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ABSTRACT

Post-operative adhesions can occur following abdominal or pelvic surgery and are a significant cause of
morbidity and mortality. Adhesions are an important cause of abdominal complaints, especially chronic
abdominal pain, infertility, and bowel obstruction; responsible for an estimated $2.3 billion annual burden
in the United States alone. There is a paucity of literature describing CT findings indicative of the presence of
adhesions, however, findings suggestive of this entity may be discovered by a discerning eye. Early recognition
and diagnosis may be beneficial for reducing consumption of health-care resources related to abdominal
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complaints. In addition, these findings may impact surgical planning and facilitate recognition of adhesion-
related complications, said to be responsible for a significant number of malpractice claims. The following
review discusses various CT findings which may indicate the presence of adhesions. These findings may
initially be overlooked, but remain valuable as the clinical presentation evolves to become consistent with
adhesive disease. Detection of bowel and peritoneal adhesions can be recognized on imaging modalities

based on distortion of bowel loops. This pictorial review illustrates the spectrum of findings related to bowel

Florida, United States.
adhesions encountered on computed tomography imaging.
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DOI Peritoneal adhesions may have varying etiologies. Congenital adhesions are adhesive bands
10.25259/JCIS_126_2020 present at birth are a rare cause of bowel obstruction. Post-inflammatory adhesions related to
prior infectious or chemical peritonitis, prior radiotherapy, or due to chronic irritation (peritoneal
dialysis, endometriosis, or pelvic inflammatory disease) are fairly common but less likely to cause
obstruction than post-operative adhesions.!! A post-operative peritoneal adhesion consists of
fibrous bands that form after surgery in the lower or upper abdominal area resulting from tissue
disturbance. The risk of adhesions is higher following lower abdominal, bowel, and gynecological
surgeries. Post-surgical adhesions are the most common cause for small bowel obstruction,
accounting for 60-80% of all small bowel obstructions.>”) Menzies and Ellis showed that 93% of
all intra-abdominal adhesions were post-surgical. Of those, as many as 39% presented with small
bowel obstruction, within 1 year of the surgery.®
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There is significant morbidity and mortality associated
with post-operative adhesions due to complications from
small bowel obstruction, as well as a range of clinical
symptoms from chronic abdominal pain and bloating
to female infertility.® In 1994, the estimated impact for
direct patient care related to adhesive disease in the United
States was 1.3 billion dollars. This burden increased to 2.3
billion in 2011.1°!" Development of adhesions and severity
of adhesive disease can be correlated with specific types of
surgery and the overall area of involvement of peritoneum.
Laparoscopy has less propensity for dense adhesive disease
compared to laparotomy.l'!¥) Obstruction due to adhesions
has been estimated at 1-10% after simple surgical procedures
like appendectomy. This increases to 17-25% following
complex procedures including proctocolectomy.!*18

Post-operative adhesions developing between small bowel
loops are referred to as enteroenteric or interloop adhesions.
Adhesions between the bowel and peritoneal surfaces
(usually anterior peritoneum) are referred to as enteroparietal
adhesions and those between bowel and visceral organs
are referred to as enterovisceral adhesions. Although the
majority of patients with adhesions are asymptomatic, some
patients can present with specific symptoms. Patients with
enteroparietal type adhesion often present with chronic
pain, while enteroenteric adhesions may be responsible for
obstructive symptoms.” Recognition of the various types
of adhesions can impact clinical and surgical management.
For example, a specific site for trocar placement or surgical
approach may be altered if there are dense enteroparietal
adhesions in the anterior peritoneum. 2%

The pathogenesis and development of post-operative
adhesions are related to surgical intervention itself.
Abdominal surgery inadvertently causes peritoneal injury,
initiating an inflammatory process with the deposition of
fibrin. Adhesive disease can be compounded by infection,
the presence of foreign bodies (sutures), and impaired
fibrinolysis. When fibrin is not rapidly degraded (within 5-7

days), it serves as a matrix for proliferation of fibroblasts and
capillaries and leads to formation of peritoneal adhesions.™
These aberrant foci were historically though to be composed
of non-functional scar tissue.”” Subsequent pathologic
studies, however, demonstrated them to contain various
cellular components; consistent with dynamic regenerating
structures.”! Histologically, adhesions are composed of
abnormal fibrous bands incorporating organized vascular,
nerve, and smooth muscle tissue.l>***]

The increased prevalence of imaging with multidetector
CT technology offering higher resolution and isotropic
imaging with multiplanar reconstructions has resulted in
better visualization of adhesions. The anterior peritoneum
is a common location for enteroparietal adhesions, leading
to distortion of bowel loops and visceral organ surfaces with
tethering of these structures, which can indicate underlying
adhesions. Characteristic CT imaging features of adhesions
are often related to the distortion of involved bowel loops
with ancillary findings in the involved mesentery and
overlying peritoneum.

RESULTS

Abnormal findings indicative of adhesive disease may be
observed in the bowel, mesentery, and/or peritoneum
[Table 1].

DISCUSSION

Studies have shown that post-operative adhesions range
from 67% to 93% in patients with a history of abdominal
surgery.?*?! Roughly 20% of adhesions can occur as early as
1 month of surgery [Figure 1], while 40% of adhesions may
occur after 1 year post-surgery.””’ Adhesions can increase
in thickness with increased tension overtime, leading to
symptoms and complications several years after the initial
operation. Understanding and recognition of the imaging
signs of adhesive disease are, therefore, crucial when a

Table 1: CT findings of adhesive disease.

Bowel findings Mesenteric findings

Focal increased attenuation
due to congestion [Figure 7]

Unchanged location of bowel
segments on successive
examinations [Figure 5a and b]
Focal clustering or crowding of ~Vascular crowding [Figure 8]
bowel loops [Figure 3]

Kinking and angulation of

bowel loops [Figure 2]

Asymmetric thickness of the
bowel wall [Figure 6]
Enterovisceral adhesions
[Figure 4]

Peritoneal findings

Loss of fat planes behind the rectus
sheath and anterior peritoneum
[Figure 11]

Focal peritoneal thickening and
enhancement [Figure 10]
Peritoneal calcifications and
sclerosing peritonitis [Figure 9]

Special “signs”

“Fat notch” sign - insinuation of
mesenteric fat at site of a focal
bowel caliber change [Figure 12]
“Beak” sign — abrupt caliber
change of bowel [Figure 13]
“Small bowel feces” sign —
localized stasis within bowel
segments [Figure 13]
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patient presents with relevant symptoms, especially with
a history of abdominal surgery. Furthermore, if adhesive
disease is suspected, the patient can be referred for more
accurate imaging studies. One such study is functional cine
- MRI, with a reported sensitivity of 87.5% and specificity of
92.5%.12¢]

Bowel findings

One of the most common signs of bowel adhesions is acute
angulation of bowel. Normal small bowel being freely mobile
normally shows smooth curved loops, evenly distributed
in the abdomen and pelvis. With the development of either
enteroenteric adhesions or enteroparietal adhesions, the
bowel loops become fixed at certain points, leading to
acutely angulated segments with kinking and changes in
caliber [Figure 2]. Clustered or unusual crowded appearance
of bowel segments is typically seen with enteroenteric
or interloop adhesions, classically referred to as “matted
bowel” [Figure 3]. This finding can also be seen with intra-
abdominal infections such as abdominal tuberculosis.?”
Enterovisceral adhesions, or bowel adherent to adjacent
organs, may additionally be indicative of adhesive disease
[Figures 4 and 5].

Bowel adhesions may lead to increased transit times through
the small bowel.’” These segments may demonstrate
features of stasis including fluid accumulation and fecalized
appearance of small bowel loops.”" The finding of localized
stasis in the absence of upstream distension may be an indirect
sign of unsuspected bowel adhesions.? A static location of
bowel segments over multiple studies is a strong predictor of
adhesions. Normal bowel is freely mobile in the peritoneal

Figure 1: A 52-year-old man with recent history of laparoscopic
cholecystectomy, 2 weeks prior presenting with abdominal pain.
Sagittal contrast-enhanced CT image demonstrates formation of
early bowel adhesions (green arrow). Note postsurgical changes at
the umbilicus from laparoscopic port placement (red arrow).

cavity on its mesentery, and presence of adhesions restricts
the normal movement of bowel, leading to a “fixed” position,
detected on successive CT or MRI examinations [Figure 6a
and b]. This finding may be indicative of underlying adhesive
bands restricting normal bowel motion/peristalsis. When
loops of small bowel and colon appear tethered to each other
or the peritoneum, asymmetric thickening of the bowel wall
at the site of the adhesion may be observed [Figure 7].

Mesenteric findings

Mesenteric findings associated with adhesions include focal
increased attenuation due to congestion, vascular crowding,

Figure 2: A 52-year-old female status post- hysterectomy, 3 years
previously, presenting with chronic lower abdominal pain. Axial
contrast-enhanced CT images with IV contrast demonstrate acute
angulation of bowel loops (red arrow) consistent with adhesive
disease.

Figure 3: A 56-year-old female with a history of hysterectomy
6 years prior presenting with intermittent nausea and vomiting.
Coronal contrast-enhanced CT image demonstrates clustered small
bowel loops in the right lower quadrant consistent with high-grade
enteroenteric adhesions (red arrows).
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and focal localized fluid.?*?*! Congestion of mesenteric
veins is a hemodynamic complication that may be indicative
of mesenteric adhesions. This is hypothesized to be due
to third space fluid accumulation; secondary to a surgical
procedure with vascular congestion of the involved small
bowel mesentery. Mesenteric fat on CT is usually easily
identified by its attenuation value of around -100 Hounsfield
units. When there is mesenteric infiltration by inflammatory
cells or fluid, the attenuation of the fat increases [Figure 8]. In
the presence of ancillary findings of adhesions and a positive
surgical history, adhesive disease could be considered as
an etiology of increased mesenteric fat density. Another
important mesenteric finding is the asymmetric crowding of
mesenteric vessels [Figure 9].

Figure 4: A 50-year-old male status post-prostatectomy presenting
with chronic intermittent abdominal pain. Contrast-enhanced
sagittal CT image demonstrates enterovisceral adhesions to the
bladder dome with matted appearance of small bowel loops (red
arrows).

Figure 5: A 28-year-old female with a history of four cesarean
section deliveries presents with abdominal pain. Coronal CT image
demonstrate a loop of small bowel adherent to the superior aspect
of the uterus (red arrow).
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Figure 6: A 53-year-old male with prior history of laparotomy
for gastric gastrointestinal stromal tumor, 3 years ago, presenting
with sudden onset abdominal pain. (a) Contrast-enhanced axial
CT image demonstrates bowel loops abutting the right anterior
abdominal wall with obliteration of the right post-rectus fat plane
(red arrows). (b) Two-year follow-up contrast-enhanced axial CT
shows small bowel loops unchanged in location (red arrows).

Figure 7: A 73-year-old male with a history of laparotomy for
appendiceal carcinoid presenting with abdominal pain. Contrast-
enhanced axial CT images show small bowel loop with asymmetric
wall thickening from underlying adhesions (red arrow).

Figure 8: A 44-year-old female status post-cholecystectomy
presents with abdominal pain. Axial contrast-enhanced CT images
show localized increase in mesenteric attenuation in the left
abdomen when compared to normal mesenteric fat in the right
abdomen, related to mesenteric congestion (red arrow) secondary
to underlying adhesions.
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Peritoneal findings

Any insult to the peritoneum including abdominal/pelvic
surgery, peritoneal dialysis, or peritonitis can lead to
peritoneal inflammation and thickening [Figure 10]. The
finding of peritoneal thickening may be associated with
underlying bowel adhesions.”*! Cocoon abdomen refers
to closely clustered bowel loops adherent within thickened
peritoneum in a sac-like manner [Figure 11]. This finding is
classically associated in patients with peritoneal dialysis and
underlying enteroparietal and enteroenteric adhesions.

Normal bowel segments are nearly always separated from
the posterior aspect of the rectus muscles by mesenteric and

Figure 9: A 56-year-old male with a history of cholecystectomy
presenting with abdominal pain. Axial contrast-enhanced CT
image demonstrating localized vascular crowding in the right
abdomen related to mesenteric congestion (red arrows) secondary
to underlying small bowel adhesions.

Figure 10: A 73-year-old male with a history of peritoneal dialysis
presenting with abdominal pain. Sagittal contrast-enhanced CT
image demonstrates thick peritoneal and mesenteric surface
calcifications (red arrow) involving multiple loops of bowel,
consistent with encapsulating peritoneal sclerosis.

omental fat. Following intra-abdominal and pelvic surgeries,
the tissue disturbance at the level of the visceral peritoneum
results in closely applied adherence of the small bowel with
resultant loss of the retrorectus fat planes. This may represent
a secondary finding of enteroparietal adhesions [Figure 12].

Special “signs”

Radiographic “signs” of adhesive disease on CT include
the fat notch sign, the beak sign, and the small bowel feces
sign. The fat notch sign may develop due to insinuation
of mesenteric fat at an area of focal caliber change or
angulation of the bowel [Figure 13]. Mesentery, tethered
by an adhesive band, may be dragged around the segment

Figure 11: A 56-year-old male, status post-colonic surgery, presents
with abdominal pain and vomiting. Axial CT image demonstrates
a cluster of adherent fluid filled mildly dilated small bowel loops in
pelvic region (green arrow), enclosed by thickened peritoneal lining
(red arrow), consistent with “cocoon abdomen.”

Figure 12: A 50-year-old female patient status post-cholecystectomy
presenting with abdominal pain. Contrast-enhanced axial CT
image demonstrates loss of the posterior rectus sheath fat plane (red
arrows).
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Figure 13: A 44-year-old female with a surgical history of
hysterectomy presenting with abdominal pain, nausea, and
vomiting. Coronal CT image demonstrates the fat notch sign (red
arrow), secondary to mesenteric fat insinuating between bowel
loops secondary to underlying adhesions.

Figure 14: A 47-year-old female status post-hysterectomy presenting
with nausea. Coronal contrast-enhanced CT image demonstrates
the “beak” sign or focal caliber change of a small bowel loop in the
mid abdomen (red arrow) with fecalized material “small bowel feces
sign” present proximal to the caliber change (green arrow).

of bowel in question by subsequent peristalsis.’® This has
been described in cases of small bowel obstruction related to
adhesions.”™ The beak sign is demonstrated when there is an
abrupt change in the caliber of the bowel lumen [Figure 14].
If associated with upstream dilated loops of bowel, this may
represent obstruction. Adhesive disease, however, commonly
presents with intermittent obstruction. As such, obstructive
symptoms exist on a continuum. The presence of a beak sign
in the absence of frank symptomatic obstruction, therefore,
could represent subclinical or unsuspected adhesive disease.
Finally, the small bowel feces sign is caused by fecal stasis in
the small bowel, which could be due to adhesions [Figure 15].
The small bowel feces sign is likely to represent obstruction if
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Figure 15: (a and b) A 69-year-old female with a history of tubal
ligation presents with abdominal pain. Coronal CT images
demonstrate non-distended small bowel loops clustered in the
mid-abdomen containing fecalized material consistent with small
bowel feces sign (red arrows). Note is made of regional mesenteric
congestion (green arrow).

associated with significant bowel distension. In the absence
of upstream dilation and downstream collapse of small
bowel, one study found that 68% of patients with a positive
small bowel feces sign were non-obstructed.?

CONCLUSION

Adhesive disease may be encountered on cross-sectional
imaging exams performed routinely in clinical practice. They
are the most common cause of small bowel obstruction and
can have varied clinical presentation ranging from chronic
abdominal pain to infertility. Recognition of the CT findings
associated with adhesive disease has important clinical
implications for both patients and the referring physicians.
Precise pre-operative planning in patients with adhesions is
crucial to minimize the morbidity and mortality associated
with bowel injury.
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