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Abstract

Purpose Although the principles of the Ladd’s procedure
for intestinal malrotation in children have remained
unchanged since its first description, in the era of mini-
mally invasive surgery it is controversial whether laparo-
scopy is advantageous over open surgery. The aim of our
study was to determine whether the surgical approach for
the treatment of malrotation had an impact on patient
outcome.

Methods Using a defined strategy (PubMed, Cochrane,
Embase and Web of Science MeSH headings), two inves-
tigators independently searched for studies comparing open
versus laparoscopic Ladd’s procedure in children. Case
reports and opinion articles were excluded. Outcome
measures included age at operation, time to full enteral
feeding, length of hospital stay, and post-operative com-
plications. Maneuvers were compared using Fisher’s exact
test and meta-analysis was conducted using RevMan 5.3.
Data are expressed as mean & SD.
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Results Of 308 abstracts screened, 49 full-text articles
were analyzed and nine (all retrospective) met our search
criteria. Selected articles included 1003 patients, of whom
744 (74 %) underwent open surgery and 259 (26 %)
laparoscopy. Patients who had open surgery were younger
(0.9 + 1.2 years) than those who underwent laparoscopy
(2.6 = 3 years; p < 0.0001). Laparoscopy was converted
to open Ladd’s in 25.3 % patients. Laparoscopy was
associated with faster full enteral feeding (1.5 + 0.3 days)
in comparison to open surgery (4.6 & 0.1 days,
p < 0.0001). Length of hospital stay was shorter in the
laparoscopic group (5.9 £ 4.3 days) than in the open group
(11.2 &+ 6.7 days; p < 0.0001). Open surgery was associ-
ated with higher overall post-operative complication rate
(21 %) than laparoscopy (8 %; p < 0.0001). Although
there was no difference in the prevalence of post-operative
bowel obstruction (open, n = 10 %; laparoscopy, n = 0 %
p = 0.07), post-operative volvulus was more frequent in
the laparoscopy group (3.5 %) than in the open group
(1.4 %, p = 0.04).

Conclusion Comparative but non-randomized studies
indicate that laparoscopic Ladd’s procedure is not com-
monly performed in young children. Although one third of
laparoscopic procedures is converted to open surgery,
laparoscopy is associated with shorter time to full enteral
feeds and length of hospital stay. However, laparoscopic
Ladd’s procedure seems to have higher incidence of post-
operative volvulus. Prospective randomized studies with
long follow-up are needed to confirm present outcome data
and determine the safety and effectiveness of the laparo-
scopic approach.
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Introduction

Intestinal malrotation is defined as the congenital abnormal
positioning of the midgut, whereby the duodeno-jejunal
flexure lies right of the midline and relatively close to the
ileocecal valve [1-4]. This makes the dorsal mesenteric
root narrow, and puts the bowel at risk of midgut volvulus.
Intestinal malrotation is estimated to occur in between 1 in
200 and 1 in 500 live births [5-7].

All symptomatic patients with positive investigative find-
ings should undergo surgical intervention [1, 8—10]. There is
some controversy in the literature about the treatment of the
asymptomatic or atypically symptomatic patients, in whom a
rotational abnormality is found incidentally [11, 12].

The procedure to correct intestinal malrotation was first
described by Ladd [13]. The principles of this surgery are
the anticlockwise derotation of a volvulus if present, the
division of the Ladd’s bands if present, the broadening of
the mesenteric root and the positioning of the small bowel
in the right quadrants of the abdomen and the large bowel
in the left ones.

The laparoscopic approach for intestinal malrotation was
first reported by van der Zee and Bax in 1995, and it has
become more popular over the years [14]. The principles of this
approach are the same of the open technique. Single institution
retrospective studies indicated that the laparoscopic approach
is safe for diagnosing and treating malrotation [15-20]. One of
the reported advantages of laparoscopy is its potential to dis-
tinguish between true malrotation with a narrow mesenteric
base, non-rotation and atypical malrotation with duodenal
malposition [15]. Laparoscopy has been used mainly to repair
malrotation in clinically stable patients, whereas the open
approach has been preferred in patients with suspected midgut
volvulus [21]. A systematic review from the American Pedi-
atric Surgical Association reports that the laparoscopic
approach to correct malrotation in children is feasible and safe
(level 3—4 evidence, grade C recommendation), whereas there
is minimal evidence to support the laparoscopic approach in
neonates [12]. Moreover, in cases of known volvulus there
have been no prospective studies to compare the open and
laparoscopic approach to treat this condition.

The aim of our systematic review and meta-analysis was
to determine whether the surgical approach, open or
laparoscopic, had an impact on the outcome of infants and
children with intestinal malrotation.

Materials and methods
Systematic review

A systematic review of the literature was made using a
defined search strategy. Two investigators (VDC and GL)
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Table 1 Inclusion criteria for the systematic review

Publication

Language Any

Date Until June 2016

Subject Human studies
Pediatric patients (018 years)

Study type Retrospective
Prospective
Case control
Cohort

Excluded Case reports
Case series
Letters
Editorials

Keywords Malrotation
Intestine

Midgut malrotation
Ladd
Treatment

Laparoscopy

independently searched scientific databases (PubMed,
Medline, Cochrane Collaboration, Embase and Web of
Science) using a combination of keywords (Table 1).
MeSH headings and terms used are “laparoscopic AND
malrotation” and “laparoscopic AND Ladd”. Case reports
and opinion articles were excluded from the review.

Only studies comparing open versus laparoscopic
approach to treat intestinal malrotation in infants and
children were included. Patients were divided into two
groups according to the surgical approach (open or
laparoscopic).

Outcome measures included patient demographics
(gender, age and weight at surgery), indication to surgery,
conversion rate, time to full feed, length of hospital stay,
length of follow-up, post-operative complications includ-
ing bowel obstruction, and post-operative volvulus. To
reduce bias while assessing post-operative complications
and post-operative volvulus, patients who initially under-
went laparoscopic approach but required conversion to
open Ladd’s procedure, were considered in the open group.

Meta-analysis

Data are expressed as mean =+ SD. For the above men-
tioned outcomes, open and laparoscopic procedures were
compared using RevMan 5.3. Incidence of presenting
symptoms and post-operative complications were com-
pared between the two groups using Fisher’s exact test.
p < 0.05 was considered significant.
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Table 2 Comparative studies

included in the meta-analysis References No. of patients Open surgery Laparoscopy Conversions (%)
Kozlov et al. [23] 34 17 17 -
Miyano et al. [24] 26 17 9 2 (22)
Ooms et al. [25] 83 50 33 15 (45)
Pearson et al. [26] 103 54 49 -
Hsiao et al. [22] 173 122 51 11 (22)
Stanfill et al. [27] 156 120 36 3(8)
Fraser et al. [20] 284 241 43 14 (33)
Chen et al. [28] 38 20 18 3(17)
Prasil et al. [29] 106 103 3 -

1003 744 259 48/190 (25)

Results

Our search strategy yielded 309 studies. Forty-nine full-
text articles were reviewed and nine of them met the
inclusion criteria [19, 21-28] (Table 2). All included
studies were published between 2000 and 2016. These nine
articles included 1003 patients, of whom 744 (74 %)
underwent open surgery and 259 (26 %) laparoscopic
approach. The gender was reported in four studies
(n = 575 patients), with a slight male preponderance
(57 %, n = 327).

The age at surgery was reported for both groups in six
studies (n = 690 patients) accounting for a population of
690 patients [19, 23-27]. In this population, we observed
that patients who had open surgery were younger
(0.9 £ 1.2 years) than those who underwent laparoscopic
Ladd’s procedure (2.6 £ 3 years, p < 0.0001). This over-
all difference was confirmed when we analyzed the
prevalence of open and laparoscopic Ladd’s procedure in
neonates (<30 days), as reported in two studies (n = 105
patients). In fact, laparoscopy was less commonly per-
formed in these patients (n = 9, 8.5 %), in comparison to
open Ladd’s (n = 96, 91.5 %, p < 0.0001).

Data on the weight at surgery were specifically reported
in three studies for an overall population on 466 patients
[19, 23, 26]. The mean weight was greater in the laparo-
scopic group (21.3 £ 5.2 kg), than in the open group
(8.4 + 3 kg, p < 0.0001).

Four studies (open surgery n = 207, 66 %; laparoscopy
n = 96, 34 %) reported information on patient clinical pre-
sentation [23, 24, 26, 27]. The proportion of asymptomatic
patients in the open surgery group (n = 48,23 %) was similar
to that in the laparoscopic group (n = 14, 17 %).

In comparison to patients who underwent open Ladd’s
procedure, those who had laparoscopy were more fre-
quently suffering from aspecific symptoms such as feeding
intolerance (34 versus 13 %, p = 0.012), and intermittent
abdominal pain (32 versus 10 %, p = 0.004). Conversely,
patients who had open Ladd’s were more likely to have a

Table 3 Indications to laparoscopy conversion to open surgery

Indication to conversion N (%)
Inadequate visualization 40 (33)
Technical problems 5 (10)
Volvulus 4 (8)
Intestinal injury/necrosis 24
Planned conversion 3(6)
Associated anomaly 1(2)
Non-specified 14 (29)
Total 48

pre-operative suspected volvulus (n = 166, 77 %) com-
pared to those who had a laparoscopic Ladd’s (n = 49,
23 %; p < 0.001) [24, 27].

The overall conversion rate was outlined in six studies
(n = 760). Of the 190 patients, who had laparoscopic
Ladd’s, the conversion rate to open surgery was 25 %
(n = 48) [19, 21, 23, 24, 26, 27]. The most common
indications for converting to open surgery were inadequate
view (40 %), technical problems (10 %) and impossibility
to reduce midgut volvulus (4 %) (Table 3). However, in
29 % (n = 14) of patients the indication to conversion was
not reported.

The time to full enteral feed was reported in 322 patients
(open surgery, n = 261, 81 %; laparoscopy, n = 61, 19 %)
[19, 27]. Laparoscopy was associated with an earlier full
enteral feed (1.5 & 0.3 days) in comparison to open sur-
gery (4.6 £ 0.1 days, p < 0.0001; Fig. 1a).

The length of hospital stay was compared in two studies
(open surgery, n = 291, 79 %; laparoscopy, n = 76, 21 %)
and it was shorter in the laparoscopic group (5.9 £ 4.3 days)
than in the open group (11.2 & 6.7 days; p < 0.0001;
Fig. 1b) [19, 24]. Data on length of follow-up were available
for comparison in three studies [19, 23, 27] (open = 284,
83.5 %; laparoscopy = 56, 16.5 %) and showed no differ-
ence between the open group (43.8 £ 28 months) and the
laparoscopic group (29.5 &£ 3.8; p = ns).
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(a) Time to full enteral feed

Odds ratio and 95% ClI

Study name Statistics for each study
Odds Lower Upper
ratio  limit limit

Z-Value p-Value

Chen (2003) 9,385862,66251 33,08695 3,48332 0,00050
Fraser (2009) 9,67467 4,69483 19,93664 6,15195 0,00000
9,602305,12886 17,97751 7,06954 0,00000

0,01 0,1 1 10 100
Favours Favours
Open surgery Laparoscopy
Effect size and 95% confidence intetval Test of null (2-Tail) Heterogeneity Tau-squared
Point  Standard Lower Upper Tau Standard
estimate efror Variance Tremat limat Z-value  P-value Q-volue df(Q) P-value |-squared Squared Error  Vasiance Tau
1,247 0178 0031 0501 1593 7070 0,000 0,002 1 0367 0,000 0,000 0118 0,014 0,000
1.247 0178 0031 050 159 7070 0,000
(b) Lenght hospital stay
Study name Statistics for each study Odds ratio and 95% ClI
Odds Lower Upper
ratio  limit limit Z-Value p-Value
Fraser (2009) 4,943112,42918 10,05867 4,40855 0,00001
Ooms (2015) 8,912003,26669 24,31326 4,27175 0,00002
6,017963,36991 10,74682 6,06634 0,00000
0,01 0,1 1 10 100
Favours Favours
Open surgery Laparoscopy
Effect size and 95% confidence intetval Test of null (2-Tal) Heterogeneity Tau-squated
Point Standard Lower Uppet Tau Standard
estimate ctror Vatiance liemat limit Z-wvalue  P-value Q-value df (Q) P-value I-squared Squarted Enor Variance Tou
0383 0163 0027 0670 1.308 5,065 0,000 0883 1 0347 0.000 0.000 0085 0.007 0,000
0383 0,163 0027 0570 1,308 5,065 0,000

Fig. 1 Forest plots comparing open versus laparoscopic Ladd’s on time to full enteral feeding (a), and length of hospital stay (b)

Six studies reported post-operative complications in 690
patients (open n = 502, 73 %; laparoscopy n = 188,
27 %) [19, 23-27]. Open surgery was associated with
higher overall post-operative complication rate (n = 109,
22 %) in comparison to laparoscopy (n = 13, 7 %;
p < 0.0001) (Fig. 2a). Moreover, surgical wound infection
was described only in patients treated with the open
approach (n = 14, 3 %; p = 0.015). The rate of hospital
readmission was higher for patients who underwent open
Ladd’s procedure (n = 33, 6.5 %), compared to those who
had laparoscopy (n = 4, 2 %, p = 0.021).

@ Springer

Six studies reported data about post-operative adhesive
small bowel obstruction (n = 367, open surgery n = 207,
79 %; laparoscopy n = 96, 21 %) [23, 24, 26, 27]. Post-
operative bowel obstruction was developed by 22 patients
(10 %), who had open Ladd’s, and not reported for patients
who had laparoscopic Ladd’s (0 %; p = 0.07).

Conversely, the incidence of post-operative volvulus,
reported in five studies (open n = 482, 74 %; laparoscopy
n =170, 26 %) was higher in the laparoscopy group
(n=15, 3.5 %) than in the open group n =7, 1.4 %,
p = 0.04) [19, 23-26] (Fig. 2b).
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(a) Overall complications

Study name Statistics for each study Odds ratio and 95% ClI
Odds Lower Upper
ratio limit limit Z-Value p-Value
Chen (2003) 5,0000 0,2243 111,4342 1,0163 0,3095 4
Stanfill (2009) 7,0000 2,7108 18,0761 4,0202 0,0001 —d—
Fraser (2009) 1,5880 0,0872 28,9104 0,3124 0,7548 .
Pearson (2013)0,6599 0,0259 16,8028 -0,2517 0,8013
Miyano (2015) 1,0667 0,0834 13,6501 0,0496 0,9604
Ooms (2015) 2,0944 06689 6,5585 1,2694 0,2043 +i—
3,4662 1,8054 6,6547 3,7352 0,0002 ’
0,01 0,1 1 10 100
Favours Favours
Open surgery Laparoscopy
Effect size and 95% interval Test of null (2-Tail) Heterogeneity Tau-squared
Point Lower Upper Tau Standard
estimate Timit limit Z-value  P-value Q-value df(Q) P-value I-squared Squared Ewor  Variance Tau
3465 1,805 £655 3735 0,000 5018 5 0414 0357 0,003 0533 0,284 0,055
3457 1.7% 6658 3m 0,000
(b) Post-operative volvulus
Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper
ratio limit limit Z-Value p-Value

Stanfill 2009) 0,143 0013 1,624 -1,569 0,117 —.—1—.
Fraser (2009) 1,588 0,087 28910 0312 0,755
Pearson (2013) 0,297 0,012 7,453 -0,739 0,460 l
Miyano (2015) 0,162 0,006 4,407 -1,080 0,280 =
Ooms (2015) 0,089 0003 2,283 -1,461 0,144

0251 0,067 0945 -2,044 0,041 :‘

0,01 01 1 10 100

Favours Favours
Open surgery Laparoscopy

Effect size and 95% interval Test of null (2-Tail) Heterogeneity Tau-squared
Point Lower Upper Tau Standard
estimate limit limit Z-value P-value Q-value df(Q) P-value I-3q d Sq d Enor  Variance Tau
0,251 0,067 0345 2044 0,041 2228 4 0634 0,000 0,000 1,633 2686 0,000
0,251 0,067 0345 2,044 0,041

Fig. 2 Forest plots comparing open versus laparoscopic Ladd’s on overall post-operative complications (a) and post-operative volvulus rate (b)
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Discussion

The present study shows that there is a lack of evidence in
the literature to support either open or laparoscopic Ladd’s
procedure in infants and children with intestinal malrotation.
In fact, according to our research, there is a paucity of
comparative studies, none of which was prospective. This
could be explained partially by the relatively recent intro-
duction and popularization of laparoscopy for this condition,
and partially by the heterogeneity of patient presentation.
The higher post-operative volvulus in the laparoscopic group
is worrisome and requires further prospective evaluation.

The laparoscopic Ladd’s procedure has gained more
interest in the last years thanks to its feasibility, fast post-
operative course and low rate of long-term morbidity
[1, 17, 18]. However, our study shows that the open tech-
nique is still more commonly employed to correct intestinal
malrotation in infants and children. This could be due to
the fact that a big proportion of cases of intestinal malro-
tation are diagnosed in neonates, where there are still
controversies with regards to the safety of the laparoscopic
approach [12, 16, 28]. In fact, patients who had open sur-
gery were younger and smaller than those who underwent
laparoscopy. The preponderance of open Ladd’s in neo-
nates and children is not only because of the size of the
patient but also because of the higher rate of suspected
volvulus in these patients.

In our study, 20 % of patients were asymptomatic at the
time of surgery, with an incidental radiological diagnosis of
intestinal malrotation [23, 24, 26, 27]. We did not find a
difference between the two groups of patients. Laparo-
scopy has the advantage to confirm the presence of
intestinal malrotation, the mobility of the colon and the
width of the mesentery in a less invasive manner [12].
Therefore, it could be adopted as first line treatment in
these children with equivocal diagnosis.

Among the symptomatic patients, without a volvulus,
those who suffer from aspecific symptoms were more
commonly treated with laparoscopy. This is in line with the
tendency of using laparoscopy in older children who more
commonly present feeding intolerance and recurrent
abdominal pain secondary to intestinal malrotation.

Midgut volvulus is the most feared consequence of
intestinal malrotation as it may result in intestinal
obstruction and ischemia with a potential for necrosis of
the entire midgut [1, 2, 29]. In our review, the indication
for surgery was suspected volvulus in more than half of the
cases, and only a few of them were primarily approached
by laparoscopy. The use of laparoscopy in infants and
children with an acute abdomen or acute volvulus is con-
troversial. On the one hand some case reports and small
case series reported that the laparoscopic treatment of
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intestinal malrotation with volvulus is feasible and rec-
ommended that this should be performed where expertise
and equipment are available [9, 16, 30]. On the other hand,
other studies advocated against laparoscopy in patients
with acute abdomen and evidence of volvulus [21, 31].
Hsiao and Langer proposed to avoid laparoscopic Ladd’s in
neonates with suspected volvulus and to restrict this
approach to older children regardless the presence of a
volvulus [21].

The conversion rate of the laparoscopic technique to
open surgery was found in a quarter of cases and in neo-
nates it was as high as 50 % [21]. The majority of con-
verted cases were recorded during the first years of
experience in laparoscopy, which may indicate a surgical
learning curve for the laparoscopic treatment of intestinal
malrotation [19, 24].

According to our analysis, laparoscopy has advantages
over open surgery as it was associated with shorter time to
full enteral feeding and faster length of hospital stay. These
two outcomes have been also recognized in infants and
children treated by laparoscopy with other conditions
[32, 33]. However, these results could be biased by the fact
that patients in the open surgery group are more often
symptomatic neonates with volvulus and/or with an
increased risk of associated co-morbidities which may
negatively affect the post-operative results.

In our study, we observed a significantly higher rate of
overall post-operative complications in the open Ladd’s
group [19, 23-27]. This is in line with other non-compar-
ative studies that reported a complication rate of the Ladd’s
procedure as high as 35 % in patients treated by open
surgery and as high as 24 % in those treated by laparo-
scopy [16, 18, 20, 24, 30, 31]. However, again, these results
should be interpreted with caution as open surgery patient
were significantly younger than laparoscopic ones and both
groups could be not completely comparable in terms of size
and clinical presentation.

In our systematic review there was no statistical dif-
ference in the prevalence of post-operative bowel
obstruction, even if no cases were observed in the
laparoscopic group [23, 24, 26, 27]. Non-comparative
studies report a rate of adhesive small bowel obstruction
following open Ladd’s procedure between 2 and 15 %
[8, 20]. However, this outcome is influenced by the
length of follow-up that is variable in the analyzed
studies.

In our meta-analysis the rate of post-operative volvulus
was significantly higher in the laparoscopic group than in
the open group. On the one hand, our meta-analysis shows
that the five articles included in this forest plot have no
degree of heterogeneity (I2 = 0 %), so that we can confi-
dently state that the effect of the intervention being tested
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is accurate and can be trusted. On the other hand, we
acknowledge that this outcome could be biased by the lack
of patient information that would be important for a proper
evaluation of risk stratification. In fact, not all authors
reported details about their intra-operative findings (e.g
intestinal necrosis), surgical maneuvers (e.g. enterotomy),
and/or time to volvulus post-Ladd’s procedure. The cause
for a higher incidence of post-operative volvulus in infants
who undergo laparoscopic Ladd’s procedure may be an
incomplete intestinal derotation and splaying of the
mesentery [9, 16, 21, 26, 27, 31]. Some surgeons believe
that post-operative adhesions are important to keep the
small bowel in the non-rotation orientation to prevent
future volvulus [27]. Therefore, the potential advantage of
the laparoscopic approach in reducing post-operative
adhesions and consequent small bowel obstruction could be
neutralized by an increased risk of long-term post-opera-
tive volvulus.

We acknowledge that our literature analysis is limited
by the absence of high-quality studies (i.e., prospective
and/or randomized trials) and the heterogeneity of the
patients included in both groups with regards to the age at
surgery and the clinical indications.

In conclusion, the present systematic review shows that
the current surgical management of infants and children
with intestinal malrotation is not based on substantial evi-
dence. The laparoscopic approach is more common in older
patients and it is associated with earlier full enteral feeding,
shortened length of hospital stay, and decreased risk of
post-operative complications. However, this review high-
lights the higher incidence of post-operative volvulus after
laparoscopic Ladd’s procedure questioning the efficacy of
the laparoscopic approach. To validate the use of laparo-
scopy in this population of patients, high-quality prospec-
tive long-term trials are needed.
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