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Abstract

Midgut malrotation (MGM) is a congenital abnormality occurring as a result of failure of the normal midgut rotation and/or fixation
process during the embryologic development. The consequences and life-threatening complications of MGM, such as the midgut
volvulus and duodenal compression, are familiar to Pediatric surgeons, but are rarely encountered by those caring for adults. Acute
presentations require immediate resuscitation and emergent surgery to relieve bowel obstruction and prevent bowel necrosis. In most
cases without bowel necrosis, a Ladd’s procedure is the surgical intervention of choice. In emergent older cases, bowel resection is
usually required. The prognosis of affected patients depends on the disease stage, comorbidities, timely diagnosis, and the type of
surgery. Issues of concern with MGM is the ensuring of early diagnosis, the management of insidious or asymptomatic cases, and,
on surgical cases, the extent of bowel resection, the construction of anastomosis , the prevention of recurrence, and the technique of
abdominal closure. Adult presentations may pose diagnostic challenges, and clinical awareness is always required. This article
reviews relative literature and seeks to highlight the importance of the thorough understanding of the presentation of complicated
MGM throughout life, and make recommendations for its management.
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Introduction will likely continue to increase as incidental diagnosis of MGM is
increasing grace to advances in imaging [13]. It is 1% in autopsy
studies [14], and an incidence of 1 in 500 live births has been
reported, while symptomatic MGM occurs in 1 in 6000 live births
[4,5,7]. Itis classically thought that, around 90% of patients with
MGM present in the first year of life, with the majority (64%-
80%) presenting in the neonatal period or within the first month
of life [5,12-15]. Beyond the neonatal period, MGM occurs with
decreasing frequency [5,16]. Adult MGM presents similar trends
as the older child, and it is usually an accidental radiological
" ) - ) finding or, more rarely, occurs as an acute event, accounting for
[4,5]. _Th's benign cllnlcopatholgglt?al syndr.ome affects only 0.2%-0.5% of cases [11,13]. A 1.7:1 ratio of adult male to
predominantly the newborn and pediatric population, but adult female preponderance has been reported [13]. Adult presentations

cases have also been- occasmnal_ly rep.orted [4'8'_11]' The true may lead to diagnostic challenges and, if diagnosis of complicated
prevalence of MGM in all ages is difficult to define due to the cases is delayed, to worse outcomes [5,8,16-19].

unclear_number of asymptomatic cases; a rate of 0.2% '?%_Of the Given the rarity of the MGM condition in older patients, there
population has been reported [5,12]. Furthermore, the incidence are still many barriers in the timely diagnosis and management,

Midgut (or intestinal) malrotation (MGM) is a congenital
anomaly that occurs secondarily to the partial or complete failure
of the midgut (MG) to rotate 270° counter-clockwise around the
axis of the superior mesenteric artery (SMA) and to achieve
retroperitoneal fixation during the embryonic development, and
may present as abnormal position and altered mobility of the large
and small bowel within the peritoneal cavity [1-7]. MGM
encompasses a wide spectrum of clinical entities reflecting the
various anatomic configurations of the MG and its consequences
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including the various vague clinical presentations, the provider’s
inexperience, and the uncertainty with the ideal treatment, all
contributing to the increased morbidity and mortality observed
with MGM in adults when compared to the pediatric population
[5,8,20]. This highlights the need for both radiologists and
clinicians to maintain a high index of suspicion for MGM if
abdominal intestinal abnormalities happen to be identified
incidentally, i.e., on a computed tomography ( CT) scan, and
to appreciate the challenges associated with this condition in the
adult population, in order to ensure early management [5,13,16].
MG volvulus refers to the twisting of small bowel loops and the
proximal colon around the SMA and their corresponding
mesentery [6,7,17-19,21-23]. This acute caecocolic torsion is a
type of right colon volvulus (RCV) [18]. It is the most fearful
complication of MGM since it causes acute bowel obstruction,
potentially leading to bowel blood compromise and ischaemic
infarction/necrosis [5,13,14,18,19,21,23]. In MGM cases, MG
volvulus is often ileocolic, accounting for 25% of all
intestinal/colonic volvuluses (10% in case of caecal volvulus),
and it is as rare as 1-3% of all cases of bowel obstruction in
pregnancy [16,23]. There are numerous reports of neonatal cases
of MG volvulus in the literature, while intrauterine occurrences
have been reported less frequently [6-8]. Instead, MG volvulus is
far more common among the pediatric than in the adult
population; only an estimated 15% of adult MGM cases present
with MG volvulus [13,14,19,23].

This article seeks to highlight the importance of understanding the
variable presentations of the MGM throughout life and to make
recommendations for its management. We reviewed the literature
for MGM and MG volvulus, and provided image material from
cases of our experience. A thorough search via the PubMed and
MEDLINE® databases has been performed using the keywords
“midgut malrotation”, “intestinal malrotation”, “midgut
volvulus”, “complicated”, and “emergent” with time limit mainly
the past decade.

Discussion
Etiology - pathophysiology

The normal MG development is a complex process that requires
intraabdominal 270° counter-clockwise rotation of the gut tube
around the SMA axis during the 4"-10" /12" week of gestation
[5,9,11,13]. Normally, the wide base of the intestinal mesentery,
extending from the Treitz ligament to the ileocaecal valve, along
with retroperitoneal attachments, prevent bowel twisting [6,7].
Rarely, MG aberrations are associated with congenital heart
disease or visceral situs (inversus, ambiguous) or biliary
anomalies [11,24] .

The degree the bowel has failed to undergo its physiological
rotation and fixation can vary widely, explicating the multiple

forms of MGM (Dott 1923); the most common are incomplete
rotation, non-rotation and reversed rotation, with subtypes based
on the orientation of the duodenum and colon [4,9,13,15,]. The
non-rotation type on the one extreme of the spectrum is
characterized by positioning of the small bowel in the right
hemiabdomen and the large bowel in the left , absence of the
Treitz ligament, malfixation of the narrow-based mesentery,
inversion of the superior mesenteric (SM) vessels, and hypoplasia
of the pancreatic uncinate process [5,13,15,]. On the other end,
the most rare reversed rotation form results from the clockwise
rotation of the MG in relation to the SMA, which leads to
malposition of the transverse colon posterior to the SMA, prone
to extrinsic obstruction, and of the duodenum anterior to the SMA
[5]. Among the remaining MGM cases, constituting the majority,
the incomplete rotation type is the classical MGM type that is
usually described, and is due to bowel which rotates 180° counter-
clockwise instead of 270°; this leaves the caecum in the right
upper quadrant with a narrow vascular pedicle at risk of MG
volvulus [4,5,15]. In another classification, MGM is divided into
three major types: non-rotation (type 1), duodenal malrotation
(type II), and combined duodenal and right colon malrotation
(type 111) [24,25] .

Accordingly, abnormal fibrous peritoneal bands (William Ladd,
1932) may firmly attach the right lateral abdominal wall and the
liver to the caecum and/or ascending colon, and exercise external
compression to the duodenum and jejunum, predisposing also to
MG volvulus [4,5,13,15]. Obstructing Ladd’s bands and
congenital internal hernias (i.e., right paraduodenal hernia) may
cause acute presentation in 10% of cases [5,12]. Other rare
parietocolic or peritoneal membranes, veils and folds (i.e.,
funicular Jackson’s membranes) may also act as a fulcrum for
intestinal blockage or torsion [1,18].

The exact etiology of MGM remains uncertain. Some studies
have suggested a genetic component, such as the association
between mutations in the forkhead box transcription factor
(FOXF 1) and L-R asymmetry genes [20]. MGM, as well as other
gastrointestinal (GI) changes, have also been linked to
chromosomal abnormalities, such as the trilogy of the long arm of
chromosome 16 and a ring chromosome 4 [13].

The MG volvulus on underlying MGM occurs when the unfixed
hypermobile caecum/ascending colon, along with the small bowel
(ileum), are additionally and concurrently twisted greater than
180° around their own long and narrow mesentery and the SM
vessels [1,6,7,13,16-19,21-23,26]. Based on autopsy and
cadaveric studies, the fixation of the ascending mesocolon to the
right gutter is absent in 10-15% of the population, a rate that far
exceeds the incidence of acute RCV [21,22]. In practice,
continuous bowel twisting may lead to extrinsing occlusion of the
vasculature within the bowel wall, resulting in the ischaemic
infarction/necrosis of the involved segment supplied by the SMA
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and the poor venous return, and eventual bowel obstruction
(closed loop obstruction), bowel perforation and peritonitis [3-
6,13,15,19,23]. In adults, various predisposing factors for the
initiation of this complication have been implicated, such as the
chronic intestinal distension or atony, chronic constipation,
paraplegia  with  impaired colonic  motility,  bowel
hypoganglionosis or chronic intestinal pseudoobstruction,
consequences from laxative abuse or high fiber diet, pregnancy,
and distal obstructing tumour [9,17,22] .

Another condition which is very rarely associated with MGM,
presenting independently or coexisting with MG volvulus, is the
ileocaecal /ileocolonic intussusception (IClI), which can also result
in obstruction and bowel ischaemia [17,18]. ICI is facilitated by
the caecocolic mobility, and, in adults, by the altered peristaltic
bowel motion, the increased intraluminal pressure, and even the
presence of a structural ileocolic “lead point” for invagination, a
malignant mass in most of the cases [17,18].

Clinical Presentation

The clinical image of MGM correlates with the age of
presentation, with infants commonly presenting with acute MG
volvulus, while this in contrast only accounts for 15-20% of adult
cases [5,13]. Although acute obstruction secondary to MG
volvulus or obstructing congenital bands can occur in all age
groups, there is a tendency towards more chronic subtle or
obscure symptoms as a child grows old [5,16].

The current literature suggests that around 90% of MGM cases
present in the first year of life, the majority with acute bilious
vomiting secondary to MG volvulus [3,5]. In neonates, the
cardinal sign of bilious emesis facilitates the establishment of the
diagnosis within hours to days; this is a surgical emergency for
the neonate, as well as for older pediatric patients [3,4].

Bowel obstruction is rare in pregnancy with an estimated
incidence of 1 in 10000; the main underlying etiologies include
adhesions (60%) and volvulus (25%) [23]. In the prenatal-
intrauterine period, maternal and fetal outcomes following
maternal MG volvulus can be disastrous, especially if the
diagnosis is delayed [6,23]. In their systematic review, Chong et
al [23] demonstrated that, maternal and fetal mortalities were 13%
and 35% respectively; all mother deaths happened during the
third trimester. Since fetal outcomes are directly linked to the
maternal physiology, delayed diagnosis of maternal MG volvulus
and delayed surgery may lead to bowel infarction with associated
hypovolaemia, renal failure and septic shock that result in fetal
compromise [23]. MG volvulus in pregnancy is a surgical
emergency, though commonly masquerades as symptoms of
pregnancy, which may lead to delays in proper diagnosis and
definite optimal treatment [7]. The classic triad of maternal MG
volvulus consists of generalized abdominal pain, vomiting and
constipation [5]. Similarly, in the very rare case of intrauterine

fetal MG volvulus [i.e., polyhydramnios in ultrasonography
(U/S), “intraabdominal mass” in magnetic resonance imaging
(MRI)], timely diagnosis and two emergent surgeries are required
(see below) [7].

Adult presentations of MGM can be broadly split into incidental,
chronic, and a minority of acute cases [5,10,13-15]. MGM s
often found incidentally on asymptomatic patients who undergo
imaging or laparotomy for other health conditions [13]. The
chronic presentation of MGM tends to be insidious, with the
patient experiencing nonspecific vague or subacute GI symptoms
over a period of months to years [4,13]. In this case, common
symptoms include crampy abdominal pain, bloating,
nausea/vomiting, and weight loss (food intolerance) [13,14].
Patients may possibly experience intermittent or recurrent self-
limited bowel obstruction episodes, attributed to either Ladd’s
bands compression or MG volvulus [5,10,13,14]. Often, the
diagnosis is missed for a considerable time and it is only achieved
via CT scan or exploratory laparotomy [4,5,10,13,14]. Acute or
acute on chronic presentations are less common, comprise only up
to 20% of all adult cases, and are usually secondary to MG
volvulus [5]. The common symptoms and signs of adult MGM
presenting with MG volvulus are severe epigastric or umbilical
pain, nausea/vomiting and abdominal distension, which may lead
to bowel ischaemia and eventual bowel necrosis with potentially
fatal consequences [5,13,14].

Even more rarely, MGM is complicated with ICI, which is a
similar obstructing bowel condition [9,10,17,18]. Colonic
carcinoma in the setting of (adult) MGM has been sparingly
reported worldwide, mostly from Japan; among 59 reported cases,
in 38 patients (64.4%) the tumour was located in the right colon
[15].

Diagnostic Evaluation

Timely intrauterine diagnosis of fetal MG volvulus may pose a
challenge due to the absence of specific symptoms and signs. It is
pertinent for radiologists, sonologists and obstetricians to be
aware of fetal MG volvulus while performing fetal sonography
[6]. Accordingly, early diagnosis of the maternal MG volvulus
(usually, during the third trimester) also relies on thorough
clinical evaluation and proper use of radiology [23].

The hesitation to pursue radiological imaging during pregnancy
for the risk of radiation exposure is often the main obstacle in
achieving a definite diagnosis [23]. The maximum radiation that a
fetus can be safely exposed to is 10 rads, but, currently no single
diagnostic study exceeds 5 rads [23,27]. U/S (first line) and MRI
have been reported to be safe and valuable in pregnancy, with no
associated risks to the fetus [7,9,23,27]. However, modalities that
rely on ionizing radiation, such as the abdominal X-ray (i.e., in
pregnant woman with MG volvulus) and (low dose) CT scan have
been safely used [8,9,23].
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U/S in fetal MG volvulus may reveal proximal bowel obstruction
with a closed loop and other dilated bowel loops, anatomic
abnormalities of the SM vessels and the duodenum, and indirect
signs, as well, such as polyhydramnios, ascites, meconium
pseudocyst, and decreased fetal movements [4,6,7,19]. The
hallmark “whirlpool sign” refers to a coiled configuration due to
the torsion of the mesenteric root, and the superior mesenteric
vein (SMV) wrapped around the SMA axis [7,19]. It is highly
suggestive of MG volvulus; some studies in adults report
sensitivity and specificity of 92% and 100% respectively [19].
The “coffee-bean sign” may occur in fetal MG volvulus cases
with “closed loop bowel obstruction”, and refers to the coffee-
bean-like appearance of the closely approximated ahaustral gas-
filled colon; it must be differentiated from the severe meconium
obstruction with intestinal torsion [6,7]. On U/S, the presence of
“fluid-fluid level” within dilated bowel loops may improve the
diagnostic accuracy, and on Doppler study the increased peak
systolic velocity of the middle cerebral artery, especially with
dilated bowel loops, ascites and polyhydramnios, can be
indicative of fetal anemia [6].

Abdominal X-rays in childhood and adulthood may usually show
evidence of dilated bowel loops displaced on the right side
(possibly, with gastric distension) and multiple air-fluid levels
[4,7,14,16,23]. Less commonly, MG volvulus in pediatric
population or adults may be associated with signs of duodenal
obstruction [4]. Abdominal X-rays can thus be helpful, but not
always (Figure 1 a,b).

Figure: 1a Figure: 1b

Figure 1: a) Abdominal X-rays: Dilated colon and air-fluid levels
(arrows) in 50 year-old male with MGM-MG volvulus. b) Postoperative

Gastrografin® UGI series in 70 year-old male with acute bowel
obstruction due to MG volvulus on underlying MGM and rectosigmoid
tumour; arrows indicate coexistent malformed right-sided duodemum
(without 3rd and 4th portion) and right-sided proximal jejunum. Both

were operated.

Abdominal CT scan for MG volvulus secondary to MGM in
pediatric population and adults is the confirmatory study of
choice, as it allows for identification of the highly suggestive
“whirlpool sign” of the twisted mesentery and the wrapped SMV,
rotated clockwise around the SMA, and the “bean-like

appearance”  of  the  obstructed  proximal  jejunum
[4,8,14,16,19,28]. SMA/SMV  orientation  abnormalities
(inversion or vertical positioning), can be associated with
positional anomalies of the duodenum and the undeveloped
pancreas [4,5,13,28]. The CT findings may include dilated loops
of small bowel sequestered on the right abdominal side, interloop
ascites, and dilated right colon on the left, with the distal colon
collapsed [14,19]. An ominous sign is the presence of intestinal
ischaemia or necrosis [10]. Rarely, a right hepatodiaphragmatic
entrapment of bowel (“Chilaiditi syndrome”-like) can be seen
[16]. Contrast-enhanced CT scan has been evaluated to be
effective in diagnosing MGM in adults with diagnostic rates
between 80% and 97% [5,29]. Reviewing relative data,
Butterworth WA and Butterworth JW [13] found that the
diagnosis of acutely presented MGM was predominantly made
via CT scan (67%), but also via U/S (15%) and intraoperatively
(18%). However, in emergent cases, there may have been findings
overlooked or missed by the preoperative clinical and imaging
examination (Figure 2a-c).

In the evaluation of children with clinically suspected MGM,
apart from the use of X-rays and U/S, the Gastrografin® upper Gl
(UGI) series have a place [3,4,8,11,30]. In the series of 22
patients (15 with MG volvulus) of Torres and Ziegler [3], UGI
series were adequately sensitive (95%) and accurate (86%). With
this modality, the “corkscrew appearance” of the duodeno-jejunal
junction and its deviation to the left of the vertebral body suggest
MGM [4]. As for the occasional dysmotility condition of the
colon, it can be evaluated in symptomatic MGM cases with
delayed orocaecal and colonic transit times [31].

Finally, emergency exploratory laparotomy can establish the
intraoperative diagnosis in complicated or obscure cases [16].
Various expected and unexpected abdominal findings may be
encountered (Figure 3a-c).

Treatment

Despite the fact that several investigators advocate surgery in all
patients with a diagnosis of MGM regardless of symptoms or age,
there is a general agreement that the surgical intervention is the
treatment of choice only for complicated MGM cases [12,16]. In
these cases, MGM patients with acute onset of symptoms may
already have haemodynamic instability with sepsis from bowel
ischaemia or perforation or complete refractory obstruction, or
they are in high risk to have it in the next hours [10,17,18,22].
What is primarily required in each emergent case is a quick
clinical assessment and a laboratory work-up, and, for the
unstable patient, immediate simultaneous intense fluid
resuscitation and haemodynamic support to correct dehydration
and electrolyte/metabolic disturbances (acidosis), nasogastric
decompression and administration of broad-spectrum antibiotics
[4,10,16,23]. The operation is performed openly due to the
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existent significant bowel distension, the altered anatomy, and
concern for potential bowel injury with a laparoscopic approach

Figure: 2a

Figure: 2b

[12,19,26].

Acq Tm: 1138;3

15 v
4.5 mm/0.0:1
TR0.0

Figure: 2c

Figure 2: Abdominal CT scan: Complete obstruction with dilated colon (white arrows) in a 52 year-old male (a-axial, b-sagittal: closed-loop
obstruction), and a 88 year-old female (c ) with MGM-MG volvulus, arrowheads show the “whirlpool sign”; coexistent ICI (c) is indicated with
black arrows. Both were operated.

T

Figure: 3a

Figure: 3b Figure: 3¢

Figure 3: Intraoperative findings of complicated MGM-MG volvulus with dilated/unfixed colon in a 50 year-old male (a: white arrow for right
colon, black arrows for omentum and bands), in a 42 year-old male (b-after devolvulation : arrow for sequestered small bowel in the right side), and
in a 46 year-old female (c: arrows for ileum and peritoneal bands).

However, in the acute setting,
confronted with underlying pathology with limited or lacking
preoperative information, or unexpected findings, and are
forced to use a treatment option with little evidence [25] . This
is particularly true for complicated MGM cases.

surgeons are occasionally

Treatment recommendations for neonates, infants and
young children

The standard of care for neonates and infants suffering from
symptomatic or complicated MGM (duodenal obstruction, MG
volvulus) is the Ladd’s surgical procedure, originally proposed by
William Ladd on 1936 [3-7,16,23,31]. In the vast majority of
cases, characterized by absence of bowel necrosis, it involves: (i)
counter-clockwise detorsion of the volvulised bowel (if MG
volvulus is the case) with full inspection of the mesenteric root;
(i) division of Ladd’s bands and other congenital peritoneal
adhesions (especially, around the SMA) to relieve obstruction and
straighten the duodenum along the right abdominal gutter; (iii)
broadening of the narrow mesenteric root, and re-orientation of
the small bowel on the right hemiabdomen and the colon on the
left side; and (iv) prophylactic appendectomy (usually), to prevent
future diagnostic confusion in the setting of acute appendicitis [3-

6,13,14,23,31]. The rare case of intrauterine fetal MG volvulus
mandates rapid and multidisciplinary management including
double surgical intervention, an emergent caesarian section on the
mother for delivering of the neonate, and an emergent laparotomy
on the neonate for detorsion of its twisted bowel and prevention
of intestinal necrosis [6,7,23]. Conclusively, the classic Ladd’s
technique, which is not a true correction procedure, aims
primarily to rescue newborns with complicated MGM [31]. In the
absence of severe associated anomalies, the isolated MG volvulus
has a favourable prognosis postoperatively [6].

The management of children with asymptomatic or minimally
symptomatic or incidental MGM remains controversial
[12,14,32]. The potential to develop sudden onset of acute
complications in asymptomatic patients always exists at any age,
thus, proponents of a prophylactic Ladd’s procedure site that the
perioperative risk associated with an elective surgery is far lower
when compared to an emergent one [12]. However, the traditional
thought is that the asymptomatic MGM diagnosed after two years
of life poses minimal risk. Avoiding surgery in older
asymptomatic children and adults is also justified by the
dramatically declining risk of presenting patients with volvulus
with advancing age [12]. Moreover, it has been reported that,
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correcting asymptomatic MGM beyond the age of 20 years is
ineffective and probably harmful [4]. The 2015 American
Pediatric Surgical Association (APSA) outcomes and evidence-
based practice committee concluded that there is minimal
evidence (Level 4) and recommendation (Grade D) to support
screening, and recommended observation for older children with
asymptomatic MGM [32]. An issue of concern is the recurrence
of MG volvulus after the index surgery [5,9,26]. Many
investigators suggest that the recurrence rate among children is
low, and a pexy of bowels may constitute an unnecessary addition
[14]. The 1980’s Stauffer’s series [33] with 77 children, who had
undergone a Ladd’s procedure with or without pexy, showed a
trend for less reoperation in the group with pexy, but no
significant difference in the recurrence rate between the two
groups. However, the recurrence rate among patients who
underwent Ladd’s procedure alone in the adulthood is much
higher than the one reported in children, estimated in some series
as high as 16% [9] or even 18% [8]. Advocators of a
complementary fixation during the index surgery or when treating
recurrence have used various techniques, such as suturing of the
posterior duodenum to the right renal fascia (duodenopexy),
anchoring the caecum to the left abdominal wall (caecopexy), or
some fixation of the small bowel or its mesentery (enteropexy,
mesentericopexy ) [14,19,26,31].

Treatment recommendations for emergent patients
beyond infancy until adulthood

In the emergency setting for older ages, the surgical bowel
detorsion alone is not an option, since it is associated with a high
risk of recurrence (20-75% in cases of right colon/caecal
volvulus), besides the fact that bowel excision for ischaemic
necrosis and correction of coexistent pathology are inevitably
required [11,16]. Instead, some elements of the Ladd’s method
should complete the required operation, i.e., the division of
Ladd’s and thick peritoneal bands, the taken down of the
“ligament” of Treitz with the creation of a “Treitz neo-ligament”,
and the straightening of duodenum to the right [5,11,15,19,23,31].
The type of the surgical operation in complicated cases is
determined by the individualized variant of the developmental
defect, the intraoperative situation of the bowel, and the patient’s
status for surgery [8,10,18,21]. It is crucial for the operating
surgeon to recognize associated abdominal vascular and other
coexistent anomalies, and tailor the surgery accordingly [4,10,31].
However, there remains much debate regarding the proper
management for specific forms of primary MG volvulus in these
ages [19,31].

An issue of concern is the place of colonoscopic devolvulation in
complicated cases with RCV obstruction that is associated with
non-gangrenous colon. In contrast to its application in sigmoid
volvulus cases, this non-operative relief method is rarely used in

complicated MGM cases, since it is rarely successful and
subsequent revolvulation often occurs, leading to a high risk of
perforation [18,29,34]. However, it could sometimes convert an
emergent procedure in a debilitated and poorly prepared patient to
a semi-elective one, providing temporary mechanical detorsion
and decompression of the bowel [18,34].

For the emergent stable patient, beyond the early period of life,
who responds well to resuscitation, who has no risk factors, and
who has bowel ischaemic necrosis or perforation or not, the
optimal surgical management entails open right hemicolectomy
with primary ileotransverse anastomosis for MG volvulus, and the
rarest case of IClI on underlying MGM [10,18,21,34].
Prerequisites for this type of surgery are achieving viable and
healthy bowel ends and the absence of adverse factors in
anastomotic healing (i.e., malnutrition, steroid use, bowel edema)
[10,18,22]. If the patient is at high risk for anastomotic leak or
was preoperatively assessed with poor rectal tone or incontinent
sphinchter (elderly), then resection with creation of ileostomy
remains a Vviable option [18,22,31]. Extended large bowel
resection or, instead, segmental bowel resection and colopexy
have also been reported in specific cases [10]. Non-resectional
approaches in the setting of viable colon after devolvulation, such
as the colopexy or combination of pexy and caecostomy, have
been used as suboptimal surgical options but life saving measures
on debilitated-malnutritioned patients; reportedly, detorsion alone
is associated with recurrence rate as high as 75%, and detorsion
with colopexy is associated with a recurrence rate up to 40% and
a mortality up to 18% [16,18,22,31,33]. Notably, the presence or
coexistence of ICl mandates that the resection should achieve
negative oncological bowel margins [17,18,21].

On the other hand, for the emergent unstable patient with sepsis
from bowel ischaemia or perforation, or complete obstruction
(strangulation), characterized by one or more of metabolic
acidosis, hypoxia, sustained hypotension and coagulopathy, there
is no time for full resuscitation and optimization [18]. Reversal of
haemodynamic instability will not occur unless bowel obstruction
has been resolved. This patient in extremis should undergo
simultaneous resuscitation and transfer to the operating room
[10,18,34]. Damage control surgery is the option, involving rapid
stapled in situ resection of the volvulised (rarely, intussuscepted)
gangrenous bowel segments and mesentery (i.e., right
hemicolectomy), control of spillage and lavage/debridement,
proximal bowel diversion (usually), and temporary abdominal
closure [10,13,18,34]. Intentionally, conserving the intestines in
case of uncertainty is considered as a valid option instead of
extended intestinal resection, especially in young patients [4].
This is a very important issue.

The choice of a technique of temporary closure in the case of
significant bowel distension or when bowel of questionable
viability was left in situ, is another issue of concern. For this case,
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particularly in adults, a laparostomy dressing, an absorbable mesh
(i.e.,vicryl mesh) or a BOGOTA bag may be applied [4,13].
These patients are better closely attended in the surgical intensive
care unit, so as to promptly recognize and treat every
exacerbation of metabolic /lactic acidosis, decrease in urinary
output and worsening of laboratory examinations, indicating
tissue reperfusion injury or that the bowel segment in uncertainty
has not recovered or is necrotizing [4]. Based on the degree of
response to resuscitation after index surgery, a return to the
operating room within 24-48 hours for re-look (s) is required
[18,34]. Bowel reconstruction in cases with healthy bowel, or,
instead, complementary excision when bowel necrosis is evident,
should accordingly be performed [4,13].

The postoperative complications, minor in most of the cases, are
associated with the present developmental anomalies, the type of
surgery performed, and the patient’s physical status. They include
wound infection, adhesive ileus, delayed gastric emptying, and
recurrence [8]. Unfortunately, complicated MGM that is
associated with excessive bowel necrosis leads to extended bowel
resection, either during the index surgery or during re-operation;
patients with “short bowel syndrome” require close and
continuous caring for malnutrition (in need of lifelong parenteral
nutrition), electrolyte disturbances, immune deficiency, and even
sepsis [23].

In the emergency setting, the role of laparoscopic intervention for
complicated MGM remains limited. Theoretically, in
symptomatic but stable patients with absence of bowel necrosis or
excessive bowel distension, the Ladd’s procedure can be
performed laparoscopically, gaining less postoperative pain and
shorter time to full enteral feeding and hospital stay. In practice,
the physical status of these few patients undergoing laparoscopy
for MGM is markedly better than those who undergo laparotomy;
nonetheless, up to one third of the laparoscopic procedures are
eventually converted to open surgeries [4,12,16,35,36]. There is
also evidence of an increased risk of volvulus recurrence with the
laparoscopic approach in children due to the poor formation of
post-operative adhesions [12,36]. However, laparoscopy for
MGM with bowel obstruction has very rarely been reported,
probably due to perceived difficulties with the use of laparoscopic
tools and the rarity of this condition [15,34]. Prospective
randomized studies with long follow-up are required to evaluate
the true efficacy of the laparoscopic approach.

Conclusion

MGM refers to various congenital anomalies of the rotation and
fixation of the midgut, often resulting in the creation of an
unfixed, hypermobile, and displaced caecocolon, prone to
twisting, and the presence of abnormal peritoneal bands
compressing the duodenum or the bowel. Acute presentations of
MGM are associated with bowel obstruction with risk of bowel

necrosis, a dreadful complication that is more commonly and
easily diagnosed early in the life, while it occurs rarely and
diagnosed with delay in older ages. Acute cases mandate
appropriate resuscitation and emergent surgery to relieve bowel
obstruction (Ladd’s procedure in early life cases with no necrosis
and bowel resection for necrosis or in older cases), and to repair
coexistent congenital  aberrations. Higher mortality rates are
seen in cases with acute onset of MG volvulus, delayed diagnosis,
or presence of bowel necrosis. High index of clinical suspicion
for timely diagnosis and surgery, sufficient knowledge of the
normal and altered anatomy, coupled with understanding of the
mechanisms of disturbance in complicated cases, and familiarity
with basic surgical techniques should guide practitioners to
handle difficult unexpected findings.

Acknowledgments

The author thanks Mrs Elena Avgoustou, MD, for her help in
preparing and typing the manuscript.

Conflict of interest

The author has no conflicts of interest to declare.

Ethical Approval informed Consent

Written informed consents were obtained from the patients whose
images are used for presentation in Congresses or publication in
Medical Magazines.

References

1. Spitz L. Neonatal intestinal obstruction and intussusception in
childhood. In: Schwartz SlI, Ellis H, eds. Maingot's abdominal
operations. 8th ed. Norwalk, Connecticut: Appleton Century-Crofts.
1985; 1025-1084.

2. Ellis H. Special forms of intestinal obstruction. In: Schwartz SI,
Ellis H, eds. Maingot's abdominal operations. 8th ed. Norwalk,
Connecticut: Appleton Century-Crofts. 1985; 1183-1220.

3. Torres AM, Ziegler MM. Malrotation of the intestine. World J Surg.
1993; 17: 326-331.

4. Dehaini H, Eldine RN, Doughan S, Khalifeh M, Khasawneh H,
Hussain H, et al. Presentation of intestinal malrotation and midgut
volvulus in adults: Case report & literature review. Int J Surg Case
Rep. 2020; 73: 27-30.

5. Ribeiro T, Greene B, Bennett S, Msallak H, Karanicolas P.
Variations of intestinal malrotation in adults: A case report of
midgut volvulus and literature review for the surgeon. Int J Surg
Case Rep. 2022; 91: 106750.

6. Jain N, Awal SS, Biswas S, Ghosh T. Prenatal diagnosis of fetal
midgut volvulus: a case report. J Med Case Rep. 2022; 16: 482.

7. Chen J, Wu D. Prenatal diagnosis of fetal midgut volvulus: a case
description. Quant Imaging Med Surg. 2022; 12: 4326-4330.

8. Fu T, Tong WD, He YJ, Wen YY, Luo DL, Liu BH. Surgical
management of intestinal malrotation in adults. World J Surg. 2007;
31:1797-1803.

Citation: Avgoustou C (2023) Complicated Midgut Malrotation in Different Ages: Diagnostic and Treatment Challenges. A Review. SunText

Rev Med Clin Res 4(4): 190.


https://link.springer.com/article/10.1007/BF01658699
https://link.springer.com/article/10.1007/BF01658699
https://www.sciencedirect.com/science/article/pii/S2210261220304697
https://www.sciencedirect.com/science/article/pii/S2210261220304697
https://www.sciencedirect.com/science/article/pii/S2210261220304697
https://www.sciencedirect.com/science/article/pii/S2210261220304697
https://www.sciencedirect.com/science/article/pii/S2210261221012529
https://www.sciencedirect.com/science/article/pii/S2210261221012529
https://www.sciencedirect.com/science/article/pii/S2210261221012529
https://www.sciencedirect.com/science/article/pii/S2210261221012529
https://jmedicalcasereports.biomedcentral.com/articles/10.1186/s13256-022-03720-0
https://jmedicalcasereports.biomedcentral.com/articles/10.1186/s13256-022-03720-0
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9338359/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9338359/
https://link.springer.com/article/10.1007/s00268-007-9018-2
https://link.springer.com/article/10.1007/s00268-007-9018-2
https://link.springer.com/article/10.1007/s00268-007-9018-2

s SUNTEXT REVIEWS

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Avgoustou, SunText Rev Med Clin Res (2023), 4:4

Hushberg B, Salehi K, Peters T, Gunnarsson U, Michanek M,
Nordenskjold A, et al. Congenital intestinal malrotation in
adolescent and adult patients: a 12-year clinical and radiological
survey. SpringerPlus. 2016; 5: 245.

Avgoustou C, Manatakis D. Acute surgical abdomen as presentation
of undiagnosed midgut malrotation in adults. Hellenic J Surg. 2017;
89: 100-108.

Perez Galaz F, Moedano Rico K, Perez Tristan FA, Acuna
Macouzet A, Jafif Cojab M. Midgut volvulus caused by intestinal
malrotation. A rare cause of acute abdomen in adults. Case report.
Int J Surg Case Rep. 2020; 73: 355-359.

Schwab ME, Kramer SP, Bashi A, Chung TP, Mueller CM. A
problem at any age: a case report of congenital malrotation with
bowel ischemia in an 84-year-old. BMC Surg. 2022; 22: 35.
Butterworth WA, Butterworth JW. An adult presentation of midgut
volvulus secondary to intestinal malrotation: A case report and
literature review. Int J Surg Case Rep. 2018; 50: 46-49.

Ferreira MS, Simoes J, Folgado A, Carlos S, Carvalho N, Santos F,
et al. Recurrent midgut volvulus in an adult patient —the case for
pexy? A case report and review of the literature. Int J Surg Case
Rep. 2020; 66: 91-95.

Balachandran G, Bharathy KGS, Sikora SS. Laparoscopic surgery
for right colon cancer with intestinal malrotation: A case report and
review of the literature. J Minim Access Surg. 2022; 18: 609-612.
Khougali HS, Hamad Y, Abdelhamid A, DiNicola V. Caecal
volvulus associated with complex small bowel malrotation and
congenital bands: A case report and literature review. J Surg Case
Rep. 2021; 2021: rjab040.

De Raet J, Brugman T, Geukens A. “Twist & slide” bowel
obstruction: two different rare causes of adult bowel obstruction in
the same patient. Acta Chir Belg. 2006; 106: 608-610.

Martin MJ, Steele SR. Twists and turns: A practical approach to
volvulus and intussusception. Scand J Surg. 2010; 99: 93-102.
Burke EP, Saeed M, Mahmood M, Hayes C, Salama M, Ahmed 1.
Whirl sign and midgut volvulus: an unusual cause of an acute
abdomen in an adult patient. Case Rep Surg. 2019; 2019: 2356702.
Martin V, Shaw-Smith C. Review of genetic factors in intestinal
malrotation. Pediatr Surg Int. 2010; 26: 769-781.

Tirol FT. Cecocolic torsion: Classification, pathogenesis, and
treatment. JSLS. 2005; 9: 328-334.

Scott CD, Trotta BM, Dubose JJ, Ledesma E, Friel CM. A cruel
twist: postoperative cecal volvulus. Ulus Travma Acil Cerrahi Derg.
2008; 14: 158-162.

Chong E, Liu DS, Strugnell N, Rajagopal V, Mori KK. Midgut
volvulus: A rare but fatal cause of abdominal pain in pregnancy—
How can we diagnose and prevent mortality? Obstet Gynecol Int.
2020; 2020: 2185290.

Zissin R, Rathaus V, Oscadchy A, Kots E, Gayer G, Shapiro -
Feinberg M. Intestinal malrotation as an incidental finding on CT in
adults. Abdom Imaging. 1999; 24: 550-555.

Chuang PW, Huang BM, Liu CH, Chen CC, Tsai MJ. Left -sided
appendicitis in an elderly patient with midgut malrotation. Indian J
Surg .2015; 77: 1418-1420.

Kang L, Larson B, Barker S, Ma T. Recurrent midgut volvulus in
an 83-year-old female. J Surg Case Rep. 2021; 2021: rjab298.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Kouki S, Fares A, Alard S. MRI whirlpool sign in midgut volvulus
with malrotation in pregnancy. J Belgian Soc Radiol. 2013; 96: 360-
361.

Taylor GA. CT appearance with duodenum and mesenteric vessels
in children with normal and abnormal bowel rotation. Pediatr
Radiol. 2011; 41: 1378-1383.

Pickhardt PJ, Bhalla S. Intestinal malrotation in adolescents and
adults: spectrum of clinical and imaging features. AJR Am J
Roentgenol. 2002; 179: 1429-1435.

Sizemore AW, Rabbani KZ, Ladd A, Applegate KE. Diagnostic
performance of the upper gastrointestinal series in the evaluation of
children with clinically suspected malrotation. Pediatr Radiol. 2008;
38: 518-528.

Abu-Elmagd K, Mazariegos G, Armanyous S, Parekh N, EISherif
A, Khanna A, et al. Five hundred patients with gut malrotation:
thirty years of experience with the introduction of a new surgical
procedure. Ann Surg. 2021; 274: 581-596.

Graziano K, Islam S, Dasgupta R, Lopez ME, Austin M, Chen LE,
et al. Asymptomatic malrotation: Diagnosis and surgical
management: An American Pediatric Surgical Association outcomes
and evidence based practice committee systematic review. J Pediatr
Surg. 2015; 50: 1783-1790.

Stauffer UG, Herrmann P. Comparison of late results in patients
with corrected intestinal malrotation with and without fixation at the
mesentery. J Pediatr Surg. 1980; 15: 9-12.

Mulas C, Bruna M, Garcia-Armengol J, Roig JV. Management of
colonic volvulus. Experience in 75 patients. Rev Esp Enferm Dig
(Madrid). 2010; 102: 239-248.

Maziotti MV, Strasberg SM, Langer JC. Intestinal rotation
abnormalities without volvulus: the role of laparoscopy. J Am Coll
Surg. 1997; 185: 172-176.

Catania VD, Lauriti G, Pierro A, Zani A. Open versus laparoscopic
approach for intestinal malrotation in infants and children: a
systematic review and meta-analysis. Pediatr Surg Inter. 2016; 32:
1157-1164.

Citation: Avgoustou C (2023) Complicated Midgut Malrotation in Different Ages: Diagnostic and Treatment Challenges. A Review. SunText
Rev Med Clin Res 4(4): 190.


https://link.springer.com/article/10.1186/s40064-016-1842-0
https://link.springer.com/article/10.1186/s40064-016-1842-0
https://link.springer.com/article/10.1186/s40064-016-1842-0
https://link.springer.com/article/10.1186/s40064-016-1842-0
https://link.springer.com/article/10.1007/s13126-017-0391-5
https://link.springer.com/article/10.1007/s13126-017-0391-5
https://link.springer.com/article/10.1007/s13126-017-0391-5
https://www.sciencedirect.com/science/article/pii/S2210261220305629
https://www.sciencedirect.com/science/article/pii/S2210261220305629
https://www.sciencedirect.com/science/article/pii/S2210261220305629
https://www.sciencedirect.com/science/article/pii/S2210261220305629
https://bmcsurg.biomedcentral.com/articles/10.1186/s12893-022-01482-6
https://bmcsurg.biomedcentral.com/articles/10.1186/s12893-022-01482-6
https://bmcsurg.biomedcentral.com/articles/10.1186/s12893-022-01482-6
https://www.sciencedirect.com/science/article/pii/S2210261218302517
https://www.sciencedirect.com/science/article/pii/S2210261218302517
https://www.sciencedirect.com/science/article/pii/S2210261218302517
https://www.sciencedirect.com/science/article/pii/S2210261219306716
https://www.sciencedirect.com/science/article/pii/S2210261219306716
https://www.sciencedirect.com/science/article/pii/S2210261219306716
https://www.sciencedirect.com/science/article/pii/S2210261219306716
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9632716/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9632716/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9632716/
https://academic.oup.com/jscr/article/2021/4/rjab040/6224699
https://academic.oup.com/jscr/article/2021/4/rjab040/6224699
https://academic.oup.com/jscr/article/2021/4/rjab040/6224699
https://academic.oup.com/jscr/article/2021/4/rjab040/6224699
https://www.researchgate.net/profile/Jan-De-Raet/publication/6632278_Twist_Slide_Bowel_Obstruction_Two_Different_Rare_Causes_of_Adult_Bowel_Obstruction_in_the_Same_Patient/links/0046351aa5d4b4d01e000000/Twist-Slide-Bowel-Obstruction-Two-Different-Rare-Causes-of-Adult-Bowel-Obstruction-in-the-Same-Patient.pdf
https://www.researchgate.net/profile/Jan-De-Raet/publication/6632278_Twist_Slide_Bowel_Obstruction_Two_Different_Rare_Causes_of_Adult_Bowel_Obstruction_in_the_Same_Patient/links/0046351aa5d4b4d01e000000/Twist-Slide-Bowel-Obstruction-Two-Different-Rare-Causes-of-Adult-Bowel-Obstruction-in-the-Same-Patient.pdf
https://www.researchgate.net/profile/Jan-De-Raet/publication/6632278_Twist_Slide_Bowel_Obstruction_Two_Different_Rare_Causes_of_Adult_Bowel_Obstruction_in_the_Same_Patient/links/0046351aa5d4b4d01e000000/Twist-Slide-Bowel-Obstruction-Two-Different-Rare-Causes-of-Adult-Bowel-Obstruction-in-the-Same-Patient.pdf
https://journals.sagepub.com/doi/pdf/10.1177/145749691009900210
https://journals.sagepub.com/doi/pdf/10.1177/145749691009900210
https://www.hindawi.com/journals/cris/2019/2356702/
https://www.hindawi.com/journals/cris/2019/2356702/
https://www.hindawi.com/journals/cris/2019/2356702/
https://link.springer.com/article/10.1007/s00383-010-2622-5
https://link.springer.com/article/10.1007/s00383-010-2622-5
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3015600/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3015600/
https://jag.journalagent.com/travma/pdfs/UTD_14_2_158_162.pdf
https://jag.journalagent.com/travma/pdfs/UTD_14_2_158_162.pdf
https://jag.journalagent.com/travma/pdfs/UTD_14_2_158_162.pdf
https://www.hindawi.com/journals/ogi/2020/2185290/
https://www.hindawi.com/journals/ogi/2020/2185290/
https://www.hindawi.com/journals/ogi/2020/2185290/
https://www.hindawi.com/journals/ogi/2020/2185290/
https://link.springer.com/article/10.1007/s002619900560
https://link.springer.com/article/10.1007/s002619900560
https://link.springer.com/article/10.1007/s002619900560
https://link.springer.com/article/10.1007/s12262-014-1200-9
https://link.springer.com/article/10.1007/s12262-014-1200-9
https://link.springer.com/article/10.1007/s12262-014-1200-9
https://academic.oup.com/jscr/article/2021/7/rjab298/6325680
https://academic.oup.com/jscr/article/2021/7/rjab298/6325680
file:///C:/Users/Arts/Downloads/prodadmin,+JBR-2013(6)04-Kouki+et+al.pdf
file:///C:/Users/Arts/Downloads/prodadmin,+JBR-2013(6)04-Kouki+et+al.pdf
file:///C:/Users/Arts/Downloads/prodadmin,+JBR-2013(6)04-Kouki+et+al.pdf
https://link.springer.com/article/10.1007/s00247-011-2118-z
https://link.springer.com/article/10.1007/s00247-011-2118-z
https://link.springer.com/article/10.1007/s00247-011-2118-z
https://www.ajronline.org/doi/full/10.2214/ajr.179.6.1791429
https://www.ajronline.org/doi/full/10.2214/ajr.179.6.1791429
https://www.ajronline.org/doi/full/10.2214/ajr.179.6.1791429
https://www.researchgate.net/profile/Kimberly-Applegate/publication/5586093_Diagnostic_performance_of_the_upper_gastrointestinal_series_in_the_evaluation_of_children_with_clinically_suspected_malrotation/links/0c96052b21430ddf0e000000/Diagnostic-performance-of-the-upper-gastrointestinal-series-in-the-evaluation-of-children-with-clinically-suspected-malrotation.pdf
https://www.researchgate.net/profile/Kimberly-Applegate/publication/5586093_Diagnostic_performance_of_the_upper_gastrointestinal_series_in_the_evaluation_of_children_with_clinically_suspected_malrotation/links/0c96052b21430ddf0e000000/Diagnostic-performance-of-the-upper-gastrointestinal-series-in-the-evaluation-of-children-with-clinically-suspected-malrotation.pdf
https://www.researchgate.net/profile/Kimberly-Applegate/publication/5586093_Diagnostic_performance_of_the_upper_gastrointestinal_series_in_the_evaluation_of_children_with_clinically_suspected_malrotation/links/0c96052b21430ddf0e000000/Diagnostic-performance-of-the-upper-gastrointestinal-series-in-the-evaluation-of-children-with-clinically-suspected-malrotation.pdf
https://www.researchgate.net/profile/Kimberly-Applegate/publication/5586093_Diagnostic_performance_of_the_upper_gastrointestinal_series_in_the_evaluation_of_children_with_clinically_suspected_malrotation/links/0c96052b21430ddf0e000000/Diagnostic-performance-of-the-upper-gastrointestinal-series-in-the-evaluation-of-children-with-clinically-suspected-malrotation.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8428856/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8428856/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8428856/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8428856/
https://www.sciencedirect.com/science/article/abs/pii/S0022346815003978
https://www.sciencedirect.com/science/article/abs/pii/S0022346815003978
https://www.sciencedirect.com/science/article/abs/pii/S0022346815003978
https://www.sciencedirect.com/science/article/abs/pii/S0022346815003978
https://www.sciencedirect.com/science/article/abs/pii/S0022346815003978
https://www.sciencedirect.com/science/article/abs/pii/S0022346880803939
https://www.sciencedirect.com/science/article/abs/pii/S0022346880803939
https://www.sciencedirect.com/science/article/abs/pii/S0022346880803939
https://www.researchgate.net/profile/Jose-Roig-2/publication/44615415_Management_of_colonic_volvulus_Experience_in_75_patients/links/09e4150dc9c7321c85000000/Management-of-colonic-volvulus-Experience-in-75-patients.pdf?_sg%5B0%5D=started_experiment_milestone&origin=journalDetail&_rtd=e30%3D
https://www.researchgate.net/profile/Jose-Roig-2/publication/44615415_Management_of_colonic_volvulus_Experience_in_75_patients/links/09e4150dc9c7321c85000000/Management-of-colonic-volvulus-Experience-in-75-patients.pdf?_sg%5B0%5D=started_experiment_milestone&origin=journalDetail&_rtd=e30%3D
https://www.researchgate.net/profile/Jose-Roig-2/publication/44615415_Management_of_colonic_volvulus_Experience_in_75_patients/links/09e4150dc9c7321c85000000/Management-of-colonic-volvulus-Experience-in-75-patients.pdf?_sg%5B0%5D=started_experiment_milestone&origin=journalDetail&_rtd=e30%3D
https://www.sciencedirect.com/science/article/abs/pii/S1072751501009000
https://www.sciencedirect.com/science/article/abs/pii/S1072751501009000
https://www.sciencedirect.com/science/article/abs/pii/S1072751501009000
http://www.pedsurgery.md.chula.ac.th/journalclub/2085_82504_Open%20versus%20laparoscopic%20approach%20for%20intestinal%20malrotation%20in%20infants%20and%20children_%20a%20systematic%20review%20and%20meta-analysis.pdf
http://www.pedsurgery.md.chula.ac.th/journalclub/2085_82504_Open%20versus%20laparoscopic%20approach%20for%20intestinal%20malrotation%20in%20infants%20and%20children_%20a%20systematic%20review%20and%20meta-analysis.pdf
http://www.pedsurgery.md.chula.ac.th/journalclub/2085_82504_Open%20versus%20laparoscopic%20approach%20for%20intestinal%20malrotation%20in%20infants%20and%20children_%20a%20systematic%20review%20and%20meta-analysis.pdf
http://www.pedsurgery.md.chula.ac.th/journalclub/2085_82504_Open%20versus%20laparoscopic%20approach%20for%20intestinal%20malrotation%20in%20infants%20and%20children_%20a%20systematic%20review%20and%20meta-analysis.pdf

