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Abstract

Background: The field of laparoscopic surgery in neonates or younger infants has benefitted from recent progress. This study aimed to determine
the correlation between patient characteristics and perioperative parameters, and to explore the feasibility of laparoscopic surgery in neonates
and infants.

Methods: We retrospectively collected and analyzed data on neonates and infants who received laparoscopic surgery at our institute between
January 2007 and August 2015. Perioperative data, surgical outcomes, and related complications were analyzed using Spearman rank correlation
coefficient.

Results: A total of 82 patients (42 male and 40 female) were included in this study. The median operative age and the median operative body
weight were 2.2 months and 4.2 kg, respectively. The median operative time was 3.5 hours, and the median insufflation time was 2.0 hours. The
mean intraoperative end-tidal carbon dioxide (EtCO,) level was 37.6 mmHg, the median body temperature (BT) was 35.8°C, and the mean peak
inspiratory pressure was 23.3 cmH,0. The median follow-up duration was 23.4 months. The intraoperative BT was significantly influenced by
the operative age (p < 0.001, ry = 0.52) and body weight (p < 0.001, ry = 0.59). The intraoperative EtCO, level was higher for longer operative
time (p = 0.01, r; = 0.28) and insufflation time (p < 0.001, r, = 0.39); however, all values returned to normal when the CO, insufflation was
stopped.

Conclusion: Laparoscopic surgery for neonates and infants can be safely performed by experienced surgeons. However, transient hypercarbia
may rapidly ameliorate after CO, insufflation is stopped.

Copyright © 2016, the Chinese Medical Association. Published by Elsevier Taiwan LLC. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction equipment and techniques and has been developed since the
late 1990s.' > In neonates and infants, friable and delicate
tissue, a small intra-abdominal or intrathoracic space, a steep
learning curve, and distinct anesthetic deliberation for dis-
similar physiological characteristics have resulted in MIS
being utilized less frequently than other techniques.'” > In
addition to technological limitations and the need for precise

surgical skills, MIS in neonates and infants is challenging

Minimally invasive surgery (MIS) in children, particularly
in those under the age of 1 year, requires sophisticated
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because of their vulnerability to hypothermia and hypercarbia,
which may lead to acidosis, reduced cerebral perfusion, and
other unfavorable outcomes.”*
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Although heat loss caused by large incisions is averted in
neonates and infants receiving MIS, extended surgical dura-
tion with prolonged exposure to the environment, the use of
dry and cold carbon dioxide (CO,) gas, and gas leaks from
port sites or instruments all contribute to hypothermia.”* A
small airway and large dead space may result in reduced gas
exchange. Furthermore, a high peritoneal absorption surface
per unit of weight, little peritoneal fat, and thin vessel walls
leading to rapid CO, diffusion all contribute to hypercarbia in
neonates and infants undergoing MIS.”*® We retrospectively
collected clinical data of neonates and infants who received
laparoscopic surgery at our institute and analyzed their peri-
operative data, surgical outcomes, and related complications to
clarify the safety and feasibility of MIS in such patients.

2. Methods

Between January 2007 and August 2015, 82 patients (42
male and 40 female) less than 1 year of age who received
laparoscopic surgeries at our institute were included. All of the
neonates and infants received laparoscopic-related in-
terventions for various diseases. In a typical laparoscopic
procedure, the patient was placed in the supine or lithotomy
position. The first transumbilical port was introduced using the
open Hasson technique. A 5-mm 30° endoscope (KARL
STORZ-Endoskope, Surgimed Corporation, Taichung,
Taiwan) was inserted via a transumbilical port, and the posi-
tions of the other two or three work ports (5 mm or 3 mm)
were determined according to operational needs. The pneu-
moperitoneal space was maintained using CO, insufflation,
and the pressure was 8—10 mmHg in neonates and
10—12 mmHg in infants.

The patients' medical charts were reviewed to obtain data
on general information, diagnosis, perioperative parameters,
surgical outcomes, complications, and follow-up durations.
The perioperative parameters were the operative age, operative
body weight, operative time, CO, insufflation time, intra-
operative end-tidal CO, (EtCO,) levels, body temperature
(BT), and peak inspiratory pressure (PIP). Among these fac-
tors, EtCO, was monitored using a capnometer, which
continuously measured the concentration of CO, in exhaled air
via the endotracheal tube connecting to the respirometer of the
anesthesia machine. The data were analyzed using the
Spearman rank correlation coefficient. The procedure for
enrolling all patients in this research was approved by the
Institutional Committee on Human Research of Taichung
Veterans General Hospital (TCVGH), according to the
guidelines of the Declaration of Helsinki and the International
Conference on Harmonisation for Good Clinical Practice
(Institutional Review Board TCVGH No. CE15260B).

3. Results

Thedefinitediagnosesandcorrespondingoperativeproceduresof
theincludedpatientsarelistedinTable 1. Thecentralmeasurement
resultsofthepreoperativedataofthesepatientsareshowninTable2.
The operative age ranged from 1 day to 11.4 months (median

Table 1
Diagnosis, patient number, and operative procedures of patients.
Diagnosis Operative procedure Patient
No.
Adrenal cortical adenoma Partial adrenalectomy
Anorectal malformation Laparoscopic-assisted 3
pull-through
Biliary atresia Kasai operation 6
Choledochal cyst Excision of choledochal 9
cyst and roux-en-y
hepaticojejunostomy
Congenital duodenal stenosis Duodenoduodenostomy 1
Congenital diaphragmatic hernia Primary repair 1
Patch repair 1
Diaphragmatic eventration Plication of diaphragm 2
Feeding intolerance in Nissen fundoplication 1
neurologically impaired and gastrostomy 2
children with/without Gastrostomy
gastroesophageal reflux disease
Hirschsprung disease Swenson procedure 10
Hiatal hernia Primary repair and 5
Toupet fundoplication
Infantile hypertrophic pyloric Pyloromyotomy 5
stenosis
Tleal atresia Segmental resection 3
and anastomosis
Intra-abdominal lymphangioma Excision of intra-abdominal 1
tumor
Intussusception Surgical reduction 5
Liver cysts Unroofing of the cyst 2
Neonatal cholestasis Intraoperative cholangiogram 1
Nonfunctional kidney in duplex Partial nephrectomy 5
collecting system
Ovarian cyst/teratoma Partial/total oophorectomy 4
Undescended testis Laparoscopic-assisted 6
orchiopexy
Ureteropelvic junction stenosis Dismembered pyeloplasty
Vesicoureteral reflux Ureteral reimplantation 1

2.2months),andtheoperativeweightrangedfrom2kgtol lkg(median
4.2kg).Theoperativetimerangedfrom1.0hoursto7.5hours(median
3.5hours),andCOsinsufflationtimerangedfrom0.2hoursto5.0hours
(median 2.0 hours). The mean intraoperative EtCO, level was
37.6 mmHg, the median BT was 35.8°C, and the mean PIP was
23.3cmH,0.AlthoughtheEtCO,levelincreasedandB Twasreduced
atthestartofinsufflation,inmostpatientsthe EtCO,levelwasmain-
tainedbelow42.1 mmHg, PIPwasbelow26.3cmH,0,and BTwas
above 35.1°C, as shown in Table 2. Hypercarbia-related intra-
operativerespiratoryacidosisandtransienthypothermia(BT<35°C)
were observedin three and four patients, respectively. All of these

Table 2

Measurement results of preoperative data for patients.

Parameters Median Q1 Q3
Operative age (mo) 2.25 0.60 7.38
Operative weight (kg) 4.25 3.42 7.44
Operative time (h) 3.50 2.00 5.00
Carbon dioxide insufflation time (h) 2.00 1.00 3.00

End-tidal carbon dioxide (mmHg) 37.60 (mean) 3273 42.13

Body temperature (°C) 35.80 3518  36.31
Peak inspiratory pressure level (cmH,0O)  23.30 (mean)  20.58  26.38
Follow-up (mo) 23.40 8.43 41.53
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