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Abstract
Background Gastroesophageal reflux disease (GERD) is a common disease in children. When drug treatment fails, laparoscopic
anti-reflux surgery (LARS) is considered. Short-term follow-up studies report high success rates; however, few studies report
long-term results. The aim of this study was to describe the long-term effects of LARS in pediatric patients.
Methods A prospective, multicenter study of 25 laparoscopic fundoplication patients was performed. At 3 months and 1, 2, and
5 years postoperatively, patients and caregivers were asked to complete the gastroesophageal reflux symptom questionnaire to
assess symptoms and the PedsQL™ to assess health-related quality of life (HRQoL).
Results Reflux symptom severity was still significantly improved 5 years after LARS compared with preoperative levels
(p < 0.0001). However, 26% of patients reported moderate or severe reflux symptoms. Dysphagia was reported in 13% of
patients 5 years after LARS and was more common in children with neurologic impairment and children who underwent a
Nissen procedure. The increase in HRQoL 3 months postoperatively appears to decline over time: 5 years after surgery, HRQoL
was lower, though not significantly, than 3 months postoperatively. HRQoL at 5 years was still higher, though also not
significantly, than preoperative levels. The presence of reflux symptoms after surgery was not significantly associated with lower
HRQoL.
Conclusions LARS is effective for therapy-resistant GERD in children. Five years after surgery, reflux symptoms are still
improved. However, we observed a decline in symptom-free patients over time. The initial increase in HRQoL shortly after
LARS appears to decline over time.
Trial Registration Dutch national trial registry Identifier: 2934 (www.trialregister.nl)
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Introduction

Numerous short-term studies on anti-reflux surgery (ARS) in
children have been published.1–4 However, well-designed
prospective studies and long-term follow-up data are limited.
A wide range in outcome after ARS has been reported, with
short-term success rates of 57–100%1 and long-term rates of
51–96%.5–12 This range may be caused by heterogeneous
groups, different surgical techniques, and different definitions
of success. For example, some studies define the presence of
reflux symptoms as a failure, whereas others define only the
need for redo surgery as a failure. Moreover, most studies do
not use validated questionnaires to adequately assess reflux
symptoms at follow-up.1,13

Since GERD and ARS have a substantial influence on the
lives of both patients and caregivers, it is important to evaluate
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not only reflux symptoms but also on the pre- and postopera-
tive health-related quality of life (HRQoL) of patients.3,14

Several studies have reported sustained increases in HRQoL
in adults,15–17 but because the etiology of reflux in children is
different from that of adults, results from studies in adults
cannot be directly generalized to a pediatric population.3

Though the majority of pediatric studies has described reflux
and reflux associated symptoms, only a few studies have re-
ported on short-term (1 to 6 months) HRQoL of the
patients.2,3,14 Studies with longer follow-up have used inter-
views with, or questionnaires for, adults 5,18,19 or have report-
ed on parent-reported “well-being” 19,20 To our knowledge, no
long-term studies of HRQoL after laparoscopic anti-reflux
surgery (LARS) have been reported.

The aim of this study is to report the 5-year follow-up of a
prospective, multicenter cohort of 25 pediatric patients who
underwent LARS. Reflux and dysphagia symptoms and
HRQoL are examined longitudinally using validated ques-
tionnaires, and potential predictors of LARS failure at 5 years
are investigated.

Materials and Methods

Study Design

In a prospective, multicenter cohort study, 25 patients were
included from 3 hospitals in the Netherlands: Wilhelmina
Children’s Hospital, University Medical Centre Utrecht
(UMCU); Sophia’s Children’s Hospital, Erasmus University
Medical Centre (EMC); and Maastricht University Medical
Hospital (MUMC). Patients were included between
July 2011 and December 2013 and were operated between
August 2011 and May 2014. All pediatric patients aged 2–
18, with proton pump inhibitor resistant GERD, were eligible
for inclusion. Patients with previous esophageal or gastric
surgery (except gastrostomy placement) and patients with
structural abnormalities (except esophageal hiatal hernia)
were excluded.

Surgical Procedure

All patients from UMCU underwent an anterior, partial (Thal)
fundoplication, whereas patients from EMC and MUMC
underwent a posterior, total (Nissen) fundoplication. All
fundoplications were performed laparoscopically by experi-
enced pediatric surgeons. Details on the surgical procedure
have been published previously.4

Clinical Assessment

Patients had been assessed preoperatively and 3 months after
surgery using stationary manometry, 24-h multichannel

intraluminal impedance pH monitoring, and a 13C-labeled
Na-octanoate breath test. GE half-time percentiles were calcu-
lated using reference values from a Dutch population (unpub-
lished chapter of the dissertation of van den Driessche, M,
University of Leuven. 2001); GE percentiles higher than
75% were considered delayed. Further details of the clinical
assessment have been reported previously.4 Patients and care-
givers had also been asked to complete two questionnaires
preoperatively and 3 months and 1, 2, and 5 years
postoperatively.

This article extends previous research on this cohort. The
short-term follow-up (3–4 months) and intermediate term
follow-up (1–2 years) after ARS have been described in pre-
vious papers.4,21

Reflux Symptom Questionnaire

The validated, age-adjusted gastroesophageal reflux symptom
questionnaire (GSQ) 22 was used to assess reflux and dyspha-
gia symptoms; when patients were older than 18 years of age
at 5-year follow-up, the reflux disease questionnaire (RDQ) 23

was used instead. With the GSQ symptoms were scored for
frequency in the last 7 days and severity ranging from not at all
(1) to most (7) severe. The RDQ uses slightly different symp-
toms, and scores range from 0 (none) to 5 (daily/most severe).
Reflux symptoms were scored as heartburn (two items), re-
gurgitation (two items), and vomiting. Dysphagia was scored
as swallowing problems or pain during swallowing. Reflux
and dysphagia from both questionnaires were scored as no
symptoms, mild (mild symptoms weekly), moderate (mild
symptoms daily or severe symptoms weekly), or severe (se-
vere symptoms daily).

ARS Failure

Failure was defined as the need for redo fundoplication and/or
recurring or persistent moderate to severe reflux symptoms
according to the GSQ/RDQ.

Quality of Life Questionnaire

The PedsQL 4.0 Generic Core Scales was used to assess the
health-related quality of life (HRQoL).24 For patients aged 4–
18 years and with normal neurological development (NN),
both patients and caregivers completed a questionnaire. For
patients under 4 years of age and/or neurologically impaired
patients (NI), only caregivers filled in the questionnaire, and
for NN patients older than 18 years, only a self-report was
completed. The language used in the PedsQL is age adjusted
(ages 2–4, 5–7, 8–12, and 13–18). Four domains are scored
with the PedsQL, i.e., physical, emotional, social, and school
functioning. The scores of the emotional, social, and school
functioning are summarized into a psychosocial score. The
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total score is a summary of all four domains. The scores per
domain and the summary scores are converted to a scale from
0 to 100, where a higher score indicate a better HRQoL.

Ethical Approval and Trial Registration

This study was registered at the start of the study in the Dutch
national trial registry (www.trialregister.nl; Identifier: 2934).
Ethical approval was obtained from the University Medical
Center Utrecht Ethics Committee, and local approval was
obtained by the two other participating centers. Informed
consent from the patients’ caregivers and patients (≥
12 years) was obtained prior to study procedures.

Statistical Analysis

Continuous variables were expressed as mean and standard
deviation/error of the mean and categorical variables as num-
ber and percentage.

To identify predictors of failure 2 years after LARS, a lo-
gistic regression including two pre-specified variables (preop-
erative GE percentile and age at time of operation) was used.
Because two procedures were used in this study, and because
previous studies identified NI as a potential predictor,9,20 two
additional analyses were performed: the associations of failure
with type of fundoplication and with NI were examined using
95% confidence intervals.

Mixed effects models were used to analyze patterns of
symptoms and HRQoL over time. Mixed models account
for correlation of repeated measures within a patient and allow
for estimation of effects in the presence of missing outcomes
over time.25 To test the patterns of reflux and dysphagia over
time, ordinal logistic mixed models were used. In both
models, fixed effects were used for time since operation (cat-
egorical), type of fundoplication (Thal or Nissen), and neuro-
logical status (NN or NI), and a random intercept per patient
was used to account for repeated measures. These models
estimate odds ratios (ORs) for increasing symptom severity.

Because the HRQoL scales are continuous, linear mixed
models were used to examine the HRQoL over time and relate
it to potential explanatory variables. These models estimate
differences/changes in HRQoL for the explanatory variables.
The outcome for each model was the HRQoL score (total
score, physical health subscore, or psychosocial subscore).
Both patients’ and caregivers’ reports (when available) were
analyzed in one model. Potential explanatory variables (fixed
effects) included were gender, age at time of operation, type of
fundoplication (Thal or Nissen), neurological status (NN or
NI), presence of preoperative delayed gastric emptying, pres-
ence of moderate or severe reflux symptoms, time since oper-
ation (categorical), and type of report (patient vs. caregiver). A
random intercept per patient was used, together with a contin-
uous first-order autoregressive correlation matrix for the

residuals to account for repeated measures at unevenly spaced
time points.

In order to determine whether patients with NI, preopera-
tive delayed GE, or presence of moderate or severe reflux
symptoms have different patterns of HRQoL (total score) over
time, the interaction of follow-up time with NI, preoperative
delayed GE, or presence of reflux symptoms was added to the
mixed model and tested with a likelihood ratio test.

A p value < 0.05 was considered statistically significant.
All analyses were performed using R version 3.5.1.26

Results

LARS was performed in 25 patients between 2011 and 2013.
Baseline characteristics of the participants are displayed in
Table 1. The mean age at the time of surgery was 7.3 years
(range 2–18). One patient was missing during the 1- and 2-
year follow-up but responded again for the 5-year follow-up.
Two patients were lost to follow-up at 5 years: a neurologi-
cally impaired male who had undergone a Thal fundoplication
and a neurologically normal female who had undergone a
Nissen fundoplication. At the final follow-up, 23 patients
completed the GSQ (N = 19) or RDQ (N = 4), 19 patients
completed the PedsQL, and 17 caregivers completed the
PedsQL. The mean follow-up time was 5.2 years (range
4.3–6.4 years).

Symptoms

Reflux symptom severity was still significantly improved
5 years after LARS compared with preoperative levels
(p < 0.0001). Five years after LARS, 26% of the patients re-
ported moderate or severe reflux symptoms compared with
12% at 3 months (Fig. 1a, p = 0.0076). The type of
fundoplication and neurologic impairment were not statistically
significantly associated with reflux severity (p = 0.7299 and
0.1431, respectively).

Table 1 Characteristics of the 25 pediatric patients who underwent
LARS

Age at time of operation, years–mean ± SD 7.3 ± 4.7

Male sex 13/25 (52.0%)

Neurodevelopmentally impaired 5/25 (20.0%)

Type of fundoplication

Thal 18/25 (72.0%)

Nissen 7/25 (28.0%)

Preoperative delayed gastric emptying 13/24 (54.2%)

Gastrostomy preoperatively 4/25 (16.0%)

Duration of follow-up, years–mean ± SD 5.2 ± 0.4
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Three of the 23 patients (16%) reported moderate to severe
dysphagia symptoms 5 years postoperatively (Fig. 1b). Two
patients with moderate dysphagia symptoms after 2 years re-
solved to no or mild dysphagia symptoms after 5 years, while
two other patients without dysphagia symptoms 2 years after
LARS reported new-onset dysphagia at 5 years. All three
patients with reported dysphagia 5 years postoperatively also
reported having reflux symptoms, and all three had undergone
a Nissen fundoplication.

Dysphagia symptom severity 5 years after LARS was not
significantly improved compared with severity preoperatively
or 3 months postoperatively (p= 0.3488 and p = 0.8144, respec-
tively). In fact, dysphagia severity only was significantly im-
proved 1 and 2 years after LARS compared with preoperative
levels (p = 0.0156 and p = 0.0365, respectively). Children with
Nissen fundoplication had an increased chance of more severe
dysphagia than children with Thal (OR= 7.1, p= 0.0014), as did
NI compared with NN children (OR= 21.0, p < 0.0001).

Failure

The failure rate after 2 years, including two redo procedures,
was 8/24 (33%). Between 2 and 5 years postoperative, no new
redo procedures were necessary. At 5-year follow-up, there
was a failure rate of 30%. The decrease in reflux symptoms
and failure rate is due to two patients without a redo who
reported reflux symptoms (and were therefore considered
“failures”) 2 years postoperatively, but reported no or mild
reflux symptoms after 5 years. Including these two patients

as failures after 5 years results in a cumulative failure rate of
39%. The two patients lost to follow-up at 5 years had no
reported reflux symptoms after 2 years.

No variables were found to be significantly predictive of
failure. The odds ratio (OR) for age was 1.02 per year (95%CI
(0.98–1.07)), and the OR for GE was 1.00 per GE-percentile
(95% CI (1.00–1.01)). NI children had a slightly higher per-
centage of failure than NN (40% vs. 35%, a difference of 5%,
95% CI (− 30.6 to 45.6%)) and children with a Nissen proce-
dure higher than Thal (42.9% vs 33.3%, a difference of 9.6%,
95% CI for (− 25.9 to 45.9%)).

HRQoL

As reported previously, HRQOL increased significantly in this
cohort 3 months after LARS but decreased after 2 years, though
not significantly.14,21 The 5-year PedQL total score is higher,
though not significantly, than preoperative levels (mean differ-
ence 4.8, 95% CI (− 2.5; 12.0)) and lower (also not significant-
ly) than 3-month postoperative levels (mean difference − 4.3,
95% CI (− 11.6; 2.9)).

Estimated effects of other potential predictors of HRQoL (to-
tal score and two subscores) can be found in Supplementary
Table 3. NI patients scored on average 25.0 (11.1; 38.8) points
lower on the total score compared with NN patients (Fig. 2).
Male gender, Thal fundoplication, and a younger age at the time
of operation resulted in higher mean HRQoL, though these dif-
ferences were not statistically significant. Children with delayed
GE preoperatively scored 9.7 points lower than those without
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Fig. 1 Pre- and postoperative (a) reflux and (b) dysphagia symptoms for the cohort of 25 pediatric patients who underwent LARS. Symptoms are
categorized as none, mild, moderate, and severe
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delayed GE, though again this was not statistically significant,
95% CI (− 20.4; 1.1). Patterns were similar for the physical and
psychosocial health subscores (Table 2).

For the HRQoL total score, no statistically significant in-
teractions were found between time and NI (p = 0.7721), time
and preoperative delayed gastric emptying (p = 0.6478), and
time and reflux symptoms (p = 0.2418). This indicates that
these characteristics were not significantly associated with a
different pattern of HRQoL over time.

Discussion

The 5-year failure rate of 30% reported in this study falls within
the range of 10–43% reported in previous studies.5,6,9,10,27 The

differences in failure rate across studies are likely caused by the
lack of a uniform definition of success or failure of ARS. Some
studies define failure by the presence of reflux symptoms, with
different definitions of severity between studies, while others
define failure only by redo fundoplication. The recurrence of
reflux symptoms is assessed in some studies using objective
measures, such as pH evaluation,5,9 and sometimes with ques-
tionnaires or interviews.19 Moreover, the questionnaires used in
most studies have not been validated for children. This study is
one of few studies that use validated questionnaires for assess-
ment of both symptoms and HRQoL in a pediatric population.

None of the four variables examined was found to be a
significant predictor of failure in this cohort. Two previous
studies had found potentially elevated risk of GERD recur-
rence in NI children;9,20 we saw virtually no difference in
the proportions for NI and NN children. However, confidence
intervals were wide and compatible with clinically meaningful
differences in either direction.

Three months after LARS, only 12% of the patients report-
ed persistent moderate or severe reflux symptoms. After
2 years, that percentage increased to nearly 30% and remained
stable 5 years after LARS. An initial good short-term success
rate of ARS, with a decline in effect in the long term, is in line
with previous studies in children.7,10,12

The presence of moderate or severe dysphagia decreases
postoperatively. Five years after LARS, 13% of the patients
reported moderate or severe dysphagia, and all patients with
reported dysphagia 5 years postoperatively also reported hav-
ing reflux symptoms. Since reflux esophagitis is associated
with dysmotility of the esophagus,28 ongoing and late-onset
dysphagia is likely to be a manifestation of recurrent reflux.

There was a clinically meaningful increase in HRQoL
3 months and 1 year postoperatively. Two and five years after
LARS, the HRQoL is decreased and, while still higher than
preoperative levels, does not differ significantly from either

Fig. 2 Mean HRQoL (PedsQL total scores) over time for the 20 children
with normal neurodevelopment (mean of caregiver proxy report and child
self-report) and 5 children with neurological impairment (caregiver proxy
report only). Points are means; bars indicate 1 standard error. *It was not
possible to calculate a standard error for this mean because only one
caregiver returned the questionnaire

Table 2 Mean (standard deviation) of pre- and postoperative HRQoL, as measured by the PedsQL (total scores, physical health, and psychosocial
health subscores) for the 25 pediatric patients who underwent LARS

Preoperatively 3 months PO 1 year PO 2 year PO 5 year PO

Patients N = 12 N = 12 N = 12 N = 15 N = 19

Tot 75.8 (8.8) 81.5 (12.8) 81.8 (12.5) 74.4 (16.8) 77.1 (17.8)

PH 81.3 (11.3) 88.3 (13.2) 85.9 (20.3) 77.1 (23.7) 80.8 (21.0)

PS 74.0 (10.4) 79.2 (14.9) 80.5 (11.7) 73.5 (17.1) 75.7 (19.1)

Caregivers N = 25 N = 24 N = 13 N = 20 or 21* N = 17

Tot 67.5 (18.5) 77.8 (16.9) 81.0 (17.1) 73.0 (16.8) 71.5 (19.7)

PH 69.5 (25.3) 80.0 (20.7) 80.2 (27.3) 72.0 (29.1) 71.8 (28.3)

PS 66.8 (18.1) 77.0 (17.2) 81.7 (14.3) 74.6 (14.1) 71.8 (18.5)

Patient self-report (neurologically normal children aged 8 and older) and caregiver report (neurologically impaired children and all children under
18 years of age)

PH physical health; PS psychosocial health; Tot total score; PO postoperatively
*N = 20 (PS) 21(PH, Tot)
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pre- or postoperative levels. This is in contrast with previous
studies, which reported a significant improvement in the quality
of life both 6 months and 4 years after ARS in children 5 or high
levels of patient “well-being” several years after surgery.19,20

However, in those studies, caregivers were asked only one ques-
tion on the child’s “overall quality of life” or “well-being,” and in
two 5,19 selective drop-out may also have biased results.

Three variables were examined for differing patterns of
HRQoL over time. While NI patients reported a lower
HRQoL at all times, they followed a similar pattern over time
compared with NN patients; this is similar to a previous
finding.9 Children with delayed preoperative GE did not have
a different pattern in HRQoL over time than those with normal
GE. And although children with and without reflux symptoms
appeared to have diverging patterns of HRQoL over time,
there was neither a significant interaction between reflux and
time nor a significant difference in mean HRQoL averaged
over all time points.

The current study has several limitations. As with many
studies of pediatric ARS, the sample size is small. To com-
pensate for the resulting limited power, we included one pre-
operative and four postoperative measurements per child on
both symptoms and HRQoL and used statistical methods that
make efficient use of all available data and allow for valid
estimation in the presence of missing data. Results of mixed
effects models are less likely to be affected by selective drop-
out than analyses on complete cases (such as paired t tests or
repeated measures ANOVA).25 The small sample may never-
theless have limited our ability to detect clinically meaningful
differences, as reflected in some confidence intervals.

A second limitation is the use of two different surgical
techniques for fundoplication. Consistent with the recommen-
dations of Esposito et al.,8 the type of procedure depended on
the expertise of the participating center. Consequently the ma-
jority of children in this study was operated using a partial
(Thal) fundoplication, while less than a third had a complete
(Nissen) fundoplication. This is not expected to affect the
results; previous studies have examined differences between
partial and complete fundoplication and found similar success
or reflux control rates between the two procedures.8,29,30

However, we did see more, and more severe, dysphagia
among children who underwent a Nissen procedure; this is
consistent with a previous finding in children7 and with results
in adults undergoing LARS.31

Finally, following the preoperative and 3-month postoperative
clinical assessments, the longer term follow-up in this study in-
cluded only questionnaires to assess reflux symptoms. The use of
questionnaires is less invasive than clinical examination, and the
questionnaires were validated and easy to use. However, the
questions may be interpreted differently by patients than by cli-
nicians, resulting in over- or underestimation of both reflux and
dysphagia. The presence of the assessed symptoms depends on
multiple factors, such as comorbidity (such as obstipation) and

the use of medication (such as anti-epileptics). A clinical exam-
ination could better determinewhether symptoms are truly due to
GERD or have another root cause.

Conclusions

Guidelines for the treatment of pediatric GERD recommend
conservative use of LARS and clear communication to patients
and/or caregivers regarding the potential benefits and risks as-
sociated with LARS.32 Our results lead us to the same conclu-
sion. After initial short-term improvement of reflux symptoms
shortly after LARS, we found an increase in symptoms over
time that appeared to stabilize after 2 years of follow-up; the 5-
year prevalence of GERD symptomswas still significantly low-
er than before LARS. Similarly, following a short-term in-
crease, HRQoL declines and then appears to remain stable 2
to 5 years after surgery.
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