Surgical technique

The initial approach was a laparoscopic fundoplication, 
according to the previously described Nissen or Toupet tech-
niques. The standard procedure was a Toupet fundoplication, 
as this procedure is considered to cause less post-operative 
dysphagia. In patients requiring a gastrostomy tube place-
ment or who already had a gastrostomy tube in place, a Nis-
sen fundoplication was performed. All procedures were done 
using a 5-mm telescope (30°) and 3-mm instruments for all 
four ports. During the laparoscopic procedure, the objective 
was to maintain intra-abdominal pressure under 8 mmHg 
for children > 5 kg and under 6 mmHg for children ≤ 5 kg, 
in order to minimize cardiovascular effects.

Follow‑up and post‑operative management

The patients either recovered in the post-operative recovery 
room and were transferred to the pediatric surgery ward, or 
were transferred directly after the procedure to the neonatal 
intensive care unit (ICU) (patients ≤ 5 kg) or the pediatric 
ICU (> 5 kg) unit if they needed mechanical ventilation or 
close monitoring. Post-operative standardized care included 
early post-operative feeding, proton pump inhibitors for 4 
days, reduced intravenous fluid administration if necessary, 
and peri-operative antibioprophylaxis. A post-operative UGI 
was performed between 3 and 4 months after the surgery.

Data analysis

Data collection

The list of patients fulfilling the inclusion criteria was 
retrieved from the hospital database. Data were collected 
retrospectively from the charts by a single investigator 
and included: demographic data, gestational age at birth, 
comorbidity, indication for surgery, treatments received 
before LF, pre-operative workup, type and duration of sur-
gery, respiratory parameters during surgery, description 
of post-operative recovery, and immediate and long-term 
complications, with a study end-point at December 2017. 
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Post-operative mortality was defined as death during the 
same hospitalization.

Study end‑points

The primary end-point was to determine if laparoscopic fun-
doplication was associated with an increase of post-operative 
mortality and morbidity in patients ≤ 5 kg.

The secondary end-points were to determine if LF in 
patients ≤ 5 kg was

 (i) associated with an increase of post-operative respira-
tory events

 (ii) associated with an increase of short-term or long-
term recurrence.

Ethical considerations

The study protocol was approved by the French Pediatric 
Society Ethics committee (Comité d’éthique de la recherche 
de la Société Française de Pediatrie). All parents were 
informed of the study. Written consent was not necessary 
for participation in this retrospective observational study, 
according to the French Ethical laws.

Statistical analysis

Continuous variables were described as mean ± standard 
deviation, or median [range] for quantitative data and values 
(%) for qualitative data.

Dichotomous variables were tested with the χ2 test or 
Fisher’s exact test when necessary. Continuous variables 
were tested with the t test or Mann–Whitney test.

All statistical analyses were performed using R software, 
3.2.2 version (BM).

Results

Population characteristics

Mean weight at the date of LF was 3.90 kg [2.6–5.0] in the 
LWG, and 7.80 kg [5.2–10.0] in the HWG. The two groups 
were comparable regarding sex, ASA Physical Status Clas-
sification, gestational age, and comorbidities (Table 1).

Fourty-two patients had underlying conditions predispos-
ing to more severe GERD: neurologic impairment (n = 33), 
repaired esophageal atresia or other congenital esophageal 
diseases (n = 9) with no patient in the LWG.

Pre‑operative management

Clinical symptoms of GERD were similar in the two 
groups. Significantly more patients in the LWG required 
respiratory assistance (mechanical ventilation, oxygen 
therapy, caffeine administration) and ICU hospitalization 
than in the HWG (p < 0.0001, p < 0.0001, p < 0.03, and 
p < 0.0001, respectively) (Table 2).

Diagnostic workup before LF was the following: 9 
(9.4%) patients were tested by esophageal pH monitoring, 
29 (30.2%) patients underwent endoscopy with biopsies, 
74 (86%) patients had a UGI, and 2 (2%) had an esopha-
geal manometry. Pre-operative investigations by group are 
detailed in Table 2.

Indication for LF in the LWG was GERD associated 
with respiratory complications (N = 3) and/or malnutrition 
(N = 30) and/or ALTE [2]. Indication for LF in the HWG 
was chronic relapsing GERD refractory to medical treat-
ment (30) and/or associated malnutrition (31).

Peri‑operative management

In all, 64 (66.7%) Nissen procedures and 32 (33.3%) 
Toupet procedures were performed. Patients in the LWG 
were treated preferably by Nissen rather than Toupet 
(p = 0.003), whereas in the HWG the rates of the two pro-
cedures were comparable. No patient required a conver-
sion to laparotomy. Eighty-six percent of patients in the 
LWG had a gastrostomy insertion at the same time as the 
LF, compared to 51% in the HWG (p < 0001) (Table 3).

Respiratory parameters and peri-operative  CO2 levels 
were comparable between groups. Sixty-nine percent of 
patients in the LWG and 90% of patients in the HWG had 
peri-operative intra-abdominal pressure above the opti-
mal cutoff (≤ 6 mmHg in the LWG and ≤ 8 mmHg in the 
HWG). However, cardiovascular function was not impeded 
during the procedure in these patients.

None of the patients needed an peri-operative transfu-
sion. Mean operating time was similar between groups: 
82 ± 28 min in the LWG and 85 ± 31 min in the HWG 
(p = 0.67) (Table 3).

Among patients in the LWG, 20 (57.1%) were extubated 
in the recovery room and the others were transferred to the 
neonatal ICU immediately after surgery. Among patients 
in the HWG, 53 (86.9%) were extubated in the recovery 
room and then transferred to the surgical ward and the 
others were transferred to the pediatric ICU, still intubated 
(p = 0.07).

Sixty-one patients (63.5%) resumed feeding at post-
operative day 1. The delay before initiation of feeding was 
not different between groups (p = 0.76).
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Morbidity and mortality (Table 4)

None of the children needed a post-operative transfusion. 
Seventy-one percent of patients in the LWG required to be 
transferred to the ICU after their surgery compared to 34% 
of the HWG. The proportion of patients requiring post-
operative mechanical ventilation was higher in the LWG: 
43 vs. 16% of the HWG (p = 0.002). In addition, signifi-
cantly more patients from the LWG required post-operative 
oxygen therapy: 34 vs. 5% for the HWG (p < 0.001). Dura-
tion of mechanical ventilation was similar between groups: 
median duration 12 [2–168] in the LWG and 2 [1–32] in the 
HWG (p = 0.07). Post-operative parameters are summarized 
in Table 4.

Complications related to fundoplication and leading 
to a reoperation were noted in 4 patients (4.2%). In the 
LWG, there was one case of gastric perforation with peri-
tonitis at post-operative day 2 (POD2) and 1 small bowel 
obstruction at POD72. In the HGW, there were 2 cases of 

gastric perforation with peritonitis that occurred at POD2 
and POD4, respectively. All of these patients had been 
operated initially using a Nissen technique with concomi-
tant gastrostomy tube placement. One of the patients was 
severely preterm, the others were born full term. All 4 
patients had severe underlying conditions (malformation 
syndrome, neurological impairment, metabolic disease). 
All patients were managed successfully. None died from 
the complication.

None of the children died during the peri-operative 
period. Three patients died after discharge, within 90 
days of LF. The reported cause of death was progression 
of the severe underlying medical condition. One patient 
with Zellweger syndrome died at POD39, one patient 
with a genetic mutation (del Q11.2) died at POD80, and 
one patient with Allan Hendon Duddley syndrome died at 
POD31. There had been no clinical recurrence of GERD 
after LF in these 3 patients.

Table 1  Population 
characteristics and 
comorbidities

p < 0.05 are given in bold
Data are expressed as n (%) or mean ± STD
ASA American Society of Anesthesiologists, WGA  weeks gestational age, F Fisher’s exact test

Parameter LWG (weight ≤ 5 kg) N = 35 HWG 
(5 < weight < 10 kg) 
N = 61

p

Age (months) < 0.001
Mean ± STD [range] 4.3 ± 2.6 [0.4–10.8] 13.4 ± 6.7 [2.9–29.4]
Weight (kg) < 0.001
Mean ± STD [range] 3.9 ± 0.8 [2.6–5.0] 7.80 ± 1.5 [5.2–10.0]
Sex (male) 22 (62.9) 43 (70.5) 0.44
ASA physical status classification 0.12
 1 1 (2.9) 8 (13.1)
 2 17 (48.6) 34 (55.7)
 3 16 (45.7) 19 (31.1)
 4 1 (2.9) 0 (0)

Level of prematurity 0.56
 Full term birth (≥ 37 WGA) 23 (65.7) 43 (70.5)
 Late preterm (35–36 WGA) 2 (5.6) 4 (6.6)
 Moderate prematurity (32–34 WGA) 2 (5.6) 6 (9.8)
 Severe prematurity (28–31 WGA) 4 (11.1) 6 (9.8)
 Extreme prematurity (< 28 WGA) 4 (11.1) 2 (3.8)

Comorbidities
 Chronic respiratory conditions 11 (31.4) 17 (27.9) 0.71
 Neurological impairment 9 (25.7) 24 (39.3) 0.18
 Cardiac disease 11 (31.4) 12 (20.3) 0.23
 Muscular disease 2 (5.7) 6 (15.0) 0.71 (F)
 Renal disease 3 (8.6) 7 (11.5) 0.74 (F)
 Digestive tract or ENT disease 9 (26.5) 20 (36.0) 0.36
 Malformation syndrome 11 (30.6) 15 (24.6) 0.80



4195Surgical Endoscopy (2018) 32:4191–4199 

1 3

Table 2  Pre-operative 
respiratory management and 
diagnosis of GERD

p < 0.05 are given in bold
ICU intensive care unit, GERD gastro-esophageal reflux disease, UGI upper gastrointestinal imaging (¥ = 
10 missing data), EGD esophagogastroduodenoscopy, F Fisher’s exact test

Parameter LWG (weight ≤ 5 kg) 
N = 35 (%)

HWG (5 < weight < 10 kg) 
N = 61 (%)

p

Pre-operative respiratory management
 Lung infection 8 (22.9) 10 (16.4) 0.61
 Mechanical ventilation 14 (40.0) 4 (6.6) < 0.0001
 Oxygen 15 (42.9) 4 (6.6) < 0.0001
 ICU hospitalization 12 (34.3) 3 (4.9) < 0.0001
 Caffeine 7 (20) 3 (4.9) 0.03 (F)
 Corticosteroids 8 (22.9) 7 (11.5) 0.14

Clinical evaluation of GERD
 Presence of GERD symptoms 33 (94.3) 59 (96.7) 0.62 (F)
 Abdominal pain 1 (2.9) 1 (1.6) 1.0 (F)
 Lung infection 12 (34.3) 13 (21.7) 0.18
 Acute respiratory distress syndrome 14 (42.4) 16 (26.2) 0.24
 Dysphagia 0 (0) 1 (1.9) 1.0 (F)

Pre-operative diagnosis of GERD
 UGI 24 (75.0) 50 (92.6) 0.05¥
 Presence of hiatal hernia 0 (0) 3 (4.9) 0.55 (F)
 pH examination 0 (0) 9 (14.8) 0.02 (F)
 Oesophageal manometry 1 (2.9) 1 (1.6) 1.0 (F)
 EGD 7 (20.0) 22 (36.1) 0.10

Table 3  Peri-operative 
characteristics of the patients

p < 0.05 are given in bold

Parameter LWG (weight ≤ 5 kg) N = 35 HWG 
(5 < weight < 10 kg) 
N = 61

p

Fundoplication technique 0.003
 Nissen 30 (85.7) 34 (55.7)
 Toupet 5 (14.3) 27 (44.3)

Gastrostomy tube placement 30 (85.7) 31 (50.8) < 0.001
Indications for gastrostomy 0.51
 Neurological impairment 9 16
 ENT and pulmonary etiology 7 4
 Metabolic disorders 1 1
 Genetic disorders 10 8
 Others feeding disorders 3 2

Operating time (min) 0.67
 Median ± STD [Min–Max] 82.0 ± 28.1 [40–180] 84.7 ± 30.8 [50–180]

Peri-operative respiratory parameters < 0.0001
 Pressure (mmHg)
  5 0 (0) 3 (4.9)
  6 24 (68.6) 5 (8.2)
  8 9 (25.7) 47 (77)
  10 0 (0) 2 (3.3)

 PCO2 max
 Mean ± STD [Min–Max] 44.2 ± 8.5 [34–82] 44.6 ± 9.7 [29–100] 0.84
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Long‑term outcomes

Median follow-up was 66 months. A post-operative UGI 
was performed in 81 patients at a median 3 months after the 

LF [range 1–14]. No abnormality was noted on these UGIs.
Four children had a significant recurrence of GERD 

requiring a redo LF procedure, 3 in the LWG (8%) and 1 
in the HWG (2%) (p = 0.14, Fisher). The redo procedure 
was performed after a median delay of 26 months after the 
initial LF (8–84) (Table 5). The initial type of procedure was 
Nissen associated with gastrostomy tube placement in all 
3 patients from the LWG and Toupet without gastrostomy 
in the patient from the HWG. Recurrence of GERD was 
suspected clinically in the 3 patients from the LWG on the 
basis of GERD, pulmonary infections, and vomiting for two 
of them. Recurrence of GERD was confirmed radiologically 
by UGI in all cases. One patient had evidence of herniated 
fundoplication (paraesophageal hernia) on the UGI. Redo 
procedure was performed according to the Nissen technique 
in all 4 cases, with hiatus hernia repair if necessary. Partial 
disassembly of the fundoplication was confirmed during 
surgery in all cases.

Among the 61 patients who had a feeding gastrostomy at 
the same time as the Nissen fundoplication, 11/30 (36.7%) in 
the LWG group and 4/31 (12.9%) in the HWG group could 
be weaned from enteral nutrition during follow-up and the 
gastrostomy was closed.

Discussion

Gastro-esophageal reflux disease (GERD) occurs frequently 
in the pediatric population [12]. The first line of treatment 
in infants is to reduce the volume of feeds and to thicken 
the formula. The second line of medical treatment involves 
H2 antihistamines or a trial of proton pump inhibitors for 
4 weeks (PPI) [2]. In severe GERD resistant to medical 
treatment, or to increase tolerance of long-term thickened 
enteral feeding through a feeding tube, antireflux surgery is 
an established treatment option. The success of surgery is 
most often determined clinically by the resolution of symp-
toms of GERD [12].

Laparoscopic fundoplication has become a common pro-
cedure performed in children over the last 20 years, with 
good results reported [6, 13, 14].

For small children, in 1999, Fonkalsrud et al. reported 
a series of 110 children with neurological impairment who 
had an open antireflux surgery under 3 months of age, with 
a complete resolution of symptoms in 79% of the patients 
[10]. The benefits of LF are reduction in pulmonary com-
plications, a hallmark of neurologically impaired patients 
[15]. In addition, small children are often premature with 
multiple respiratory, cardiac, and digestive comorbidities, 
that required intervention [16].

Laparoscopic procedure is debated in children under 
5 kg. Recently, Papandria et al. compared the results of Nis-
sen procedures between two groups of patients (open and 

Table 4  Post-operative characteristics of the population study and 
complications

p < 0.05 is given in bold
ICU intensive care unit, POD post-operative day

Parameter LWG 
(weight ≤ 5 kg) 
N = 35

HWG 
(5 < weight < 10 kg) 
N = 61

p

General post-operative management
 Duration of mechanical ventilation (days)
  N (%) 15 (42.9) 8 (16.4)
  Median [min–

max]
12 [2–168] 2 [1–32] 0.07

Duration of post-operative oxygen therapy (days)
  N (%) 12 (34.3) 3 (4.9)
  Median [min–

max]
11.5 [2–240] 2 [1–35] 0.34

 ICU stay before LF (days)
  N (%) 12 (34.3) 3 (4.9)
  Median [min–

max]
6.5 [1–88] 34 [29–120] 0.28

 ICU stay after LF (days)
  N (%) 25 (71.4) 21 (34.4)
  Median [min–

max]
3.0 [1–173] 3 [1–96] 0.59

 Total ICU stay (days)
  N (%) 25 (71.4) 20 (34.4)
  Median [min–

max]
4 [1–200] 3.5 [1–216] 0.60

 Total hospital stay (days)
  N (%) 35 (100) 61 (100)
  Median [min–

max]
32 [2–257] 4 [1–216] 0.0005

Post-operative surgical management
 Day oral/enteral feeding was resumed
  Day 1 1 (2.9) 1 (1.6) 0.76
  POD1 21 (60.0) 40 (65.6)
  POD2 9 (25.7) 11 (18.0)
  > POD2 1 (2.9) 6 (9.9)
  Missing data 3 (8.6) 3

 Complications 
requiring reinter-
vention

2 2

  Perforation/peritonitis
  N (%) 1 (2.9) 2 (3.3)
  Delay POD2 POD2, POD4

 Small bowel obstruction/adhesions
  N (%) 1 (2.9) 0 (0)
  Delay POD72



4197Surgical Endoscopy (2018) 32:4191–4199 

1 3

laparoscopic) with a mean age of 6.4 months and a mean 
weight of 6.0 kg. They showed that the duration of an open 
Nissen procedure was significantly shorter (91 min) than a 
laparoscopic Nissen (173 min). In their series, only 17/39 
patients (44%) were operated by laparoscopy [17]. On the 
contrary, our results are rather in favor of laparoscopic Nis-
sen, with a median operating time of only 82 min in children 
under 5 kg (85 min in the HWG), which could be explained 
at least in part by the experience of the single operator who 
performed all the procedures. To obtain optimal operating 
times, the learning curve for laparoscopic surgery is esti-
mated between 20 and 50 cases [1, 6]. Experience may 
also explain why there was no conversion. In the literature, 
Shah et al. report that laparoscopic Nissen can be safely 
performed in small children under 5 kg with a 6.6% conver-
sion rate [11].

In our study, laparoscopic fundoplication was feasible 
and safe in the group of patients ≤ 5 kg (LWG) compared 
to those > 5 kg (HWG), with similar operative times and 
respiratory parameters during the procedure, and no need 
for conversion to open surgery. Although the rate of post-
operative complications and reoperations was low in both 
groups, the immediate post-operative course was associated 
with a higher ICU admission rate, a higher rate of post-
operative mechanical ventilation, and longer hospital stay 
in the LWG than in the HWG.

For pediatric anesthesiologists, the criteria to evaluate 
tolerance of laparoscopy are mainly  CO2 monitoring [18]. In 

2003, Mattioli et al. compared two groups of children (mean 
age 6 years) to evaluate respiratory effects of a laparoscopic 
Nissen. They studied  CO2,  O2, and non-invasive blood pres-
sure monitoring. Laparoscopy with intra-abdominal pressure 
maintained lower than 10 mmHg did not interfere with gas 
exchanges [19]. In our series, we showed that the respira-
tory tolerance of LF in children under 5 kg was similar to 
that of patients over 5 kg, with similar peri-operative  CO2 
levels for both groups despite different intra-abdominal 
pressure levels. The laparoscopic technique in the group of 
patients ≤ 5 kg did not deteriorate the patients’ respiratory 
condition: post-operative respiratory status was unchanged 
from the pre-operative respiratory status. The duration of 
ICU stay and the duration of intubation were significantly 
higher in the LWG. This could be explained by the fact that 
some of the patients in the LWG were already dependent 
on mechanical ventilation and oxygen therapy in the pre-
operative period. We believe care must be taken to an opti-
mal pre-operative respiratory management in order to reduce 
post-operative ICU stay.

Regarding long-term outcome, we evaluated the recur-
rence of gastro-esophageal reflux. Rates of recurrence of 
GERD after laparoscopic Nissen reported in the literature 
are between 2.5 and 37% [11, 17, 20]. Shah et al., in a 
similar study, found a rate of recurrence of 3.3% and a 
post-operative complication rate of 4.9% [11]. Rothenberg 
et al. reported 1050 laparoscopic Nissen fundoplications 
performed in children from 5 days to 18 years (weight 

Table 5  Description of the 4 patients who required a redo fundoplication

NI neurological impairment, MS malformation syndrome, UGI upper gastrointestinal imaging, EGD esophagogastroduodenoscopy, GERD gas-
tro-esophageal reflux disease, LWG Low Weight Group, HWG High Weight Group, LF laparoscopic fundoplication

Case 1 Case 2 Case 3 Case 4

LWG/HWG LWG LWG LWG HWG
Comorbidities NI and MS NI and MS NI Esophageal Atresia
First LF Procedure Nissen + gastro Nissen + gastro Nissen + gastro Toupet
Clinical evaluation of recurrence
 Presence of GERD 1 1 1 1
 Lung infection 1 1 1 1
 Acute respiratory injury 1 0 0 0
 Dysphagia 0 1 0 0
 Vomiting 0 1 1 1

Pre-operative diagnosis of GERD
 UGI 1 1 1 1
 Presence of hiatal hernia 1 0 0 1
 EGD 0 1 0 0
 pH examination 0 0 0 1

Delay between 2 procedures 
(months)

24 8 27 84

Surgical finding Hiatus hernia + partial disas-
sembly

Partial disassembly Partial disassembly Hiatus hernia + partial 
disassembly

Second LF procedure Nissen + hiatus hernia repair Nissen Nissen Nissen + hiatus hernia repair
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range 1.2–120 kg), with a 3.1% rate of reflux recurrence 
caused by breakdown of the fundoplication, and an peri- 
and post-operative complication rate of 4.8% [6].

In our study, we found a rate of recurrence of GERD 
requiring a redo LF of 8% in patients under 5 kg and 2% 
in patients over 5 kg. The recurrences occurred within 
84 months of LF, and in particular during the first two 
years. With a follow-up of 67 ± 44 months, we believe 
few recurrences would have been missed in the rest of the 
study population.

During the post-operative course, 4 patients required 
surgical intervention due to perforation or small bowel 
obstruction. All of these patients had had a Nissen pro-
cedure with gastrostomy tube placement. Complications 
were noted during the first 4 post-operative days in most 
cases. Gastrostomy tube placement was considered to be 
directly responsible for the perforation in 3 out of 4 cases. 
In one patient, dislodgement of the gastrostomy tube was 
confirmed during the second surgery. The number of rein-
terventions was too small to be significant but these obser-
vations confirm Capito’s data that gastrostomy seems to be 
a risk factor for reintervention in case of fundoplication 
[15]. Indeed, Capito et al. reported a case of fatal peritoni-
tis caused by the dislodgement of a gastrostomy tube [15].

According to the current ESPGHAN recommendations, 
an anticipated duration of enteral nutrition exceeding 4–6 
weeks is an indication for gastrostomy and it can be pro-
longed in many cases [21]. All of the patients in our series 
failed medical treatment. In addition, 64% of the patients 
(86% in the LWG and 51% in HWG) were dependent on 
enteral nutrition due to their comorbidities. In all these 
patients, the enteral feeding was not tolerated with recur-
rent vomiting or pneumonias, which the team considered 
as a formal indication for surgery.

We recognize that associating systematically a LF to 
all gastrostomy tube placements in infants ≤ 5 kg is debat-
able. Rates of GERD after gastrostomy tube placement 
of up to 8.3% have been described in the literature [4, 
22]. In a recent pediatric study on the complications of 
different gastrostomy placement techniques, between 3.7 
and 6.7% of patients developed GERD requiring a Nissen 
fundoplication [20]. Preventing complications of GERD 
and a second general anesthesia are the main reasons why 
our center has chosen to associate systematically a LF to 
surgical gastrostomy placement.

Comorbidities were equal in the two groups but respira-
tory burden in the LWG was more important with feeding 
support more frequent. Some authors consider that patients 
with cardiac risk factors, pre-operative oxygen support or 
ventilator dependence, and pneumonia were all more likely 
to undergo fundoplication which corresponds to our cohort 
[23, 24].

In order to further elucidate the benefits of early antireflux 
surgery, a prospective study comparing surgery to medical 
treatment alone would be necessary. In addition to protect-
ing the airways, antireflux surgery could be beneficial for 
the patient’s quality of life as described before by Brendan 
et al. [23]. To this purpose, our team is currently conducting 
a study on quality of life after Nissen LF in children.

Conclusion

Laparoscopic fundoplication is a safe procedure in 
infants ≤ 5 kg without increase of post-operative complica-
tions, recurrence ,or mean operating time than in the older 
patients. No conversion and no mortality due to the LF were 
noted.
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