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Background: It is assumed that children recover faster after laparoscopic (LF) than after open fundoplication (OF).
As this has not been confirmed in any randomized study (RCT),we have in a subsection of a larger RCT compared
parent reported recovery of children after LF and OF.
Methods: Postoperative symptoms, use of analgesics, overall well-being, and time to return to school/day-care
were recorded in a subsection of children enrolled in a RCT comparing LF and OF. Ethical approval and parental
consent were obtained.
Results: Fifty-five children (LF: n= 27, OF: n= 28) of the 88 enrolled in the RCT, were included in the short term
follow up on parent reported recovery. Caregivers were interviewed median 28 days [interquartile range (IQR)
22–36] postoperatively. There was no significant difference regarding improvement in overall well-being (LF:
63%, OF: 68%, p = 0.70), new-onset dysphagia (LF: 30%, OF: 18%, p = 0.08), use of analgesics (LF: 15%, OF:

14%, p = 1.00), or time to return to school/day-care (LF: median 7 days [IQR 5–14] vs. OF: 12 days [IQR 7–15],
p = 0.35).
Conclusion: We could not demonstrate faster recovery after LF than after OF. Most children had returned to
school/day-care after 2 weeks and had improved overall well-being 1 month after surgery.
Type of study: Randomized controlled trial.
Level of evidence: Level II.
© 2019 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Laparoscopic fundoplication (LF) has almost uniformly replaced
open fundoplication (OF) in children [1]. Shorter hospital stay, less post-
operative pain, and fewer complications are highlighted as themain ad-
vantages of LF as compared to OF [2,3]. However, all randomized
Knatten have received financial
has received financial support
abilitation. The funding sources
sis or interpretation of data, in
article for publication.

ine, University of Oslo, Postbox
0.
arlotte@knatten.org
-hf.no (O. Schistad),
rnland@medisin.uio.no

ic surgery, Oslo University Hos-
, NORWAY. Fax: +47 23 07 25
mail.com (T.J. Fyhn).

nc. This is an open access article und
controlled trials (RCT) comparing LF and OF in children have failed to
show these proposed benefits of LF [4–6]. The lack of superiority of LF
in children concerning length of hospital stay, pain and complications
contrasts what has been found in similar studies in adults [2,3,7–14].
It is, though, possible that previous studies in children havemissed pos-
sible benefits of LF occurring soon after hospital discharge since no stud-
ies have compared such factors in children.

Postoperative recovery is increasingly recognized as an important
outcome measure after surgery [15]. So far, there has not been much
focus on recovery in the pediatric surgical literature. Recovery is a con-
tinuous process that may last for many weeks and is usually not
complete when the patient is discharged from hospital [16]. During
the recovery period, the process of wound healing and restoration to
normal physical functioning occur [17]. Simultaneously, some patients
may experience troublesome side effects of the operation or lack of res-
olution of the symptoms leading to surgery [18]. Because no previous
studies have compared recovery after LF and OF in pediatric patients,
the main aim of this study was to test the hypothesis that children
er the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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operated by LF have faster recovery than those operated with OF when
aspects of recovery such as elimination of gastroesophageal reflux dis-
ease (GERD) symptoms, overall well-being, troublesome postoperative
symptoms, need for analgesics, and time to return to school or day-care,
were compared. In addition, we wanted to obtain general information
about the recovery period after fundoplication in order to give parents
and patients evidence-based information about what to expect the
first few weeks after discharge.

1. Material and methods

1.1. Inclusion and data collection

This is a substudy of a two-center, randomized, non-blinded,
parallel-group study where the primary endpoint was to compare re-
currence rate of GERD after LF and OF in children under 15 years
[4,19]. One hundred five patients referred to tertiary university hospi-
tals Rikshospitalet and Ullevål were eligible for inclusion in the RCT. In-
clusion criteria were age b 15 years and GERD confirmed by 24-h pH
monitoring and/or upper gastrointestinal contrast study. Exclusion
criteria were parents not speaking Norwegian, multiple previous lapa-
rotomies hindering laparoscopy, and comorbidity deemed incompatible
with laparoscopy. Patients were randomized in blocks of 10 (1:1 alloca-
tion ratio) using opaque envelopes prepared by the two senior authors
(KB, RE). To reduce the risk of selection bias towards the end of each
block, 10 additional markers were added to the envelope when only 3
markers remained. Randomization was performed the day before sur-
gery. Demographics and preoperative symptoms were recorded in all
patients as described in previous publications [4,19]. The operative pro-
cedurewas identical except for abdominal access by laparoscopy or lap-
arotomy, and has been described previously [4]. Based on feedback from
parents during the early stages of the RCT, a semi-structured telephone
interview with caregivers of patients to assess postoperative recovery
were included in the protocol for patients operated from 2005. The in-
terview was scheduled 1 month after surgery. The interviewer (CKK)
had not been involved in the treatment of the patients. During the inter-
view, elimination of GERD symptoms, dysphagia, retching, abdominal
discomfort, use of analgesics, overall well-being, and time to return to
school or day-care were documented. Elimination of GERD symptoms
(vomiting, regurgitation and heartburn) was recorded as yes (1) or no
(0). The caregivers were also asked to rate if the child's overall well-
being was worse (0), unaltered (1) or better (2) compared to preoper-
atively. If the caregivers were unable to provide an answer, this was re-
corded as uncertain (3). The caregivers were also asked to list reasons
for any change in overall well-being, and if uncertain, why. All answers
were written down in free text and later categorized into the following
categories: New-onset or worsened dysphagia, retching, pain, general
discomfort, respiratory symptoms, reduced food intake, and poor
sleep. Each patient could have more than one reason. New-onset dys-
phagiawas defined as swallowing difficulties not present before the op-
eration and was recorded as none (0), having to avoid certain types of
food (1), only able to eat soft foods (2), only able to drink (3), or not
applicable because the child was exclusively tube fed (4). Retching
was categorized as either absent (0), new-onset (1), or persisting (2).
Furthermore, persistent retching was recorded as decreased (1), un-
changed (2), or increased (3) compared to preoperatively. Postopera-
tive new-onset abdominal discomfort was recorded as none (0), mild
(1), moderate (2), severe (3), or not able to assess (4). Use of analgesics
was recorded as using (1) or not using (0). The type of analgesic, if used,
was also recorded. Time to return to school or day-care was defined as
the number of postoperative days spent at the hospital and at home
after discharge. The caregivers were asked about reasons for time
spent at home before resuming school or day-care. All answers were
written down in free text and later categorized into the following cate-
gories; new-onset or worsened general discomfort, fatigue or dyspha-
gia. More than one reason could be listed for each patient.
Neurological impairment (NI) was defined as a static or progressive,
central or peripheral neurological condition associated with intellectual
disability and/or functional impairment [20]. Postoperative complica-
tions were registered according to the Clavien-Dindo classification,
and the comprehensive complication index (CCI) was calculated using
www.assessurgery.com/calculator/ [21,22].

1.2. Ethics

The study was approved by the regional ethical committee for med-
ical research, and participation was voluntary. Written and oral infor-
mation about the study was given, and written consent obtained. The
trial is registered at ClinicalTrials.gov, number NCT01551134.

1.3. Statistical analysis

Sample size was calculated for the primary outcome of detecting a
difference in recurrence of GERD after LF and OF [19], and not for the
secondary outcomes presented in this paper. Categorical data were
compared using Pearson's X2 test or Fisher exact test as appropriate
and expressed by risk ratio (RR) and a 95% confidence interval, in addi-
tion to a p-value. Age, length of hospital stay, days to follow-up, CCI
score, days until return to school or day-care, and days spent at home
were not normally distributed and, therefore, analyzed by Mann Whit-
ney U-test and expressed as median and interquartile range (IQR). To
reduce the probability for false positives involvedwith performingmul-
tiple statistical tests, we did not analyze the different subgroups of post-
operative complications or symptoms between LF/OF or Non-NI/NI. All
statistical analyses were performed with IBM SPSS Statistics for Win-
dows, version 25.0 (IBM, Armonk, NY). A p-value b0.05 was considered
statistically significant.

2. Results

2.1. Patients and perioperative data

Inclusion of patients for the RCT started in 2003 and ended in 2009
(Fig. 1). Twenty patients had already been operated when the substudy
on recovery was initiated in 2005. Two eligible patients were not in-
cluded because a competent laparoscopic surgeon was not present at
the time of randomization. In addition, 9 patients were excluded (par-
ents did not speak Norwegian n = 1, comorbidity incompatible with
laparoscopy n= 4, multiple previous laparotomies n= 4). One patient
randomized to OF underwent fundoplication as part of a congenital hi-
atal hernia repair and was therefore excluded from analysis. Twelve
caregivers were not interviewed either because they could not be
reached by telephone or because the interviewer was not available to
make the call. Hence, the caregivers of 55 patients (LF: 27 patients,
OF: 28 patients) were successfully interviewed median 28 days [IQR:
22–36] postoperatively (LF: 30 days [IQR: 24–39] vs. OF: 25 days [IQR:
21–33], p = 0.09).

Demographics, preoperative symptoms, length of hospital stay,
and postoperative complications occurring within 30 postoperative
days were similar among those operated by laparotomy and laparos-
copy (Table 1). Apart from more boys among the included patients,
there were no significant differences included and non-included pa-
tients with regards to age, diagnosis, surgical access, or having a
gastrostomy (Table 2).

2.2. Overall well-being, postoperative gastrointestinal symptoms, and use of
analgesics

Sixty-six percent of the caregivers reported improved overall
well-being of the child as compared to preoperatively. There were
no significant differences between those who had an open or a lapa-
roscopic operation or between non-NI and NI patients (Table 3). In

http://www.assessurgery.com/calculator/
http://ClinicalTrials.gov


Assessed for eligibility (n = 105)

Laparoscopic surgeon not available (n = 2)
Excluded (n = 9)
Declined (n = 6)

Analysis of parent reported recovery (n = 27)

Allocated to LF (n = 44)
♦ Received allocated intervention (n = 44)

Allocated to OF (n = 44)
♦ Received allocated intervention (n = 44)

Lost to follow-up (n = 17)
♦ Operated before initiation of recovery substudy 

(n = 10)
♦ Caretakers or interviewer unavailable (n=7)

Lost to follow-up (n = 16)
♦ Indication for surgery not GERD but 

paraesophageal hernia (n = 1)
♦ Operated before initiation of recovery substudy 

(n = 10)
♦ Caretakers or interviewer unavailable (n=5)

Analysis of parent reported recovery (n = 28)

Allocation

Analysis

Short term 
parent 

reported 
recovery

Randomized (n = 88)

Enrollment

Fig. 1. CONSORT flow diagram for pediatric patients randomized to laparoscopic (LF) and open fundoplication (OF). GERD: Gastroesophageal reflux disease.
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those nine patients whowere reported to have impaired or uncertain
overall well-being, the caregivers reported the following conditions
to contribute; dysphagia (5 patients), unwillingness to eat (3
Table 1
Demographics, preoperative symptoms, length of hospital stay, and postoperative complication
graded according to theClavien-Dindo classification (CD) and comprehensive complication inde
plications because some patients had more than one complication.

All
(n = 55)

LF
(n = 2

Age at surgery, years, median [IQR] 4.3 [2.1–9.3] 4.6 [2.1
Male/female, n/n 41/14 19/8
NI, n (%) 29 (53) 16 (59)
Esophageal atresia, n (%) 3 (5) 2 (7)
Preoperative vomiting or regurgitation, n (%) 53 (96) 27 (100
Preoperative dysphagia, n (%) 8 (15) 4 (15)
Not able to assess¤, n (%) 20 (36) 9 (33)

Preoperative retching, n (%) 15 (27) 10 (37)
New gastrostomy established during NF, n (%) 6 (11) 4 (15)
Gastrostomy present postoperatively, n (%) 32 (58) 17 (63)
Length of hospital stay, days, median [IQR] 7.0 [4.0–12.0] 7.0 [4.0
Patients with complications, n (%) 31 (56) 16 (59)
CD grade I⁎ complications, n (%) 15 (27) 8 (30)
CD grade II# complications, n (%) 20 (36) 11 (41)
CD grade IIIb$ complications, n (%) 3 (6) 2 (7)
CCI, median [IQR] 8.7 [0.0–20.9] 8.7 [0.0

LF, Laparoscopic Nissen fundoplication; OF, Open Nissen fundoplication; NF, Nissen fundoplica
Risk ratio (95%Confidence interval) for categorical data and p values for each comparison betwe
d RR: 2.01 (0.20–21.56), p = 0.61, e RR: 1.07 (0.97–1.19), p = 0.49, f RR: 0.94 (0.28–3.19), p
(0.75–1.84), p = 0.48, j p = 0.74, k RR: 1.11 (0.69–1.76), p = 0.67, l p = 0.48.
Risk ratio (95% Confidence interval) for categorical data and p values for each comparison betw
p = 0.10, p RR: 1.00 (0.91–1.11), p = 1.00, q RR: 2.5 (0.77–8.10), p = 0.19, r RR: 3.59 (1.14–
p = b0.01, v RR: 1.09 (0.68–1.74), p = 0.72, w p = 0.24.

¤ Because the child was exclusively tube-fed ⁎Gastroenteritis, hematoma, wound infection, o
impaction requiring endoscopy, port site hernia, or leakage requiring redo gastrostomy †p b 0.
patients), retching and nausea (2 patients), general discomfort (2
patients), fatigue (1 patient), poor sleep (1 patient), and respiratory
symptoms (1 patient).
s occurring the first 30 days after Nissen fundoplication. Postoperative complications are
x (CCI). The total number of complications is higher than the number of patientswith com-

7)
OF
(n = 28)

Non-NI
(n = 26)

NI
(n = 29)

–10.9] 4.0 [2.1–8.8]a 4.8 [2.0–11.3] 3.6 [2.3–8.5]m

22/6b 22/4 19/10n

13 (46)c N/A N/A
1 (4)d 3 (12) 0 (0)o

) 26 (93)e 25 (96) 28 (97)p

4 (14)f 4 (16) 4 (14)q

11 (39) 1 (4) 19 (66)
5 (18)g 3 (12) 12 (41)r†

2 (7)h 2 (8) 4 (14)s

15 (54)i 5 (19) 27 (93)t†

–11.0] 7.0 [4.0–12.8]j 4.0 [4.0–6.3] 11.0 [7.0–14.0]u†

15 (54)k 14 (54) 17 (59)v

7 (25) 10 (38) 5 (17)
9 (32) 4 (15) 16 (55)
1 (4) 2 (8) 1 (3)

–20.9] 8.7 [0.0–20.9]l 8.7 [0.0–9.6] 20.9 [0.0–20.9]w

tion; NI, Neurological impairment; IQR, Interquartile range; N/A, Not applicable.
en LF vs. OF: a p = 0.55, b RR: 0.90 (0.66–1.22), p = 0.46, c RR: 1.28 (0.77–2.12), p = 0.34,
= 1.00, g RR: 2.07 (0.82–5.28), p = 0.11, h RR: 2.07 (0.41–10.41), p = 0.42 i RR: 1.18

een NI vs. Non-NI: m p = 0.95, n RR: 0.77 (0.57–1.06), p = 0.11, o RR: 1.13 (0.98–1.30),
11.32), p = 0.01, s RR: 1.79 (0.36–9.00), p = 0.67, t RR: 4.84 (2.19–10.71), p = b0.01, u

r feeding problems #Airway infections, gastrostomy infections, or blood transfusion $Food
05.

Image of Fig. 1


Table 2
Dropout analysis of patients not interviewed after randomization to laparoscopic (LF) or
open (OF) Nissen fundoplication.

Interviewed
(n = 55)

Not
interviewed
(n = 33)

p

Age at surgery, years, median [IQR] 4.3 [2.1–9.3] 4.4 [1.5–7.6] 0.16
Male, n (%) 41 (75) 14 (45) 0.01
Neurological impairment, n (%) 28 (51) 15 (55) 0.74
Gastrostomy present postoperatively, n (%) 32 (58) 16 (48) 0.54
Esophageal atresia, n (%) 3 (6) 1 (1) 1.00
Laparoscopic Nissen fundoplication, n (%) 27 (49) 17 (52) 0.83

IQR, Interquartile range.

Table 3
Caregivers' assessment of their child's overall well-being after Nissen fundoplication com-
pared to preoperatively.

All
(n = 55)

LF
(n = 27)

OF
(n = 28)

Non-NI
(n = 26)

NI
(n = 29)

Better, n (%) 36 (66) 17 (63) 19 (68)a 16 (61) 20 (69)e

Unchanged, n (%) 10 (18) 6 (22) 4 (14)b 4 (15) 6 (21)f

Impaired, n (%) 5 (9) 3 (11) 2 (7)c 3 (12) 2 (7)g

Uncertain, n (%) 4 (7) 1 (4) 3 (11)d 3 (12) 1 (3)h

LF, Laparoscopic Nissen fundoplication; OF, Open Nissen fundoplication; NI, Neurological
impairment.
Risk ratio (95% Confidence interval) and p values for each comparison between LF vs. OF; a

RR: 0.93 (0.63–1.36), p = 0.70, b RR: 1.56 (0.49–4.91), p = 0.50, c RR: 1.56 (0.28–8.60),
p = 0.67, d RR: 0.35 (0.38–3.12), p = 0.61.
Risk ratio (95%Confidence interval) and p values for each comparison betweenNI vs. Non-
NI; e RR: 1.12 (0.76–1.66), p = 0.56, f RR: 1.35 (0.43–4.24), p = 0.73, g RR: 0.60
(0.11–3.30), p = 0.66, h RR: 0.30 (0.03–2.70), p = 0.36.
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All, but two patients were completely free from GERD symptoms at
the time of the telephone interview (Table 4). One of these two patients
did not experience relief of GERD symptoms after the operation, and
Table 4
Gastrointestinal symptoms in children one month after Nissen fundoplication.

All (n = 55) LF (n = 27

Elimination of GERD symptoms¤, n (%) 53 (96) 26 (96)
Use of analgesics⁎, n (%) 8 (15) 4 (15)
Abdominal discomfort, n (%)

None 42 (76) 21 (78)
Mild 6 (11) 3 (11)
Moderate 1 (2) 1 (4)
Severe 2 (4) 0 (0)
Not able to assess 4 (7) 2 (7)

New-onset dysphagia, n (%)
None 17 (31) 5 (18)
Avoid certain types of food 10 (18) 6 (22)
Only soft foods 1 (2) 1 (4)
Only liquids 2 (4) 1 (4)
Exclusively tube fed 25 (45) 14 (52)

Retching, n (%)
None 29 (53) 12 (44)
New-onset 14 (25) 8 (30)
Persisting 12 (22) 7 (26)
Increased 5 (9) 4 (15)
Unchanged 4 (7) 2 (7)
Decreased 3 (6) 1 (4)

New-onset/worsened symptom, n (%) 32 (58) 18 (67)

LF, Laparoscopic Nissen fundoplication; OF, Open Nissen fundoplication; NI, Neurological impa
Risk ratio (95% Confidence interval) and p values for each comparison between LF vs. OF; a R
p = 1.00, d RR: 0.55 (0.26–1.16), p = 0.08, e RR: 0.73 (0.44–1.22), p = 0.23, f RR: 1.38 (0.55–
Risk ratio (95% Confidence interval) and p values for each comparison between NI vs. Non-NI;
p = 0.47, l RR: 1.67 (0.97–2.86), p = 0.20, m RR: 0.47 (0.27–0.82), p = b0.01, n RR: 1.61 (0.62

¤ Vomiting, regurgitation, and/or heartburn ⁎Non-Steroid Anti Inflammatory Drugs or Parac
later pH-monitoring showed a pathological reflux-index. The second
patient had no symptoms, used no antacids and had a normal
pH-monitoring at the scheduled follow-up 6 months postoperatively.
There were no significant differences in new-onset abdominal discom-
fort, dysphagia, retching, or use of analgesics after LF and OF (Table 4).
No children used opioid analgesics at follow-up. Apart from persisting
retching (all grades) amongNI children, therewere no significant differ-
ences regarding postoperative gastrointestinal symptoms when
comparing NI and non-NI patients (Table 4).

2.3. Return to school or day-care

Twenty-seven patients (LF: 12, OF: 15) attended school or day-care
preoperatively. 83% (10/12 patients) and 100% (15/15 patients) of chil-
dren operated by LF and OF, respectively, had resumed attending school
or day-care at the time of the interview (RR: 0.83 (0.65–1.07), p =
0.19). Time to return to school or day-care was median 7.0 days [IQR:
5–14] after LF and 12.0 days [IQR: 7–15] after OF (p=0.35). Six children
were able to resume school or day-care the day after hospital discharge
(LF: 2/12 patients vs. OF: 4/15 patients, RR: 0.63 (0.14–2.85), p= 0.66).
Time spent at home after discharge before return to school or day-care
was median 3.0 days [IQR: 1–10] (LF: 2.0 days [IQR: 1–10] vs. OF:
7.0 days [IQR: 0–10], p = 0.66).

The most common reason for needing time to recover at home after
hospital discharge was dysphagia. New-onset or worsened dysphagia
was more common for those operated laparoscopically (8/10 patients)
than for those having OF (3/11 patients, RR: 2.93 (1.07–8.08), p =
0.03). General discomfort (LF: 2/10 patients vs. OF: 5/11 patients, RR:
0.44 (0.11–1.78), p=0.36) and fatigue (LF: 1/10patient vs. OF: 5/11pa-
tients, RR: 0.22 (0.03–1.58), p = 0.15) were other reasons, with no
significant differences between the groups.

3. Discussion

The main finding of this RCT subsection comparing LF and OF is
that troublesome symptoms were common, but well-being had
) OF (n = 28) Non-NI (n = 26) NI (n = 29)

27 (96)a 24 (92) 29 (100)i

4 (14)b 3 (12) 5 (17)j

21 (75)c 20 (77) 22 (76)k

3 (11) 4 (15) 2 (7)
0 (0) 0 (0) 1 (3)
2 (7) 2 (8) 0 (0)
2 (7) 0 (0) 4 (14)

12 (43)d 12 (46) 5 (17)l

4 (14) 9 (34) 1 (3)
0 (0) 1 (4) 0 (0)
1 (4) 2 (8) 2 (0)

11 (39) 2 (8) 23 (80)

17 (61)e 19 (73) 10 (34)m†

6 (21)f 5 (19) 9 (32)n

5 (18)g 2 (8) 10 (34)o†

1 (4) 1 (4) 4 (14)
2 (7) 1 (4) 3 (10)
2 (7) 0 (0) 3 (10)

14 (50)h 17 (65) 15 (52)p

irment.
R: 1.00 (0.90–1.11), p = 1.00, b RR: 1.04 (0.29–3.73), p = 1.00, c RR: 1.04 (0.81–1.34),
3.46), p = 0.46, g RR: 1.45 (0.52–4.02), p = 0.47, h RR: 1.33 (0.85–2.11), p = 0.21.
i RR: 1.02 (0.97–1-21), p = 0.22, j RR: 1.49 (0.40–5.65), p = 0.71, k RR: 1.14 (0.89–1.50),
–4.20), p = 0.32, o RR: 4.48 (1.08–18.60), p = 0.02, p RR: 0.79 (0.51–1.24), p = 0.31.
etamol †p b 0.05.
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improved in most children after 1 month regardless of operative ap-
proach. Furthermore, nearly all patients who attended school or day-
care, were back at school or day-care by the first 2 weeks. Dysphagia
was a common reason for having to stay at home after discharge and
was the most common contributor to a decline in postoperative
overall well-being. We did not demonstrate any difference in recov-
ery after LF and OF.

The overall well-being of the children 1 month after the
fundoplication did not seem to be influenced by the operative approach.
Overall well-being incorporates the main contributors to recovery after
fundoplication, including disappearance of GERD symptoms, resolution
of pain, and lack of new troublesome symptoms related to the surgery
and restoration of normal activity. Similar overall well-being after LF
and OF has also been found in adults studies [2,3,23], but results from
pediatric populations are lacking. Postoperative complications are a
significant predictor of postoperative well-being [24], and the similar
incidence of complications after LF and OF may partly explain similar
overall well-being after LF and OF in this cohort. Furthermore, most
of the caregivers in our study reported that their child's overall
well-being had improved after the fundoplication even though
symptoms related to the operation were common. This suggests
that relief of GERD symptoms outweighs discomfort related to the
surgical treatment.

Postoperative dysphagia was the most frequently reported reason
for hindering children to attend school or day-care, as well as the
most important contributor to impaired postoperative overall well-
being.We did not find a statistical difference in the rate of postoperative
dysphagia, although therewas a trend towardsmore dysphagia after LF.
Whether LF is associatedwithmore or less dysphagia compared to OF is
debated [25]. Increased incidence of dysphagia during the first 4 weeks
after OF compared to LFwas found in one pediatric cohort [26], whereas
two RCTs in adult patients found more dysphagia after LF [11,12]. No
definite explanation has been given to why laparoscopy may cause
more postoperative dysphagia than OF, although the creation of a floppy
wraphas been suggested to bemore difficultwhendone laparoscopically
[11]. To improve postoperative well-being, caregivers and patients
should receive information on how adequate food intake may be facili-
tated as well as how discomfort related to dysphagia may be reduced.

We did not find any difference in new-onset or persistent retching
after LF and OF. Long-term studies comparing retching after LF and OF
exist, but results are conflicting [5,19].We have not been able to identify
any studies comparing the incidence of retching after LF and OF during
the first fewweeks after fundoplication. Childrenwith NI hadmore pre-
operative retching than non-NI children, and this difference was also
found postoperatively. However, the incidence of new-onset retching
was not different between NI and non-NI patients. Retching has been
found to be more frequent in the NI population before and after
fundoplication [27,28], possibly because of hyperactive vagal reflexes
[29]. We prescribed ondansetron liberally, encouraged caregivers
to use small and frequent meals, and to frequently ventilate the
gastrostomy if the child had one. These measures may have reduced
the frequency of postoperative new-onset retching regardless of
neurological status, and should be part of the preoperative informa-
tion given to caregivers.

Children operated by laparotomy did not have more abdominal
discomfort and did not use more analgesics than those operated by
laparoscopy at the time of follow-up. This is in line with results
from RCTs on LF and OF in adults finding no significant difference
in abdominal or wound pain 1month after surgery [2,30]. Themajor-
ity of the children had no abdominal discomfort 1 month after the
fundoplication. This contrasts findings in adults where abdominal
discomfort after LF and OF was much more common [31]. It is,
though, important to bear in mind that caregivers may have under-
reported abdominal discomfort [32]. Furthermore, it is possible
that wound and visceral pain was more prevalent during the earlier
stages of recovery and that recording of abdominal discomfort
earlier in the postoperative period would have shown a difference
between the two operative approaches [31].

Children operated by LF did not return significantly faster to school
or day-care than those operated by OF. No comparable studies have
been performed in children following fundoplication. A RCT comparing
open and laparoscopic appendectomy in children did not find faster re-
turn to school after laparoscopy [33], contrasting studies in adultswhich
show that those undergoing laparoscopic appendectomy have shorter
sick leave [34]. In contrast to our data, adults undergoing LF needed 1
week shorter sick leave than those undergoing OF [35]. Apart from
type 2 error, we can only speculate why LF and laparoscopic appendec-
tomy did not result in faster return to school or day-care [33]. Since chil-
dren need smaller laparotomy incisions than adults due to their size,
they may have less postoperative pain than adults undergoing a similar
operation and thereby recover faster [36]. The similar incidence of post-
operative symptoms and complications may also be a reason for LF not
having faster recovery than OF in our study.

The main strengths of this study are its randomized design, and that
a person not involved in the treatment of patients, conducted the inter-
views. Furthermore, the different aspects of recovery were recorded si-
multaneously, which is important as patients may have recovered in
some, but not all areas at the time of follow-up [18]. Themost important
limitation of this study is the small sample size, and the study may
therefore be underpowered to detect significant differences in out-
comes such as return to school or day-care, symptoms or well-being.
Therefore, this study should be viewed as hypothesis generating, and
not proof that there is no difference in recovery after LF and OF. Another
limitation is the use of return to school or day-care as the only measure
for duration of recovery. Since many of our patients were either perma-
nently cared for at home or institutionalized, the duration of recovery
for this important subgroup was not evaluated. Furthermore, as the
caregivers were asked to remember the number of days the child was
home from school or day-care, the answers are only as accurate as the
parents' memories. As many NI children were exclusively tube fed
and/or lacked the means to communicate, we lack data on dysphagia
and abdominal discomfort formany in this subgroup.Wewere unfortu-
nately not able to interview all patients that were randomized during
the study period, and this may have introduced bias. However, the pa-
tients were missed at random, and apart form more males among
those interviewed, no significant differenceswere foundwhen compar-
ing those interviewed with those who were not. Using a validated tool
to assess postoperative symptoms andwell-beingwould have strength-
ened the study. Unfortunately, no such tool has been validated for the
age group 0–15 years, with and without NI, in Norwegian. However, a
single-item scale for overall well-being has been shown to exhibit
good responsiveness to change over time when the respondent is
used as its own control, and has been used previously to assess recovery
after pediatric surgical procedures [37,38].

In addition to compare recovery after LF and OF, this study gives
surgeons detailed data on the postoperative course after Nissen
fundoplication in children, both for neurologically normal and
impaired patients. Consequently, these data may be used to give
evidence-based preoperative information to both patients and
caregivers. This is important as proper preoperative information
ensures that caregivers and patients are prepared for the postoper-
ative period. Preoperative information has the potential to alleviate
both postoperative pain and anxiety and thereby improve postop-
erative recovery [39–41]. Although troublesome symptoms are
common after fundoplication, caregivers may be assured that
most children experience improved overall well-being 1 month
after surgery. Furthermore, parents should be informed that many
patients will need additional time to recover at home after dis-
charge, and they should make plans to stay at home with their
child. When conveying that some patients might not be fully recov-
ered after 1 month, emphasis should be given on the fact that close
to 100% seem better after 1 year [19].



1801T.J. Fyhn et al. / Journal of Pediatric Surgery 55 (2020) 1796–1801
References

[1] Vandenplas Y, Hauser B. An updated review on gastro-esophageal reflux in pediat-
rics. Expert Rev Gastroenterol Hepatol 2015;9(12):1511–21. https://doi.org/10.
1586/17474124.2015.1093932.

[2] Heikkinen TJ, Haukipuro K, Koivukangas P, et al. Comparison of costs between lapa-
roscopic and open Nissen fundoplication: A prospective randomized study with a 3-
month followup. J Am Coll Surgeons 1999;188(4):368–76. https://doi.org/10.1016/
s1072-7515(98)00328-7.

[3] Ackroyd R, Watson DI, Majeed AW, et al. Randomized clinical trial of laparoscopic
versus open fundoplication for gastro-oesophageal reflux disease. Br J Surg 2004;
91(8):975–82. https://doi.org/10.1002/bjs.4574.

[4] Knatten CK, Fyhn TJ, Edwin B, et al. Thirty-day outcome in children randomized to
open and laparoscopic Nissen fundoplication. J Pediatr Surg 2012;47(11):1990–6.
https://doi.org/10.1016/j.jpedsurg.2012.05.038.

[5] McHoney M, Wade AM, Eaton S, et al. Clinical outcome of a randomized controlled
blinded trial of open versus laparoscopic Nissen fundoplication in infants and children.
Ann Surg 2011;254(2):209–16. https://doi.org/10.1097/sla.0b013e318226727f.

[6] Papandria D, Goldstein SD, Salazar JH, et al. A randomized trial of laparoscopic versus
open Nissen fundoplication in children under two years of age. J Pediatr Surg 2015;
50(2):267–71. https://doi.org/10.1016/j.jpedsurg.2014.11.014.

[7] Laine S, Rantala A, Gullichsen R, et al. Laparoscopic vs conventional Nissen
fundoplication. A prospective randomized study. Surg Endosc 1997;11(5):441–4.
https://doi.org/10.1007/s004649900386.

[8] Nilsson G, Larsson S, Johnsson F. Randomized clinical trial of laparoscopic versus
open fundoplication: blind evaluation of recovery and discharge period. Br J Surg
2000;87(7):873–8. https://doi.org/10.1046/j.1365-2168.2000.01471.x.

[9] Chrysos E, Tsiaoussis J, Athanasakis E, et al. Laparoscopic vs open approach for
Nissen fundoplication. Surg Endosc 2002;16(12):1679–84. https://doi.org/10.1007/
s00464-001-9101-y.

[10] Luostarinen M, Virtanen J, Koskinen M, et al. Oesophageal clearance after laparo-
scopic versus open Nissen fundoplication. A Randomized, Prospective Trial Scandi-
navian Journal of Gastroenterology 2001;36(6):565–71. https://doi.org/10.1080/
00365520119833.

[11] Franzen T, Anderberg B, Wiren M, et al. Long-term outcome is worse after laparo-
scopic than after conventional Nissen fundoplication. Scand J Gastroenterol 2005;
40(11):1261–8. https://doi.org/10.1080/00365520510023521.

[12] Bais JE, Bartelsman JF, Bonjer HJ, et al. Laparoscopic or conventional Nissen
fundoplication for gastrooesophageal reflux disease: randomised clinical trial. Lan-
cet 2000;355(9199):170–4. https://doi.org/10.1016/s0140-6736(99)03097-4.

[13] DraaismaWA, Buskens E, Bais JE, et al. Randomized clinical trial and follow-up study
of cost-effectiveness of laparoscopic versus conventional Nissen fundoplication. Br J
Surg 2006;93(6):690–7. https://doi.org/10.1002/bjs.5354.

[14] Hakanson BS, Thor KB, Thorell A, et al. Open vs laparoscopic partial posterior
fundoplication. A prospective randomized trial Surg Endosc 2007;21(2):289–98.
https://doi.org/10.1007/s00464-006-0013-8.

[15] Fiore JF, Figueiredo S, Balvardi S, et al. How do we value postoperative recovery?
Ann Surg 2018;267(4):656–69. https://doi.org/10.1097/sla.0000000000002415.

[16] Bowyer AJ, Royse CF. Postoperative recovery and outcomes – what are we measur-
ing and for whom? Anaesthesia 2016;71(S1):72–7. https://doi.org/10.1111/anae.
13312.

[17] Allvin R, Ehnfors M, Rawal N, et al. Experiences of the postoperative recovery
process: an interview study. Open Nurs J 2008;2:1–7. https://doi.org/10.2174/
1874434600802010001.

[18] Lee L, Tran T, Mayo NE, et al. What does it really mean to "recover" from an opera-
tion? Surgery 2014;155(2):211–6. https://doi.org/10.1016/j.surg.2013.10.002.

[19] Fyhn TJ, Knatten CK, Edwin B, et al. Randomized controlled trial of laparoscopic and
open Nissen fundoplication in children. Ann Surg 2015;261(6):1061–7. https://doi.
org/10.1097/sla.0000000000001045.

[20] Barnhart DC, Hall M, Mahant S, et al. Effectiveness of fundoplication at the time of
gastrostomy in infants with neurological impairment. JAMA Pediatr 2013;167(10):
911–8. https://doi.org/10.1001/jamapediatrics.2013.334.
[21] Dindo D, Demartines N, Clavien PA. Classification of surgical complications. Ann Surg
2004;240(2):205–13. https://doi.org/10.1097/01.sla.0000133083.54934.ae.

[22] Slankamenac K, Graf R, Barkun J, et al. The comprehensive complication index: a
novel continuous scale to measure surgical morbidity. Ann Surg 2013;258(1):1–7.
https://doi.org/10.1097/sla.0b013e318296c732.

[23] Nilsson G, Wenner J, Larsson S, et al. Randomized clinical trial of laparoscopic versus
open fundoplication for gastro-oesophageal reflux. Br J Surg 2004;91(5):552–9.
https://doi.org/10.1002/bjs.4483.

[24] Pinto A, Faiz O, Davis R, et al. Surgical complications and their impact on patients'
psychosocial well-being: a systematic review and meta-analysis. BMJ Open 2016;6
(2):e007224. https://doi.org/10.1136/bmjopen-2014-007224.

[25] Broeders JA, DraaismaWA, Rijnhart-de Jong HG, et al. Impact of surgeon experience
on 5-year outcome of laparoscopic Nissen fundoplication. Arch Surg 2011;146(3):
340–6. https://doi.org/10.1001/archsurg.2011.32.

[26] Mattioli G, Repetto P, Carlini C, et al. Laparoscopic vs open approach for the treat-
ment of gastroesophageal reflux in children. Surg Endosc 2002;16(5):750–2.
https://doi.org/10.1007/s00464-001-9040-7.

[27] Knatten CK, KvelloM, Fyhn TJ, et al. Nissen fundoplication in childrenwith andwith-
out neurological impairment: a prospective cohort study. J Pediatr Surg 2016;51(7):
1115–21. https://doi.org/10.1016/j.jpedsurg.2015.12.007.

[28] Richards CA, Andrews PLR, Spitz L, et al. Nissen fundoplication may induce gastric
myoelectrical disturbance in children. J Pediatr Surg 1998;33(12):1801–5. https://
doi.org/10.1016/s0022-3468(98)90289-5.

[29] Richards CA, Milla PJ, Andrews PL, et al. Retching and vomiting in neurologically im-
paired children after fundoplication: predictive preoperative factors. J Pediatr Surg
2001;36(9):1401–4. https://doi.org/10.1053/jpsu.2001.26384.

[30] Wenner J, Nilsson G, Oberg S, et al. Short-term outcome after laparoscopic and open
360 degrees fundoplication. Surg Endosc 2001;15(10):1124–8. https://doi.org/10.
1007/s00464-001-9043-4.

[31] Bisgaard T, Stockel M, Klarskov B, et al. Prospective analysis of convalescence and
early pain after uncomplicated laparoscopic fundoplication. Br J Surg 2004;91(11):
1473–8. https://doi.org/10.1002/bjs.4720.

[32] A-m Kelly, Powell CV, Williams A. Parent visual analogue scale ratings of children's
pain do not reliably reflect pain reported by child. Pediatr Emerg Care 2002;18(3):
159–62. https://doi.org/10.1097/00006565-200206000-00002.

[33] Lintula H, Kokki H, Vanamo K, et al. Laparoscopy in children with complicated ap-
pendicitis. J Pediatr Surg 2002;37(9):1317–20. https://doi.org/10.1053/jpsu.2002.
34998.

[34] Sauerland S, Jaschinski T, Neugebauer EA. Laparoscopic versus open surgery for
suspected appendicitis. Cochrane Database Syst Rev 2010;10:CD001546. https://
doi.org/10.1002/14651858.cd001546.pub3.

[35] Peters MJ, Mukhtar A, Yunus RM, et al. Meta-analysis of randomized clinical trials
comparing open and laparoscopic anti-reflux surgery. Am J Gastroenterol 2009;
104(6):1548–61. https://doi.org/10.1038/ajg.2009.176.

[36] de Lijster MS, Bergevoet RM, van Dalen EC, et al. Minimally invasive surgery versus
open surgery for the treatment of solid abdominal and thoracic neoplasms in chil-
dren. Cochrane Database Syst Rev 2012;1(1):CD008403. https://doi.org/10.1002/
14651858.cd008403.pub2.

[37] Sloan JA, Aaronson N, Cappelleri JC, et al. Assessing the clinical significance of single
items relative to summated scores. Mayo Clin Proc 2002;77(5):479–87. https://doi.
org/10.4065/77.5.479.

[38] Reismann M, Dingemann J, Wolters M, et al. Fast-track concepts in routine pediatric
surgery: a prospective study in 436 infants and children. Langenbecks Arch Surg
2009;394(3):529–33. https://doi.org/10.1007/s00423-008-0440-1.

[39] Landier M, Villemagne T, Le Touze A, et al. The position of a written document in
preoperative information for pediatric surgery: a randomized controlled trial on pa-
rental anxiety, knowledge. and satisfaction J Pediatr Surg 2018;53(3):375–80.
https://doi.org/10.1016/j.jpedsurg.2017.04.009.

[40] Sjoling M, Nordahl G, Olofsson N, et al. The impact of preoperative information on
state anxiety, postoperative pain and satisfaction with pain management. Patient
Educ Couns 2003;51(2):169–76. https://doi.org/10.1016/s0738-3991(02)00191-x.

[41] Kehlet H. Multimodal approach to postoperative recovery. Curr Opin Crit Care 2009;
15(4):355–8. https://doi.org/10.1097/mcc.0b013e32832fbbe7.

https://doi.org/10.1586/17474124.2015.1093932
https://doi.org/10.1586/17474124.2015.1093932
https://doi.org/10.1016/s1072-7515(98)00328-7
https://doi.org/10.1016/s1072-7515(98)00328-7
https://doi.org/10.1002/bjs.4574
https://doi.org/10.1016/j.jpedsurg.2012.05.038
https://doi.org/10.1097/sla.0b013e318226727f
https://doi.org/10.1016/j.jpedsurg.2014.11.014
https://doi.org/10.1007/s004649900386
https://doi.org/10.1046/j.1365-2168.2000.01471.x
https://doi.org/10.1007/s00464-001-9101-y
https://doi.org/10.1007/s00464-001-9101-y
https://doi.org/10.1080/00365520119833
https://doi.org/10.1080/00365520119833
https://doi.org/10.1080/00365520510023521
https://doi.org/10.1016/s0140-6736(99)03097-4
https://doi.org/10.1002/bjs.5354
https://doi.org/10.1007/s00464-006-0013-8
https://doi.org/10.1097/sla.0000000000002415
https://doi.org/10.1111/anae.13312
https://doi.org/10.1111/anae.13312
https://doi.org/10.2174/1874434600802010001
https://doi.org/10.2174/1874434600802010001
https://doi.org/10.1016/j.surg.2013.10.002
https://doi.org/10.1097/sla.0000000000001045
https://doi.org/10.1097/sla.0000000000001045
https://doi.org/10.1001/jamapediatrics.2013.334
https://doi.org/10.1097/01.sla.0000133083.54934.ae
https://doi.org/10.1097/sla.0b013e318296c732
https://doi.org/10.1002/bjs.4483
https://doi.org/10.1136/bmjopen-2014-007224
https://doi.org/10.1001/archsurg.2011.32
https://doi.org/10.1007/s00464-001-9040-7
https://doi.org/10.1016/j.jpedsurg.2015.12.007
https://doi.org/10.1016/s0022-3468(98)90289-5
https://doi.org/10.1016/s0022-3468(98)90289-5
https://doi.org/10.1053/jpsu.2001.26384
https://doi.org/10.1007/s00464-001-9043-4
https://doi.org/10.1007/s00464-001-9043-4
https://doi.org/10.1002/bjs.4720
https://doi.org/10.1097/00006565-200206000-00002
https://doi.org/10.1053/jpsu.2002.34998
https://doi.org/10.1053/jpsu.2002.34998
https://doi.org/10.1002/14651858.cd001546.pub3
https://doi.org/10.1002/14651858.cd001546.pub3
https://doi.org/10.1038/ajg.2009.176
https://doi.org/10.1002/14651858.cd008403.pub2
https://doi.org/10.1002/14651858.cd008403.pub2
https://doi.org/10.4065/77.5.479
https://doi.org/10.4065/77.5.479
https://doi.org/10.1007/s00423-008-0440-1
https://doi.org/10.1016/j.jpedsurg.2017.04.009
https://doi.org/10.1016/s0738-3991(02)00191-x
https://doi.org/10.1097/mcc.0b013e32832fbbe7

	Short-�term parent reported recovery following open and laparoscopic fundoplication
	1. Material and methods
	1.1. Inclusion and data collection
	1.2. Ethics
	1.3. Statistical analysis

	2. Results
	2.1. Patients and perioperative data
	2.2. Overall well-being, postoperative gastrointestinal symptoms, and use of analgesics
	2.3. Return to school or day-care

	3. Discussion
	References




