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Case Report

Left‑sided cecal diverticulitis associated with midgut malrotation
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Malrotation of the midgut is generally considered as a pediatric pathology with the majority
of patients presenting in childhood. The diagnosis is rare in adults, which sometimes leads
to delay in diagnosis and treatment. An index of suspicion is therefore required when
dealing with patients of any age group with abdominal symptoms. We present a case of a
26‑year‑old male who presented with left lower abdominal pain with preoperative computed
tomography showing suspected left‑sided appendicitis associated with midgut malrotation.
The duodenum, small bowel, and cecum were abnormally located, with the presence of a
thickened and inflamed appendix with fecalith images. The patient underwent an emergency
laparotomy, and ruptured cecal diverticulitis with abscess formation was confirmed. We
performed a cecectomy, and the patient did not have an uneventful postoperative recovery.
A review of the literature is presented to highlight the rarity of midgut malrotation and the
controversies surrounding its surgical management in the adult population with ruptured
left‑sided cecal diverticulitis.
Midgut malrotation

Introduction

Case report

idgut malrotation is a congenital anomaly in the
embryological development of intestinal rotation. It
has been estimated to affect approximately one infant in
500 live births [1,2]. However, the true incidence is dif‑
ficult to determine as a substantial number of cases go
undetected throughout life. The vast majority of compli‑
cations associated with midgut malrotation present in the
1st month of life and 60%–85% of cases are diagnosed in
this age group [1,2]. It is reported that more than 90% of
patients present by their first birthday [3]. Adult midgut
malrotation is very rare, and its incidence has been reported
to be between 0.0001% and 0.19% [3,4]. Most adult diag‑
noses of midgut malrotation are made in asymptomatic
patients; either on imaging investigations for unrelated con‑
ditions or during surgery for other pathology. This scenario
of incidental diagnosis is becoming increasingly common,
particularly with the improvements and increased use of
diagnostic imaging techniques in modern practice. Due to
the abnormal cecal position caused by malrotation, a patient
presenting with left‑sided cecal diverticulitis will demon‑
strate atypical symptoms, with pain projecting to the left of
the midline. We present the first reported case of ruptured
left‑sided cecal diverticulitis associated with midgut malro‑
tation and highlight the dilemmas in surgical treatment.

A 26‑year‑old male had an emergency admission with
a 2‑day history of left iliac fossa (LIF) pain associated with
nausea in the absence of vomiting and no change in bowel
habits. He did not have any significant medical history and no
history of abdominal surgery. On examination, his body tem‑
perature was 38.3°C, and he had tachycardia (105 beats/min)
with a normal blood pressure (132/80 mmHg). Abdominal
examination revealed tenderness in the LIF, normal bowel
sounds and a normal digital rectal examination. The urinaly‑
sis was normal. Laboratory tests showed an elevated white
cell count (18.4 × 109 cells/L) and C‑reactive protein con‑
centration (64 mg/L). A plain abdominal radiograph showed
no abnormalities. Abdominal computed tomography (CT)
revealed a thickened, inflamed appendix with fecalith images
in the LIF and some features compatible with midgut mal‑
rotation [Figure 1]. An emergency laparotomy performed
through a midline incision confirmed midgut malrotation
with the small bowel located on the right side of abdomen
and ruptured cecal diverticulitis with abscess formation in the
LIF [Figure 2]. A cecectomy was performed with no attempt
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Figure 2: A normal appendix and inflamed cecum located in the left iliac fossa
(a) and the resected specimen showing ruptured cecal diverticulitis (b) cephalic
direction (arrow)

c
Figure 1: Abdominal computed tomography reveals a thickened, inflamed appendix
with fecalith images near the cecum in the left iliac fossa (arrow) (a) and the small
bowel located entirely on the right side of the abdomen (arrow) (b) the superior
mesenteric artery is on the left side of the superior mesenteric vein (circle) (b and c)

made to correct themalrotation. There was one irregular brown‑
ish 5.0 cm × 4.0 cm × 3.0 cm mass over the cecum. Grossly,
the lesion showed a picture of ruptured diverticulitis with feca‑
lith and abscess formation. Microscopically, it presented with
pseudodiverticulum features. It was also composed of necrotic
derbis, inflammatory exudates, granulation tissue, marked
infiltration of polymorphonuclear leukocytes and chronic
inflammatory cells and vascular proliferation. After the opera‑
tion, intermittent fever and abdominal pain were noted during
the postoperative period. Laboratory tests showed leukocytosis.
The patient developed obstructive symptoms on the 5th postop‑
erative day, and an upper gastrointestinal (GI) series showed
an abnormal position of the duodenojejunal (DJ) junction and
small bowel dilatation on the right side of the abdomen with
delayed contrast passage [Figure 3]. Conservative manage‑
ment had failed, and an anastomosis leak with peritonitis was
suspected. A repeat laparotomy was performed. During the
operation, an anastomosis leak was noted and the ascending
colon was difficult to manipulate because it was located in front
of the inferior vena cava and aorta, and behind the superior
mesenteric artery (SMA) and superior mesenteric vein (SMV).
The direction of the ascending colon was from the LIF to
the right upper abdomen, and its blood supply was unusual.
Therefore, the retained ascending colon might not have been
tension‑free, and there could have been poor blood supply after
the partial colectomy. In addition, due to the intra‑abdominal
infection, there was a higher possibility of an anastomosis leak.
Therefore, a right hemicolectomy was performed. The patient
made a good postoperative recovery and was discharged on the
10th postoperative day.

Discussion
Colonic diverticulosis is etiologically related to a chronic
low‑fiber diet [5]. The increased incidence of diverticulosis has
coincided with the increasing refinement of cereals by the food
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industry, and the disease is more prevalent in countries with a
high degree of industrialization and a generally low intake of
dietary fiber. Diverticulosis has been considered a rare condi‑
tion in patients younger than 40 years old and is thought to
affect approximately 50%–70% of patients over 80 years old.
Previous estimates of the percentage of patients with diver‑
ticular disease younger than 40 years old are in the order of
10% [5].
The presence of diverticula also varies according to ana‑
tomic location. More than 90% of the diverticula in Western
societies are on the left side, and they can be found in the
sigmoid and descending colon. Isolated right‑sided colonic
diverticula are found more commonly in patients from Asian
countries, although some recent small studies have suggested
an increase in left‑sided disease in some areas of Asia [6].
To date, no population‑based studies have been able to
identify a specific group of patients at higher risk of diverticu‑
litis [7]. Acute diverticulitis conventionally has been considered
a disease of patients over 50 years old by many authorities [8].
Less than 20% of patients who present with diverticulitis are
younger than age 45, based on a large retrospective review
of hospitalizations for this condition [7]. In one report, acute
diverticulitis was considered more aggressive in younger and
obese patients than in older adults [8]. The patient was diag‑
nosed with cecal diverticulitis intraoperatively. This raises the
question of why did our patient develop diverticular disease
at the age of 26. The patient had a high body mass index of
37 kg/m2 and low intake of dietary fiber, which may have led
to diverticula formation.
Midgut malrotation is, by comparison, is relatively uncom‑
mon. Depending on the location of the cecum, patients with
acute cecal diverticulitis and malrotation may present atypi‑
cally with left‑sided abdominal pain. Left‑sided abdominal
pain most commonly raises the question of possible sigmoid
colon diverticulitis, creating a diagnostic dilemma in these
patients. Furthermore, a trend may be developing where
diverticulitis, once a disease primarily of older adults, may
be becoming more prevalent in younger adults [8] and
may exhibit a somewhat different demographic and clini‑
cal course [9]. This phenomenon may further bias a clinician
confronted with a young patient with an acute abdomen and
left‑sided symptoms.
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a retroperitoneal position. Although not specific criteria for
malrotation, the jejunum is commonly located to the left of
the spine. In our patient, CT showed that the DJ junction did
not cross the midline to the left of the left‑sided vertebral body
pedicle and straight duodenum. The SMA was on the left side,
and SMV was on the right side [Figure 1]. From the antero‑
posterior view on the upper GI series, the DJ junction did not
cross the midline to the left of the left‑sided vertebral body
pedicle and was inferior to the duodenal bulb [Figure 3].

Figure 3: A radiograph obtained with water soluble contrast in the upper
gastrointestinal tract shows the abnormal position of the duodenojejunal
junction (arrow) and small bowel dilatation on the right side of the abdomen with
delayed contrast passage

Malrotation is a consequence of the altered embryologic
development of the midgut [10,11]. During normal devel‑
opment, the liver undergoes a period of rapid growth during
the fifth gestational week which causes a displacement of the
midgut into the umbilical stalk and a 90° counterclockwise
rotation (when viewed anteriorly) around its vascular pedicle.
During the 10th week of gestation, the midgut returns to the
abdominal cavity and undergoes an additional 180° counter‑
clockwise rotation. Finally, during the 11th and 12th weeks of
gestation, the cecum descends from below the liver into its
final position in the right iliac fossa. Altered midgut develop‑
ment can result in a variety of anatomic configurations [12,13].
Of these, the most common is nonrotation [14]. In nonrotation,
the prearterial segment of the midgut is located exclusively on
the right side of the abdomen, and the postarterial segment of
the midgut is located on the left side. This variant results from
early return of the cecal bud, which comes to rest in the left
lower quadrant of the abdomen [15]. The resultant anatomic
configuration can also include a reversed relationship of the
SMA and SMV as well as reversed location of the DJ junction
anterior to the SMA [16]. However, not all of these anatomic
anomalies were noted in our patient.
Image studies of midgut malrotation include plain radi‑
ography, ultrasonography, CT, and fluoroscopy. Abdominal
radiographs, in the absence of midgut volvulus, are neither spe‑
cific nor sensitive. They may show right‑sided jejunal markings
and absence of a stool‑filled colon in the right lower quadrant.
Ultrasonography may show an inversion in the SMA/SMV
relationship with the SMA on the right and the SMV on the
left. CT may also show an abnormal SMA/SMV relationship
and the large bowel predominantly on left and small bowel
predominantly on the right. An upper GI contrast study is the
examination of choice when the diagnosis is suspected. The
key finding of malrotation is an abnormally located DJ junc‑
tion. In the frontal view, the DJ junction does not cross the
midline to the left of the left‑sided vertebral body pedicle,
and it lies inferior to the duodenal bulb. In the lateral view,
the second and third duodenum are not located posteriorly in

In general, adult patients with malrotation can exhibit three
different clinical presentations [17]. Some patients express
symptoms and signs of acute obstruction, while other presen‑
tations are related to chronic abdominal manifestations such
as pain and intermittent obstruction. Other patients complain
of atypical symptoms unrelated to midgut malrotation. In the
present case, malrotation was incidentally discovered in a pre‑
viously asymptomatic adult patient presenting with an acute
abdomen, confounding the diagnosis and treatment. A surgi‑
cal operation called a “Ladd’s procedure” is performed to
alleviate intestinal malrotation. The procedure involves surgi‑
cal division of Ladd’s bands, widening of the small intestine
mesentery, an appendectomy and correction of placement of
the cecum and colon. In the medical literature, surgery is rec‑
ognized as the appropriate treatment for symptomatic disease
directly related to malrotation [18‑20]. However, the role of
surgery as a treatment option for patients with asymptomatic
disease – especially adult patients – is debated.
According to a PubMed database literature search using
the MeSH keyword “malrotation,” operative intervention is
favored for patients with asymptomatic diseases. One reason
cited for favoring surgery is the belief that if a thorough history
is obtained, truly asymptotic disease is rare [18]. Furthermore,
surgery provides complete symptom relief for two‑thirds
of patients and at least partial symptom relief for nearly all
patients [21]. In addition, there is an up to 20% lifetime risk
of acute volvulus or ischemia in older children and adults
with malrotation, and emergency surgery is associated with a
2.5‑fold increased risk of complications compared with patients
who have elective Ladd’s procedures [19,22]. Given these ben‑
efits, most authors have concluded that the potential benefits of
surgery appear to outweigh the risks.
One formal risk‑to‑benefit analysis on the management of
asymptomatic malrotation with a Ladd’s procedure concluded
otherwise [23]. In their statistical model, Ladd’s procedure was
associated with improvement in the quality of life only for
patients younger than 20 years. A mortality benefit for surgery
was also limited to pediatric patients. Additional two‑and
three‑way analyses suggested that observation alone is ben‑
eficial for patients as young as 12 years. These results led the
authors to conclude that Ladd’s procedure is not indicated for
asymptomatic disease in adults.
McVay et al. also suggested observation of asymptomatic
malrotation [22]. In their retrospective review, 36 patients had
the asymptomatic disease at initial presentation, and only six
patients eventually developed symptoms. In addition, none of
the initially asymptomatic patients developed volvulus or other
acute complications of malrotation. The authors concluded that
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nonoperative management can be an appropriate treatment
strategy for asymptomatic patients, as it was rare for them to
progress to symptomatic diseases or develop acute abdomens.
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Recurrent volvulus as a cause of bowel obstruction fol‑
lowing Ladd’s operation for midgut malrotation is very rare
both in children and adults and very few of these cases have
been reported in the literature [24‑27]. Recurrent symptoms
in such cases are usually considered due to adhesions, and
one may be inclined to adopt a nonoperative approach. Fu
et al. [24] reported only two recurrences in a series of 12
adults treated for symptomatic malrotation with one of them
requiring reoperation and the other managed conservatively. It
is believed that the increasing use of CT enables preoperative
diagnosis with certainty as this has the overall advantage of
detecting the abnormal location of the midgut as well as any
other intra‑abdominal anomalies. The finding of midgut mal‑
rotation should lead to suspicion of intestinal volvulus which
may require early surgical intervention to prevent bowel isch‑
emia and infarction.
While the patient described herein was diagnosed with
asymptomatic nonrotation, he was not symptomatic before the
acute presentation. Given the potential lack of benefit, we did
not perform Ladd’s procedure in the first operation. However,
he had a poor surgical outcome. Furthermore, the patient’s
particular variant of malrotation, namely nonrotation, meant
his anatomy was already in a post–Ladd’s procedure configu‑
ration except that the ascending colon was trapped. While the
appendix was removed and the mesentery was widened after
the cecectomy, as would occur with a Ladd’s procedure, these
steps did not result in measurable improvement. He did well
after a second operation with a right hemicolectomy. We
herein suggest a right hemicolectomy might be an optional
rescue procedure for left‑sided diverticulitis‑associated midgut
malrotation with postoperative complications like our case.
Radiologists should also be aware of this anatomic variant
since they are most likely to make the diagnosis.
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