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Introduction

Gastroesophageal reflux (GER) is the involuntary retrograde
passage of gastric contents into the esophagus with or
without regurgitation or vomiting. It is common in infancy
and is thought to be the result of transient lower esophageal
relaxations (TLESRs) which occur independent of swallow-
ing. Gastroesophageal reflux disease (GERD) is diagnosed
when persistent troublesome symptoms and/or complica-
tions of GER develop and affect quality of life (QOL).1 These
include failure to grow appropriately (failure to thrive [FTT]),
respiratory complications, esophagitis, feeding or sleeping
problems, chronic respiratory disorders, apnea, and appar-
ent life-threatening events (ALTEs), and require medical and/
or surgical treatment. Complications of GERD develop due to
failure of the normal physiologic barriers that prevent gastric
contents from entering the esophagus, that limit esophageal
injury by the refluxate, or that help clear the refluxate from
the esophagus. A short lower esophageal sphincter (LES)
length, abnormal smoothmuscle function, increased TLESRs,
malposition of the LES in the chest, and ineffective esoph-

ageal clearance can contribute individually or collectively to
the development of GERD.

Diagnostic Evaluation

There are low levels of evidence for the accuracy of diagnostic
tests for evaluating GERD in children.2 However, in some
patients, an upper gastrointestinal (UGI) contrast study
and/or esophagogastroduodenoscopy is performed to rule
out other diagnoses if the clinical picture is unclear.3 While
combined multichannel intraluminal impedance (MII)
and pH measurements are sensitive for the evaluation of
GERD,4–6 its limitations include a weak association between
acid exposure and the occurrence or severity of symptoms.3,7

Therefore, the diagnosis of GERD is largely clinical, particu-
larly in infants, via a thorough history and physical exam
with determination of age of symptom onset, pattern of
symptoms, feeding and dietary history, family history,
possible environmental triggers, growth trajectory, and prior
interventions.3
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Abstract Gastroesophageal reflux (GER) is common in infants generally resolving in early
childhood. However, gastroesophageal reflux disease (GERD) is diagnosed when
persistent troublesome symptoms and/or complications of GER develop. These
symptoms and complications can significantly affect the quality of life, thus requiring
medical or surgical treatment. Medical management is typically trialed, but operative
treatment is indicated with severe symptoms such as aspiration pneumonia, apneic
episodes, bradycardia, apparent life-threatening events, severe vomiting, failure to
thrive, esophagitis, stricture, and failed medical therapy. We review the recent
literature on the indications and outcomes for laparoscopic fundoplication in the
management of pediatric GERD.
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At our institution, over the past 5 years, we have moved
away from preoperative imaging studies unless the informa-
tion might be helpful in planning or managing the patient’s
operative care.8As a general statement, our current practice is
to manage most patients based on their clinical symptoms,
both for medical management as well as operative therapy.
Preoperative testing is reserved for patients with an unclear
history and symptom complex as other disease processes can
mimic symptoms of GERD such as hypertrophic pyloric steno-
sis, tracheoesophageal fistula, achalasia, intussusception, or
other intestinal obstructive diseases such as Hirschsprung’s
disease, and should be considered prior to fundoplication.3

Operative Management

Operative indications for GERD include recurrent aspiration
pneumonia, apneic episodes, bradycardia, ALTEs, bronchopul-
monary dysplasia, severe vomiting, FTT, esophagitis, stricture,
and failedmedical therapy.9 In some circumstances, it may be
best to proceedwith fundoplicationwithout a trial of medical
therapy, such as with a patient in an intensive care unit with
underlying respiratory disease who requires gastrostomy, or
the neurologically impaired (NI) patient who needs gastro-
stomyand there is concern foraspiration fromGERD.Thelatter
scenario is common in infants and children, and the decision
for fundoplication at the time of gastrostomy should be
individualized. Another scenario is the infant with known
GER presenting with an ALTE, and no other etiology is identi-
fied. Initial treatment with fundoplication should be consid-
ered in this case. In our own institutional review of 81 infants
presenting with ALTE, symptoms resolved in all patients
following fundoplication with a median follow-up of almost
4.8 years.10 Interestingly, 96.3% of these patients had been
previously treatedwith antirefluxmedication and 87.7%were
taking antireflux medications at the time of their ALTE.
Therefore, medical management may not be effective in these
patients.

Initial operative therapy is also recommended in patients
with Barrett’s esophagus and/or esophageal stricture. The
changes of Barrett’s esophagus will usually resolve in adoles-
cents following fundoplication; however, lifelong endoscopic
surveillance is still required. With an esophageal stricture,
esophageal dilation can be performed at the time of fundopli-

cation, but subsequent dilations may still be needed in severe
cases. Finally, children with a known hiatal hernia and symp-
tomatic GER are unlikely to respond to medical management,
so initial treatment with fundoplication is also warranted in
these patients.

At our institution, we have standardized our tech-
nique.11–17 We perform the fundoplication with minimal
mobilization of the esophagus to help reduce postoperative
transmigration of the fundoplication wrap (►Fig. 1). In addi-
tion, a useful tool for determining the appropriate bougie size
for neonates weighing less than 15kg has been developed,
validated, and used for more than 15years (►Table 1).11 The
fundoplication is then performed using a standard Nissen
technique.

Outcomes

Our group has studied outcomes of patients following laparo-
scopic fundoplication for the past 20years.10–14,17–20 In an
attempt to reduce the risk of transmigration, we modified our
technique to limit esophageal mobilization by keeping the
phrenoesophageal membrane intact, and placing sutures
between the esophagus and crura, eliminating this space
(►Fig. 1). As a result of these modifications, the incidence of
transmigration was reduced to 5%.18 This was confirmed in a
multicenter prospective randomized trial showing an 8%
transmigration rate in theminimal dissection group compared
with a 30% rate in the extensive dissection group (p¼0.002)
(►Table 2). Additionally, reoperation rates were higher in the

Fig. 1 If an adequate length of intra-abdominal esophagus is present, then as little dissection as possible is performed to help prevent migration
of the fundoplication wrap through an enlarged esophageal hiatus. The phrenoesophageal ligament is kept intact on both the patient’s (A) right
side and (B) left side of the esophagus. Note creation of the retroesophageal window has been initiated (arrows). (Adapted from Holcomb III.49)

Table 1 Recommended bougie size for esophageal calibration
in patients weighing <15 kg

Weight (kg) Bougie size

2.5–4.0 20–24

4.0–5.5 24–28

5.5–7.0 28–32

7.0–8.5 32–34

8.5–10.0 34–36

10.0–15.0 36–40

Source: Holcomb GW III.41
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extensive dissection group comparedwith theminimal dissec-
tion group (18 vs. 3%, p¼0.006). We then followed up the
patients from our center who participated in the trial. Postop-
erative wrap transmigration, identified by an UGI contrast
study at 1year, was found in 22.7% of those with extensive
mobilization and 2.8% in those with minimal mobilization.13

In 2017, we reported our final prospective randomized
trial investigating the utility of the four esophagocrural
sutures used in the previous study.14 In 53 patients, four
esophagocrural sutures were utilized and in 54 patients,
esophagocrural sutures were not utilized. No wrap hernia-
tions occurred in either group 1 year postoperatively and
there was no difference in reoperations (p¼1.0). Reflux
symptoms and medications were not different at 1 month,
1 year, and final follow-up. Therefore, we no longer use
esophagocrural sutures and employ minimal esophageal
mobilization.

Laparoscopic fundoplication is safe and feasible even in
children who have had a previous open operation.21 The
laparoscopic approach has been associated with a lower inci-
dence of retching, shorter length of stay, and less morbidity,
but a higher cost and longer operative times.5,22–26 Some
authors have also reported a higher rate of recurrence of
GERD in the laparoscopic approach compared with the open
approach.5,23,27 In the past 5 years, there has been one
prospective randomized trial comparing recurrence of GERD
in children for the two approaches.23 Eighty-seven children
were randomized, and at a median follow-up of 4 years, more
patients in the laparoscopic fundoplication (LF) group (37%)
experienced recurrence of GERD compared with the open
fundoplication (OF) group (7%). In another recent report, the
authors evaluated the 4-year results following a randomized
controlled trial comparing OF and LF in 31 children. The
incidence of recurrent GERD was 12.5% in the OF group and
20% in the LF group (p¼not significant), but nutritional status
andQOL improved in both groups. However, LFwas associated
with a reduced incidence of retching (p¼0.01).22

Several recent studies have evaluated the need for fundo-
plication following gastrostomy. In one study of 684 patients
undergoing gastrostomy alone, of which 124 were open, 282
laparoscopic, and 278 percutaneous endoscopic gastrostomy
(PEG), subsequent fundoplication was needed in 62 patients
(9.1%) at a mean of 20.7 months following gastrostomy.
Cerebral palsy and anoxic brain injury were independent

predictors for the need for subsequent fundoplication. Inter-
estingly, gastrostomy performed laparoscopically had a nega-
tivecorrelationwith thesubsequentneed for fundoplication.27

In a smaller study, 17% of NI patients who underwent gastro-
stomy alone needed a subsequent fundoplication.28

In another study, the authors looked at the need for
fundoplication in patients undergoing open gastrostomy
(OG) compared with PEG. A higher percentage of patients
who underwent OG (54%) needed fundoplication compared
with 27% who underwent PEG.29 In an interesting study, 26
NI patients who underwent laparoscopic gastrostomy were
evaluated with pH–MII monitoring and gastric emptying
studies, to see if their GER improved or worsened postoper-
atively. The authors found that the laparoscopic gastrostomy
reduced GER in NI patients by improving gastric emptying.30

Finally, no superiority in control of reflux symptoms has
been shown between partial and complete wraps.31

Although effectiveness is comparable, a complete wrap
may lead to more postoperative dysphagia that may require
endoscopic dilation.7 The use of the anterior hemifundopli-
cation, as opposed to the Nissen fundoplication, has been
recently evaluated.32,33 The authors evaluated QOL from the
parents of both neurologically healthy and NI children
following anterior hemifundoplication. In both groups, there
was a significant improvement in QOL for the children and
their parents along with improvement in the patients’ reflux
symptoms. Most surgeons prefer the Nissen fundoplication
as it is a more straightforward technique and easier to
perform laparoscopically than the Thal fundoplication,
which is the second most commonly utilized technique in
infants and children. In a recent prospective randomized
trial, the laparoscopic Nissen fundoplication was successful
in 99% of the patients, with only one patient requiring a redo
procedure due to “loosening” of the wrap.14

In a recent report evaluating parental satisfaction follow-
ing fundoplication with a median follow-up of 7.3 years, a
high percentage of parents reported an improvement in
gastrointestinal reflux-related symptoms and a high level
of satisfaction following fundoplication.34

In a prospective study comparing NI patients with non-NI
patients undergoing Nissen fundoplication, hospital stay was
longer for NI children compared with non-NI children (9days
[range: 4–57] vs. 4 days [range: 2–16], p<0.001).34 However,
more than 90% of the parents in both groups reported that the
fundoplication had improved the child’s overall condition.
Twelve NI and seven non-NI patients had recurrence of
GERD (p¼0.31). Therefore, the authors concluded that early
complications, recurrence, and parental satisfaction after fun-
doplication did not differ between NI and non-NI patients.
Though overall QOL is reported to be lower in NI patients
compared with non-NI patients following fundoplication,
there is still a significant improvement in QOL after fundopli-
cation compared with before fundoplication in NI patients.35

Redo Fundoplication

Complications of fundoplication include dysphagia from a
wrap that is too tight, retching, gas bloat syndrome,

Table 2 Outcomes from 177 patients who were randomized to
receive either minimal esophageal dissection/mobilization or
extensive esophageal dissection/mobilization

Extensive
esophageal
mobilization
(N¼87)

Minimal
esophageal
mobilization
(N¼90)

p-Value

Postoperative wrap
transmigration (%)

30.0 7.8 0.002

Need for redo
fundoplication (%)

18.4 3.3 0.006

Source: Holcomb GW III.41
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breakdown of the wrap, hiatal herniation, slipped wrap, and
recurrence of reflux.18,23,36,37 Recurrence of GERD is <10 to
20%.2 Risk factors for recurrence include younger age at the
time of surgery, presence of a preoperative hiatal hernia,
postoperative retching, and the need for postoperative
esophageal dilations.18,38 Some patients with underlying
disorders, such as esophageal atresia, are at increased risk
of wrap failure with 15% failing long term, and 18 to 32% of
redo fundoplications also fail in this patient group.38,39 As
previously mentioned, studies have shown that minimal
esophageal mobilization in laparoscopic Nissen fundoplica-
tion decreases postoperative wrap transmigration and the
need for a redo fundoplication.12,13,16A radionucleotide scan
can be done prior to reoperation to assess for delayed gastric
emptying, in which case a pyloroplasty may be considered if
the patient needs a redo fundoplication.40

Our group has focused on preventing the need for
a second operation.38,39,41,42 In addition, we have also
described the use of biosynthetic mesh to enhance hiatal
repair at the time of a redo Nissen fundoplication.43 In 2016,
we performed a two-center review of all our patients who
underwent a redo operation following an initial laparosco-
pic Nissen fundoplication.38 Between 2000 and 2013, 796
patients underwent an antireflux operation and 82 patients
(10%) required a reoperation. Interestingly, 15 of the 82
patients (18.3%) required more than one reoperation. Of the
102 reoperations performed, 68 were done laparoscopically.
When comparing patients requiring more than one reoper-
ation with those requiring only a single reoperation, there
was no difference in age, weight, use of mesh, or time to
subsequent reoperation. However, when looking at patients
operated on before 2009, prior to discovering that minimal
esophageal mobilization leads to a reduced need for redo
fundoplication, 70 patients (13.7%) required at least one
reoperation. This was in contrast to only 12 patients (4.2%)
who required a reoperation after 2009 when we modified
our technique to minimize esophageal mobilization. Fur-
thermore, the indications for reoperation also changed after
2009 as 78.5% of the patients undergoing a redo operation
before 2009 were due to wrap transmigration, and only
33.3% underwent a redo operation due to wrap transmigra-
tion after 2009 (p<0.01). Wrap disruption (50%) as the
cause for the need for a redo fundoplication was more
common after 2009 versus before 2009 (5.7%).

In a recent single surgeon series with 252 patients under-
going a laparoscopic redo fundoplication, 84 had undergone
previous open fundoplication and 32 had multiple prior
fundoplications.44 The average time to full feeds was
1.4 days and an average hospital length of stay was
1.6 days. The postoperative complication rate was 3.6% and
the wrap failure rate was 6.2%, with the most common cause
due to transmigration of the wrap.

The exact mechanism whereby a fundoplication, espe-
cially using the Nissen technique, relieves/improves GER
remains unclear. A recent article looked at 13 NI patients
between 8 months and 20 years of age, where impedance/
pH studies were performed before their laparoscopic Nissen
fundoplication and 1 year after it.45 The authors found that

the laparoscopic Nissen fundoplication prevented high-vol-
ume reflux, mainly acid reflux episodes, from reaching the
proximal esophagus, thus improving the mucosal integrity
up to the middle of the esophagus. There was a marked
reduction in the number of total reflux episodes and the
number of proximal reflux episodes following the laparo-
scopic Nissen fundoplication. Additionally, previous studies
have shown that the Nissen fundoplication decreased the
number and magnitude of the TLESRs.46,47 Finally, a previ-
ous study showed that the Nissen fundoplication disrupts
the vagal input to the gastroesophageal junction, which may
be another mechanism by which the Nissen fundoplication
also reduces/prevents GER.48

Laparoscopic fundoplication has become the preferred
technique for the surgical management of GERD. However, it
is only through critical evaluation of one’s experiences and
the experiences of others that advances are made in improv-
ing our results for our patients. Patients have less discomfort,
a shorter hospital length of stay, and a faster return to regular
activities following the laparoscopic approach. However, the
operative technique should be continuously evaluated with
proper data collection and critical analysis in order to
improve patient outcomes.
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