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Introduction 

 The standard surgical procedure to treat malrotation and prevent midgut volvulus 

was described in 1936 by William E. Ladd [1]. It is performed through a transverse 

incision in the upper abdomen, followed by counterclockwise detorsion of midgut 

volvulus if present, division of the bands between the cecum and the duodenum, 

widening of the mesenteric root to prevent further volvulus, positioning of intestines 

into the nonrotation configuration, and often appendectomy to prevent future 

diagnostic confusion.  

Laparoscopic surgery for intestinal malrotation was first reported in 1995, and has 

become more popular over the years [2]. The potential benefits of laparoscopic 

surgery are increased visualization, smaller incisions, lower post-operative pain, 

shorter length of stay, better cosmesis and decreased rate of adhesive bowel 

obstruction and wound infection [3,4]. However, the effectiveness and the safety of 

this approach for the treatment of malrotation and midgut volvulus remain 

controversial [5]. The decreased post-operative adhesion formation after laparoscopy 

theoretically lessens the risk of post-operative small bowel obstruction, but it could 

also be associated with a greater risk of post-operative volvulus [3,6]. The feasibility 

of the Ladd’s procedure using a laparoscopic approach is also debated in neonates 

with acute midgut volvulus [7,8]. 

 

Objective: 

This study aims to compare the outcomes of laparoscopic and open surgical 

treatment of intestinal malrotation in children.  

 

Methods: 

Following institutional approval, a multicentric retrospective study was conducted 

including all consecutive pediatric cases of intestinal malrotation operated on 

between 2005 and 2016 in 8 pediatric surgery departments. Patients were identified 

through operating rooms records. Only patients aged less than 18 years were 

included. Patients with a previous surgical treatment of intestinal atresia, 

gastroschisis, omphalocele or diaphragmatic hernia were excluded, because in such 

cases the pathophysiology of intestinal malrotation is different. Analyzed data 

included demographic data, clinical and imaging findings, surgical reports, 

peroperative and post-operative complications and outcomes Data were collected by 



a surgeon from each center and compiled in an anonymized database. Patients were 

divided in groups: elective surgery for intestinal malrotation or emergency surgery 

(according to reports from the medical files), and neonates or patients aged > 1 year. 

Elective procedures were scheduled days or weeks in advance, while emergency 

procedures were performed as soon as possible after diagnosis. Surgeons choose to 

operate either by laparoscopy or by laparotomy, based on the clinical presentation of 

each patient, their experience and personal preference.  

All patients underwent the classic Ladd’s procedure. Regardless of the chosen 

approach, the abdomen was first inspected for the presence of volvulus, the viability 

and the rotational status of the bowel, before performing derotation. The next steps of 

the procedure were adhesiolysis of peritoneal bands, widening the root of the 

mesentery by incising the peritoneum and gaining length between the vascular 

arcades of the superior mesenteric artery, appendectomy and positioning the small 

bowel on the right side of the abdomen and the cecum and colon on the left side. 

Patients were discharged after regaining full feeds. 

The overall complications rate was calculated in each group (number of patients with 

at least one reported complication divided by the total number of patients in the 

group). 

Statistics 

Data were reported as median and rangesfor continuous variables and percentages 

for categorical variables. The normality of the distribution was assessed using the 

Shapiro-Wilk test. None of the analyzed variables showed compliance with a normal 

distribution. Therefore, , the Fisher exact test was used for categorical variables and 

the Mann-Whitney test was used for continuous variables to determine differences 

between groups. All statistical tests were performed with a p-value < 0.05 considered 

to be significant.  

A multivariate analysis with linear regression was performed with incorporation of 
significant factors at the limit of p < 0.20 after univariate analysis. 
Statistical calculations were performed using SPSS ® version 23.0 software. 

 

Results 

227 children (87 females and 140 males) with a mean age of 1.6 years +/- 3.5 

(median age of 17 days, range 1 day to 17.2 years) were included. 166 (73.1%) 



patients had an emergency procedure and 61(26.9%) had an elective Ladd’s 

procedure. Demographic and clinical data are summarized in Table 1. 

 

Twenty-seven patients (11.9%) were asymptomatic and the diagnosis of intestinal 

malrotation was made incidentally by ultrasonography and further confirmed by upper 

gastrointestinal contrast study (UGI).  

Flow diagrams showing the chosen approaches, the diagnosis of midgut volvulus and 

outcomes are presented in Figure 1 for elective surgeries and Figure 2 for 

emergency procedures.  

Amongst 61 children who underwent elective surgery, 13 (21.3%) had midgut 

volvulus, although there was no intestinal ischemia. Two of them were asymptomatic 

and the 11 others suffered from chronic abdominal pain (6/11), vomiting (6/11) and 

abnormal intestinal transit (constipation or diarrhea) (5/11). 

 

Overall, 46 (20.3%) procedures were started by laparoscopy and 181 (79.7%) by 

laparotomy. The choice of a laparoscopic approach was more frequent for elective 

surgery than for emergency procedures (45.9%, 28/61 vs 10.8%, 18/166)(p<0.001) 

(Table 2 and Table 3). The percentage of procedures started by laparoscopy was 

variable (from 3.5% to 66.7%) between centers. The overall conversion rate was 

37.0% (17/46). Conversions were significantly more frequent during emergency 

procedures (66.7%, 12/18) than during elective surgeries (17.9%, 5/28)(p=0.001). 

Among 161 patients with midgut volvulus, 13 (8.1%) required a bowel resection. 

Patients younger than 6 months were more likely to have a volvulus than older 

patients (78.9%, 127/161 vs 51.5%, 24/66) (p<0.001). Outcomes after laparoscopy 

and laparotomy were compared in the group of patient aged <1 year and in older 

children (Table 4 and Table 5).  

Three patients treated for a midgut volvulus died 1 hour, 2 days and 4 days after 

surgery, and 5 other patients had short bowel syndrome at last news.  

Twenty-two children experienced post-operative small bowel obstruction 

secondary to adhesions after a median time of 2.6 months (range 0-79.2, mean 

14.7+/-20.1). Two were treated conservatively with no oral intake, nasogastric 

intubation and intravenous rehydration. Twenty required surgical treatment. 

There were 13 post-operative volvulus after a median time of 5.5 months (range 0.2-

12.8, mean 5.6 +/-5.3), including 12 recurrences of volvulus and 1 volvulus in a child 



initially operated on for a malrotation without volvulus. There were 4 incisional 

hernias in the group of children operated on by laparotomy. Overall 39 children had 

complications requiring another abdominal surgery, either because of small bowel 

obstruction, midgut volvulus, incisional hernia or short bowel syndrome. 

 

Patients operated on by laparoscopy were older than patients operated on by 

laparotomy (including laparoscopy converted to laparotomy) (4.27 years +/-4.80 vs 

0.93 years +/-2.78, p<0.001). The mean operative time (100 min +/-41 by 

laparoscopy and 89 min +/-39 by laparotomy, p=0.4)(missing data in 41 cases) and 

the mean hospital stay (6.2 days +/- 6.3 by laparoscopy and 12.7 days +/-17.5 by 

laparotomy, p=0.2) were not significantly different. The youngest child treated by 

laparoscopy without conversion was 3 days old. After a median follow-up of 11.6 

months (range 1-127, mean 23.5  +/-30.4, no significant differences were found 

between laparoscopy and laparotomy considering the overall post-operative 

complication rate (17.2% (5/29) vs 22.2% (4/198), p=0.6), the rates of post-operative 

volvulus (10.3% (3/29) vs 5.1% (10/198), p=0.2), post-operative bowel obstructions 

(6.9% (2/29) vs 10.1% (20/198), p=0.7), and post-operative incisional hernias (0%, 

0/29 vs 2.0%, 4/198)(p=1). 

 

The comparison between the outcomes of laparoscopy and laparotomy in the 

subgroups of elective surgeries and emergency procedures is shown in tables 2 and 

3. 

 

Elective surgeries 

Considering only elective surgeries, the mean operative time and the mean hospital 

stay were significantly shorter in the laparoscopy group (77 min +/-14 vs 100 min +/-

35, p=0.04; and 5.3 days +/-5.2 vs 10.1 days +/-13, p=0.01). 

The mean operative time was not significantly different in patients undergoing initial 

laparoscopic surgery (completed laparoscopies and conversions) compared to 

patients undergoing initial laparotomy. (98 min +/- 37 vs 92.2 +/- 24, p=0.7)  The 

frequency of post-operative volvulus was significantly higher in the laparoscopy group 

(13% vs 0%, p=0.04), but the overall complication rate was not significantly different 

(15.8% after laparotomy vs 21.7% after laparoscopy, p=0.7).  

 



Emergency procedures 

Considering emergency procedures, outcomes were not significantly different when 

comparing the two approaches. Amongst 166 emergency surgeries, only 6 (3.6%) 

Ladd’s procedures were completed by laparoscopy without conversion. 

 

Hospital stay 

The mean hospital stay was significantly shorter in children aged > 1 year (7.4 days 

+/-10.7) compared with neonates (13.4 days +/-17.9)(p=0.003). It was also 

significantly shorter after electives surgeries (8.2 days +/-10.8) than after emergency 

procedures (13.2 days +/-18.1) (p=0.04), and shorter in the laparoscopy group (6.2 

days +/-1.2 vs 12.7 +/-17.5 in the laparotomy group) (p<0.001). Length of stay was 

not statistically associated with other factors, especially sex, volvulus or associated 

malformations. None of these factors were associated with the length of stay after 

multivariate statistical analysis. 

 

 

Discussion 

Laparoscopy has progressively become the standard of care replacing the 

conventional open approach in a large number of standard procedures, such as 

appendectomy or cholecystectomy, but its indications for the treatment of intestinal 

malrotation remain controversial. This large series of intestinal malrotation in children 

highlights the pros and cons of the laparoscopic approach.  

We confirmed the feasibility of the technique, as the present series includes 5 

children with intestinal malrotation and midgut volvulus who underwent a complete 

laparoscopic Ladd’s procedure without any intra or post-operative complication. The 

choice of a laparoscopic approach was not associated with a longer operative time. 

Although post-operative pain and cosmetic results were not evaluated in this 

retrospective study, the mean hospital stay after elective laparoscopic Ladd’s 

procedure was shorter than after laparotomy, as previously reported by other authors 

[3,9-11]. Stanfill et al. showed that patients are discharged earlier after laparoscopy 

because the time to starting feeds and amount of time to reach full feeding is less 

than after laparotomy [11]. 

Laparoscopy is also highly beneficial when the diagnosis of malrotation is uncertain 

[5,8,9,12,13].  



The main issue regarding the better surgical approach for the treatment of 

malrotation is the rate of postoperative complication. In a large metaanalysis 

including 744 open and 259 laparoscopic Ladd’s procedure, Catania et al. found a 

significantly higher rate of post-operative complication after open surgery (22%) in 

comparison to laparoscopy (13.7%) [3]. We found comparable results in the present 

study, although the difference was not significant, probably because of a smaller 

cohort.  

Another controversy is the minimum age required to perform an effective 

laparoscopic Ladd’s procedure. Previous authors stated that the laparoscopic 

approach couldn’t be recommended in neonates due to limited working space and 

vision [14]. In our series the youngest patient operated on by laparoscopy was 3 days 

old, which proves that an experienced surgical team can perform this surgery in 

neonates using adequate 3 mm diameter instrumentation [4,7,13,15,16]. However, 

mobilization of the gut is easier in older children and consistently with previous 

studies, patients operated on by laparoscopy were older than patients operated on by 

laparotomy in the present series [3,4,8-11,14].  

Although the laparoscopic approach is associated with less post-operative pain, 

shorter time to reach full feed, less scaring and fewer post-operative complications 

than laparotomy, it is not without downsides and the open approach remains more 

popular for the time being [17].  

The laparoscopic procedure is difficult to achieve and should not be attempted by 

junior clinicians without the help of an experienced laparoscopic surgeon. This 

technique needs a degree of expertise and excellent vision of the operative field. It is 

essential to proceed from known landmarks to unknown, carefully identifying 

digestive structures without creating torsion. At the end of the dissection, one should 

be able to follow the straightened duodenum and the wide-base mesentery. In the 

context of volvulus with small bowel obstruction, the intestinal dilatation makes the 

working space smaller and mobilization of the small bowel more difficult. Complete 

derotation of the bowel can be difficult to assess due to limited vision. The risk of 

intestinal perforation is high when manipulating ischemic bowel, and grasping of the 

ischemic segments should be avoided [7]. Moreover, Ischemia caused by midgut 

volvulus can lead to intestinal necrosis, which requires conversion to laparotomy and 

bowel resection. In the present series, 8.1% of patients with midgut volvulus needed 

bowel resections, which is consistent with the rate of 10% previously reported in a 



large series of 292 patients [18]. The delay caused by hospital-to-hospital 

transfer and cardiac comorbidities are identified risk factors for bowel resection 

[18,19]. The laparoscopic approach should be performed only on selected cases, 

hemodynamically stable, with an early diagnosis after presentation [7]. These 

difficulties explain why pediatric surgeons were more prone to choose open approach 

for emergency surgery, while laparoscopy was more frequent in the group of elective 

surgery.  

Moreover, the major concern with the laparoscopic treatment of malrotation is the risk 

of recurrent midgut volvulus. As laparoscopy creates fewer adhesions than 

laparotomy, it is believed to be associated with a higher risk of recurrent midgut 

volvulus [9,17]. Previous studies have reported contradictory results regarding this 

risk of recurrence after laparoscopic Ladd’s procedure ranging from 0 to 30% [4,10, 

11,14,20-22]. We reported a higher risk of post-operative volvulus after elective 

laparoscopic Ladd’s procedure compared with laparotomy. The metaanalysis by 

catania et al. showed that the incidence of post-operative volvulus was 3.5% after 

laparoscopy and 1.4% after laparotomy [3]. Recurrences typically occur within 6 

months after surgery, but we report a case of volvulus diagnosed at 13 post-operative 

months and this risk should not be underestimated in the long term [4].  

While post-operative volvulus is more frequent after a laparoscopic approach, 

laparotomy is commonly believed to be associated with more adhesion formation and 

a higher risk of post-operative bowel obstruction [17]. We reported an incidence of 

10% of small bowel obstruction following open Ladd’s procedure, consistently with 

previous study reporting rates of 0% to 15%. Two patients who were operated on by 

laparoscopy also suffered from post-operative small bowel obstruction, but their 

symptoms were moderate and ultimately they were managed conservatively. To our 

knowledge no study confirmed that open Ladd’s procedure would be associated with 

a higher risk of post-operative small bowel obstruction, although this remains a 

common belief [17].  

We emphasize that our results should be interpreted with caution, as patients 

operated on by laparoscopy were older than patients operated on by laparotomy in 

our series, and the two groups are therefore not completely comparable. Patients 

were also more severe and midgut volvulus was more frequent in the laparotomy 

group. A prospective study comparing the outcomes of both approaches is needed. 



Managing a child with intestinal malrotation, the main focus of the pediatric surgeon 

should always be the treatment and prevention of midgut volvulus. Thus, conversion 

to an open procedure should be done with a low threshold when there is any doubt 

that an adequate result can be reached laparoscopically [15,20].  

As a matter of fact, we found conversion to be significantly more frequent during 

emergency procedures. Catania et al. reported a conversion rate of 25%, mostly 

because of inadequate view and impossibility to reduce midgut volvulus [3]. Previous 

studies have also shown that conversions are more frequent in the beginning of a 

surgeon experience, which suggests an important learning curve for this challenging 

procedure [4,10]. This can also explain the high variability in previously reported rates 

of conversion between 8 and 73% [3,4,10,14,17,20-22]. The parents must be aware 

of a potential conversion from laparoscopy to open surgery before starting procedure 

[7].  

 

Conclusion 

If performed by an experienced surgical team, the treatment of intestinal malrotation 

can be achieved by a laparoscopic approach, even in neonates with midgut volvulus. 

However, conversion to open surgery should be done with a low threshold, as the 

rate of volvulus recurrence is concerning.  
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Emergency procedures
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Postoperative
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No postoperative
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Postoperative

incisional hernia
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Postoperative
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Postoperative

small bowel
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N=14

Postoperative

volvulus N=8 

Postoperative

incisional hernia

N=2

Short bowel

syndrome N=5

Death N=3



 

 
Laparoscopy 

(before conversion) 
Laparotomy p* Total 

n 46 (20.3) 181 (79.7)  227 

Male, n (%) 29 (63.0) 111 (61.3) 
0.9 

140 (61.7) 

Female, n (%) 17 (37.0) 70 (38.7) 87 (38.3) 

Age at time of surgery in months 

Mean +/-SD 

Median (range) 

 

51.9 +/-58.3 

29.2 (0.1-205.2) 

 

11.4 +/-33.7 

0.3 (0.0-209.4) 

<0.001 0.6 (0.0-209.4) 

Asymptomatic, n (%) 12 (26.1) 15 (8.3) 
0.003 

27 (11.9) 

Symptomatic, n (%) 34 (73.9) 166 (91.7) 200 (88.1) 

Vomiting, n (%) 18 (39.1) 129 (71.3) <0.001 147 (64.8) 

Abdominal pain, n (%) 22 (47.8) 100 (55.2) 0.4 122 (53.7) 

Abnormal intestinal transit 

(constipation or diarrhea), n (%) 
3 (6.5) 33 (18.2) 0.07 36 (15.9) 

Elective surgery, n(%) 28 (60.9) 33 (18.2) 
<0.001 

61 (26.9) 

Emergency surgery, n(%) 18 (39.1) 148 (81.8) 166 (73.1) 

Associated malformations or 

pathologies, n (%) 
7 (15.2) 26 (14.4) 0.9 33 (14.5) 

Table 1: Demographic and clinical data of children operated on for an intestinal 

malrotation, * the Fisher exact test was used for categorical variables and the Mann-

Whitney test was used for continuous variables. SD= Standard Deviation 

 



 

 Elective surgery Emergency surgery 

 Laparotomy N=33 
Laparoscopy 

N=28 
p Laparotomy N=148 

Laparoscopy 

N=18 
p 

Age at time of surgery in 

months 

  Mean +/-SD 

  Median (range) 

 

 

12.1 +/-19.9 

3.2 (0-79.2) 

 

 

62.9 +/-61.5 

39.2 (0.3-

205.2) 

 

<0.001 

 

 

11.3 +/-36.2 

0.2 (0-209.4) 

 

 

34.9 +/-49 

5.9 (0.1-158.2) 

 

<0.001 

Operative time in minutes 

  Mean +/-SD 

  Median (range) 

 

98 +/-38 

108 (40-145) 

 

92 +/-24 

91 (60-124) 

0.6 

 

79 +/-34 

70 (40-180) 

 

130 +/-49 

118 (75-210) 

<0.001 

Conversion  5 (17.9)   12 (66.7)  

Hospital stay in days  

  Mean +/-SD 

  Median (range) 

 

12.1 +/-14.4 

7 (2-76) 

 

6.0 +/-4.9 

5 (1-27) 

0.003 

 

16.2 +/-19.5 

10 (3-183) 

 

9.3 +/-6.2 

7 (4-28) 

0.05 

Post-operative volvulus, n (%) 0 (0) 3 (10.7) 0.09 9 (6.1) 1 (5.6) 1 

Post-operative small bowel 

obstruction, n (%) 
4 (12.1) 2 (7.1) 0.7 14 (9.5) 2 (11.1) 0.7 

Post-operative incisional 

hernia, n (%) 
1 (3.0) 0 (0) 1 3 (2.0) 0 (0) 1 

Short bowel syndrome, n(%) 0 (0) 0 (0) - 5 (3.4) 0 (0) 1 

Need for subsequent 

abdominal surgery, n(%) 
4 (12.1) 3 (10.7) 1 29 (19.6) 3 (16.7) 1 

Death, n (%) 0 (0) 0(0) - 3 (2.0) 0 (0) 1 

 

Table 2: Outcomes of elective and emergency surgery for intestinal malrotation in 

children with comparison between procedures started by laparoscopy and 

laparotomy. SD = Standard Deviation 

 



 

 Elective surgery Emergency surgery 

 

Laparotomy N=38 

(including 5 laparoscopy 

converted to laparotomy) 

Laparoscopy 

N=23 
p 

Laparotomy N=160 

(including 12 

laparoscopy 

converted to 

laparotomy) 

Laparoscopy 

N=6 
p 

Age at time of surgery in 

months 

  Mean +/-SD 

  Median (range) 

 

 

1.7 +/-2.7 

4.7 (0-116.7) 

 

 

4.9 +/-5.3 

37 (0.3-205.2) 

 

0.01 

 

 

1.1 +/-3.1 

0.3 (0-209.4) 

 

 

2.1 +/-4.9 

0.4 (0.1-148.3) 

 

0.4 

Operative time in minutes 

  Mean +/-SD 

  Median (range) 

 

100 +/-35 

108 (40-145) 

 

77 +/-14 

75 (60-97) 

0.04 

 

85 +/-40 

73.5 (40-210) 

 

121 +/-49 

95 (80-191) 

0.06 

Hospital stay in days  

  Mean +/-SD 

  Median (range) 

 

10.1 +/-13.0 

7 (2-76) 

 

5.3 +/-5.2 

4 (1-27) 

0.02 

 

13.4 +/-18.4 

10 (3-183) 

 

10.2 +/-8.9 

7 (4-28) 

0.4 

Post-operative volvulus, n (%) 0 (0) 3 (13) 0.04 10 (6.3) 0 (0) 1 

Post-operative small bowel 

obstruction, n (%) 
4 (10.5) 2 (8.7) 1 16 (10.0) 0 (0) 1 

Post-operative incisional 

hernia, n (%) 
1 (2.6) 0 (0) 1 3 (1.9) 0 (0) 1 

Short bowel syndrome, n(%) 0 (0) 0 (0) - 5 (3.0) 0 (0) 1 

Need for subsequent 

abdominal surgery, n(%) 
4 (10.5) 3 (13.0) 1 32 (20.0) 0 (0) 0.6 

Death, n (%) 0 (0) 0(0) - 3 (1.9) 0 (0) 1 

 

Table 3: Outcomes of elective and emergency surgery for intestinal malrotation in 

children with comparison between completed laparoscopy procedures and 

laparotomy. SD = Standard Deviation 

 



  

 Age < 1 year Age > 1 year 

 Laparotomy N=154 
Laparoscopy 

N=16 
p Laparotomy N= 27 

Laparoscopy 

N=30 
p 

Age at time of surgery in 

months 

  Mean +/-SD 

  Median (range) 

 

 

1.0 +/-1.8 

0.2 (0.0-9.9) 

 

 

3.0  +/-3.4 

1.7 (0.1-11) 

 

0.001 

 

 

70.8 +/-59.6 

50.6 (12.8-209.4) 

 

 

78.1 +/-56.9 

64.2 (13.3-205.2) 

 

0.5 

Operative time in minutes 

  Mean +/-SD 

  Median (range) 

 

80 +/-35 

68 (40-180) 

 

115 +/-54 

90 (60-210) 

0.01 

 

99.5 +/-30.8 

107 (40-144) 

 

113.6 +/-23 

124 (75-138) 

0.4 

Conversion, n (%)  5 (31.3)   12 (40.0)  

Hospital stay in days  

  Mean +/-SD 

  Median (range) 

 

16.1 +/-19.2 

11 (2-183) 

 

10.5 +/-8.1 

7 (3-28) 

0.1 

 

11.2 +/-15.7 

7 (3-81) 

 

5.5 +/-2.6 

6 (1-14) 

0.04 

Post-operative volvulus, n (%) 9 (5.8) 1 (6.3) 1 0 (0) 3 (10.0) 0.2 

Post-operative small bowel 

obstruction, n (%) 
14 (9.1) 2 (12.5) 0.6 4 (14.8) 2 (6.7) 0.4 

Post-operative incisional 

hernia, n (%) 
4 (2.6) 0 (0) 1 0 (0) 0 (0) - 

Short bowel syndrome, n(%) 5 (3.2) 0 (0) 1 1 (3.7) 0 (0) 0.5 

Need for subsequent 

abdominal surgery, n(%) 
28 (18.2) 2 (12.5) 0.7 5 (18.5) 4 (13.3) 0.7 

Death, n (%) 3 (1.9) 0 (0) 1 0 (0) 0 (0) - 

 

Table 4: Outcomes of surgery for intestinal malrotation in neonates and children 

aged more than 1 year, with comparison between procedures started by laparoscopy 

and laparotomy. SD = Standard Deviation 

 

 



 

 Age < 1 year Age > 1 year 

 

Laparotomy N=159 

(including 5 laparoscopy 

converted to laparotomy) 

Laparoscopy 

N=11 
p 

Laparotomy N= 39 

(including 12 

laparoscopy 

converted to 

laparotomy) 

Laparoscopy 

N=18 
p 

Age at time of surgery in 

months 

  Mean +/-SD 

  Median (range) 

 

 

1.1 +/-1.9 

0.2 (0.0-9.9) 

 

 

2.9 +/-3.6 

1.5 (0.1-11) 

 

0.1 

 

 

70.7 +/-54.4 

52.3 (12.8-209.4) 

 

 

83.2 +/-65.4 

62.9 (13.3-205.2) 

 

0.5 

Operative time in minutes 

  Mean +/-SD 

  Median (range) 

 

84 +/-41 

71 (40-210) 

 

100 +/-43 

85 (60-191) 

0.3 

 

105.5 +/-28.9 

108 (40-144) 

 

105.8 +/-37 

97 (54-172) 

0.7 

Hospital stay in days  

  Mean +/-SD 

  Median (range) 

 

16.0 +/-18.9 

11 (2-183) 

 

9.7 +/-8.9 

6 (3-28) 

0.9 

 

9.9 +/-13.0 

7 (3-81) 

 

4.4 +/-2.1 

4 (1-9) 

0.09 

Post-operative volvulus, n (%) 9 (5.7) 1 (9.1) 0.5 1 (2.6) 2 (11.1) 0.2 

Post-operative small bowel 

obstruction, n (%) 
15 (9.4) 1 (9.1) 1 5 (12.8) 1 (5.6) 0.6 

Post-operative incisional 

hernia, n (%) 
4 (2.5) 0 (0) 1 0 (0) 0 (0) - 

Short bowel syndrome, n(%) 5 (3.1) 0 (0) 1 1 (2.6) 0 (0) 1 

Need for subsequent 

abdominal surgery, n(%) 
29 (18.2) 1 (9.1) 0.7 7 (17.9) 2 (11.1) 0.7 

Death, n (%) 3 (1.9) 0 (0) 1 0 (0) 0 (0) - 

 

Table 5: Outcomes of surgery for intestinal malrotation in neonates and children 

aged more than 1 year, with comparison between completed laparoscopy procedures 

and laparotomy. SD = Standard Deviation 

 

 




