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Abstract
Intra-abdominal adhesions following abdominal surgery 
represent a major unsolved problem. They are the first 
cause of small bowel obstruction. Diagnosis is based 
on clinical evaluation, water-soluble contrast follow-
through and computed tomography scan. For patients 
presenting no signs of strangulation, peritonitis or 
severe intestinal impairment there is good evidence 
to support non-operative management. Open surgery 
is the preferred method for the surgical treatment of 
adhesive small bowel obstruction, in case of suspected 
strangulation or after failed conservative management, 
but laparoscopy is gaining widespread acceptance 
especially in selected group of patients. "Good" surgical 
technique and anti-adhesive barriers are the main 
current concepts of adhesion prevention. We discuss 
current knowledge in modern diagnosis and evolving 
strategies for management and prevention that are 
leading to stratified care for patients.
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Core tip: Adhesive disease is a consequence of all 
intra-peritoneal surgeries. We decided to carry out 
a systematic review about the adhesive small bowel 
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obstruction because it is still difficult to make differential 
diagnosis and to understand the right time to operate 
and which surgical technique to perform. Besides there 
is a way to prevent major adhesive disease: "Good" 
surgical technique and anti-adhesive barriers are the 
main current concepts of adhesion prevention. We 
discuss all current knowledge in this field.
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INTRODUCTION
Adhesive disease is the most frequently encountered 
disorder of the small intestine; in one review of 87 
studies including 110076 patients, the incidence of 
adhesive small bowel obstruction (ASBO) following all 
types of abdominal operations was 2.4%[1].

In North America, there are more than 300000 
annual hospital admissions for ASBO accounting for 
850000 d of inpatient care, costing more than $1.3 
billion in medical expenditures and contributing to more 
than 2000 deaths annually[2].

Dembrowski published the first data on induction 
of adhesions in an animal model in 1889 and in the 
following 120 years there have been extensive studies 
both in vitro and in vivo[3].

In the past decade, limited clinical research has 
produced uncertainty about best practice with subse­
quent international variation in delivery and in outcome.

There is a diagnostic dilemma on how to distinguish 
between adhesive SBO and other causes, and how 
to distinguish between ASBO that needs emergency 
surgery and ASBO that can be successfully treated 
conservatively.

ASBO after peritoneal cavity surgery is a well-known 
disease entity that still harbors challenges regarding 
prevention, diagnosis and treatment despite general 
improvements in care. Good surgical technique, e.g., 
laparoscopy, and anti-adhesive barriers at initial surgery 
seem to reduce ASBO but reports have conflicting 
results and only provide general conclusions which do 
not apply for each individual patient. Contrast enhanced 
computed tomography (CT) has improved diagnosis 
of ASBO in general but cannot be performed in each 
patient (severe vomiting, kidney failure) and fails 
to accurately identify adhesions as the cause. Also, 
predicting which treatment should be installed and 
success of treatment by CT is under debate. Regarding 
surgical treatment laparoscopy has gained popularity 
but also is associated with increased risk of iatrogenic 
complications. Particularly, identifying patients who 
might benefit from laparoscopic adhesiolysis and who 

should not and should be treated by open surgery is a 
challenge.

Therefore, ASBO diagnosis, treatment and preven­
tion are important for reducing mortality, morbidity and 
for socioeconomic reasons.

The aim of this review is to provide an update of the 
current controversies over diagnosis, non-operative/
operative management and prevention of ASBO.

LITERATURE RESEARCH
We searched the Cochrane Library, MEDLINE, and 
EMBASE, limited to the final search date (31/03/2015) 
and not limited to English language publications.

We used the search terms “small bowel” or “obs­
truction” in combination with the terms “adhesions” or 
“adhesive” or “adherences”. 

We largely selected publications in the past five 
years, but did not exclude commonly referenced and 
highly regarded older publications. 

We also searched the reference lists of articles 
identified by this search strategy and selected those we 
judged relevant. 

We searched ClinicalTrials.gov (01/01/2000-
31/03/2015) for current trials in ASBO.

EPIDEMIOLOGY
Intra-abdominal adhesions following abdominal surgery 
represent a major unsolved problem; in patients with 
abdominal pain, ASBO is a common cause that accounts 
for 4% of all emergency department admissions and 
20% of emergency surgical procedures[4]. 

These fibrous bands are thought to occur in up to 
93% of patients undergoing abdominal surgery and can 
complicate future surgery considerably[5].

Adhesion formation can result in significant morbi­
dity, mortality and infertility in women, and adhesion-
related complications are also responsible for up to 74% 
cases of ASBO in adults and 30% of re-admissions at 4 
years after an incident intra-abdominal surgery[6].

It is unknown whether the increase in laparoscopic 
intra-abdominal surgery has translated into fewer 
postoperative complications due to adhesions; a recent 
review of 11 experimental studies involving seven 
animal models and four human studies reported mixed 
results. Some reported decreased rates of adhesion 
formation after laparoscopy. However, there was signi­
ficant heterogeneity among the human studies[7,8].

Furthermore, some evidence suggests that this 
decrease in adhesion formation has not necessarily 
translated to a decrease in adhesion-related obstruction; 
in a recent randomized, multi-center trial comparing 
outcomes in laparoscopic vs conventional approaches 
in colorectal surgery for malignancy, there was no 
difference between the two groups in obstruction-related 
complications at 3-year follow-up consultations[9]. 

However, in a long-term follow-up study examining 
the rate of hospitalization due to ASBO for patients 
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operated on due to suspected appendicitis, the laparo­
scopic approach resulted in significantly lower rates 
compared to open surgery. However, frequency of ASBO 
after the index surgery was low in both groups[10]. 

In a recent meta-analysis the incidence of adhesive 
small bowel obstruction was highest in pediatric 
surgery (4.2%, 2.8% to 5.5%; I2 = 86%) and in lower 
gastrointestinal tract surgery (3.2%, 2.6% to 3.8%; 
I2 = 84%); the incidence was lowest after abdominal 
wall surgery (0.5%, 0.0% to 0.9%; I2 = 0%), upper 
gastrointestinal tract surgery (1.2%, 0.8% to 1.6%; I2 

= 80%), and urological surgery (1.5%, 0.1% to 3.0%; 
I2 = 67%)[1]. 

DIAGNOSIS 
Preliminary assessment 
The first step in the diagnostic work flow for ASBO 
is a detailed anamnesis and physical examination, 
followed by the evaluation of a complete blood count 
with differential especially white blood cell (WBC) 
count, electrolytes including blood urea nitrogen and 
creatinine, C-reactive protein, serum lactate, lactate 
dehydrogenase (LDH) and creatine kinase (CK). In 
patients who present with systemic signs (e.g., fever, 
tachycardia, hypotension, altered mental status), 
additional laboratory investigation should include arterial 
blood gas and serum lactate. Although patients with 
ASBO generally may complain a varied assortment 
of symptoms, such as discontinuous abdominal pain, 
nausea and vomiting, associated, in the vast majority of 
cases, with a history of previous abdominal surgery[11], 
these clinical symptoms contribute only to some extent 
to the diagnosis of ASBO[12]. Unfortunately, the clinical 
symptoms of ASBO are even less consistent predictors 
in differentiating patients with bowel strangulation who 

need emergency surgical intervention[13]. Laboratory 
tests may be more useful to estimate the grade of 
systemic illness, than to confirm clinical suspicions. 
Actually the typical inflammatory markers, like WBC 
count and CPR levels, cannot discriminate between the 
inflammation due to ASBO and that caused by other 
inflammatory conditions[14,15]. In the case of bowel 
ischemia due to strangulation, these markers cannot 
discriminate the patients who benefit from conservative 
treatment and those who need surgery[16,17]. Never­
theless, when evolution to ischemia follows, serum 
lactate, LDH and CK may increase due to bowel 
hypoperfusion[16]. However, since LDH and CK increase 
in any ischemic state, they are consequently quite 
unspecific. Instead, because serum lactate rises only at 
a stage when widespread bowel infarction is already well 
established, lactate increase is highly sensitive, but not 
specific, for ischemia in patients with ASBO (sensitivity 
90%-100%, specificity 42%-87%), being thus a robust 
sign to proceed to urgent surgery[18,19]. Recent reports 
indicate that, although there is no reliable clinical or 
laboratory marker for intestinal ischemia, an intestinal 
fatty acid binding protein, which is released by necrotic 
enterocytes, may become a useful marker for the 
detection of bowel ischemia[20]. In conclusion, laboratory 
tests can simply indicate general disease severity 
and can be used to support or rule out an emergency 
surgical choice only in the context of agreement of a 
number of other clinical findings. Moreover, serum tests 
are clearly worthwhile in the evaluation of any patient 
with acute obstruction, because they may indicate 
needed adjustment of electrolyte abnormalities and 
fluid resuscitation (figure 1).

Secondary evaluation
While ASBO may be suspected based only upon 
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Diagnosis of ASBO:
Initial evaluation

Physical examination
WBC, lactate, electrolytes, BUN, CR
Previous surgery

Suspicion of ASBO

Supine and erect abdominal X ray 
with eventual administration of 

WSCM

     Multiple air-fluid levels
     Distension of small bowel loops

Abdominal ultrasound 
(limited value)

    Distension/peristalsis
    Differences in mucosal folds 
    around transition point

Abdominal CT scan with MC

Complete obstruction/
distension of SB loop
Rule out 
strangulation/ischemia
May allow diagnosis of 
the cause of SBO

Restricted to those patients 
having CT or iodine contrast 
contraindications

Water-soluble contrast 
follow-through

Patient initially treated 
with NOM in order to 
rule out complete ASBO 
and predict the need for 
surgery

Abdominal MRI (limited value)

ASBO diagnosis: Secondary evaluation

Figure 1 Adhesive small bowel obstruction diagnosis: Initial evaluation. 
ASBO: Adhesive small bowel obstruction; WBC: White blood cell count; BUN: 
Blood urea nitrogen; CR: Creatinine; WSCM: Water soluble contrast medium.

Figure 2  Adhesive small bowel obstruction diagnosis: Secondary 
evaluation. ASBO: Adhesive small bowel obstruction; NOM: Non operative 
management; CT: Computed tomography; MC: Medium contrast.
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Although small bowel contrast studies, in general, 
have a limited role in the initial diagnosis of ASBO and in 
some circumstances, like in the presence of perforation, 
some of them, as those with the use of barium, are 
contraindicated[24], instead those using water-soluble 
contrast agents (WSCA), being safer than barium 
in cases of perforation and peritoneal spread, are 
extremely valuable in patients undergoing initial non-
operative conservative management in order to rule out 
complete ASBO and predict the need for surgery[29]. In 
this sense, small bowel WSCA studies in the presence 
of ASBO have not only diagnostic, but especially thera­
peutic value[26].

TREATMENT - 
Non-operative Management
Patient selection
For patients presenting with ASBO without signs of 
strangulation, peritonitis or severe intestinal impairment 
there is good evidence to support NOM.

Free intraperitoneal fluid, mesenteric edema, lack 
of the “small bowel feces sign” at CT-scan, history of 
vomiting, severe abdominal pain (VAS > 4), abdominal 
guarding, raised white cell count and devascularized 
bowel at CT-scan predict the need for emergent laparo­
tomy[30].

Moreover, patients with repeated ASBO episodes, 
many prior laparotomies for adhesions and prolonged 
conservative treatment should be cautiously selected to 
find out only those who may benefit from early surgical 
interventions[30].

At present, there is no consensus about when 
conservative treatment should be considered unsucce­
ssful and the patient should undergo surgery; in fact, 
the use of surgery to solve ASBO is controversial, as 
surgery induces the formation of new adhesions[30]. 

Level I data have shown that NOM can be successful 
in up to 90% of patients without peritonitis[31]. 

As a counterpart, a delay in operation for ASBO 
places patients at higher risk for bowel resection. A 
retrospective analysis showed that in patients with a 
≤ 24 h wait time until surgery, only 12% experienced 
bowel resection and in patients with a ≥ 24 h wait time 
until surgery, 29% required bowel resection[32]. 

Schraufnagel et al[33] showed that in their huge 
patient cohort, the rates of complications, resection, 
prolonged length of stay and death were higher in 
patients admitted for ASBO and operated on after a 
time period of ≥ 4 d.

The World Society of Emergency Surgery 2013 
guidelines stated that NOM in the absence of signs of 
strangulation or peritonitis can be prolonged up to 72 h. 
After 72 h of NOM without resolution, surgery is recom­
mended[30]. 

There are no objective criteria that identify those 
patients who are likely to respond to conservative 
treatment. Less clear, in fact, is the way to predict 

risk factors, symptoms, and physical examination, 
abdominal imaging is usually required to confirm the 
diagnosis, eventually detecting the location of obstru­
ction and identifying complications, like ischemia, 
necrosis, and perforation[21,22]. Although multiple 
imaging modalities are available to confirm a suspected 
diagnosis of ASBO, plain radiography and abdominal 
CT are those most suitable and useful. Thus, the preli­
minary assessment for all patients suspected for ASBO 
should include supine and erect plain abdominal radio­
graphy that can display multiple air-fluid levels with 
distension of small bowel together with the absence of 
gas in the colon[23]. However, it must be said that the 
reason or site of obstruction is usually not clear on plain 
radiography, since a specific site between the enlarged 
proximal and undilated distal bowel frequently cannot 
be recognized with certainty. For the diagnosis of ASBO, 
the sensitivity, specificity, and accuracy of plain X-ray 
are from 79% to 83%, from 67% to 83%, and from 
64% to 82%, respectively (figure 2).

Abdominal CT scans (figure 3), especially with 
administration of oral or intravenous contrast medium, 
perform better than plain X-ray in finding the transition 
point, evaluating the severity of obstruction, identifying 
the cause of obstruction, and recognizing complications 
(ischemia, necrosis, and perforation)[24]. The sensitivity, 
specificity, and accuracy of CT scans for ASBO diagnosis 
are, respectively, from 90% to 94%, 96%, and 95%[25]. 
CT has been demonstrated to be highly diagnostic 
in ASBO, especially in all patients with inconclusive 
plain X-ray[26]. However, it should not be routinely 
implemented in the diagnosis-making process except 
when clinical history, physical examination, and plain 
film were not convincing for ASBO diagnosis[27], since 
these are readily available, less expensive, expose the 
patient to less radiation, and may highlight the need for 
abdominal CT in some patients. 

Abdominal ultrasound and magnetic resonance 
enterography may be useful for the diagnosis of ASBO 
only in selected patients and their use should be 
restricted to those patients having CT or iodine contrast 
contraindications[28].

Figure 3  Adhesive small bowel obstruction caused by single band 
adhesion: Computed tomography scan.
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can generate effective peristalsis and overcome the 
obstruction[37].

The administration of WSCA proved to be effective 
in several randomized studies and meta-analysis. Three 
recent meta-analyses showed no advantages in waiting 
longer than 8 h after the administration of WSCA[26] and 
demonstrated that the presence of contrast in the colon 
within 4-24 h is predictive of ASBO resolution. Moreover, 
for patients undergoing NOM, WSCA decreased the need 
for surgery and reduced the length of hospital stay[38,39]. 

Oral therapy with magnesium oxide, L. acidophilus 
and simethicone may be considered to help the reso­
lution of NOM in partial ASBO with positive results in 
shortening the hospital stay[40]. 

Lastly hyperbaric oxygen therapy may be an option 
in the management of high anesthesiologic risk patients 
for whom surgery should be avoided[41].

No agreement exists about the possibility to predict 
the recurrence risk. Factors associated with a higher risk 
of recurrence are age < 40 years, matted adhesion and 
postoperative surgical complications[42]. Compared to 
traditionally conservatively treated patients, Gastrografin 
use does not affect either the ASBO recurrence rates or 
recurrences needing surgery (figure 4)[29].

SURGERY 
Open surgery
Until recently open surgery has been the preferred 
method for the surgical treatment of ASBO (in case 
of suspected strangulation or after failed conservative 
management), and laparoscopy has been suggested 
only in highly selected group of patients (preferably in 
case of first episode of ASBO/or anticipated single band 
adhesion) using an open access technique and the left 
upper quadrant for entry[30] (figure 5).

More recently, the use of laparoscopy is gaining wide­
spread acceptance and is becoming the preferred choice 
in centers with specific expertise.

A meta-analysis by Li et al[43] found that there was 
no statistically significant difference between open vs 
laparoscopic adhesiolysis in the number of intraoperative 
bowel injuries, wound infections, or overall mortality. 
Conversely there was a statistically significant difference 
in the incidence of overall and pulmonary complications 
and a considerable reduction of prolonged ileus in the 
laparoscopic group compared with the open group. 
The authors concluded that laparoscopic approach is 
safer than the open procedure, but only in the hands 
of experienced laparoscopic surgeons and in selected 
patients[43].

However, no randomized controlled trial comparing 
open to laparoscopic adhesiolysis exists to date, and 
both the precise indications and specific outcomes of 
laparoscopic adhesiolysis for adhesive SBO remain 
poorly understood. The only randomized controlled trial  
aiming to provide level Ib evidence to assess the use of 
laparoscopy in the treatment of adhesive small bowel 

between progression to strangulation or resolution of 
ASBO. Some authors suggested the following as strong 
predictors of NOM failure: The presence of ascites, 
complete ASBO (no evidence of air within the large 
bowel), increased serum creatine phosphokinase and ≥ 
500 ml from nasogastric tube on the third NOM day[30]. 

However, at any time, if there is an onset of signs 
of strangulation, peritonitis or severe intestinal impair­
ment, NOM should be discontinued and surgery is 
recommended.

It is really difficult to predict the risk of operation 
among those patients with ASBO who initially under­
went NOM[30].

Tube decompression, WSCA and other treatments
Randomized clinical trials showed that there are no 
differences between the use of nasogastric tubes 
compared to the use of long tube decompression[34]. 

In any case, early tube decompression is beneficial 
in the initial management, in addition to required 
attempts of fluid resuscitation and electrolyte imbalance 
correction. For challenging cases of ASBO, the long tube 
should be placed as soon as possible, more advisable 
by endoscopy, rather than by fluoroscopic guide[35].

Several studies investigated the diagnostic-thera­
peutical role of WSCA[36]. Gastrografin is the most 
commonly utilised contrast medium. It is a mixture 
of sodium diatrizoate and megluminediatrizoate. Its 
osmolarity is 2150 mOsm/L. It activates movement 
of water into the small bowel lumen. Gastrografin also 
decreases oedema of the small bowel wall and it may 
also enhance smooth muscle contractile activity that 

Treatment of ASBO

No sign of strangulation or peritonitis
Partial ASBO
Signs of resolution on admission

Signs of strangulation or peritonitis
Carcinomatosis or irreducible hernia
No signs of resolution within 72 h

Non operative management:
  NGT or LT decompression
  Intravenous fluid administration
  Clinical observation

Operative management:
  Laparoscopic exploration
  Open approach

Water soluble contrast medium 
administration

No contrast in the colon
within 24-36 h

Appearance of contrast in 
the colon within 24 h

predicts resolution of ASBO

Figure 4  Adhesive small bowel obstruction treatment. ASBO: Adhesive 
small bowel obstruction; NGT: Naso-gastric tube; LT: Long tube.
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patients and consistent rates of SBO requiring surgical 
intervention in the United States, increasing the use of 
laparoscopy could be a feasible way of to decrease costs 
and improving outcomes in this population[48].

Patient selection is still a controversial issue. From 
a recent consensus conference[49], a panel of experts 
recommended that the only absolute exclusion criteria 
for laparoscopic adhesiolysis in SBO are those related to 
pneumoperitoneum (e.g., hemodynamic instability or 
cardiopulmonary impairment); all other contraindications 
are relative and should be judged on a case-to-case 
basis, depending on the laparoscopic skills of the 
surgeon. 

Nonetheless it is now well known that the immune 
response correlates with inflammatory markers asso­
ciated with injury severity and, as a consequence, the 
magnitude of surgical interventions may influence the 
clinical outcomes through the production of molecular 
factors, ultimately inducing systemic inflammatory 
response and the beneficial effect of minimally invasive 
surgeries and of avoiding laparotomy is even more 
relevant in the frail patients[50].

Laparoscopic adhesiolysis is technically challenging, 
given the bowel distension and the risk of iatrogenic 
injuries if the small bowel is not appropriately handled. 
Key technical steps are to avoid grasping the distended 
loops and handling only the mesentery or the distal 
collapsed bowel. It is also mandatory to fully explore the 
small bowel starting from the cecum and running the 
small bowel distal to proximal until the transition point 
is found and the band/transition point identified. After 
release of the band, the passage into distal bowel is 
restored and the strangulation mark on the bowel wall 
is visible and should be carefully inspected. 

As a precaution in the absence of advanced 
laparoscopic skills, a low threshold for open conversion 
should be maintained when extensive and matted 
adhesions are found[51].

Reported predictive factors for a successful laparo­
scopic adhesiolysis are: Number of previous laparotomies 
≤ 2, non-median previous laparotomy, appendectomy 
as previous surgical treatment causing adherences, 

obstruction is currently ongoing, having the length of 
postoperative hospital stay as the primary endpoint 
and the passage of stools, commencement of enteral 
nutrition, 30-d mortality, complications, postoperative 
pain, length of sick leave, rate of ventral hernia and the 
recurrence of small bowel obstruction during long-term 
follow-up as secondary and tertiary endpoints[44].

Laparoscopy
Laparoscopic adhesiolysis (figure 6) for small bowel 
obstruction has a number of potential advantages 
including less postoperative pain, faster return of intes­
tinal function, shorter hospital stay, reduced recovery 
time, allowing an earlier return to full activity, fewer 
wound complications, and decreased postoperative 
adhesion formation[45].

In a recent large population-based propensity 
score-matched analysis involving 6762 patients[46], 
laparoscopic treatment of ASBO was associated with 
lower rates of postoperative morbidity, including SSI, 
intraoperative transfusion, and overall lower resource 
use compared with laparotomy as well as shorter 
hospital stay. Laparoscopic treatment of surgical 
ASBO is not associated with a significant difference in 
operative time, rates of re-operation within 30 d, or 
mortality.

Further recent reports confirmed that laparoscopic 
surgical management of adhesive SBO is associated 
with quicker gastrointestinal recovery, shorter length 
of stay (LOS), and reduced overall complications 
compared to open surgery, without significant differences 
in operative times[47]. Furthermore, following exclusion 
of bowel resections, secondary outcomes continued to 
favor laparoscopy.

Although laparoscopic adhesiolysis requires a 
specific skill set and may not be appropriate in all 
patients, the laparoscopic approach demonstrates a 
clear benefit in 30-d morbidity and mortality even after 
controlling for preoperative patient characteristics (lower 
major complications and incisional complications rate) 
as well as shorter postoperative LOS and shorter mean 
operative times. Given these findings in more than 9000 

Figure 5  Adhesive small bowel obstruction caused by single band adhe­
sion: Open surgery.

Figure 6  Adhesive small bowel obstruction caused by single band 
adhesion: Laparoscopic surgery.
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intraperitoneal pharmaceuticals or adhesion barriers[58]. 
Most clinical experience is with intraperitoneal adhesion 
barriers, applied at the end of surgery with the aim to 
separate injured peritoneal and serosal surfaces until 
complete adhesion free healing has occurred. Efficacy 
of anti-adhesion barriers in open surgery has been 
well established for reducing the incidence of adhesion 
formation[59]. For one type of barrier (Hyaluronate-
carboxymethylcellulose, HA-CMC, Seprafilm, Sanofi, 
Paris, France) the reduction of incidence of adhesive 
small bowel obstruction after colorectal surgery has 
also been established (RR = 0.49, 95%CI: 0.28-0.88) 
without patient harm[59,60]. Oxidized regenerated cellulose 
(Interceed, Ethicon, West Somerville, NJ, United States) 
reduces the incidence of adhesion formation following 
fertility surgery (RR = 0.51, 95%CI: 0.31-0.86), but the 
impact on small bowel obstruction after gynecological 
surgery has not been studied[59,61]. Drawback of both 
products is the difficulty to use in laparoscopic surgery, 
underlining the need to develop gel, spray or fluid 
barriers that are easy to apply via a trocar.

In the Prevention of Postoperative Abdominal 
Adhesions (P.O.P.A) study, authors randomized 91 
patients to have 2000 cc of icodextrin 4% and 90% to 
have the traditional treatment. The authors noted no 
significant difference in the incidence of small bowel 
leakage or anastomotic breakdown; operative times, 
blood losses, incidence of small bowel resections, return 
of bowel function, LOS, early and late morbidity and 
mortality were comparable. After a mean follow-up of 
41.4 mo, there have been 2 cases of ASBO recurrence 
in the icodextrin group and 10 cases in the control 
group (p < 0.05)[61]. 

Consistent safety and efficacy evidence has not led 
to routine application of barriers in open or laparoscopic 
surgery. Reasons might be the lack of awareness, the 
question if the “effect size” is large enough for routine 
application or the belief that adhesion formation even 
may benefit the patients, e.g., reinforcing intestinal 
anastomosis or walling off peritoneal infection. However, 
the most used argument against routine use is the 
doubt regarding cost-effectiveness of adhesion barriers. 
The direct hospital costs in the United States in 2005 for 
adhesive small bowel obstruction alone was estimated 
at $3.45 billion. Costs associated with the treatment 
of an adhesive SBO are estimated to be $3000 per 
episode with conservative treatment and $9000 with 
operative treatment. The additional costs incurred by 
operative treatment are partially due to complications 
of adhesiolysis. The incidence of bowel injuries during 
adhesiolysis for SBO is estimated to be between 6% 
and 20%. Inadvertent enterotomy due to adhesiolysis 
in elective surgery is associated with a mean increase in 
costs of $38000[58,61,62]. 

In a model, counted for in-hospital costs and savings 
resulting from adhesive SBO based on United Kingdom 
price data from 2007, Wilson showed that a low priced 
barrier at about $160 with 25% efficacy in preventing 
SBO would result in healthcare savings. Another 

unique band adhesion as pathogenetic mechanism of 
small bowel obstruction, early laparoscopic management 
within 24 h from the onset of symptoms, no signs of 
peritonitis on physical examination, and experience of 
the surgeon[52].

Because of the consistent risks of inadvertent 
enterotomies and the subsequent significant morbidity, 
particularly in elderly patients and those with multiple 
(three or more) previous laparotomies, the lysis should 
be limited to the adhesions causing the mechanical 
obstruction or strangulation or those located at the 
transition point area; some authors have attempted to 
design a preoperative nomogram and a score to predict 
risk of bowel injury during adhesiolysis, and they found 
that the number of previous laparotomies, anatomical 
site of the operation, presence of bowel fistula and 
laparotomy via a pre-existing median scar were 
independent predictors of bowel injury[53,54].

PREVENTION
Surgical technique
Small bowel obstruction has been the driver of research 
in adhesion prevention measures, barriers and agents. 
Recent data from cohort studies and systematic reviews 
point at major morbidity and socioeconomic burden 
from adhesiolysis at reoperation, which have broadened 
the focus of adhesion prevention[55]. Applying adhesion 
barriers in two-stage liver surgery and cesarean section, 
to reduce the incidence of adhesions and adhesiolysis 
related complications, are examples of the change in 
paradigm that reducing the incidence of adhesions is 
clinically more meaningful than only aiming at preventing 
adhesive small bowel obstruction[56]. Increasing the 
number of patients without any peritoneal adhesion 
should be the general aim of adhesion prevention. 

“Good” surgical technique and anti-adhesive barriers 
are the main current concepts of adhesion prevention. 
From a recent systematic review and meta-analysis 
on the impact of different surgical techniques on adhe­
sion formation it was concluded that laparoscopy and 
not closing the peritoneum lower the incidence of 
adhesions[1].

However, the burden of adhesions in laparoscopy 
is still significant most likely due to the necessity to 
make specimen extraction incisions in addition to trocar 
incisions and the unavoidable peritoneal trauma by 
surgical dissection and the use of CO2 pneumoperitoneum 
(intraperitoneal pressure and desiccation). Reduced port 
laparoscopy and specimen extraction via natural orifices 
may theoretically further reduce peritoneal incision 
related adhesion formation[57]. 

Anti-adhesive barriers
Since all abdominal surgeries involve peritoneal trauma 
and potential healing with adhesion formation, addi­
tional measures are needed to reduce the incidence of 
adhesions and related clinical manifestations. These 
measures consist of systemic pharmacological agents, 
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concept with a $360 priced barrier, would result in a net 
investment on the long-term unless a higher efficacy 
of 60% could be achieved. In this model treatment 
costs for small bowel obstruction were substantially 
lower than more recent cost calculations. Recent direct 
healthcare costs associated with treatment of major 
types of adhesion related complications (small bowel 
obstruction, adhesiolysis complications and secondary 
female infertility) within the first 5 years after surgery 
are $2350 following open surgery and $970 after 
laparoscopy. Application of an anti-adhesion barrier 
could save between $678-1030 following open surgery 
and between $268-413 following laparoscopic surgery 
on the direct healthcare costs related to treatment of 
adhesion related complications (data not published). 
Benefits from reduction in SBO were $103 in open 
surgery and $32 in laparoscopic surgery, using a high 
($360) priced product and only taken into account 
reoperations for adhesive small bowel obstruction. From 
these cost modeling it seems that even routine use of 
anti-adhesion barriers is cost-effective in both open and 
laparoscopic surgery[62-64]. 

CONCLUSION
Unfortunately, there are not yet devices able to totally 
prevent the intraperitoneal adhesion formation after 
abdominal surgery; only the use of correct surgical 
technique and the avoidance of traumatic intraperitoneal 
organ maneuvers may help to reduce postoperative 
adhesion incidence.
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