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Introduction

Laparoscopic surgery is associated with a decrease of 
postoperative pain and surgical complications and a faster 
postoperative rehabilitation.[1] This technique has also 
become the standard surgical technique for many pediatric 

interventions, previously realized by open laparotomy.[2] The 
miniaturization of optical and dissection devices used during 
this surgery and the increase in skills of many surgical teams 
have greatly contributed to the development of this technique 
in pediatric abdominal and urological surgeries.[3] Pediatric 
laparoscopic surgery also involves a faster postoperative 
rehabilitation.[4,5]	This includes a rapid recovery of bowel 
function (that allows oral treatment administration), a rapid 
removal of catheters (intravenous, bladder etc.,) active pain 
treatment and rapid mobilization. However, appropriate 
postoperative analgesia management during this kind of 
surgery and its influence on postoperative rehabilitation, 
especially the recovery of bowel function, has not yet been 
investigated.

The goal of the present study was to assess the influence 
of postoperative pain management, patient’s characteristics 
(demographic and health status) and surgery performed 
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Original Article

Background and Aims: Laparoscopic pediatric surgery allows a rapid postoperative rehabilitation and hospital discharge. 
However, the optimal postoperative pain management preserving advantages of this surgical technique remains to be determined. 
This study aimed to identify factors affecting the postoperative recovery of bowel function after laparoscopic surgery in children.
Material and Methods: A retrospective analysis of factors affecting recovery of bowel function in children and infants 
undergoing laparoscopic surgery between January 1, 2009 and September 30, 2009, was performed. Factors included were: 
Age, weight, extent of surgery (extensive, regional or local), chronic pain (sickle cell disease or chronic intestinal inflammatory 
disease), American Society of Anaesthesiologists status, postoperative analgesia (ketamine, morphine, nalbuphine, paracetamol, 
nonsteroidal anti‑inflammatory drugs [NSAIDs], nefopam, regional analgesia) both in the Postanesthesia Care Unit and in the 
surgical ward; and surgical complications. Data analysis used classification and regression tree analysis (CART) with a 10‑fold 
cross validation.
Results: One hundred and sixty six patients were included in the analysis. Recovery of bowel function depended upon: The 
extent of surgery, the occurrence of postoperative surgical complications, the administration of postoperative morphine in 
the surgical ward, the coadministration of paracetamol and NSAIDs and/or nefopam in the surgical ward and the emergency 
character of the surgery. The CART method generated a decision tree with eight terminal nodes. The percentage of explained 
variability of the model and the cross validation were 58% and 49%, respectively.
Conclusion: Multimodal analgesia using nonopioid analgesia that allows decreasing postoperative morphine consumption 
should be considered for the speed of bowel function recovery after laparoscopic pediatric surgery.
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on bowel function recovery after pediatric laparoscopic 
surgery. Bowel function recovery is meaningful in this 
context as one of the main criteria for postoperative 
rehabilitation.

Material and Methods

The study consists in a retrospective analysis of data from 
children	 operated	 in	 our	 institution	 between	 January	 1,	
2009	and	September	30,	2009.	Patients	were	selected	from	
our electronic hospitalization billing database and data were 
extracted by three anesthesiologists from paper records. This 
study was approved by our local ethical committee (IRB of 
Robert	Debré	Hospital:	#2012/28).	The	requirement	for	
written informed consent was waived by the institutional 
review board.

All patients operated using laparoscopic techniques 
without laparotomy conversion were selected for this study. 
Anesthesia was provided according to our local protocols. 
All patients underwent a 3 min preoxygenation. In the case 
of emergency surgery or intestinal occlusion a rapid sequence 
induction	 using	 propofol	 (2-3	mg/kg)	 or	 thiopental	 (5-7	
mg/kg),	 and	 succinylcholine	 (2	mg/kg)	 was	 performed.	
Otherwise	induction	was	performed	using	sevoflurane	(6%	
in a mixture of O2/N2O	50%/50%)	or	intravenous	propofol	
(5-7	mg/kg).	All	 patients	 were	mechanically	 ventilated	
after the trachea was intubated and a nondepolarizing 
muscle relaxant was systemically given in order to facilitate 
both	 intubation	 and	 surgical	 procedure	 (atracurium	 0.5	
mg/kg at induction). Muscle relaxation was systemically 
antagonized at the end of surgery. All patients were given 
intraoperative	opioids	(sufentanil:	0.2	µg/Kg at induction 
and	 0.1	µg/kg when intraoperative heart rate or mean 
arterial	pressure	 increased	above	20%	of	 the	preoperative	
value). Prevention of postoperative nausea and vomiting 
began	after	induction	using	both	dexamethasone	(0.15	mg/
kg)	and	ondansetron	(0.1	mg/kg).	Postoperative	analgesics	
were selected by individual anesthesiologists (intraoperative 
period	and	Postanesthesia	Care	Unit	[PACU])	and	surgeons	
(surgical ward) among opioid (morphine and nalbuphine) 
and nonopioid analgesics (paracetamol, nonsteroidal anti-
inflammatory	drugs	[NSAIDs]	and	nefopam).	Morphine	
was administered by intravenous titration in the PACU and 
by Patient or Nurse Controlled Analgesia in the PACU and 
the surgical ward. Otherwise, patients were given nalbuphine 
after morphine titration. Nalbuphine was administered as a 
bolus	of	0.2	mg/kg	 followed	by	continuous	administration	
(1	mg/kg/day).	During	hospital	stay,	morphine	was	either	
administered as a first line pain treatment or as a rescue 
therapy if nalbuphine failed to relieve pain.

Morphine administration was evaluated on the second 
postoperative day and replaced by a continuous intravenous 
administration	of	nalbuphine	(1	mg/kg/day)	if	no	bolus	was	
administered. Consistent with our protocols, intravenous 
opioids were prescribed during the first two postoperative days 
and replaced by oral codeine when nonopioid analgesics were 
insufficient to relieve pain.[6] Administration of nonopioid 
analgesics (intraoperativelly, during PACU stay or in the 
surgical ward) or regional analgesia, were determined by 
anesthesiologists at their discretion. Nonopioid analgesics were 
administered according to our local and national guidelines 
(www.pediadol.org). They included intravenous paracetamol 
(15	mg/kg/6	h	or	7.5	mg/kg/6	h	when	weight	was	less	than	
10	kg),	intravenous	NSAIDs	(Ketorolac,	1	mg/kg/8	h)	and	
intravenous	 nefopam	 (0.25	mg/kg/6	 h,	 for	 patients	 older	
than	 8	 years).	When	 the	 patients	 started	 accepting	 oral	
feeds,	 they	received	oral	paracetamol	(15	mg/kg	4	 times	a	
day)	and	oral	ibuprofen	(10	mg/Kg	4	times	a	day).	Caudal	
analgesia was decided and performed by the anesthesiologist 
caring for the patient at the end of surgery during urological 
procedures when appropriate. It consisted of a single bolus 
of	 levobupivacaine	 (2.5	mg/ml)	 at	 1	ml/kg	 (maximum	20	
ml). Parents were not allowed to stay with their child or 
infant during induction or PACU stay. In the PACU and in 
the surgical ward, analgesia was managed according to pain 
assessment. The assessment tools used were the Objective 
Pain Scale (OPS) for preschool children and the visual 
analog scale (VAS) for the older children. The goal of the 
analgesic management was to keep OPS or VAS under four.

Management of postoperative rehabilitation consisted of:
1.	 Rapid	removal	of	the	feeding	tube	(either	at	the	end	of	
surgery	or	during	the	first	12	postoperative	h),

2.	 Oral	feeding	when	bowel	functions	recovered	and
3. Rapid discharge from hospital. Recovery of bowel function 

was defined by the occurrence of bowel movement or flatus. 
Postoperative nausea and vomiting was managed using 
ondansetron	(0.1	mg/kg	3	times	a	day).

Data collected
Data collected included: Age, weight, surgery performed, 
chronic pain (sickle cell disease or chronic intestinal inflammatory 
disease), American Society of Anaesthesiologists status, 
postoperative analgesia in the PACU and in the surgical ward: 
Ketamine, morphine, nalbuphine (given in the first place or 
replacing morphine), NSAIDs (both intravenous or oral), 
nefopam, regional analgesia (either caudal analgesia, epidural 
analgesia or both), surgical complications and their management, 
time to recovery of bowel function and length of hospital stay. 
Recovery of bowel function was defined as the time of first 
feeding after flatus passage or bowel movement. Percentages of 
missing values were reported for each considered factor.
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For the purpose of analysis the surgery was classified as 
local, regional or extensive according to its extent and 
invasiveness defined by surgeons, and the predicted associated 
postoperative pain as defined by the French Society of 
Anesthesiology and Intensive Care (http://www.sfar.org/
article/21/prise-en-charge-de-la-douleur-post-operatoire-chez-
l-adulte-et-l-enfant-cc-1997).	Local	surgery	included:	Simple	
appendectomy, testicular ectopy, herniorraphy and exploratory 
laparoscopy; regional surgery included: Nissen surgery, 
cholocystectomy, localized intraabdominal abscess (without 
peritonitis), nephrectomy, Duhamel operation, pyeloplasty, 
ovariectomy and splenectomy; extensive surgery included: 
Peritonitis, digestive duplication, intestinal occlusion and any 
combination of two or more local and/or regional surgeries.

Statistical analysis
In order to study the impact of the factors cited above on 
the recovery of bowel function and to classify this outcome 
according to those factors, we performed a classification tree 
analysis.[7-9] This statistical method seems adapted to our 
heterogeneous population and allows classifying the sample 
according to predictors and their effects on one another. 
In addition, classification and regression tree (CART) 
analysis needs neither normal distribution nor independence of 
variables. This allows entering in the model factors that might 
be statistically dependent such as importance and surgery and 
morphine administration, with more frequent use of morphine  
during extensive surgeries.

This analysis generates classification trees defined by nodes 
which optimally classify the population in homogeneous 
groups according to the influence of the considered factors 
on the studied outcome. The methodology relies on the 
dichotomization (or division) of the population according to 
the predictors entered in the model. Each dichotomization 
(node) defines two child groups where intra-group variability 
is minimized. The predictor associated with each node is the 
one which maximizes the reduction of variability (measured 
by the variance) in that subpopulation. Each child group 
undergoes further dichotomization in a recursive manner. For 
interpretation purposes, one may focus on the tree’s terminal 
nodes which constitute the “groups.” Going up in the tree 
allows characterizing these groups according to the presence 
or absence of the risk factors associated with parent node in 
the tree.

In order to avoid excess division, the tree function was stopped 
when the explained variability of the studied variable stops to 
increase. This was assessed using the lift curve that explores 
the explained variability as a function of the number of 
divisions of the tree.

As recommended, the validity of this model was studied 
using the percentage of explained variability (derived from 
the misclassification risk of the CART model) and by cross 
validation. A tenfold cross validation was used in the current 
study Model validity was also assessed using a Pearson linear 
regression between predicted (determined by the model 
classification) and observed values of time to bowel function 
recovery.	Statistical	analysis	was	performed	using	JMP	9.0	
(JMP,	Version	9.	SAS	Institute	Inc.,	Cary,	NC,	1989-2011)	
and	SPSS	20.0	Software	(IBM	Company,	Chicago,	Illinois,	
USA).

Results of CART analysis are displayed as a tree, with 
each node containing factors that allow dichotomization, 
mean ± standard deviation of time to bowel function recovery 
and number of patients. The correlations between observed 
and predicted duration of recovery of bowel function was 
expressed as the Spearman coefficients of correlation.

Results

One hundred and sixty six patients with complete data were 
included in the analysis None of them were in an ambulatory 
program and none discharged on the day of surgery. There 
were no excluded patients because of missing data. Descriptive 
statistics	 are	 shown	 in	Tables	 1	 and	 2.	According	 to	 our	
classification,	 there	 were	 45.2%	 local	 surgeries,	 36.1%	
regional	 surgeries	 and	 18.7%	 extensive	 surgeries.	Except	
patients with preoperative chronic pain, all others (including 
emergent patients) did not receive preoperative opioid therapy.

Concerning postoperative analgesia, results are displayed in 
Tables	1	and	2.	Paracetamol	was	the	most	frequently	used	
(20.5%	and	96.4%	in	the	PACU	and	the	surgical	ward,	
respectively). Consequently, this factor was not entered in 
the CART analysis. NSAIDs and nefopam were used 
less frequently but their administration increased with the 
invasiveness of surgery and was systematically associated 
with paracetamol (except for NSAIDs during extensive 
surgeries,	Table	 2).	Consequently,	 this	 factor	 could	 not	
be analyzed independently of paracetamol administration.

Postoperative	 complications	 occurred	 in	18	patients.	These	
consisted	of	intra-abdominal	or	wound	abscesses	(14	patients);	
surgical incision dehiscence (one patient), postoperative wound 
hyperalgesia (one patient), postoperative fever (one patient), 
evisceration and failure after Toupet intervention (one patient). 
Surgery was required in four cases: One intra-abdominal abscess, 
one wound abscesses, one evisceration and one intervention 
failure (severe dysphagia after Toupet intervention). None of 
those complications were related to analgesia.
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Results	of	CART	analysis	are	shown	in	Figure	1.	It	generated	
eight terminal nodes forming eight groups of patients. 
According to this tree, five classifier factors were found: Extent 
of surgery, occurrence of postoperative surgical complication, 
postoperative morphine administration in the surgical ward, 
emergency surgery and postoperative co-administration 
of paracetamol-NSAIDs or paracetamol-nefopam in the 
surgical	ward	[Figure	1].	All	other	 factors	 included	in	the	
analysis, including demographic data and regional analgesia, 
were nonsignificant and were discarded by the model. The 
derived	tree	explained	58%	of	the	variability	of	the	studied	
outcomes	and	the	lift	curve	[Figure	2]	indicates	no	excess	of	
dichotomization as no ceiling of explained variability occurs 

during	divisions.	The	tenfold	validation	similarly	led	to	49%	of	
explained variability. Spearman correlation between observed 
and predicted values of time to bowel function recovery was 
statistically significant [Figure 3, r²	=	0.75;	P	<	0.001].

Discussion

The main findings of our study is that the time to bowel 
function recovery after laparoscopy in children and infants is 
affected by the extent of surgery, the occurrence of postoperative 
surgical complication, the administration of postoperative 
morphine, the co-administration of paracetamol and NSAIDs 

Table 1: Demographic, surgical and postoperative pain 
management characteristics of the population

Factor n (%)/mean ± SD
Age (months) 90±57
Weight (kg) 30±19
Emergency surgery 88 (53)
Local surgery 75 (45.2)
Regional surgery 60 (36.1)
Extensive surgery 31 (18.7)
Chronic Pain 15 (9)
ASA 1 and 2 153 (92.2)
ASA 3 and 4 15 (7.8)
Intraoperative

Ketamine 36 (21.7)
Paracetamol 131 (78.9)
NSAIDs 20 (12)
Nefopam 8 (4.8)
Regional anesthesia (caudal analgesia) 9 (5.4)
Duration of surgery (min) 78±61

PACU
Morphine 31 (18.7)
Nalbuphin alone 91 (55)
Nalbuphin 94 (56.6)
Intravenous opioids 122 (73.5)
Paracetamol 34 (20.5)
NSAIDs 19 (11.4)
Nefopam 12 (7.2)
Duration of PACU stay (min) 217±233

Surgical ward
Morphine 28 (16.9)
Nalbuphin alone 93 (56)
Nalbuphin 106 (63.9)
Intravenous opioid 121 (72.9)
Paracetamol 160 (96.4)
NSAIDs 21 12.7)
Nefopam 17 (10.2)
Complications 18 (10.6)
Surgical management of complication 4 (2.4)
Recovery of bowel function (h) 27±32
Duration of hospital stay (days) 5±5

SD = Standard deviation, NSAID = Nonsteroidal anti-inflammatory drugs, 
PACU = Postanesthesia care Unit, ASA = American Society of Anesthesiologists

Table 2: Demographic, surgical and postoperative pain 
management characteristics of the population according 
to the extent of surgery

Factor Local 
surgery*

Regional 
surgery*

Extensive 
surgery*

Age (months) 94±61 91±55 80±51
Weight (kg) 31±20 30±18 28±17
Emergency surgery 61.3 28.3 80.6
Chronic pain 2.7 20 3.2
ASA 1 and 2 96 83.3 100
Intraoperative

Ketamine 18.7 26.7 19.4
Paracetamol 73.3 88.3 74.2
NSAIDs 14.7 15 0
Nefopam 5.3 3.3 6.5
Regional anesthesia 
(caudal analgesia)

5.3 5 6.5

Duration of surgery 47±30 118±75 74±40
PACU

Morphine 8 26.7 29
Nalbuphin alone 60 50 51.6
Nalbuphine 60 53.3 54.8
Intravenous opioid 68 76.7 80.6
Paracetamol 14.7 26.7 22.6
NSAIDs 13.3 15 0
Nefopam 4 11.7 6.5
Duration of PACU stay 146±101 304±340 218±123

Surgical ward
Morphine 2.7 25 35.5
Nalbuphin alone 49.3 65 54.8
Nalbuphin 50.7 75 74.2
Intravenous opioid 52 90 90.3
Paracetamol 93.3 100 96.8
NSAIDs 9.3 21.7 3.2
Nefopam 6.7 11.7 16.1
Complication 5.3 11.7 22.6
Surgical management of 
complication

1.3 1.7 6.5

Recovery of bowel function (h) 12±9 28±22 62±53
Duration of hospital stay (days) 3±5 5±4 7±5

Data are expressed as mean ± SD or n (%) within the considered subgroup 
of surgery (*for complete description see the text), SD = Standard deviation, 
NSAID = Nonsteroidal anti-inflammatory drugs, PACU = Postanesthesia care 
Unit, ASA = American Society of Anesthesiologists
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or nefopam and whether the surgery was performed as an 
emergency	 procedure.	Our	model	 explained	 58%	 of	 the	
variability of the outcome with a satisfactory cross validation 
and an acceptable level of accuracy.

Laparoscopic surgery in children and infants has 
become frequently used in many centers instead of open 
laparotomy.[1,3,4,10] This surgical technique has been 
successfully used for many interventions such as appendectomy, 
cholecystectomy, urological surgery, colectomy or enterotomy 
and oncologic surgery. Many studies and meta analyses have 
found at least one of the following benefits: Decrease of surgical 
complications, rapid postoperative rehabilitation (including 
faster recovery of bowel function and oral intakes), a decrease 
of postoperative pain and faster hospital discharge.[1,3,4,10]

Postoperative pain management in children involves important 
factors that must be taken into account. Although morphine 
is used as a first line postoperative pain treatment, it is less 
effective in infants than in adult patients and is associated 
with more frequent complications such as delayed of bowel 
function recovery, nausea and vomiting, pruritus and urinary 
retention.[11] In addition, opioid-sparing compounds such as 
ketamine have been found ineffective in children.[12] Moreover, 
nonopioid analgesics, such as NSAIDs or nefopam are not fully 
labeled for pediatric use or only for particular ranges of age and 
weight, even though, they are known to produce opioid-sparing 

effects in adult patients.[13] Consequently, investigating factors 
affecting pediatric postoperative rehabilitation, especially those 
related with analgesia and opioid administration, is of great 
importance.

Among factors found to influence the recovery of bowel 
function after laparoscopic surgery, three were dependant 
on the nature of surgery (extent and invasiveness of surgery, 
postoperative complications, and performance as an emergency 
procedure) and two involved postoperative pain management 
(postoperative morphine consumption and nonopioid analgesics 
administration). Our study confirmed previous findings that 
postoperative morphine administration results in delayed bowel 
function	 recovery	 (nodes	16,	 17	 and	7,	 8).	As	previously	
found,[14] the mixed agonist-antagonist µ opioid receptor 
nalbuphine was not found to be a predictor of bowel function 
recovery. This result must not be interpreted as an argument 
against the use of postoperative morphine but rather as an 
indication to decrease the amount of administered morphine. 
Decreasing postoperative morphine administration can be 
achieved by associating this agent with nonopioid analgesics 
such as paracetamol, NSAIDs and nefopam.[13] Paracetamol 
and NSAIDs have been previously found to induce an opioid 
sparing effect in children.[15-17] In adult patients, nefopam, an 
NMDA receptor antagonist, has been unambiguously shown 
to decrease opioid and morphine consumption during the 
postoperative period which might in turn decrease the time 

Figure 1: Classification and regression analysis tree. Each node contains mean and standard deviation of observed values of recovery of bowel function (expressed 
in hours), the number (n) of patients in the node. Bold boxes indicate terminal nodes
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to return of bowel function.[13] Interestingly, our study is one 
among the first which found an advantage of this compound in 
children. Adding nefopam to paracetamol decreased the time 
to	recovery	of	bowel	function	[Figure	1	Nodes	11	and	12].	
Other pharmacological and nonpharmacological treatments 
might also be used in order to decrease morphine consumption. 
In adults patients intravenous lidocaine,[18] preoperative 
gabapentin[19-21] or intraperitoneal or wound local anesthetics 
administration[18,22-24] have been previously found to decrease 
postoperative opioid requirement and improve postoperative 
pain relieve. However, their use in children is limited by the lack 
of evidences. Our analysis did not find any benefit of regional 
analgesia in decreasing time to recovery of bowel function. 
However, the limited number of patients who underwent these 
techniques may explain this result.

Our study found the extent of surgery, occurrence of surgical 
complications and the emergency character of surgery to be 
predictors of delayed bowel function recovery. The impact of 
the extent of the surgery and reintervention is unsurprising 
regarding the intensity of the postoperative ileus induced by 
extensive surgery. The relation between emergency surgery 
and the recovery of bowel function is more complicated to 
interpret especially when considering most of emergency 
surgery cases were simple or locally abscessed appendicitis. 
One can hypothesize that perioperative psychological factors 
such as anxiety (from both parents and the child) might 
contribute to this observed delayed bowel function recovery.[25] 
Otherwise, preoperative opioids might have impact on the 
postoperative recovery of bowel function. However, this was 
not the case in our sample while no emergency was managed 
with preoperative opioids. Finally, the importance of the 
inflammatory response during emergency surgeries might also 
explain the delayed recovery of bowel function.

Our study found a satisfactory correlation between estimated 
and observed values of time to bowel function recovery. 
Moreover,	the	10-fold	cross	validation	found	a	similar	result	
concerning the explained variability, in comparison to the 

model	determination	(49%	vs.	58%	respectively).	However,	
the	unexplained	variability	(42%)	suggests	that	some	factors	
not included in our analysis such as surgeons’ skills or patient 
and parents-related psychological factors should be considered 
in future investigations.

Our study suffers some limitations. Firstly it is a retrospective 
study, and so the data were collected without a previous 
standardized prescription protocol for both opioid and nonopioid 
analgesics. Consequently, systemic analgesia (including opioid 
and nonopioid agents association) and regional analgesia was 
under-used. This might have decreased the quality of analgesia 
and the speed of postoperative rehabilitation. However, as 
stated earlier, results of our analyses display a model with a 
high degree of explained variability of the studied outcome 
and a good reproducibility of this model. Secondly, morphine 
consumption was not investigated in our study. Considering this 
factor would allow studying the effect of morphine consumption 
on postoperative bowel function recovery. However, doing so 
instead of studying other factors would not have added any 
knowledge to the previously documented dose-related effect of 
morphine on bowel function recovery. In addition, regarding the 
continuous nature of our studied outcome (time to recover the 
bowel function) using doses of morphine might give irrelevant 
result.[26] Finally, the retrospective methodology of our study 
might introduce report bias in morphine doses with irrelevant 
results concerning this factor.

Conclusion

Our study found five factors associated with time to recovery of 
bowel function: The extent of surgery, surgery complications, 
the emergency character of surgery, postoperative morphine 
administration and the postoperative administration of 
NSAIDs or nefopam (co administered with paracetamol). 

Figure 3: Correlation between observed and predicted individual values of 
recovery of bowel function (expressed in hours). Dashes lines (95% confidence 
interval of the regression), continuous line: Mean correlation regression

Figure 2: Lift curve fitting the number of division against the explained variability 
of the model
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Multimodal analgesia using nonopioid analgesics that allows 
decreasing morphine consumption should be considered for 
postoperative rehabilitation during laparoscopic surgery in 
children.
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