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ABSTRACT

Purpose: Laparoscopic Nissen fundoplication (LNF) is the standard surgical treatment for gastroesophageal reflux disease
(GERD) in patients with severe motor and intellectual disabilities (SMID). It is necessary to prevent the recurrence of GERD
because it poses multiple clinical and surgical challenges for these patients. In Japan, the Endoscopic Surgical Skill Qualification
System (ESSQS) has been established to ensure technical competency in laparoscopic surgery for pediatric patients. Our aim was
to elucidate the risk factors for recurrence of GERD after LNF in pediatric patients with SMID.

Methods: Fifty patients with SMID who underwent LNF with gastrostomy for GERD at our institution between January 2009
and April 2022 were retrospectively investigated. Recurrence rate and risk factors were examined in univariate and multivariate
analyses.

Results: GERD recurred in 5 of the 50 patients (10.0%). In univariate analysis, operation time was significantly longer in the
recurrence group than in the non-recurrence group (333 vs. 254 min, p=0.01). No operations in the recurrence group were per-
formed by an ESSQS-qualified surgeon (p=0.28). In multivariate analysis, operation time was an independent risk factor for
recurrence.

Conclusion: Operation time was identified as a risk factor for recurrence of GERD after LNF in patients with SMID.
Evidence: II.

1 | Introduction

Gastroesophageal reflux disease (GERD) causes various prob-
lems such as reflux esophagitis, aspiration pneumonia, and
apnea, as well as reduced quality of life [1]. Fundoplication
has been performed in children with GERD, particularly those
with severe motor and intellectual disabilities (SMID) [2-5].
In the 1990s, laparoscopic Nissen fundoplication (LNF) was

introduced, and its outcomes were shown to be comparable to
those of open fundoplication (OF) [6]. In recent years, LNF has
been widely performed and shown to be effective in children [7].

Although LNF has become an acceptable option for children,
postoperative recurrence has not been eliminated. Recurrence
rates of GERD after LF have been reported to be 8.7%-27%
[8-10]. The recurrence rate after fundoplication is generally
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considered to be worse in patients with SMID (12%-30%) than
in children with normal neurological development (2%-2.6%)
[9, 11-14]. However, few studies have examined risk factors
for the recurrence of GERD after LF in patients with SMID.
Although risk factors in laparoscopic Thal fundoplication have
been reported [15], there have been no previous studies of risk
factors for recurrence after LNF in patients with SMID.

In Japan, the Endoscopic Surgical Skill Qualification System
(ESSQS) has been established. In the field of pediatric surgery,
LNF is the target procedure for ESSQS evaluation. As of May
2023, approximately 60 pediatric surgeons were certified by the
ESSQS in Japan. However, it remains unknown whether oper-
ation by ESSQS-qualified pediatric surgeons results in reduced
recurrence after LNF.

The purpose of this study was to clarify the risk factors for re-
currence in patients with SMID who underwent LNF for GERD.
The analysis included ESSQS qualification as well as patient and
perioperative factors.

2 | Methods
2.1 | Patients and Study Design

This single-center, retrospective cohort study analyzed patients
with SMID who underwent LNF and gastrostomy between
January 2009 and May 2022 at the Department of Pediatric
Surgery, the University of Tokyo Hospital. Patients who under-
went an operation without gastrostomy, an operation with other
procedures (e.g., tracheostomy), and reoperation were excluded.
The patient characteristics and risk factors for recurrence were
compared between the recurrence group and non-recurrence
group. Patients with SMID were defined as those with Oshima's
classification grade 1-4 [16].

2.2 | Clinical and Laboratory Findings

Patient characteristics (age, sex, height, body weight, body mass
index, scoliosis, tracheotomy, hiatal hernia, and pH index, and
observation period after LNF), perioperative data (operation
time, intraoperative bleeding, postoperative hospital stay, pneu-
monia, enterocolitis, surgical site infection, wound dehiscence,
and any postoperative complications), and clinical outcomes
(recurrence) were extracted from the medical record and sum-
marized with descriptive statistics. Recurrence was defined by
reoperation. The primary surgeon performed the entire pro-
cedure, including the critical part. Whether the operation was
performed by an ESSQS-qualified surgeon was also analyzed as
clinical data. Requirements for ESSQS certification in pediatric
surgery are shown in Table S1.

2.3 | Statistical Analysis

Continuous variables are shown as the mean (standard devi-
ation [SD]) and categorical variables as the number. Variables
with a one-sided p <0.05 in univariate analysis were considered

statistically significant. Items with a p<0.1 in univariate anal-
yses (Student's ¢ test or y? test) were entered into a logistic re-
gression model for stepwise multivariate regression analysis.
Variables with a one-sided p <0.05 in multivariate analysis were
considered statistically significant, and their diagnostic accu-
racy was evaluated by receiver-operating characteristic (ROC)
curve analysis. Additionally, odds ratios and p-values were cal-
culated by the y? test based on the optimal cut-off values. JMP
version 13 (SAS Institute Inc., Cary, NC, USA) was used for sta-
tistical analyses and creations of the figures.

2.4 | Ethics

This study was approved by the Research Ethics Committee of
the Faculty of Medicine of the University of Tokyo (approval
number 2996-(10)) and was conducted in accordance with the
ethical guidelines of the Declaration of Helsinki (2013 revision).
Consent was obtained by an opt-out method with the approval of
the Research Ethics Committee.

3 | Results
3.1 | Patient Cohort and Outcomes

Seventy-seven patients were identified who underwent LNF
and gastrostomy. Twenty-seven patients were excluded who had
other procedures performed at the same time, did not meet the
SMID criteria, or underwent reoperation. The remaining 50 pa-
tients were divided into a recurrence group (n=5) and a non-
recurrence group (n=45) (Figure 1).

3.2 | Patient Characteristics and Short-Term
Surgical Outcome (Univariate Analysis)

Table 1 compares the characteristics between the recurrence
group and the non-recurrence group. Univariate analysis re-
vealed that the recurrence group tended to be younger than the
non-recurrence group (54months [SD, 43] vs. 129 months [SD,
110], p=0.07). There was no significant difference in sex, height,
body weight, body mass index, scoliosis, tracheotomy, hiatal
hernia, or pH index between the recurrence group and the non-
recurrence group. Univariate analysis revealed that operation
by ESSQS-qualified surgeons (p=0.30) was not significantly
different between the two groups. However, in the recurrence
group, there was no case in which an ESSQS-qualified surgeon
performed the operation. In three of the five recurrent cases, the
first or second assistant was an ESSQS-qualified surgeon.

Table 2 compares the short-term surgical outcomes between
the recurrence group and the non-recurrence group. Univariate
analysis revealed that operation time in the recurrence group
was significantly longer than in the non-recurrence group
(333 vs. 254min, p=0.01). Other items (bleeding, postopera-
tive hospital stay, pneumonia, enterocolitis, surgical site infec-
tion, wound dehiscence, and any postoperative complication)
showed no significant differences between the groups (Table 2).
The mean observation period for the recurrence group and the
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FIGURE1 | Study design. A total of 77 patients underwent laparoscopic fundoplication and gastrostomy. We excluded patients with other pro-
cedures performed at the same time (n=24), patients without severe motor and intellectual disabilities (n=2), and patients undergoing reoperation

(n=1). We divided the remaining 50 patients into two groups: The recurrence group (n=>5) and the non-recurrence group (n =45).

TABLE1 | Univariate analysis of patients’ characteristics. TABLE 2 | Univariate analysis of short outcome of operation.
Non- Non-
Recurrence recurrence Recurrence recurrence
Category &) (45) 1] Category 5) (45) 4]
Age, months 54 (43) 129 (110) 0.07 Operation time 333(108) 254 (67) 0.01
Sex (Female), 4(80) 20 (44) 0.13 (min)
n (%) Bleeding (mL) 0(0-0) 15(35) 0.17
Height (cm) 96 (21) 109 (5) 0.19 Postoperative 12(4) 21 (17) 0.14
. hospital stays
Body weight (k 11.8(4.3 17.2(9 0.10
y weight (kg) 4.3) © (days)
Bod ind 12.5(0.96 13.9(2.3 0.10
(l?g /an?)ass tnex (0.96) @3 Pneumonia, 1 (%) 0(0) 2(4.4) 0.63
Scoliosis, 1 (%) 2 (40) 21 (47) 0.78 f’(‘;e)m“’h“s’ 0(0) 36.7) 0:55
0
Aft 1(20 10 (22 0.91
tracelieo tom 20) 22) Surgical site 0(0) 4(8.9) 0.49
n (%) Y infection, n (%)
0
Hiatal hernia, 2 (40) 7(16) 0.18 Wound 0(0) 1@2.2) 0.74
n (%) dehiscence, n (%)
pH index (%) 15.4 (10.4) 197(172)  0.30 Postoperative 1(20) 15(33) 0.54
complication,
Qualified 0(0) 8 (18) 0.30 n (%)
rgeon?, n (% .
surgeon®, r (%) Observation 64 (25) 49 (49) 0.25

Note: Data are expressed as the mean (standard deviation) or number (%).

2Patients who were operated on by the Endoscopic Surgical Skill Qualification
System (ESSQS)-qualified surgeons.

period (months)

Note: Data are expressed as the mean (standard deviation) or number (%).

non-recurrence group was 64months and 49 months, respec- operation time was found to be a significant risk factor for recur-
tively (p=0.25, Table 2).

3.3 | Multivariate Analysis

rence (operation time, odds ratio 1.16, 95% confidence interval
[CI] 0.75-0.98, p<0.05).

3.4 | ROC Curve Analysis

Table 3 shows the results of the multivariate logistic regression

analysis for recurrence. Potential risk factors in univariate anal- ROC curve analysis was performed to identify the optimal
yses, namely, age and operation time (both p<0.1), were en- cut-off value of operation time for predicting recurrence. The
tered into the multivariate model. In the multivariate analysis, area under the ROC curve was 0.74 (95% CI —0.25 to —0.01) for
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TABLE 3 | Multivariate analysis for risk factors of fundoplication.

Category 95% CI Odds ratio P
Age 0.97-1.30 0.89 0.10
Operation time 0.75-0.98 1.16 <0.05

operation time. The optimal cut-off value was 235min, which
gave sensitivity 100% and specificity 45% (Figure S1).

4 | Discussion

In this study, 9.6% of our patients who underwent LNF and gas-
trostomy were found to have recurrence. The recurrence rates of
LNF in pediatric patients were reported to be 3.4% by Slater and
Rothenberg [17], 10.1% by Pessaux et al. [18], and 14.0% by Diaz
Vico and Elli [19]. The recurrence rate at our center was near the
average. In univariate analysis, operation time was significantly
longer in the recurrence group than in the non-recurrence
group, and in multivariate analysis, operation time was an in-
dependent risk factor. Patients' age and qualified operator were
suggested as potential risk factors from our analyses.

Operation time was identified as a potential independent risk
factor for recurrence after LNF in our patients with SMID.
Longer operation time affects postoperative complication rates
[20]. We speculate that operation time is an indicator of the diffi-
culty of the case. The severity of the patient’s condition increases
the difficulty of surgery due to the fragility of the diaphragmatic
leg attachments associated with scoliosis, the liver's extensive
overlying of the stomach, difficulty of the approach for fundo-
plication, and the inflammation associated with reflux, which
leads to increased adhesions around the esophagus. Longer op-
eration times may be indicative of factors such as challenging
surgical techniques, unusual dissections, and complications ac-
cording to the severity of patients' condition. From this result,
we advocate being mindful of recurrence if the operation time
becomes longer. However, unreasonable shortening of the op-
eration is not our intention in discussing the risk of recurrence.

ROC curve analysis was performed to assess their cut-off values
for operation time for predicting recurrence. The optimal cut-off
value was 235min for operation time, with a low area under the
curve of 0.74. This variable had high sensitivity and thus might be
a reasonable predictor of recurrence after LNF. Although specific-
ity was low, it is obvious that an operation time of about 4 h for LNF
is longer than that for a typical LNF surgery. There is no evidence
that intentionally shortening operation time reduces the recur-
rence rate. However, based on our findings, cases with a prolonged
operation time may have a higher risk of recurrence. Therefore,
one possible application of these findings would be to consider
enhanced follow-up strategies, such as including contrast studies
when appropriate, for patients who have longer operation times.

Age was not a significant risk factor in the multivariate analysis,
butwe consider ita possibly importantrisk factor, also. Ngerncham
et al. reported that the risk for recurrence of GERD after the first
fundoplication was uniformly increased in children younger than
6years [21]. Kubiak et al. suggested that fundoplication in early
infancy is unsuccessful in a high proportion of patients [8]. The

results of fundoplication in childhood are not as good in patients
who have other abnormalities. In redo LNF cases, older patients
had less frequent recurrence than younger patients [22]. We
speculate that the reasons for younger age being associated with
recurrence risk are frequently coexisting other abnormalities in
young patients who require surgery for GERD, increased surgical
difficulty due to smaller body size, and changes in anatomy due
to postoperative growth. The fact that patients require a fundopli-
cation at a young age may imply that the patient's background dis-
ease is severe. Also, patients with more severe disease may have
worse respiratory status and higher surgical difficulty, which may
in turn increase the risk of recurrence after LNF. In pediatric sur-
gery, younger patients generally have shorter operation times due
to smaller anatomy, less spinal deformity, and minimal GERD-
related inflammation. Therefore, prolonged surgery in this group
may indicate intraoperative difficulty, which could contribute to
recurrence risk. Our findings suggest that, regardless of age, pro-
longed operation time may be associated with higher recurrence
risk and warrants careful postoperative monitoring.

The ESSQS was established in 2004 in Japan as an objective
measure of laparoscopic surgeons' skill. The ESSQS certification
indicates advanced technical skill of a level suitable for instruct-
ing trainees. Improved surgical outcomes have been reported by
qualified surgeons in adult medicine [23-26]. The ESSQS was
extended to pediatric surgery in 2008. In pediatric surgery, a
previous study did not find that the ESSQS improved surgical
outcomes [27]. In the present study, we used this system to ex-
amine whether the differences in surgeons' skill contribute to
recurrence. Requirements for ESSQS certification in pediatric
surgery are shown in Table S1. LF is one of the techniques evalu-
ated by the ESSQS. In this study, no significant difference in re-
currence was found between surgeons with and without ESSQS
certification. However, in the recurrence group, there were no
cases of recurrence with an ESSQS-qualified surgeon. The fol-
lowing are possible reasons why a technically certified surgeon
would reduce recurrence. Suture ligation of the fixation of the
wrap may be more accurate and reliable. Minimizing the extent
of dissection may also be a factor in reducing the risk of recur-
rence. Preventing damage to the vagus nerve may also reduce
recurrence of reflux by preventing stagnation of gastric con-
tents. Future large-scale comparative studies may be able to re-
veal a difference in recurrence rates according to ESSQS status.

This study has some limitations. First, it included a small num-
ber of patients, and the weaknesses of the statistical analysis are
undeniable. Because this is a retrospective study, some necessary
information, such as complications, may have been overlooked.
The decision of the primary surgeon was not randomized and
there may be case selection bias. The surgical team varied from
period to period, which is also a limitation. A retrospective mul-
ticenter controlled study including a larger population might
provide further information.

5 | Conclusions

Thisstudyidentified operation time as arisk factor for recurrence of
GERD after LNF in pediatric patients with SMID. Operation time
could serve as a predictor of recurrence according to the difficulty
of the case. Younger age may also be a risk factor for recurrence
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after LNF in pediatric patients with SMID. Operations carried out
by ESSQS-qualified surgeons may contribute to decreasing recur-
rence rates after LNF in pediatric patients with SMID.
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