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ABSTRACT

BACKGROUND: The increased intra-abdominal pressure during laparoscopic surgical procedures was reported to be a factor in
the development of gastroesophageal reflux. This study evaluated the presence of gastroesophageal reflux and associated factors using
24-h pH monitoring in children undergoing laparoscopic appendectomy.

METHODS: Children who underwent laparoscopic surgery for presumed acute appendicitis between June 2017 and June 2018 were
included in the study. After pre-operative endotracheal intubation, pH catheters were placed for 24-h esophageal pH monitoring. Re-
lationships between gastroesophageal reflux and procedure time, pre-operative fasting time, age, weight, and body mass index (BMI)
were evaluated.

RESULTS: A total of 60 pediatric patients were included in the study. Their mean (SD) age was | 1.82 (3.71) years (range, 4—17 years).
The mean (SD) body weight was 41.27 (16.72) kg (range, 15-90 kg) and the mean (SD) BMI were 17.96 (4.37). The mean pre-operative
fasting time was 15.52 (12.1) h, while the mean operative time was 38.42 (17.96) min. Lower age and weight were significantly asso-
ciated with the presence of post-operative gastroesophageal reflux (p<0.05). Mean procedure time, mean pre-operative fasting time,
and BMI were not significantly associated with intra- or post-operative gastroesophageal reflux (p>0.05).

CONCLUSION: The lack of a significant relationship between mean procedure time and gastroesophageal reflux suggests that the
mean duration of the laparoscopic procedures performed in this study is safe in terms of gastroesophageal reflux. The results also
indicate that young age and low weight should be considered risk factors for gastroesophageal reflux in pediatric patients undergoing
laparoscopic appendectomy.
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INTRODUCTION

Laparoscopy is widely used in many intra-abdominal surgical

Gastroesophageal reflux (GER) is the retrograde flow of gas-
tric content into the esophagus due to dysfunction of the
lower esophageal sphincter and is the most common gastro-
enterological disorder in childhood.I Risk factors for GER
include medicines, neurodevelopmental disorders, motility
disorders, obesity, abnormal angle of His, and conditions that
cause increased intra-abdominal pressure.['

procedures in children. In laparoscopy, increased intra-ab-
dominal pressure caused by carbon dioxide (CO,) insuffla-
tion, as well as factors such as patient position, nasogastric
catheterization, and fasting time have been reported to affect
the development of intraoperative GER.I*¢! Studies of adult
patient groups have shown that GER can occur in 2-20% of
laparoscopic surgeries.!”!
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In GER, the acidic stomach contents may cause irritation of
the airways. In patients under general anesthesia, this effect
can lead to life-threatening conditions such as laryngospasm
and bronchospasm that result in hypoventilation and hypoxia
and require emergency airway intervention.’'% In addition,
children are more prone to hypoxia for reasons such as their
narrow airways, low functional residual capacity, and high ox-
ygen consumption.’) Therefore, GER is thought to pose a
serious risk in children receiving general anesthesia.

Detecting the presence of acid in the esophagus at a patho-
logical level and duration with 24-h pH monitoring is still
widely used for the diagnosis of GER.' However, there
has not been enough research on GER during laparoscopic
surgery in children, and there is a dearth of information re-
garding the outcomes of intraoperative GER.I'>'*] Therefore,
the aim of this study was to utilize 24-h intraesophageal pH
monitoring to evaluate the presence of intraoperative and
post-operative GER and associated factors in children under-
going laparoscopic appendectomy.

MATERIALS AND METHODS

The study included children who underwent laparoscopic
surgery for presumed acute appendicitis between June 2017
and June 2018. The study was conducted in accordance
with the Declaration of Helsinki and approval was obtained
from the Local Ethics Committee of the university, where
the study was conducted (no: 2017/72). The children’s legal
guardians were informed in detail, and patients whose guard-
ians voluntarily signed consent forms were included in the
study. Patients without written informed consent forms and
those previously treated for gastroesophageal reflux disease
(GERD) were not included in the study. The strengthening the
reporting of observational studies in epidemiology (STROBE)
checklist for cross-sectional studies was implemented in the
drafting of this article.

Patients undergoing surgery for presumed acute appendicitis
were placed in the supine position. Anesthesia was induced
with sodium thiopental (5 mg/kg) and rocuronium (0.6 g/kg).
After confirming adequate anesthesia, the anesthesiologist
performed intubation by direct laryngoscopy. A nasogastric
catheter was placed for gastric decompression and a 24-h
pH catheter was placed and fixed to the nasogastric catheter
under laryngoscopic guidance. To standardize the placement
of the pH catheter in all patients and eliminate the need to
confirm the position radiologically, the upper pH sensor was
positioned at the esophageal inlet. The other pH sensor was
located 5 cm lower on the pH catheter. As a result, measure-
ments were obtained from the upper half of the esophagus.
Using this system, the presence of GER was evaluated in the
intraoperative and post-operative period of the laparoscopic
appendectomy procedures.

Esophageal pH was measured using a pH recorder (Orion
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Il, MMS, Netherlands) and pH catheter (VersaFlex Z, Al-
pine Biomed, Fountain Valley, CA, USA) with two single-use
probes spaced 5 cm apart was used to measure. Before each
measurement, the pH meter device was calibrated by com-
puter using standard calibration solutions (pH Buffer Solu-
tion, pH 7.01£0.05/pH 4.00+0.05, Reagecon, Ireland). Re-
cording was initiated after intubation and placement of the
pH catheter. As standard procedure, all patients were posi-
tioned for surgery in 10-degree Trendelenburg position, with
the angle confirmed electronically using the protractor (An-
gle Measurement) application (Seong Eon Kim, EONSOFT).
During laparoscopy, CO, gas was insufflated intraperitoneally
at a flow rate of 3-5 L/min and pressure of 8-10 mmHg.
The procedure was completed laparoscopically in all of the
children.

Procedure time was defined as the time from initiating the
recording to completing the surgery, removing the intra-ab-
dominal CO,, and reverting Trendelenburg position. Intraop-
erative measurements were recorded during this interval. For
the first 24 h postoperatively, all patients in the study were
monitored with a nasogastric catheter, free drainage, and
fasting. At post-operative 24 h, the recording was terminated
and the pH catheter was removed together with the nasoga-
stric catheter. Post-operative measurements were recorded
from the end of surgery until nasogastric catheter extraction
at post-operative 24 h.

Readings from the pH meter probes placed at the esophageal
inlet and 5 cm distal (in the mid-esophagus) were recorded
as pHIA and pH2A in the intraoperative period and pHIB
and pH2B in the postoperative period, respectively. The
patients’ pH meter records were analyzed and DeMeester
scores (DMS) were determined for the intra- and post-opera-
tive period using the relevant pH measurements. DMS values
above 14.78 were classified as GER and those below 14.78 as
non-GER.I'!

The children’s age, sex, height, weight, body mass index (BMI),
fasting time, procedure time, and surgical findings were re-
corded. The patients were divided into four groups according
to BMI value: Underweight (BMI < 18.5), normal (18.5 < BMI
< 24.9), overweight (25 < BMI < 29.9), and obese (30 < BMI).
['¢] In addition, early and late clinical findings that may be asso-
ciated with reflux such as bronchospasm and vomiting were
recorded during the 24-h post-operative follow-up period.

Relationships between the presence of GER based on the
patients’ DMS values and their age, fasting time, procedure
time, weight, BMI, and post-operative findings were evaluated
using Chi-square, analysis of variance, and Tukey tests.

RESULTS

The study included 60 children who underwent laparoscop-
ic surgery for presumed acute appendicitis between June
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2017 and June 2018. Their mean (SD) age was 11.82 (3.71)
years (range, 4—17 years). Thirty-six (60%) of the patients
were boys and 24 (40%) were girls. The mean (SD) weight
and height were 41.27 (16.72) kg (range, 15-90 kg) and 150
(21.02) cm (range, 105-185 cm). The mean (SD) BMI was
17.96 (4.37), and 55% (n=33) of the patients were classified
as underweight (BMI < 18.5), 35% (n=21) as normal weight
(18.5 < BMI < 24.9), 6.6% (n=4) as overweight (25 < BMI
< 29.9), and 3.3% (n=2) as obese (BMI > 30). The patients’
mean (SD) pre-operative fasting time was 15.52 (12.1) h
(range, 5-72 h) and procedure time was 38.42 (17.96) min
(range, 12-90 min). When the surgical findings of the patients
in the study were evaluated, it was determined that 48 (80%)
of the patients had acute appendicitis and 6 (10%) had perfo-
rated acute appendicitis. No pathological findings were found
in the other 6 patients (10%). In the first 24 h postoperative-
ly, the patients were monitored for clinical findings that may
be associated with reflux. One patient (1.6%) had signs of
bronchospasm during post-operative awakening, while three
patients (5%) vomited during the first 24 h of post-operative
follow-up.

According to intraoperative DMS values, GER was detected at
the esophageal inlet (pHIA) in 14 patients (23.3%) and in the
mid-esophagus (pH2A) in 16 patients (26.6%). Post-operative
DMS values indicated GER at the esophageal inlet (pHIB) in
eight patients (13.3%) and in the mid-esophagus (pH2B) in
I4 patients (23.3%). The intra-operative and post-operative
DMS values of the patients are shown in Table |. Due to the
technical recording problems of the pH metering device, six
patients were excluded from the study. Four patients were
excluded from the study due to a history of GER disease.

Table I. The distribution of patients with and without

gastroesophageal reflux based on intraoperative
and postoperative DeMeester score (DMS).
DMS values above 14.78 were evaluated as
gastroesophageal reflux

n %

Intraoperative esophageal inlet DMS value (pHIA)

<14.78 46 767

>14.78 14 233
Intraoperative mid-esophagus DMS value (pH2A)

<14.78 44 733

>14.78 16 267
Postoperative esophageal inlet DMS value (pHB)

<14.78 52 867

>14.78 8 13.3
Postoperative mid-esophagus DMS value (pH2B)

<14.78 46 767

>14.78 14 233

DMS: DeMeester Scores.

Ulus Travma Acil Cerrahi Derg, October 2022, Vol. 28, No. 10

There were no significant differences in mean procedure
time or pre-operative fasting time according to intraopera-
tive (PHIA and pH2A) and post-operative (pH B and pH2B)
DMS values (p>0.05). In addition, there were no significant
differences in mean age or weight according to intraoperative
DMS (pHIA and pH2A) and post-operative esophageal inlet
DMS (pHIB) (p>0.05). However, patients with post-opera-
tive GER in the mid-esophagus (pH2B) had a significantly low-
er mean age (p=0.001) and mean weight (p=0.023). The dis-
tribution of pHIA, pH2A, pHIB, and pH2B DMS values did
not differ significantly among the BMI groups, and mean BMI
did not differ significantly according to the presence of GER
(p>0.05). Comparisons of patient age, weight, BMI, pre-oper-
ative fasting time, and procedure time between patients with
and without GER according to intra- and post-operative DMS
values are shown in Table 2.

The distribution of intra- and post-operative DMS values
was evaluated according to the presence of signs of bron-
chospasm and vomiting in the first 24 h postoperatively. A
significantly higher proportion of patients with post-opera-
tive findings suggestive of GER had intraoperative DMS val-
ues indicating GER (pHIA: p=0.011, pH2A: p=0.024; Table
3). Post-operative DMS values (pHIB and pH2B) showed
no significant difference based on the presence of possibly
GER-related findings (p>0.05). The relationship between sur-
gical findings (acute appendicitis, perforated appendicitis, and
non-pathological findings) and GER was examined. No sig-
nificant correlation was found between surgical findings and
GER (p>0.05).

DISCUSSION

In this study, 24-h esophageal pH monitoring did not reveal a
significant relationship between GER and laparoscopic proce-
dure time (p>0.05). This result suggests that the duration of
laparoscopic surgery in the study, which was 38.42 min (SD
17.96, range 12-90 min), was safe in terms of GER. Although
there was no statistically significant association between GER
and BMI, we found that patients with GER had significantly
lower mean weight and age. This finding suggests that young
age and low weight may be factors to consider when evalu-
ating the risk of GER in laparoscopic surgical procedures in
children.

Post-operative pH meter records revealed a significant re-
lationship between pH2B measurements and lower age and
body weight. In this study, the position of the pH| probe was
standardized as the esophageal inlet. However, considering
age-related differences esophageal length, the position of the
pH2 probe, located 5 cm distal to the pH| probe, was not
fixed. Regarding 24-h esophageal pH meter measurements,
May et al.l'l reported that the length of the esophagus was
ranged from 19 to 39 cm in their study on children aged 5.7
years (range, 4—13 years). Considering the mean (SD) age
of the patients in the present study was 11.82 (3.71) years
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Table 2. Comparison of the patients’ mean age, weight, body mass index (BMI), preoperative fasting time, and procedure time
according to intraoperative (pHIA, pH2A) and postoperative (pHIB, pH2B) DeMeester scores (DMS). DMS values above
14.78 were evaluated as gastroesophageal reflux

Intraoperative esophageal inlet DMS (pHIA) [
<14.78 (n=46) >14.78 (n=14)
Mean*SD Min—Max Mean*SD Min—Max
Age (years) 11.61+3.89 4-17 12.5+3.11 7-17 0.436
Weight (kg) 39.37+15.48 15-73 47.5£19.67 25-90 0.112
BMI (kg/m?) 17.44+3.97 10.71-27.04 19.66£5.31 12.57-31.64 0.098
Fasting time (h) 16.46x13.35 5-72 12.43£5.93 624 0.279
Procedure time (min) 61.80+17.27 30-95 58.8+25.1 25-120 0.610
Intraoperative mid—esophagus DMS value (pH2A) P
<14.78 (n=44) >14.78 (n=16)
MeantSD Min—Max MeantSD Min—Max
Age (years) 11.84£3.91 4-17 11.75£3.24 617 0.934
Weight (kg) 40.34£15.29 15-73 43.81£20.51 20-90 0.482
BMI (kg/m?) 17.80£3.91 10.71-27.04 18.40+5.58 10.94-31.64 0.639
Fasting time (h) 16.43%13.57 5-72 13.00£6.29 6-30 0.336
Procedure time (min) 60.52+18.06 30-95 62.70+22.57 25-120 0.703
Postoperative esophageal inlet DMS value (pHIB) p
<14.78 (n=52) >14.78 (n=8)
MeantSD Min-Max MeantSD Min—Max
Age (years) 11.62+3.74 4-17 13.13£3.44 7-17 0.288
Weight (kg) 40.13x£17.20 1590 48.63x11.49 25-60 0.184
BMI (kg/m?) 17.65+£4.57 10.71-31.64 19.98+1.91 16.85-22.67 0.162
Fasting time (h) 14.44+10.06 5-72 22.50+20.83 8-72 0316
Procedure time (min) 60.66+16.68 30-95 64.0+32.64 25-120 0.784
Postoperative mid—esophagus DMS value (pH2B) p
<14.78 (n=46) >14.78 (n=14)
MeantSD Min-Max MeantSD Min—Max
Age (years) 12.65%3.46 5-17 9.07+3.25 4-15 0.001"
Weight (kg) 44.0£16.57 1590 32.43x14.51 17-60 0.023"
BMI (kg/m?) 18.331£4.54 10.71-31.64 16.75£3.67 10.94-22.67 0.240
Fasting time (h) 15.24+10.57 5-72 16.43+16.67 6-72 0.751
Procedure time (min) 59.9£17.31 30-95 65.14+24.67 25-120 0.372

*Statistically significant (p<0.05). BMI: Body mass index; SD: Standard deviation.

(range, 4—17 years), it is clear that although the pH2 probe Miyazawa et al.l'®l reported that GER is a normal phenom-
did not have a fixed position, measurements were obtained enon during daily activity and is more common at younger
from the upper half of the esophagus in all patients. This issue ages, especially in infants. Although GER has been associated
must be borne in mind when evaluating the results of the  with increased weight and especially obesity in adults, there
study. have been few pH monitoring studies evaluating the relation-
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Table 3. The distribution of patients according to
presence of findings that may be associated with
postoperative GER (bronchospasm, vomiting) and
intraoperative pHIA and pH2A DMS values
pHIA Finding that may be associated p
with postoperative reflux
No Yes
<1478 n (%) 45 (80.4) | (25) 0.011
>14.78" n (%) I (19.6) 3 (75)
pH2A Finding that may be associated p
with postoperative reflux
No Yes
<1478 n (%) 43 (76.8) | (25) 0.024
>14.78" n (%) 13 (23.2) 3 (75)

“Statistically significant (p<0.05).

ship between obesity and GER in children.l"'"! In our study
evaluating GER in the upper half of the esophagus, no statis-
tically significant association was found between the BMI and
the presence of GER. Malaty et al.? reported that obesity is
a risk factor in GERD, which is caused by GER at pathological
level and duration. However, Rosen et al.l'”l emphasized that
the association between GER and low body weight was due
to functional immaturity of the gastroesophageal junction, es-
pecially during infancy. Taken together, these results suggest
that in addition to obesity, young age and low weight are oth-
er issues that should be considered in terms of GER during
laparoscopic surgery.

Considering the risk of GER and subsequent aspiration in
pediatric patients under general anesthesia, pre-operative
fasting periods for solid food ranging from 5 to 6 h to 15
h have been reported.?'? In the present study, there was
no significant relationship between pre-operative fasting time
and detection of GER in intraoperative and post-operative
pH monitoring. This seems to contradict the view that a lon-
ger fasting period before the procedure will reduce GER and
potential associated emergency airway complications.

Before a surgical procedure, factors influencing anesthesiol-
ogists’ preference of laryngeal mask or endotracheal intu-
bation for emergency airway management include obesity,
history of GER, whether the surgery is to treat GER, and
whether the estimated procedure time is more than 30 min.
1l Bahadir et al.?® reported laparoscopic procedure dura-
tion as a contributing factor to GER in their animal study.
However, we observed no significant relationship between
procedure time and GER in the present study. In the light
of these findings, our laparoscopic procedure time of 38.42
(SD 17.96) min seems to be within safe limits in terms of the
risk of GER.
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Doyle et al? reported that 40-53% of patients had GER
during laparoscopic surgery. In the present study, this rate was
determined to be 26.6% (16 patients) based on intraoperative
pH monitoring. Doyle et al.l”! also reported the incidence of
aspiration rate during laparoscopic surgery as 0.16-0.64%. In
the case series presented here, one patient (0.6%) exhibited
bronchospasm that may have been associated with GER within
the first 24 h postoperatively. When the distribution of symp-
toms of vomiting and bronchospasm was examined according
to DMS values determined by pH monitoring, significant over-
lap between these symptoms and GER was observed in the
intraoperative but not the post-operative period. This finding
suggests that patients should be monitored for GER that may
be triggered during laparoscopic surgical procedures and possi-
ble post-operative GER-related clinical findings, especially con-
sidering risk factors such as age, weight, and procedure time.

Regarding the limitations of this study, we controlled for fac-
tors that can trigger GER, such as patient position, nasoga-
stric catheter use, and intra-abdominal pressure values and
the results were obtained under these conditions. However,
this design precludes analysis of the effects of modifying these
factors. Due to the standardized placement of the pH cath-
eter used in the study, measurements were obtained from
the upper half of the esophagus. Therefore, the presence of
GER in the distal esophagus and its clinical effects could not
be evaluated. In addition, the calculated means of BMI were
in normal range in the compared groups of DMS values. Fur-
thermore, new prospective studies including large number of
patients for different age groups and different levels of perito-
neal inflammation are needed to understand the relationship
between laparoscopy and GER.

Conclusion

Mean procedure time of laparoscopic appendectomy in this
study was not significantly associated with GER in children,
indicating that this procedure is safe in terms of the risk of
causing GER. However, young age and low weight should be
included among the risk factors for GER in pediatric laparo-
scopic surgical procedures.
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Cocuk hastalarda laparoskopik apendektomide gastroozofageal refliiniin degerlendirilmesi
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AMAC: Laparoskopik cerrahi islemler sirasinda artan karin igi basincinin gastroézofageal reflii gelisiminde bir faktor oldugu bildirilmistir. Bu calisma,
laparoskopik apendektomi gegiren gocuklarda gastrodzofageal refli varligini ve iliskili faktorleri 24 saatlik pH monitdrizasyonu kullanarak degerlen-
dirilmesi amaglandi.

GEREG VE YONTEM: Haziran 2017—Haziran 2018 tarihleri arasinda akut apandisit diisiiniilerek laparoskopik cerrahi uygulanan ¢ocuklar galismaya
dahil edildi. Ameliyat dncesi endotrakeal entiibasyondan sonra, 24 saatlik pH monitdrizasyonu igin kateter yerlestirildi. Gastroozofageal reflii ile
islem siiresi, ameliyat oncesi aglik siiresi, yas, kilo ve viicut kitle indeksi arasindaki iligkiler degerlendirildi.

BULGULAR: Toplam 60 gocuk hasta calismaya alindi. Ortalama (SD) yaslari | 1.82 (3.71) yil (417 yas arasi) idi. Ortalama (SD) viicut agirligi 41.27
(16.72) kg (aralik, 15—90 kg) ve ortalama (SD) viicut kitle indeksi 17.96 (4.37) idi. Ameliyat dncesi ortalama aglik stiresi 15.52 (12.1) saat, ortalama
ameliyat stresi 38.42 (17.96) dakika idi. Daha dustik yas ve agirlik, ameliyat sonrasi gastrodzofageal reflii varligi ile anlamli olarak iligkiliydi (p<0.05).
Ortalama islem stiresi, ameliyat 6ncesi ortalama aglik stiresi ve viicut kitle indeksi, intra veya ameliyat sonrasi gastroozofageal refli ile anlamli olarak
iliski saptanmadi (p>0.05).

TARTISMA: Ortalama islem siiresi ile gastroozofageal reflii arasinda anlamli bir iliskinin olmamasi, bu calismada yapilan laparoskopik islemlerin
ortalama siiresinin gastroézofageal reflii agisindan giivenli oldugunu diislindiirmektedir. Sonuglar ayrica laparoskopik apendektomi yapilan gocuk
hastalarda geng yas ve dusuk kilonun gastrodzofageal refll icin risk faktorleri olarak diistinilmesi gerektigini gostermektedir.

Anahtar sézclikler: Gastroézofageal refll; laparoskopi; pH monitorizasyonu.
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