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Abstract

Intestinal obstruction is a common compli-
cation after Ladd procedure. Ninety-three
cases who had undergone the Ladd procedure
between 1977 and 2013 treated at our own
institution were retrospectively reviewed to
identify the causes and risk factors for intes-
tinal obstruction. The Ladd procedure has been
performed without any intestinal fixing. Of the
87 cases who survived to discharge, intestinal
obstruction was observed in 22 (25.3%).
Among the cases with intestinal obstruction,
13 (59.1%) showed intestinal ischemia at the
initial operation; this incidence was notably
high, although it is low when only those cases
with another concurrent surgical digestive dis-
ease are considered. All cases of intestinal
obstruction were caused not by recurrent
volvulus, but by adhesion between the intes-
tine and the mesentery. Intestinal fixing is not
required to prevent recurrent volvulus, but it is
important to achieve adequate widening of the
mesenteric base. The risk of intestinal
obstruction after the Ladd procedure, on the
other hand, is high. Moreover, patients with
intestinal ischemia have an increased risk of
intestinal obstruction.

Introduction

The standard treatment for intestinal malro-
tation is the Ladd procedure, first described by
Ladd in 1936.1 The prognosis of intestinal mal-
rotation is good if there is no midgut volvulus,
intestinal necrosis, prematurity, or other
abnormalities.2 According to the Japanese
national aggregate of neonatal surgery, in 2008
the mortality rate was reported to be 2.4%. On
the other hand, intestinal obstruction is a com-
mon complication after the Ladd procedure.3
The details of these postoperative intestinal
obstructions, however, have been unclear, with
the exception of several reports concerning
recurrent midgut volvulus.4,5 Since its estab-
lishment in 1977, our department has per-
formed the Ladd procedure without any intes-

tinal fixing. The cases treated at our institu-
tion were reviewed in order to analyze the
cause of and the risk factors for postoperative
intestinal obstruction.

Materials and Methods

The hospital and office records of 93
patients who had undergone the Ladd proce-
dure at Chiba University Hospital (Japan)
between 1977 and 2013 were retrospectively
reviewed. No patient treated during this period
was excluded. Data were collected on sex, age,
clinical findings, operative procedure, postop-
erative course, follow-up period, and long-term
complications. The type of intestinal malrota-
tion was categorized according to the classifi-
cation reported by Touloukian et al.6
The Ladd procedure consists of the following

steps: detorsion of the volvulus, followed by
division of the Ladd bands, widening of the
mesenteric base, appendectomy, and replace-
ment of the intestines without rotation in the
abdominal cavity and without any intestinal
fixing. Cases in which the intestinal tract
showed a color change to dark red at the
laparotomy with or without recovery through
detorsion or warming were treated for intes-
tinal ischemia.
A clinical diagnosis of intestinal obstruction

was considered for patients complaining of
abdominal pain requiring a hospital stay with
the presence of multiple gas-fluid levels on
plain abdominal X-ray. The cases in which
postoperative intestinal obstruction occurred
were compared with those in which it did not
occur in a statistical analysis of clinical fac-
tors. Statistical analysis was performed using
Student’s t-test for means and the Kaplan-
Meier technique with comparison by the log-
rank test for frequencies. Probability values of
less than 0.05 were considered significant.

Results

The patients’ characteristics are listed in
Table 1. Twenty-eight cases (30.1%) had asso-
ciated digestive surgical diseases, such as con-
genital diaphragmatic hernia, duodenal atre-
sia, small intestinal atresia/stenosis, gas-
troschisis, omphalocele, or anorectal malfor-
mation. Seventy cases (75.3%) were corrected
in the neonatal period, seven cases (7.5%) in
infancy, six (6.5%) in early childhood, and ten
(10.8%) in the elementary school years. As for
the classification of malrotation cases, 46.2%
were of the nonrotation type, and 51.6% were
of the incomplete rotation type. Two cases
were of the reverse rotation type with a
paraduodenal hernia, a subtype of incomplete

rotation. Midgut volvulus was observed in 57
cases (61.3%), and intestinal ischemia was
observed in 23 (24.7%). The standard proce-
dure was performed in 86 cases (92.5%), and
enterectomy for necrotic intestine or enteros-
tomy was performed in the remaining eight.
Eighty-seven cases survived to discharge. The
average length of follow-up after surgery was
7.7 years (median: 6.0 years). 
Among the 87 cases that survived to dis-

charge, postoperative intestinal obstruction
was observed at least once in 22 cases (25.3%),
and three or more times in 12 cases. Twelve
cases needed further surgery such as adhesiol-
ysis or enterectomy (Table 2). The timing of
the appearance of intestinal obstruction is
shown in Figure 1. Most cases of first intestin-
al obstruction developed within two years fol-
lowing the Ladd procedure, though a few cases
developed in the late period, after more than
10 years had passed.
Among the cases with intestinal obstruction,
13 (59.0%) showed intestinal ischemia at the
initial operation; this incidence was signifi-
cantly high, although the rate in cases with
associated surgical digestive disease was quite
low (Table 3). Other clinical factors, including
age at operation, weight at operation, classifi-
cation, midgut volvulus, and procedure type
were not significant risk factors for postopera-
tive intestinal obstruction. All cases of intes-
tinal obstruction that underwent reoperation
were caused not by recurrent volvulus, but by
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adhesion or narrowing. Most of the induced
adhesions were located between the intestine
and the mesentery, and none was related to the
wound.

Discussion

Previous studies have reported that the inci-
dence of intestinal obstruction after the Ladd
procedure is 6.1-23.9%.3,7-9 In the present
series, the incidence of postoperative intestin-
al obstruction that required hospitalization
was 25.3%, and surgical synechiotomy was
required in 14.9% of patients. In other studies
on postoperative intestinal obstructions after
surgery for neonatal surgical digestive tract
disease, the incidence of synechiotomy was
reported as 2.3% in duodenal atresia,10 8.0% in
congenital diaphragmatic hernia,11 and 7.8%
in gastroschisis.12 Compared with these val-
ues, the incidence of intestinal obstruction
after the Ladd procedure is high.
Intestinal obstruction after a Ladd proce-

dure results from recurrent midgut volvulus
and adhesive bands. There were no cases of
recurrent midgut volvulus among the 57 Ladd
procedure patients reported by Murphy et al. or
among the 87 cases reported by Ford et al.;7,13
one case was observed among 161 reported by
El-Gohary et al.,3 and there have occasionally
been case reports on the subject.4,5 Recurrent
midgut volvulus as a complication after the
Ladd procedure is not common but possible.
Several decades ago, fearing that recurrent
midgut volvulus might be caused by the nar-
rowing of the mesenteric base due to the re-
adhesion of the opened mesentery, Bill et al.
reported a stabilization method that consisted
of suturing the duodenum to the peritoneum
over the right kidney and the cecum to the
descending colon.14 In addition, they later
reported a modified procedure that involved
suturing the cecum to the left abdominal side-
wall.15 Over time, however, it became clear that
this intestinal stabilization procedure resulted
in no improvement in the incidence of recur-
rent volvulus,13,16 and intestinal stabilization is
hardly ever performed today.17 We also consid-
ered that intestinal fixing is not required to
prevent recurrent volvulus after the Ladd pro-
cedure, but it is important to achieve adequate
widening of the mesenteric base using the
proper technique. There were, in fact, no cases
of recurrent volvulus in the present series. On
the other hand, few reports have focused on
adhesive intestinal obstruction after the Ladd
procedure. The present study demonstrated
that the presence of intestinal ischemia at the
first operation was the only risk factor for post-
operative intestinal obstruction. In fact, 13
(59.1%) of 22 cases with intestinal ischemia
observed during the Ladd procedure developed

postoperative adhesive intestinal obstruction.
In contrast, neither the clinical entity nor
midgut volvulus itself was a risk factor. When
intestinal ischemia was not present, the inci-
dence of postoperative adhesive intestinal
obstruction was not increased, even in cases
with midgut volvulus. In addition, contrary to
our expectations, the presence of associated
digestive surgical anomalies such as congeni-
tal diaphragmatic hernia or gastroschisis did
not increase the incidence of intestinal
obstruction. The intraoperative findings of 12
cases that had undergone synechiotomy but
had not thus been cured revealed that most

induced adhesions were located between the
intestine and the mesentery, and none was
related to the wound. These facts indicate that
intestinal ischemia due to midgut volvulus
causes serosal damage, and that adhesion
between intestinal serosa and the broad bare
area of the widening mesentery or other near-
by intestinal serosa occurs during the process
of healing. After the Ladd procedure, serosal
damage associated with intestinal ischemia
and the existence of a broad bare area of the
mesentery were the most significant factors
increasing the risk of postoperative intestinal
obstruction. It is not evident that the associa-
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Table 1. Patients characteristics (n=93).

Characteristic                                                                                        N.

Male/female                                                                                                                       67/26
Associated digestive surgical anomalies (%)*                                                      28 (30.1)
       Congenital diaphragmatic hernia                                                                              7
       Duodenal atresia                                                                                                           6
       Small intestinal atresia/stenosis                                                                               6
       Gastroschisis                                                                                                                 3
       Omphalocele                                                                                                                  3
       Anorectal malformation                                                                                              2
       Others                                                                                                                             4
Age at operation (%)                                                                                                            
       Neonatal period                                                                                                     70 (75.3)
       Infant period                                                                                                             7 (7.5)
       Early childhood                                                                                                        6 (6.5)
       Elementary school years                                                                                     10 (10.8)
Weight at operation (kg)°                                                                             5.2±7.0 (range 1.7-31.5)
Classification (%)                                                                                                                 
       Nonrotation                                                                                                             43 (46.2)
       Incomplete rotation                                                                                              48 (51.6)
       Incomplete rotation with paraduodenal hernia                                               2 (2.2)
Midgut volvulus (%)                                                                                                     57 (61.3)
Intestinal ischemia (%)                                                                                               23 (24.7)
Operative procedure (%)                                                                                                   
       Standard Ladd procedure                                                                                    86 (92.5)
       Enterectomy                                                                                                             4 (4.3)
       Enterostomy                                                                                                             4 (4.3)
Survival to discharge (%)                                                                                            87 (93.5)
Follow-up (years) °                                                                                           7.7±7.4 (range 0-28)
*Includes overlapping; °data are presented as number or means ± standard deviation.

Table 2. Intraoperative findings at reoperation.

Case    Timing of the operation*    Cause of the obstruction              Operative procedure

1                                    11 mo                           Adhesion (ileum-mesentery)                             Adhesiolysis
2                                       1 y                              Adhesion (ileum-mesentery)                             Adhesiolysis
3                                       5 y                              Adhesion (ileum-mesentery)                             Adhesiolysis
4                                       6 y                              Adhesion (ileum-mesentery)                             Adhesiolysis
5                                       2 y                            Adhesion (jejunum-mesentery)                          Enterectomy
6                                       6 y                            Adhesion (jejunum-mesentery)                          Enterectomy
7                                     1 mo                                 Adhesion (ileum-ileum)                                  Adhesiolysis
8                                       3 y                                   Adhesion (ileum-ileum)                                  Adhesiolysis
9                                     9 mo                   Adhesion (duodenum-colon-omentum)                    Adhesiolysis
10                                     1 y                               Narrowing of the mesoileum                              Adhesiolysis
11                                    23 y          Compression (dilated ileum to the ileocecal area)  Adhesiolysis + STEP
12                                   6 mo                     Adhesion (ileocecal area-mesentery)                     Enterectomy
*Postoperative years. mo, months; y, years; STEP, serial transverse enteroplasty
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tion between ischemic change and postopera-
tive bowel obstruction is specific for malrota-
tion, because there are few reports of the long-
term complications following other diseases
with intestinal ischemia, such as the internal
hernia that resulted in postoperative bowel
obstruction. However, it has been postulated
that an early event in the pathogenesis of post-
operative intestinal obstruction is the release
of proinflammatory mediators, due to peri-
toneal breach and bowel handling.18 There is
no doubt that ischemic change leads to inflam-
matory cell activation and the start of the
inflammatory cascade, so intestinal ischemia
regardless of the underlying etiology can cause
the peritoneal adhesion.
To prevent adhesive intestinal obstruction

after the Ladd procedure, it is important to
make the best possible effort to avoid intestin-
al ischemia, as well as intestinal adhesion to
the broad bare area of the mesentery by widen-
ing of the mesenteric base. Since the efficacy
of Seprafilm for preventing adhesive intestinal

obstruction was reported in 1996,19 it has been
commonly used in various clinical fields.20,21
Inoue et al. reported that, of five patients who
underwent the Ladd procedure with Seprafilm,
none developed a postoperative adhesive
intestinal obstruction in the 24 months after
surgery.22 Accordingly, we are considering
applying Seprafilm to the manipulated mesen-
tery as an effective preventive measure. On
the other hand, it has been suggested that
moderate adhesion in the peritoneal cavity
plays some role in the prevention of recurrent
volvulus,2,23,24 and that the use of an adhesive
barrier film could therefore increase the risk
of recurrent volvulus. However, if the use of
Seprafilm can prevent adhesion between the
widened mesenteries, re-narrowing of the
mesenteric base can also be prevented, and
the basic form of the Ladd procedure can be
retained.
In recent years, reports on the Ladd proce-

dure have more often dealt with the laparo-
scopic version of the surgery.25 Although the

laparoscopic Ladd procedure offers a cosmetic
advantage and is also a useful procedure, there
is considerable doubt over whether this proce-
dure reduces the incidence of postoperative
adhesive intestinal obstruction. In the present
series, on the other hand, there were no cases
in which adhesion related to the wound
became the cause of an intestinal obstruction.
In addition, inadequate mesenteric dissection
with a persistently narrowed midgut mesen-
tery under the restricted view can result in
recurrent volvulus. Further investigation and
more experience are needed.

Conclusions

Intestinal fixing is not required to prevent
recurrent volvulus after the Ladd procedure,
but it is important to achieve adequate widen-
ing of the mesenteric base using the proper
technique. The risk of bowel obstruction after
the Ladd procedure, on the other hand, is high.
Moreover, patients with intestinal ischemia
have an increased risk of bowel obstruction.
This is thought to be caused by ischemic dam-
age to the intestinal serosa and by peritoneum
defects due to the widening of the mesentery.
We are considering applying an adhesion bar-
rier film to the manipulated mesentery as a
preventive measure.
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Figure 1. Timing of the appearance of postoperative intestinal obstruction.
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