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Jia Wei Valerie Tong,1 Pravin Lingam,2 and Vishalkumar Girishchandra Shelat2

1Yong Loo Lin School of Medicine, National University of Singapore, and 2Department of General Surgery, Tan
Tock Seng Hospital, Singapore, Singapore

Abstract

Small bowel obstruction (SBO) accounts for 12–16% of emergency surgical admissions and 20% of emergency surgical procedures.
Even with the advent of laparoscopic surgery, intra-abdominal adhesions remain a significant cause of SBO, accounting for 65% of
cases. History and physical examination are essential to identify signs of bowel ischemia as this indicates a need for urgent surgical
exploration. Another critical aspect of evaluation includes establishing the underlying cause for obstruction and distinguishing
between adhesive and non-adhesive etiologies as adhesive SBO (ASBO) can be managed non-operatively in 70–90% of patients. A
patient with a history of abdominopelvic surgery along with one or more cardinal features of obstruction should be suspected to have
ASBO until proven otherwise. Triad of severe pain, pain out of proportion to the clinical findings, and presence of an abdominal scar
suggest possible closed-loop obstruction. Computed tomography has higher sensitivity and specificity compared to plain films and is
recommended by the Bologna guidelines. Correcting fluid and electrolyte imbalance is an initial crucial step to mitigate severe hypov-
olemia. Patients should proceed with surgery if symptoms of bowel compromise are present, or if symptoms do not resolve or have
worsened. Surgery is indicated in patients with ischemia, strangulation, perforation, peritonitis, or failure of non-operative treatment.
With advances in minimal access technology and increasing experience, laparoscopic adhesiolysis is recommended. Mechanical adhe-
sion barriers are an effective measure to prevent adhesion formation.
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INTRODUCTION

SMALL BOWEL OBSTRUCTION (SBO) accounts for
12–16% of emergency surgical admissions1 and 20% of

emergency surgical procedures.2 Due to the possible risk of
bowel ischemia or perforation, urgent evaluation is neces-
sary.3 Emergent surgery is necessary for patients with clini-
cal or radiological signs suggestive of bowel ischemia.4

Even with the advent of laparoscopic surgery, intra-abdomi-
nal adhesions remain a significant cause of SBO, accounting
for 65% of cases, among other etiologies such as hernias,
neoplasms, and Crohn’s disease.5 Adhesive SBO (ASBO)
contributes substantial financial burden,6 need for hospital-
ization,7 time away from routine life activities, and psycho-
logical impact.8

The severity of the index pathology, type, and the number
of previous surgeries and surgical techniques determine the
extent of adhesions.4,9 Pelvic procedures and open midline

laparotomy are associated with a higher risk of ASBO.10

Approximately 91–97% of patients with ASBO have a prior
history of abdominal surgery.11,12 In a study on 410 patients
admitted with a diagnosis of SBO, history of colorectal pro-
cedures (24%), gynecological procedures (22%), hernia
repair (15%), and appendectomy (14%) was common.10 In
an analysis of 12,756 patients, the Surgical and Clinical
Adhesions Research (SCAR)-3 study reported a 5% risk of
readmission in the 5 years following abdominopelvic sur-
gery.13 A systematic review, including 25 studies, concluded
that laparoscopic surgery reduced the incidence and severity
of adhesion formation as compared to an open approach.9

Our review aims to provide an update on ASBO to guide
clinical practice.

DEFINITION

ABDOMINAL ADHESIONS ARE abnormal intraperi-
toneal fibrous bands connecting surfaces (which usu-

ally are separated) to each other.5 The small bowel is a few
meters long, intraperitoneal, free, mobile, and pan-quadran-
tic viscus. Hence, it is at most risk for adhesions to itself or
the abdominal wall.4 Diagnosis of ASBO is established in a
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patient with prior history of any form of abdominal interven-
tion and currently presenting with cardinal symptoms of
intestinal obstruction such as abdominal pain, nausea or
vomiting, abdominal distension, and absolute constipation.
Adhesive SBO is a clinical diagnosis. Serum biochemistry
and imaging complement clinical judgment.

TYPES OF ASBO

INTRA-ABDOMINAL ADHESIONS CAN be congenital
or acquired, incomplete or complete, and single or mat-

ted. Congenital adhesions form de novo during organogene-
sis,14, are uncommon (3%),15 often asymptomatic, and can
present as an incidental finding in all ages16 (Fig. 1).
Acquired intra-abdominal adhesions form due to local
inflammation in response to peritoneal injury, for example,
abdominopelvic surgery (85%) (Fig. 2), peritonitis,
endometriosis, and radiation.16,17,18 At sites where adhe-
sions form, intestines can kink or twist, resulting in incom-
plete or complete mechanical SBO. In incomplete (partial or
low grade) obstruction, some fluid or gas is still able to pass,
whereas in complete (high grade) obstruction, no fluid or
gas can pass beyond the site of obstruction.19

Abdominal adhesions can be single-band or matted. Sin-
gle-band adhesions are <1 cm long and >1 cm in diameter
and cause SBO through external compression.19,20 Bowel
ischemia and high-grade obstructions are more frequent in
single-band SBO. Matted adhesions are multiple, dense, and

tangled, and cause SBO through intestinal kinking (sharp
turn of the long axis of the bowel) or torsion (rotation of the
bowel about its axis). Matted adhesions have increased risk
of bowel perforation, readmission rate following surgical
intervention (49% versus 25% for single-band adhesions),
and earlier recurrence.10,21,22 Closed-loop obstruction is a
distinct type of adhesion formed when two points along a
segment of the bowel are obstructed at a single point, isolat-
ing the obstructed segment (Fig. 3). This form of obstruction
is associated with higher risks of strangulation and infarction
with a mortality risk of 10–35%.23,24

PATHOGENESIS OF ACQUIRED ADHESIONS

INJURY TO THE peritoneal mesothelium and resulting
local inflammation activates fibrinocoagulative path-

ways.24 This results in increased cellular turnover, infiltra-
tion of inflammatory cells, and deposition of fibrinogen.25

As the fibrinous matrix forms, it creates a gelatinous connec-
tion to surrounding structures. Fibroblasts then infiltrate to
form a permanent adhesion, and fibrinogen is converted to
fibrin. Under normal circumstances, fibrinolytic factors (e.g.,
tissue plasminogen activators [tPA]) will degrade fibrin into
smaller fragments known as fibrin degradation products.26

However, imbalance in the process of fibrin formation and
fibrinolysis leads to the formation of adhesive bands.27

Reduced activity of tPA and matrix metalloproteinase, and
increased activity of plasminogen activator inhibitors and
tissue inhibitors of metalloproteinases alter this delicate bal-
ance. Notably, transforming growth factor-b overexpression

Fig. 1. A patient with no relevant medical history showed

symptoms of small bowel obstruction. The computed tomogra-

phy scan shows dilated distal jejunal loop with a transition point

suggestive of small bowel obstruction. At laparotomy, a con-

genital adhesion band from the root of the mesentery to the

bowel loop was detected and lysed. Yellow arrow indicates the

transition point.

Fig. 2. A patient with a history of tubal ligation carried out

more than a decade ago showed symptoms of small bowel

obstruction. The computed tomography scan shows dilated dis-

tal jejunal loop with abrupt transition, suggestive of small bowel

obstruction. Yellow arrow indicates the transition point.
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is associated with an increased incidence of adhesions both
in human and animal models due to its role in controlling
the matrix metalloproteinase/tissue inhibitor of metallopro-
teinase and plasminogen activator inhibitor/tPA mecha-
nisms.28 Apart from molecular changes, peritoneal injury
during surgery also causes decreased blood flow and local
persistence of the fibrin matrix, impeding the organization
and resolution of clots.29 Figure 4 illustrates the pathogene-
sis of acquired adhesions.

PATHOPHYSIOLOGY

INITIALLY, INTRALUMINAL DISTENSION causes a
temporary increase in peristalsis proximally and inhibi-

tion distally, in an attempt to increase intraluminal pressure
to overcome the obstruction.30 However, muscle fatigue
occurs, and peristaltic activity stops.31 Dilatation occurs as
gas and fluid from swallowed contents, and bacterial fer-
mentation, collects proximally.32 As 8–10 L of fluid passes

through the gastrointestinal (GI) tract daily,33 impaired reab-
sorption causes fluid sequestration into the bowel lumen
(third spacing), and loss of intravascular volume predisposes
to dehydration, electrolyte disturbances, and hypovolemic
shock. Decreased oral intake and vomiting compound the
fluid electrolyte deficit.31 The compression of intestinal
veins and lymphatics causes mural edema, which com-
presses on arterioles and capillaries, and this leads to
reduced perfusion. Ischemia, in turn, predisposes to necrosis
and perforation. This can progress to peritonitis and sepsis5.
Anaerobic metabolism and ischemic cell death could lead to
a build-up of lactic acid and release of intracellular potas-
sium (K+), resulting in metabolic acidosis and hyper-
kalemia.34 Figure 5 illustrates the pathophysiology of SBO.

INITIAL EVALUATION OF PATIENTS WITH
ASBO

HISTORY AND PHYSICAL examination are essential
to identify signs of bowel ischemia as this indicates a

need for urgent surgical exploration. History of worsening
pain with abdominal tenderness is highly suggestive of
ischemia.35 Another critical aspect of evaluation includes
establishing the underlying cause for obstruction and distin-
guishing between adhesive and non-adhesive etiologies as
ASBO can be managed non-operatively in 70–90% of
patients.10,36 Figure 6 shows our approach to ASBO evalua-
tion and management. Table 1 shows the utility of history,
physical examination, laboratory investigations, and imag-
ing in the evaluation of ASBO.

History

A patient with a history of abdominopelvic surgery along
with one or more cardinal features of obstruction should be
suspected to have ASBO until proven otherwise. Crampy
periumbilical abdominal pain is often the earliest sign. Ini-
tially, paroxysms of pain occur every 4–5 min; however,
when bowel ischemia is present, abdominal pain becomes
constant. Sudden onset of severe pain indicates perfora-
tion.30 Nausea and vomiting follow the onset of pain and are
an early feature of proximal SBO. Contents are usually bil-
ious but could also be non-bilious or feculent, depending on
the site of obstruction and severity.37 Abdominal distension
is more significant in distal obstruction. Complete SBO is
associated with obstipation, the inability to pass flatus or
feces. However, the passage of flatus or feces could still
occur 12–24 h after the onset of symptoms as distal bowel
decompresses.38 Patients with incomplete obstruction might
also present with watery diarrhea.36 Symptoms lack

Fig. 3. A patient with a history of surgery for intussusception

as an infant and showing symptoms of small bowel obstruction.

The computed tomography scan shows dilated distal jejunal

loop with two transition points close to each other, suggestive

of closed-loop small bowel obstruction. Top left inset: intraoper-

ative photograph of bowel ischemia caused by small bowel

obstruction secondary to acquired adhesions. Yellow and blue

arrows point to the transition points of the closed-loop obstruc-

tion.
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sensitivity and specificity, especially in elderly patients who
have atypical symptoms with diagnostic dilemma.8,40

Physical examination

Signs of dehydration and hypovolemia manifest as tachy-
cardia, hypotension, oliguria, and dry mucus mem-
branes.39 Triad of severe pain, pain out of proportion to
the clinical findings, and presence of an abdominal scar

suggest possible closed-loop obstruction.35 Fever could
also suggest mucosal ischemia with bacterial translocation
and sepsis. Hyperactive high-pitched tinkling bowel
sounds suggest mechanical obstruction, though the inter-
observer agreement is low.40 Signs of peritonitis, such as
abdominal tenderness, suggest strangulation.41 Once
ischemia ensues, peristalsis could cease and abdominal
pain could paradoxically improve, thus, silent abdomen is
an ominous sign. An abdominal examination can also

Fig. 4. Pathogenesis of acquired adhesions in the small bowel. MMP, matrix metalloproteinase; PAI, plasminogen activator inhibitor;

TGF-b transforming growth factor-b; TIMP, tissue inhibitor of metalloproteinase; tPA, tissue plasminogen activator.
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help exclude SBO due to hernias. A digital rectal exami-
nation could reveal an empty rectum.

Serum investigations

Full blood count, C-reactive protein, blood urea nitrogen,
creatinine, and electrolytes have limited diagnostic utility
but help assess the impact of ASBO and risk of bowel com-
promise.41 Elevated C-reactive protein >75 units and white
blood cell count >10 000/mm3 suggests peritonitis or perfo-
ration.41 In patients presenting with systemic inflammatory
response syndrome, arterial blood gas, serum lactate, and
blood cultures are essential. Elevated serum lactate has a
sensitivity of 90–100% and specificity of 42–87% for
ischemic bowel.42,43 Blood cultures guide antimicrobial
therapy. Plasma and urinary intestinal fatty acid-binding pro-
tein, a protein released by necrotic enterocytes, is a useful
marker of ischemia.44,45

IMAGING

Plain radiograph

SUPINE AND UPRIGHT plain film of the abdomen and
pelvis could show dilated gas- or fluid-filled loops of

the small bowel, non-distended or gasless colon, air–fluid
levels with >5 mm difference in height, and string of pearls
signs.5,46 However, the diagnostic accuracy of the plain film
is low.47

Computed tomography scan

Computed tomography (CT) scan has higher sensitivity and
specificity compared to plain films and is recommended by
the Bologna guidelines.36 Computed tomography scan can
show extraluminal air (especially retroperitoneal air), mural
thickening, reduced mural enhancement, mesenteric edema/

Fig. 5. Pathophysiology of small bowel obstruction (SBO). ASBO, adhesive SBO; BUN, blood urea nitrogen; CRP, C-reactive protein;

FBC, full blood count; I-FABP, intestinal fatty acid-binding protein; NBM, nil by mouth; NGT, nasogastric tube.
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venous congestion, pneumatosis intestinalis, and intra-ab-
dominal free fluid.1 The major criteria of SBO on CT scan
include small bowel dilatation of ≥3 cm in diameter without
significant colonic dilatation (<6 cm in diameter), and
abrupt transition point from dilated to the collapsed small
bowel. Minor criteria include air–fluid levels and a

decompressed colon.2 For ASBO, CT scan has higher diag-
nostic accuracy compared to plane radiograph in identifying
the transition point (93%) and etiology of obstruction (85–
90%).3,5 The presence of the “beak sign,” a pattern formed
by the dilated proximal intestine and transition point, pre-
dicts ASBO.48 The ability of the CT scan to distinguish

Fig. 6. Approach to adhesive small bowel obstruction (ASBO) evaluation and management.
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between ASBO caused by the single-band and matted adhe-
sions is valuable for patient selection for laparoscopic adhe-
siolysis (LAL) and to optimize port placements.49

Multidetector CT scan and multiplanar reformation
enhance the diagnostic value of CT scans by providing bet-
ter spatial resolution. Acute-angled, U-, or J-shaped pattern
made up of proximal dilated and distal collapsed bowel
loops suggests angulation/kinking, and this typically indi-
cates ASBO caused by matted adhesions. The “fat notch
sign” and “beak sign” occur more commonly in single-band
ASBO.18,22 A CT scan of abdomen–pelvis with oral water-
soluble contrast (e.g., Gastrografin [GGF]; Spain) with a fol-
low-up abdominal X-ray carried out 6–24 h later is recom-
mended in the evaluation of ASBO.36Oral water-soluble
contrasts are safer and eliminate the risk of barium-induced
peritonitis.50 Two meta-analyses reported that water-soluble

contrast studies could predict a resolution of obstruction
without surgery (>90% sensitivity and specificity), reduce
the need for surgery (odds ratio [OR] = 0.55).50,51 Gastro-
grafin challenge can cause unnecessary delays with a longer
time to theater (71:25 h) compared to a CT scan (46:39 h).
These delays can be potentially life-threatening due to the
risk of ischemia52. Although water-soluble contrast studies
are useful in identifying complete SBO and predicting the
need for surgery,47 its ability to identify or predict impend-
ing strangulation is questionable.35

Ultrasound and magnetic resonance imaging

The utility of ultrasound depends on the skill of the operator,
and factors such as intraluminal gas and patient body habitus
affect visibility. Ultrasound has limited utility in diagnosing

Table 1. Utility of history, physical examination, laboratory investigations, and imaging in patients with adhesive small bowel

obstruction

History36,44,47

Sensitivity (%) Specificity (%) PPV NPV RR

History of abdominopelvic surgery 85 78 14 99 12.1

Abdominal pain 75.9–87 41–47.6 92.3 19.2 2.8

Nausea/vomiting 62.6–88 30–61.9 93.2 16.7

Abdominal distension 74.1–88 19–47.6 92.8 19.6

Constipation/obstipation 18–56.3 38–90 88.2 9.5

Physical examination123,124

Sensitivity (%) Specificity (%) PPV NPV RR

Distended abdomen 67–88 44–96 39 99 13.1

Abdominal tenderness 69–88 72 10 98

Guarding 33–63 47–60 5 97

Abnormal bowel sounds (hyperactive/sluggish) 42–76 28.6–88 22–86.8 16.7–99 9.0

Laboratory investigations (in detecting bowel ischemia)125,126

Sensitivity (%) Specificity (%) PPV NPV

Leukocyte count (≥ 10,000/mm3) 45–81 37–57 4 96

Elevated lactate 90–100 42–87
Intestinal fatty acid-binding protein 71.4–80 85–93.8 93.8 71.4

Imaging36,47

Sensitivity (%) Specificity (%) Accuracy (%)

Plain radiograph 79–83 67–83 64–82
CT scan 90–94 96 90�95

CT, computed tomography; NPV, negative predictive value; PPV, positive predictive value; RR, relative risk.
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ASBO. Magnetic resonance imaging is useful in situations
where a CT scan is unavailable or not possible (e.g., preg-
nancy and dye allergy). However, its cost, access, and lower
spatial and temporal resolution compared with the CT scan
make it of limited value in the diagnosis of ASBO.36,47

MANAGEMENT

Initial management

CORRECTING fluid and electrolyte imbalance is an
initial crucial step to mitigate severe hypovolemia.

Fluid resuscitation by isotonic crystalloids (e.g., lactated
Ringer’s solution or normal saline) should be done simulta-
neously with the diagnostic workup.49 All patients suspected
with ASBO need to have nil by mouth instruction, and
decompression carried out using a wide bore nasogastric
tube (NGT) or long intestinal tubes.36,49 An NGT is easier to
insert but is less effective in decompressing the distal part of
the small bowel. Long intestinal tubes can achieve distal
decompression. However, insertion of long intestinal tubes
requires endoscopy or fluoroscopy and can lead to regurgita-
tion, vomiting, and respiratory and abdominal distress along
with potential risk of aspiration pneumonia. In a randomized
control trial comparing decompression by NGT versus long
intestinal tubes, Fleshner et al. reported no advantage of
using long intestinal tubes.53 Recently, some authors
reported inserting long intestinal tubes without the need for
endoscopy and compromising patient comfort.54 Urinary
catheterization aids urine output monitoring and guides the
adequacy of fluid resuscitation.55

Non-operative management

Non-operative management involves readiness to operate
following deterioration in the clinical condition of the
patient and thus is not synonymous with conservative man-
agement. Elective non-operative management has a success
rate of 70–90% in patients with ASBO.56 Gastrografin
(GGF) is hyperosmolar and causes a fluid shift from the
intestinal wall to the lumen, thus increasing the motility and
diluting intestinal contents. Gastrografin might also increase
peristaltic activity and has a therapeutic role.57 In patients
managed by non-operative intent, GGF accurately (98%)
predicts the need for surgery but does not influence the need
for surgical intervention or mortality.58,59 Gastrografin also
led to shorter length of stay (�2.18 days) and time to resolu-
tion (�28.25 h)50,51 but does not reduce morbidity or mor-
tality.5 Gastrografin could exacerbate dehydration by fluid
sequestration into the bowel lumen, and caution is needed to
ensure the fluid balance of patients.

There is no uniform agreement about the timing of an
abdominal X-ray after GGF. A meta-analysis of GGF with
X-ray taken 2–6 h, 8–12 h, and 24–36 h post-challenge,
reported that diagnostic accuracy was optimal at least 8 h
after contrast was given (the 8–12 h group and the 24–36 h
group did not show a significant difference).50 Delays in sur-
gical treatment of >24 h increase the need for bowel resec-
tion, prolong the length of stay, and are associated with
higher morbidity and mortality (OR 1.64).60,61 A review of
27,000 patients reported a cut-off of 4 days for inferior out-
comes, after which there is higher rate of mortality (OR
1.64) and longer postoperative stay.61 However, studies
have also reported similar morbidity and rates of postopera-
tive complications between the emergent and delayed sur-
gery groups.62 Most studies recommended a cut-off of 3–
5 days, and the Bologna guidelines advocate 72 h as a safe
period for the trial of non-operative treatment should there
be no signs of complications.36

Patients should proceed with surgery if symptoms of
bowel compromise are present, or if symptoms do not
resolve or have worsened.47 Use of GGF does not affect
either the ASBO recurrence rates or recurrences needing
surgery.63 However, two recent studies reported that non-
operative management is associated with higher readmis-
sions and shorter disease-free intervals compared to sur-
gery.52,64 The 5-year probability of recurrence increases
with each episode up until the point when surgery is
imminent, after which, the rate of recurrence decreases
by approximately half.64

Surgical management

Surgery is indicated in patients with ischemia, strangulation,
perforation, peritonitis, or failure of non-operative treat-
ment.36 An age-old adage, “a sun should not both rise and
set on an established case of strangulation,” is a useful aide-
memoire in situations where non-operative management is
contemplated. A midline laparotomy with adhesiolysis is the
gold standard approach. However, laparotomy has higher
risks of wound infection, incisional hernia, and future adhe-
sions.65 With advances in minimal access technology and
increasing experience, LAL is recommended. Laparoscopic
adhesiolysis reduces the duration of surgery by 50%
(P < 0.001),66,67 postoperative length of stay (by ~1.3–
2 days),68 overall complication rate (P = 0.014) with an
adjusted OR of 0.37 (P = 0.002),69 and adhesion reforma-
tion.70 It is also associated with faster GI recovery (e.g.,
quicker removal of nasogastric tube and passage of flatus).69

A recent systematic review of over 38,000 patients also
identified reduced morbidity (P < 0.001), mortality
(P < 0.001), and surgical infections (P = 0.003).70
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Disadvantages inherent to the use of laparoscopy include
difficulty handling bowel loops, poor visibility of the cause
of obstruction, and higher costs.71 However, a meta-analysis
found no significant differences in rates of intraoperative
injury to the bowel, wound infection, or mortality.72 In terms
of incidence of adhesion reformation and adhesion score,
both the laparoscopic and open approach reported similar
outcomes.73Patient selection for LAL is essential, and “con-
version is not a crime.”74 The Bologna guidelines recom-
mend LAL in stable patients with no signs of diffuse
peritonitis or perforation, and caution advised in patients
with grossly distended bowel loops or multiple complex
adhesions, as this can increase the risk of enterotomy.36

To reduce the risk of iatrogenic bowel injury during LAL,
surgeons should avoid grasping the distended loops and han-
dle only the mesentery. Enterotomy in the presence of pneu-
moperitoneum disseminates rapidly and increases the risk of
intra-abdominal abscess. Conversely, another guideline sug-
gested that the only absolute exclusion criteria for LAL are
patients with contraindications to pneumoperitoneum (e.g.,
hemodynamic instability or cardiopulmonary impairment),
and all other contraindications should be judged on a case
by case basis depending on the experience of the surgeon.75

Factors associated with a higher success rate of LAL are
fewer previous laparotomies (≤2), no previous median inci-
sions, adhesion caused by the previous appendectomy, sin-
gle-band adhesions, early laparoscopic management <24 h
from the onset of symptoms, lower American Society of
Anesthesiologists class, and experienced surgeon.76,77 Open
conversion rates vary (10–39%). Risk of open conversion is
higher in patients with dense or diffuse adhesions, previous
midline laparotomy, iatrogenic injuries, bowel ischemia or
perforation, inadequate exposure, need for bowel resection,
non-adhesive etiologies of obstruction (e.g., hernia, malig-
nancies), CT scan findings of free abdominal fluid, distended
bowel of ≥4 cm, or small bowel feces sign.69,68 Open con-
version does not increase the rate of complications or mor-
bidity.36,65,69

As thermal injuries could lead to delayed perforation, sur-
geons must avoid energy-based dissections, and perform
sharp scissor dissection with patience.78 The authors recom-
mend doing complete small bowel adhesiolysis from duode-
nojejunal flexure up to ileocecal junction as routine, if
feasible. However, in difficult situations, one needs to bal-
ance the risk of bowel injury and potential harm. Table 2
provides a summary of the management options.

Recurrence

Relapse and recurrence are universal in patients with ASBO;
that is, once an adhesion, always an adhesion. As the

number of (re)admissions increase, recurrence risk increases,
and the disease-free interval between recurrences
decreases.10,79 In patients treated by non-operative manage-
ment, recurrence is a matter of “when” and not “if”. Surgery
for ASBO does not confer immunity towards recurrence
(Fig. 7). In a retrospective study of 5,060 cases over
4 years, 21% of patients showed recurrent ASBO after their
first admission regardless of the treatment received.80 A pop-
ulation study involving over 32,000 patients also noted simi-
lar outcomes 5 years postoperatively, regardless of
treatment during the first admission.81 Several factors influ-
ence the rate of recurrence of ASBO (e.g., adhesion type,
prior episodes of ASBO, and previous treatment). Patients
with matted adhesion have higher rates of recurrence as
compared to single-band adhesions.10 The 5-year recurrence
rate for patients treated with or without operation was simi-
lar (27% and 34%, respectively) regardless of the number of
previous readmissions.10 However, patients treated conser-
vatively tended to have an earlier recurrence than those

Table 2. Summary of management options for patients

with adhesive small bowel obstruction and their advantages/

disadvantages

Management

Non-operative

Benefits (versus operative

management)

Risks

Accurately predicts need for

surgery (98%)

Shorter length of stay

Shorter time to resolution

No effect on need for surgery/

morbidity/mortality/recurrence

rate

Delay in surgical

treatment

↑Readmission rate

↓Disease-free interval

↑Risk of recurrence

LAL versus midline laparotomy with adhesiolysis

Potential benefits of LAL Disadvantages of LAL

↓Morbidity, mortality

↓Duration of surgery (by 50%)

↓Intraoperative injury to bowel

↓Postoperative length of stay

↓Time to recovery of GI function

↓Adhesion reformation

↓Overall complications

↓Postoperative complications:

pain, wound infection, incisional

hernia, pleuropulmonary/cardiac

complications, venous

thromboembolism

Difficulty handling

bowel loops

Poor visibility of the

cause of obstruction

Higher costs

GI, gastrointestinal; LAL, laparoscopic adhesiolysis.
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treated surgically, with the median time to readmission
being 0.7 and 2.0 years, respectively.10,79 Repeated conser-
vative management for recurrent ASBO leads to increased
risk of recurrence, whereas surgical treatment is associated
with reduced risk of future admissions.21,80 Hence, consider-
ing the number of previous recurrences is necessary for
deciding the management method.

PREVENTION OF ABDOMINAL ADHESIONS

Surgical technique

SURGICAL TECHNIQUE AND the use of adhesion
barriers reduce adhesion formation.56 Minimal access

surgery reduces adhesions due to reduced trauma and hem-
orrhage, smaller surgical wounds, and the ability to maintain
humidity in the native environment. Establishing pneu-
moperitoneum also allows separation of surfaces during
healing, reducing the likelihood of adhesion formation.5,56

However, the use of foreign bodies, desiccation, and the
insufflation of carbon dioxide can also promote adhesion

formation.82 Other technical factors associated with reduced
adhesion formation include not closing the peritoneum,
choice of suture material, and using ultrasonic dissection
instead of electrocautery.83 Animal studies reveal that ade-
quate peritoneum conditioning to avoid hypoxia, acidosis,
and desiccation has a protective effect.84

Pharmacoprevention

As the pathogenesis of adhesions is closely related to the
inflammation and fibrinocoagulative pathway, large num-
bers of animal studies report the effect of human recombi-
nant tPA on preventing adhesions by supplementing the
deficient plasminogen and fibrinolytic activity in the injured
peritoneum.85 Human studies also establish a reduction in
adhesions.86 Other fibrinolytics, such as streptokinase, also
reduce the incidence of postoperative ASBO following a
local intraperitoneal treatment.87 In a rat model, angiotensin-
receptor blocker, telmisartan, reduces the formation and sta-
bility of postsurgical adhesion bands by stimulating anti-in-
flammatory responses and antifibrotic effects, and by
reducing submucosal edema and oxidative stress at the sur-
gical site. However, these effects were not evident with other
angiotensin-receptor blockers such as losartan and valsar-
tan.88 This concurs with studies suggesting links between
the renin-angiotensin system and inflammatory or fibrotic
pathways.89 However, pharmacotherapy can cause bleeding
complications and should be used with caution, especially in
patients who are on anticoagulants.90

Mechanical barriers

Mechanical adhesion barriers are an effective measure to
prevent adhesion formation. They involve the application of
mechanical barriers around the surgical area to keep the
injured peritoneal and serosal surfaces apart until mesothe-
lialization, and complete healing occurs. Mechanical barriers
are available in different forms. Hyaluronate carboxymethyl-
cellulose (Seprafilm, Illinois, USA), oxidized regenerated
cellulose (Interceed, New Jersey, USA), and 100% type I
collagen (CollaGUARD, Wisconsin, USA) are solid barri-
ers, and 4% icodextrin solution (Adept, Illinois, USA) and
polyethylene glycol (Sprayshield, Minneapolis, USA) are
liquid barriers. A sterile gel containing activated protein C
(Hyalobarrier, Massachusetts, United States) is a gel barrier.

Barriers are safe and cost-effective for use in abdomino-
pelvic surgeries.91 For open surgeries, any form of barrier is
easy to use, but for minimal access surgery, solid barriers
are not user-friendly, and gel barriers are more straightfor-
ward to insert through trocar sites. Hyaluronate car-
boxymethylcellulose resulted in fewer intraperitoneal

Fig. 7. A patient with a history of laparoscopic appendectomy

2 years ago and showing symptoms of small bowel obstruction.

A barium meal and follow-through after 100 mL undiluted Omni-

paque dye insertion through a nasogastric tube showing dilated

small bowel loops (up to 4.3 cm) and prolonged transit (>7.5 h)

without the flow of contrast into the large bowel, suggestive of

high-grade small bowel obstruction.
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adhesions in major procedures92 and reduced the risk of
ASBO requiring reoperation and operative time.91,93 A 4%
icodextrin solution is safe and effective in reducing the risk
of ASBO.94 An increase in the local expression of growth
factors and antifibrinolytic factors reduces the efficacy of
adhesion barriers.95 A systematic review of 93 studies
reported that Seprafilm, icodextrin, and polyethylene glycol
reduced the adhesion score of reformed adhesions, but none
of the current commercially available adhesion barriers
reduced the incidence of adhesion reformation in animal
models.73

Studies involving newer adhesion barriers such as novel
dextrin hydrogel (AdSpray, Italy) reported reduced inci-
dence96 and severity of adhesions.97 Starch-based formula-
tion 4DryField PH (UK) also showed its utility in reducing
adhesion severity, the extent of reoperations,98 and adhesion
prevention.99 AAB03 (Korea), a micronized thermosensitive
antiadhesion barrier developed from the human-derived
acellular dermal matrix, reduces adhesions by reducing
macrophage counts, microvessel density, and collagen fiber
density.100

Special situations (oncology, hernia,
gallstone, and bezoar)

Among cancer patients, postoperative ASBO is a leading
cause of small bowel obstructions.101 However, the recur-
rence of cancer needs to be ruled out. Oncology therapy, like
radiation, also increases the risk of adhesions by inducing
fibrotic changes. Pericancer inflammation could also predis-
pose adhesion formation. Imaging aids in differentiating
between malignant versus adhesive SBO. The absence of
observable masses suggests a benign cause. Magnetic reso-
nance imaging with gadolinium contrast can distinguish
malignant etiology of SBO by features such as peritoneal
enhancement and mesenteric infiltration.102 The manage-
ment of patients with and without malignancy is similar
unless SBO is due to recurrence or metastases. However, for
cancer patients, overall outcomes are determined by oncol-
ogy, and hence fitness for surgery needs stringent evaluation
criteria with clearly defined goals of care.103,104 Factors
associated with poorer surgical outcomes include recurrent
ascites after paracentesis, hypoalbuminemia, Eastern Coop-
erative Oncology Group performance status ≥2, diffuse pal-
pable abdominal masses, previous surgery showing diffuse
metastatic cancer, and the involvement of proximal stom-
ach.105

Hernias cause obstruction by extrinsic compression on
the small bowel, and incarcerated hernias are a significant
cause of complicated SBO.38 Hernias should be differenti-
ated from ASBO (10% of all SBOs).5 Recognizing hernia

as the etiology is significant, as delayed treatment could
potentially lead to increased morbidity and progression to
strangulation.106 In a study investigating the various etiolo-
gies of SBO (adhesions, Crohn’s disease, neoplasm, and
hernia), patients who underwent surgical intervention and
conservative management had similar median intervals to
recurrence (at 1 year), except for patients with obstructions
caused by hernias (0.2 years). In patients with SBO due to
hernia, non-operative management leads to higher recur-
rence rates, and hence laparotomy should be considered
early in the course of disease.5,106 Hernias can be external
(caused by weakness of muscles or ligaments) or internal
(caused by mesenteric defects). Risk factors for internal
hernias include previous bowel resection or bariatric proce-
dures (e.g., intestinal bypass)107 and can be differentiated
from ASBO by CT scan. In a consensus opinion obtained
by the Delphi method, Costa et al. recommends immediate
surgical intervention in patients with a strangulated hernia,
>10 cm cecal diameter, signs of ischemia, and refractory
metabolic acidosis.108

Gallstone SBO is a complication of cholelithiasis and
accounts for 0.5% of all mechanical SBO.109 It occurs
more commonly among elderly women, and patients
with multiple comorbidities,109 with an estimated mortal-
ity of up to 30%.110 Common sites of obstruction
include the ileum (60%), jejunum (15%), stomach
(15%), and colon (5%). Small bowel obstruction is usu-
ally caused by stones > 2.5 cm in diameter.111 Presenta-
tion is non-specific, often with cardinal symptoms of
SBO. Symptoms are occasionally sudden but often of
fluctuating subacute nature caused by enterolith tumbling
through the bowel lumen. Fever and jaundice might also
be present.111 Laboratory investigations are typically
unremarkable but could reveal leukocytosis and anemia
from enterolith-related pressure on the intestinal mucosa.
Computed tomography is the gold standard for diagno-
sis,110 and presence of two of three Rigler’s triad signs
(pneumobilia, SBO, and an ectopic gallstone) are diag-
nostic. The presence of cholecystoduodenal fistula is also
suggestive. In cases of acute SBO, emergent surgical
management is often required. However, for stones
<2 cm with no underlying bowel compromise, manage-
ment with supportive treatment and NGT suctioning
could be considered.112 For stones >2 cm, spontaneous
passage is unlikely and surgical removal is indicated.
Enterolithotomy (open or laparoscopic approach)113 with
or without definite biliary surgery is the established
treatment of choice.114 Endoscopic segment dilatation
and stone retrieval, electrohydraulic lithotripsy, and
mechanical lithotripsy have also reported successful out-
comes.115,116
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Bezoar-induced SBO is a less common differential of
ASBO and constitutes 4% of SBO. Bezoars are masses of
indigestible substances that accumulate in the GI system.117

The clinical presentation is similar to ASBO, and preopera-
tive diagnosis can be difficult.118 Misdiagnosing bezoar-in-
duced SBO could lead to increased morbidity.119 For
bezoar-induced SBO, prompt surgical intervention is usually
necessary. Hence, physicians must consider this differential
and look out for signs on imaging that are suggestive of
bezoars, such as the finding of a mass with mottled gas in
the transition point on CT scan (diagnostic rate of 73–95%
and accuracy of 65–100%).120 Bezoars might also appear
similar to feces in the small bowel. However, bezoars are
more commonly single in number, appear as gas-containing
masses, and have an encapsulating wall.121 In addition,
patients with bezoar have a history of gastric surgery, poor
dentition, or high fiber diet. In patients with suspected
bezoar or patients without prior abdominal surgeries, early
CT scans should be considered.122

CONCLUSION

ADHESIVE SBO IS a common complication following
abdominal surgery, with a significant impact on

health-care resources and the burden of morbidity. The ini-
tial evaluation should focus on the identification of potential
complications such as ischemia, strangulation, perforation,
peritonitis, and systemic sepsis as urgent surgical manage-
ment is required in these cases. Establishing the diagnosis of
ASBO is necessary given the utility of non-operative man-
agement in ASBO. History of abdominopelvic surgery is
highly suggestive of an ASBO, and CT imaging is used to
assist in diagnosing and planning treatment. Initial manage-
ment should focus on correcting fluid and electrolyte imbal-
ances. A trial of non-operative management is feasible in
patients without complications and can be continued for up
to 3–4 days. Open midline laparotomy or LAL are both fea-
sible, and careful handling of the bowel along with sharp
scissor dissection are vital to minimize iatrogenic entero-
tomy. Laparoscopic adhesiolysis has better postsurgical out-
comes and is preferred if patients are suitable. Prevention is
a crucial cornerstone of management as recurrences are uni-
versal regardless of treatment method. Adhesion barriers
have shown safety and efficacy in reducing adhesions.
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