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10.1	 �Introduction

Small bowel perforation is a serious complication of a variety of systemic as well as 
small bowel diseases. It usually leads to generalized peritonitis and complicated 
intra-abdominal infection that demands quick diagnosis and early management. 
However, many patients present late in a state of preestablished sepsis and multi-
organ failure due to missed or delayed diagnosis. Despite surgical intervention, best 
of intensive care and antimicrobial therapy, these cases culminate unacceptably 
high morbidity and mortality [1, 2]. In a recently conducted observational study in 
the USA on more than two million patients undergoing emergency surgery, small 
bowel resection was one of the seven emergency surgical procedures that accounted 
for 80.0% of procedures, 80.3% of deaths, 78.9% of complications, and 80.2% of 
inpatient costs [3]. Thus, small bowel perforations are one of the most common life-
threatening surgical emergencies as well as “bread and butter” for the surgeons [4].
Anatomically, the small bowel extends from gastroduodenal junction to ileocecal 
junction and comprises of the duodenum, jejunum, and ileum. This chapter covers 
the description of jejunal and ileal perforations only since duodenal perforations 
have already been covered in this book.
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10.2	 �Small Bowel Perforation: General  
Consideration (Box 10.1)

10.2.1	 �Spectrum of Small Bowel Perforation

Small bowel perforation presenting with generalized peritonitis is more commonly 
seen in the developing countries and less often in the West. In a review of 15 large 
series reported from Asia and Far East, small bowel perforation was the second 
most common cause (6–42% cases) of secondary peritonitis after gastroduodenal 
perforation [2]. In developing countries, typhoid fever is the commonest cause of 
small bowel perforation followed by tuberculosis, nonspecific perforations, intesti-
nal obstruction, blunt abdominal trauma, and round worm infestation [2, 5]. In 
developed countries, the reported causes of small bowel perforation are Crohn’s 
disease, trauma, ischemic enteritis, foreign bodies, radiotherapy, drugs, malignan-
cies, and congenital malformations [6–9].

In oriental countries, apart from enteric fever and “nonspecific” ulcers, the other 
reported causes of small bowel perforations include Crohn’s disease, Behcet’s dis-
ease, radiation enteritis, adhesions, ischemic enteritis, SLE, and, very rarely, intes-
tinal tuberculosis [10–14]. Free perforation is a rare complication of Crohn’s 
disease, but its incidence is reported to be highest from Japan (3–10%) [12]. 
Similarly, the incidence of Behcet’s disease is much higher in Japan, and perforation 
of the intestinal ulcers can occur in up to 56% of the cases [13].

Box 10.1 Salient Points: Small Bowel Perforation
•	 It is seen more commonly in the developing countries and less often in 

the West.
•	 Typhoid fever is the commonest cause followed by tuberculosis in 

developing countries.
•	 Classical features of underlying disease in a patient of peritonitis are suf-

ficient to make the preoperative diagnosis.
•	 Chest X-ray has evidence of pneumoperitoneum in 50–80% cases.
•	 In stable patients, triple-contrast CT scan is the imaging modality of choice.
•	 In septic and unstable patients, bedside diagnostic laparoscopy helps in 

diagnosis and decision-making.
•	 The treatment is resuscitation followed by emergency exploratory 

laparotomy.
•	 The operative procedure is resection-anastomosis or ileostomy depending 

upon the patient’s condition.
•	 Patients presenting with delayed perforation and severe peritonitis are best 

managed with laparostomy.
•	 If peritoneal lavage done during exploration is inadequate, patients may 

need re-laparotomy for doing re-lavage.
•	 The mortality in cases of perforation peritonitis ranges between 6% and 27%.
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Table 10.1  Small bowel perforation—causes

Infections
 � Typhoid fever
 � Nonspecific
 � Tuberculosis
 � Amoebic
 � Clostridium
 � Histoplasmosis
 � Cytomegalovirus
Trauma
 � Blunt injury
 � Penetrating injury
Tumors
 � Primary tumors: lymphoma, GIST, adenocarcinoma, carcinoid, desmoid, angiosarcoma
 � Metastatic tumors: lung cancer, lymphoma, breast cancer, mesothelioma, melanoma
Mesenteric ischemia
 � Embolism
 � Arterial thrombosis
 � Venous thrombosis
 � Non-obstructive mesenteric ischemia
Crohn’s disease
Diverticular disease
 � Meckel’s diverticulum
 � Jejunal diverticulosis
Drugs
 � Steroids
 � NSAIDs
 � Potassium chloride
 � Cocaine
 � Oral contraceptives
 � Cytotoxic chemotherapy
Radiation enteritis
Foreign bodies
 � Dentures
 � Toothpick
 � Fishbone
Worms
 � Roundworm
 � Tapeworm
 � Pinworm
Iatrogenic
 � Laparoscopy (Veress needle, trocar, diathermy)
 � Enteroscopy
 � Peritoneal dialysis
 � Migrated biliary stents
 � Post-ESWL
 � Unsafe abortion
 � Abdominal drains
 � Gossypiboma

Table 10.1 describes the causes of small bowel perforations, and Table 10.2 gives 
the distribution of different etiologies of small bowel perforation reported in various 
series in the literature.
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10.2.2	 �Pathophysiology

Perforation in the small bowel can be spontaneous due to some underlying pathol-
ogy or can occur following external trauma. Recent studies also support the hypoth-
esis that perforation of the small intestine may be genetically based with different 
mutations causing altered connective tissue structure, synthesis, and repair [37]. In 
all the situations, the resultant leak from the small gut produces chemical inflamma-
tion during the first 6–8 h followed by a septic process due to secondary bacterial 
invasion (secondary peritonitis).

There is a difference between initial chemical peritonitis produced by jejunal leak-
age and the one due to ileal leakage. The jejunal juices are rich in pancreatic enzymes 
leading to intense chemical reaction in the peritoneal cavity similar to acute pancreati-
tis. Since pancreatic enzymes are inactivated by the time they reach the ileum, so ileal 
perforations produce less severe and localized peritoneal reaction. Due to this reason, 
ileal perforations are walled off much faster than jejunal perforations. Also, the clini-
cal signs of peritonitis appear much later in distal perforations. However, these fine 
differences are lost when the underlying cause of perforation is septic in nature [38].

With the small bowel being an intraperitoneal structure, its perforation almost 
always leads to complicated intra-abdominal infection (IAI) causing localized or 
diffuse peritonitis [39]. The complicated IAIs, if not treated promptly, can lead to 
septicemia, multi-organ failure, and death [2, 40].

10.2.3	 �Clinical Features

The small bowel perforation leading to peritonitis mostly affects young males in the 
tropical countries [25–27, 41]. Majority of the patients present with the history of 
pain abdomen, distention, nausea, vomiting, altered bowel habits (usually obstipa-
tion), and fever. Abdominal pain may be acute or insidious. Initially, the pain may 
be dull and poorly localized due to involvement of visceral peritoneum and later 
progresses to steady, severe, and more localized pain once parietal peritoneum is 
involved. Other specific features depend upon underlying etiology and have been 
described separately under individual causes.

The clinical findings are that of localized or generalized peritonitis and depend 
upon the stage of presentation. However, majority of the patients in third world 
countries have a delayed presentation and come in a state of dehydration and shock. 
There is tachycardia, hypotension, decreased urine output, and tachypnea [25]. The 
patients having altered mental status are indicative of evolution to severe sepsis. On 
abdominal examination, there is distension, tenderness, and rigidity with masked 
liver dullness and absent bowel sounds.

10.2.4	 �Diagnosis

In endemic areas, the diagnosis of perforation peritonitis due to small bowel perfo-
ration is primarily a clinical diagnosis. The investigations aid in the diagnosis, but 
no single investigation is diagnostic. Hematological investigations reveal 
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polymorphonuclear leukocytosis, electrolyte imbalance (hypokalemia, hyponatre-
mia), raised blood urea and creatinine, and metabolic acidosis. A chest X-ray in 
erect posture shows evidence of pneumoperitoneum in 50–80% cases as reported in 
various series [6, 20, 42–44]. Multiple air fluid levels on abdominal X-ray in erect 
position may be seen in 30% cases [27].

Abdominal ultrasound has the advantage of being portable and is helpful in the 
evaluation of the patients with suspected small bowel perforation. In most patients, 
much of the small bowel from duodenum to terminal ileum can be imagined with 
conventional sonography without any specific preparation [45]. However, the exam-
ination is sometimes limited because of patient discomfort, abdominal distension, 
and bowel gas interference [46]. The sonographic findings suggestive of small 
bowel perforation typically include the presence of extra-luminal air, a fluid collec-
tion, and inflammatory changes adjacent to a thickened small bowel segment [47].

In hemodynamically stable patients, triple-contrast CT scan (oral, rectal, and 
intravenous) is the imaging modality of choice for suspected small bowel perfora-
tion. In case of perforation, leaking of water-soluble contrast agent into the perito-
neal cavity doesn’t provoke inflammatory reaction as it is rapidly absorbed. CT scan 
provides excellent anatomical details of the intestinal wall, detects secondary signs 
of underlying bowel pathology within the surrounding mesentery, and picks up even 
small amounts of extra-luminal air or oral contrast leakage into the peritoneal cavity 
[48, 49]. Thus, abdominal CT plays an important role in its early diagnosis, with 
overall sensitivity of 64%, specificity of 97%, and accuracy of 82% [50]. However, 
from the safety perspective, the radiation associated with CT, especially in children, 
should be always kept in mind.

In recent times, laparoscopy is gaining wider acceptance in emergency surgery 
both as diagnostic and therapeutic modality [51]. In septic and unstable patients in 
ICU with uncertain preoperative diagnosis, bedside diagnostic laparoscopy helps in 
diagnosis and decision-making, thus shortening the observation period [52, 53]. The 
accuracy of diagnostic laparoscopy is very high and is reported to be 86–100% in 
unselected patients [54–56].

10.2.5	 �Principles of Treatment

The standard treatment after diagnosis of secondary peritonitis due to small bowel 
perforation is resuscitation followed by emergency exploratory laparotomy. All 
patients are resuscitated preoperatively with intravenous fluids (2–3 l of Ringer’s 
lactate) along with nasogastric aspiration and urethral catheterization for monitor-
ing of urine output. The broad-spectrum antibiotics covering gram positive, gram 
negative, and anaerobes are started, and electrolyte/acid-base imbalance, if any, is 
corrected. Midline laparotomy is performed, and the site and cause of perforation 
are identified and treated accordingly. The peritoneal fluid is sent for culture and 
sensitivity. After managing the small bowel perforation, the peritoneal cavity is irri-
gated with warm saline till effluent is clear and single, or multiple drains are put in 
the peritoneal cavity. The laparotomy wound is closed either in mass closure or in 
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layers depending upon the operator’s preference. Patients are monitored postopera-
tively for recovery as well as detection and management of complications if any. 
The broad-spectrum antibiotics are continued in the postoperative period.

10.2.6	 �Source Control: Resection-Anastomosis Versus Ileostomy

The aim of surgery is “source control,” and various options include primary repair 
of perforation, segmental resection and anastomosis, and primary ileostomy with or 
without resection of diseased bowel. Some authors have adopted laparoscopy as 
preferred surgical approach for the management of secondary peritonitis [57].

For a primary anastomosis following small gut resection, both the bowel ends 
should be healthy, and vascular and general condition of the patient should be good. 
This may not always be there especially in cases with delayed presentation having 
hemodynamic instability and generalized peritonitis. In such cases there is a high 
risk of anastomotic leak and its consequent morbidity and mortality. Therefore, 
diverting ileostomy is a much safer option that serves as a lifesaving procedure in 
these cases. Ileostomy should always be considered in cases with delayed presenta-
tion, severe fecal peritonitis, grossly inflamed gut with multiple perforations, multi-
organ failure, poor mesenteric circulation, or dependence on high doses of 
vasopressors. After recovery of the patient, ileostomy closure is done as an elective 
procedure after 6–8 weeks that requires no further laparotomy. A study from India 
has reported significant decrease in leak rate from 13% to 4% after adopting ileos-
tomy liberally in such cases [44].

Most of the authors have recommended loop ileostomy for fecal diversion in 
cases of small bowel perforations [58, 59]. A recent prospective study compared 

a b

Fig. 10.1  Complications of ileostomy. (a) Ileostomy prolapsed. (b) Parastomal skin excoriation
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loop vs. end ileostomy for small bowel perforations and observed end ileostomy as 
much easier to construct and manage postoperatively in edematous bowel [34].

However, apart from the need of second surgery for stoma closure, ileostomy 
has its own inherent complications in form of peristomal skin excoriation, fluid 
and electrolyte imbalance, and nutritional depletion [60]. Other complications are 
bleeding, ischemia, obstruction, prolapse, retraction, stenosis, parastomal hernia, 
fistula, residual abscess, wound infection, and incisional hernia (Fig.  10.1). In 
addition, ileostomy adds to financial burden and is also known to adversely affect 
the patient’s quality of life due to physical restrictions and psychological 
problems [61].

10.2.7	 �Laparostomy, Planned/On-Demand Re-laparotomy

Patients presenting with delayed perforation develop a severe form of the peritonitis 
having a thick layer of fibrin, mesenterial abscesses, and edema of the bowel wall. 
Moreover, fluid infusion during resuscitation in a state of septic shock adds to the 
bowel edema. At the end of laparotomy, forced closure of the abdominal wall is 
likely to cause intra-abdominal hypertension (IAH) and consequently modify pul-
monary, cardiovascular, renal, splanchnic, and central nervous system physiol-
ogy causing significant morbidity and mortality. This has led to the evolution 
of therapeutic concept of open management of the laparotomy wound called 
“laparostomy” [62–67].

In cases with delayed presentation having severe purulent peritonitis, repeated 
peritoneal lavage every day or on alternate day is indicated for removal of slough 
and exudates. The lavage is done by re-laparotomy that can be “planned” or “on 
demand.” The planned re-laparotomy is done 36–48  h after initial laparotomy, 
whereas on-demand re-laparotomy is done only if there is deterioration in patient’s 
condition. Most of these patients need postoperative ventilatory support for variable 
periods.

Thus surgical approach that leaves the abdomen open may both facilitate re-
laparotomy and prevent deleterious effects of abdominal compartment syn-
drome (ACS) [68]. However, serious complications like evisceration, fistula 
formation, and giant incisional hernia were observed following laparostomy. 
Therefore, the technique of open treatment was modified, leading to the concept 
of “covered laparostomy” [63, 69, 70]. Temporary closure of the abdomen may 
be achieved using simple gauze packing, impermeable and self-adhesive 
membrane dressing, absorbable or nonabsorbable meshes, plastic bag, zip-
pers, and vacuum-assisted closure (VAC) devices. VAC has recently become a 
popular option for the treatment of open abdomen [71–74].
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10.2.8	 �Antimicrobial Therapy

Ileal perforations, especially from the distal part, lead to peritoneal infection with 
gram-negative facultative and aerobic organisms. Initially, broad-spectrum empiri-
cal antimicrobials are given based on the severity of the infection, risk of resistant 
pathogens, and the local resistance epidemiology. The details of antimicrobial ther-
apy are covered in Chaps. 16–21.

10.2.9	 �Outcome

Perforation peritonitis due to small bowel perforation bears a high mortality with 
the reported ranges between 6% and 27% [2, 75, 76]. Factors contributing to the 
high mortality and morbidity are delayed presentation, old age, delay in the treat-
ment, septicemia, and associated comorbidities [27].

10.3	 �Typhoid Ileal Perforations (Box 10.2)

10.3.1	 �Introduction

Typhoid fever is a major health problem in third world countries most of which 
occurs in Asia and Africa. It is seen at places where food is contaminated, water 
supplies are polluted, and sanitation facilities are inadequate. However, increasing 
global travel to endemic regions, especially Indian subcontinent, has led to rise in 
number of such cases in developed nations as well [77]. The disease commonly 
causes typhoid enteritis that has serious complications such as small bowel perfora-
tion. It may lead to generalized peritonitis, intra-abdominal abscess, septicemia, 
fluid and electrolyte derangement, and severe malnutrition resulting in high 
mortality.

The reported incidence of small bowel perforation in cases of typhoid fever var-
ies from region to region and ranges between 0.8% and 40% [78–83]. In West 
African region, the reported incidence of perforation is highest in the world (15–
33%) [84]. Butler et al. in a review of 57,864 cases of typhoid fever in developing 
countries found the incidence of small bowel perforation to be 2.8% in pre-antibi-
otic era that was very much similar to the incidence of 2.5% in post-antibiotic era 
indicating that the incidence of perforation has remained almost unchanged despite 
use of the antibiotics [85].

10.3.2	 �Pathophysiology

Typhoid fever is caused by Salmonella typhi, and the pathogenesis of typhoid per-
foration in cases of typhoid fever is poorly understood. Everest et al. proposed a 
model explaining how bacterial factors and host immunological mediators within 
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infected tissue might contribute to the occurrence of typhoid ileal perforation [86]. 
It has also been hypothesized that the ileal perforation occurs during the second or 
third infection with S. typhi [87]. To prove this point, Nguyen in a study of 27 
patients with typhoid ileal perforation observed culture of S. typhi was positive in 
only four perforation biopsy samples indicating an exaggerated host response to a 
limited number of bacteria within the Peyer’s patches contributing to the develop-
ment of perforation. This inappropriate or exaggerated host response might be due 
to immunological priming of the Peyer’s patches as a result of prior exposure to S. 
typhi [88]. Thus it has been suggested that the necrosis of the Peyer’s patches is 
caused by a mechanism similar to the Shwartzman and Koch reactions [86]. 
Shwartzman reaction involves clumping of reactive macrophages and lymphocytes 
around vascular tissues, resulting in intravascular thrombi and necrosis of venules. 
These effects occur because bacterial products prepare tissue sites in such a way 
that they become extremely sensitive to cytokine-mediated tissue damage on re-
exposure to a cytokine-triggering stimulus [89].

Box 10.2 Salient Points: Typhoid Perforation
•	 Typhoid ileal perforation is caused by S. typhi infection, predominantly 

seen in young males in the age group of 20–30 years.
•	 It has definite seasonal prevalence being high during monsoon season.
•	 Intestinal perforation usually occurs during the late second or early third 

week of illness. In developing countries, cases are reported early within 
first week of illness.

•	 The perforation is usually single (may be multiple), oval in shape seen as 
“punched out hole” with erythematous mucosa, mostly located in terminal 
ileum that is inflamed and friable.

•	 Omentum does not migrate to the site of perforation due to delayed perito-
neal response leading to generalized fecal peritonitis.

•	 The preoperative diagnosis in endemic areas is primarily clinical, based on 
history of prolonged fever and clinical findings suggestive of peritonitis.

•	 The positive Widal test is seen in 25–75% cases.
•	 Erect chest X-ray shows free sub-diaphragmatic air in 33–83% cases.
•	 CT scan is useful in evaluating patients with delayed presentation, sealed 

perforation, or less specific manifestations of the illness.
•	 Intraoperative findings almost confirm the diagnosis in endemic areas.
•	 All cases are treated surgically after adequate preoperative resuscitation.
•	 Primary closure of perforation is done in cases of single perforation with 

healthy bowel.
•	 Multiple perforations with unhealthy gangrenous small bowel segment are 

managed with resection-anastomosis.
•	 In moribund patients presenting late and having severe inflammation and 

edema of the bowel, primary ileostomy is done.
•	 Postoperative mortality rates are 9.9–62%.
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Typhoid intestinal perforation generally occurs in second to third week of illness, 
but in developing countries cases are reported early within the first week of illness 
[82]. It has been attributed to hypersensitivity of the Peyer’s patches, low immunity, 
high virulence of S. typhi, and ileal contents of bacteria [90–92].

10.3.3	 �Morphology

Preoperatively, the GI tract is found to be inflamed primarily involving terminal 
ileum and cecum. The bowel wall is friable, and bowel loops are matted together 
with purulent exudate on serosal surface near the site of perforation. Single or mul-
tiple perforations having variable diameter (mean 5 mm) are seen as “punched out 
holes” in the distal ileum, majority occurring within 30 cm of ileocecal junction on 
anti-mesenteric border (Fig. 10.2). The mucosa at the perforation site is erythema-
tous, swollen, and fragile with occasional areas of “paper” thin wall around the 
perforation. Mesenteric nodes are enlarged and inflamed [88, 90].

Characteristically, unlike other intestinal perforations, the omentum does not 
migrate to the site of perforation due to delayed peritoneal response, and there is no 
attempt to localize the typhoid ileal perforation. Henceforth large quantities 
of small bowel contents continue to pour into the peritoneal cavity leading to gener-
alized  fecal peritonitis that can result in overwhelming sepsis and consequent 
mortality [81, 83].

On histopathological examination, the microscopic picture of typhoid perfora-
tion is one of a chronic, but discrete, inflammation around the perforation site, with 
relatively mild-to-moderate mucosal changes. There is marked proliferation of 
reticuloendothelial cells of the lymphoid follicles locally and systemically. There is 

Fig. 10.2  Operative 
photograph showing 
longitudinally placed 
typhoid perforation in the 
terminal ileum with 
enteritis
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accumulation of histiocytes and mononuclear phagocytes. The macrophages char-
acteristically form small nodular aggregates filled with red cells (erythrophagocyto-
sis) [93] (Fig. 10.3).

10.3.4	 �Clinical Features

Typhoid perforation is predominantly seen in young males in the age group of 
20–30 years, who have significant contribution to the economy of third world coun-
tries [94–96]. It is rarely seen in <5 years or >50 years of age [92, 97, 98]. There is 
a definite seasonal prevalence of typhoid perforation reflecting the incidence of 
typhoid fever, with majority of cases occurring in either summer or autumn.

The small bowel perforation may occur in a case of typhoid fever despite being on 
treatment for typhoid fever [81]. The cases typically present in emergency with his-
tory of constant, high-grade fever for the past 2–3 weeks. It is followed by sudden-
onset central abdominal pain that is severe in intensity and gets generalized all over 
the abdomen along with distension abdomen, bilious vomiting, and obstipation. On 
examination, there are features of perforation peritonitis as described in Sect. 10.1.3.

In many cases classical clinical features may be masked due to late presentation 
and misuse of antibiotics. Another problem in endemic areas is that most of the 
cases presenting with persistent high-grade fever may initially be labeled as resis-
tant malaria and need differentiation [99]. In such cases, high index of suspicion is 
warranted since delayed intervention can lead to high morbidity and mortality.

10.3.5	 �Diagnosis

The preoperative diagnosis of typhoid perforation in endemic areas is mainly clinical 
based on the history of prolonged fever and clinical findings suggestive of peritonitis.

Full blood count: In typhoid fever, there is anemia and leukopenia with neutro-
penia. However, leukocytosis occurs once there is ileal perforation.

a b

Fig. 10.3  Photomicrograph of the typhoid ileal perforation. (a) Mucosal ulceration and inflam-
mation of the wall (H&E × 40X). (b) Inflammation predominantly composed of lymphocytes and 
histiocytes (H&E × 400X)
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Widal test: Widal test may be negative in the early course of the disease, and a 
positive diagnosis can be made from seventh to tenth day. The positive Widal test 
reported in cases of typhoid perforation in various studies range between 25% and 
75% [100, 101]. Thus positive Widal test is useful for the diagnosis, but negative 
test doesn’t rule out the diagnosis.

Blood and stool cultures: The blood culture and stool culture can pick up the 
organisms, but these are usually negative since majority of the patients have already 
taken antibiotics for persistent fever [81].

Erect chest X-ray: Including both domes of the diaphragm shows free sub-
diaphragmatic air in majority of the cases. The free gas under the right dome of the 
diaphragm has been reported to be seen in 33–83% cases of typhoid perforation in 
various studies [82, 85, 95, 99, 101, 102].

Abdominal ultrasound: Reveals free intraperitoneal fluid with specks of air sug-
gestive of peritonitis in large number of cases. Free peritoneal collections were seen 
in 85.7% and 97% cases in different studies [82, 99].

Abdominal computed tomography (CT): Enteric perforation is a common emer-
gency in endemic areas; however, its CT findings are rarely described in the litera-
ture. CT is useful in evaluating patients with delayed presentation, sealed perforation, 
or less specific manifestations of the illness. CT findings in enteric perforation 
include splenomegaly, mesenteric lymphadenopathy, circumferential bowel thick-
ening of terminal ileum, free fluid, and pneumoperitoneum [103].

Intraoperative findings: In endemic areas, laparotomy findings of inflamed, edematous 
distal ileum with single or multiple oval perforations on anti-mesenteric border of the gut 
along with fecal peritonitis almost confirm the diagnosis of enteric perforation [81].

10.3.6	 �Treatment

Enteric perforation is best managed surgically. Preoperatively, adequate resuscita-
tion is done as described in Sect. 10.1.4. Nowadays, it has been proven that mortal-
ity and morbidity is significantly decreased with aggressive preoperative resuscitation 
for 4–6 h [42, 80]. The serological and bacteriological reports are usually available 
in 1–3 days, so they act as a “post facto” aid to subsequent management after sur-
gery. Exploration is done with lower midline laparotomy and, in most cases, on 
opening the abdomen; there is escape of foul smelling gas, pus, and fecal material. 
After draining the peritoneal contents, the site of perforation is localized. Several 
options are available for the management of perforation, and the most appropriate 
operative procedure should be chosen judiciously depending upon the general con-
dition of the patient, site and number of perforations, degree of enteritis, and the 
degree of peritoneal soiling. Various options are:

Primary closure: The necrosed edges of the perforation are excised, and simple 
transverse closure of the perforation is done in one or two layers [104, 105]. Many 
a times, reperforation lesions are seen adjoining to the site of perforation. Uba et al. 
recommended that such lesions should be prophylactically buried, using Lambert’s 
sutures on the surrounding seromuscular bowel wall [90].
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Majority of the surgeons recommend that primary closure should be reserved 
for single perforations [106–109]. However, primary repair is also recom-
mended in cases with multiple perforations where short bowel syndrome is 
likely to develop following gut resection [110, 111]. The argument given in 
favor of primary closure is that it is a quick procedure suited for seriously ill 
patients, gives good results, and is cost-effective. However, primary repair also 
carries a significant risk of reperforation and peritonitis leading to high morbid-
ity and mortality [88].

Reperforation or perforation from another ulcer usually presents with peritonitis 
and fecal fistula generally leading to fatal outcome [112, 113]. It is difficult to dif-
ferentiate the two without re-exploration which is usually not possible due to poor 
general condition of the patient [81, 106]. In such a situation, peritoneal drainage is 
done to remove the feco-purulent material, and once the patient is stabilized, ileos-
tomy with peritoneal lavage is done as a lifesaving measure.

Recently, laparoscopic treatment of typhoid perforation with primary closure has 
also been reported successfully, but there are no comparative studies [114, 115]. Sinha 
et al. observed a port-site infection rate of 8% in laparoscopically managed cases [115].

Wedge resection and closure: A wedge of ileal tissue is resected around the per-
foration, and the defect is closed transversely in two layers [43, 98, 113]. Ameh 
et al. however reported that a wedge resection is associated with a very high mortal-
ity rate [116]. Therefore, it is no longer a popular procedure.

Resection-anastomosis: On exploration, if there are multiple perforations, large 
perforation with hemorrhage, and gangrenous or severely diseased terminal ileum, 
it is best managed with resection of diseased small bowel with end-to-end anasto-
mosis [82, 96]. Athié et al. recommended a 10 cm resection from both ends of the 
perforation and anastomosis [117].

Ileo-transverse anastomosis: Primary closure of perforation with proximal ileo-
transverse anastomosis is sometimes performed in moribund cases as bypass proce-
dure so as to decrease the chances of leak [81, 99].

Right hemicolectomy: It is performed in cases where terminal ileum and 
cecum are involved with gangrenous changes and multiple perforations [82, 83, 
113]. Some authors have recommended limited hemicolectomy in such cases 
[99].

Ileostomy: In moribund patients presenting late in the course of illness, there is 
severe inflammation and edema of the bowel making it friable, and there is increased 
difficulty in handling and suturing the bowel. In such cases, primary ileostomy 
enhances intestinal decompression with improved healing, early resolution of ileus 
and helps in early start to enteral feeding [83, 101, 105, 118, 119].

Drainage of peritoneal cavity: It is done under local anesthesia in moribund 
patients as a lifesaving procedure [95, 102, 120–125].

Antibiotics in typhoid perforation: The emergence of multidrug-resistant (MDR) 
organisms in typhoid perforation is a major global health threat in endemic areas. In 
the past, chloramphenicol, ampicillin, or trimethoprim-sulfamethoxazole along 
with metronidazole was the treatment of choice, but multidrug resistance to these 
antibiotics started to emerge in 1990 [126]. It led to a shift toward the prescription 
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of fluoroquinolones or third-generation cephalosporins with metronidazole added 
for the anaerobes and gentamicin for the gram-negative pathogens.

Singhal et al. reported the trends in antimicrobial susceptibility of S. typhi from 
North India over a period of 12 years (2001–2012). In 852 isolates of S. typhi, a 
statistically significant decreased (p < 0.001) resistance to chloramphenicol, ampi-
cillin, and cotrimoxazole was observed. Resistance to nalidixic acid was found to be 
highest among all the antibiotics; it has been rising since 2005 and is presently 
100%. Ciprofloxacin resistance was relatively stable over the time period studied 
with a drastic increase from 5.8% in 2008 to 10% in 2009; since then it has increased 
in 2011–2012 to 18.2% [127]. Recent studies have shown high sensitivity of S. typhi 
to imipenem and meropenem [128].

10.3.7	 �Outcome

Despite surgical intervention, the cases of typhoid perforation have high morbidity 
and mortality.

The most common morbidity is wound infection, while the most serious is for-
mation of a fecal fistula. The reported incidence of wound sepsis is 40–60% 
[83,  129–131] and that of fecal fistula resulting from repair leaks is 3.8–16.5% 
[83, 105, 132, 133]. Burst abdomen, intra-abdominal abscess, empyema, bleeding 
diathesis, and psychosis are other reported complications [129].

There is great variation in the reports of postoperative mortality rates ranging 
from 9.9% to 62% [80–82, 99, 105, 112, 119, 121, 129, 134, 135]. The reported 
mortality is higher in developing countries [83]. However, mortality rates as low as 
1.5–2% have been reported from some parts of the developed world, where socio-
economic infrastructures are well developed [136].

10.4	 �Tubercular Small Bowel Perforation (Box 10.3)

10.4.1	 �Introduction

Tuberculosis primarily involves lungs and is prevalent in developing countries. 
However, its incidence is increasing the world over due to emergence of multi-
drug resistance, aging population, and pandemic of HIV infection. The inci-
dence is also rising in Western countries due to immigration from third world 
countries [137].

Abdominal tuberculosis usually involves intestines, peritoneum, and mesenteric 
lymph nodes, commonest site being ileocecal region. It has varied presentation and 
can mimic variety of abdominal conditions. Its diagnostic confirmation is not always 
possible due to limited accuracy of biochemical and radiological investigations. The 
delay in the diagnosis can lead to complications like intestinal obstruction and gut 
perforation. The mainstay of treatment is antitubercular drugs, whereas surgery is 
indicated for the management of complications.
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10.4.2	 �Incidence

Tuberculosis involves extra-pulmonary sites in 15–20% cases, and abdominal 
tuberculosis is the sixth most frequent site of occurrence [138, 139]. The incidence 
of abdominal tuberculosis was as high as 55–90% in patients with active pulmonary 
lesion before the advent of specific antitubercular drugs and got reduced to 25% 
after the development of specific chemotherapy [140].

However, in recent years, its incidence has increased, and one of its most feared 
complications is intestinal perforation seen in 1–15% cases [141–144]. In India, 
after enteric perforation, abdominal tuberculosis is the second commonest cause of 
small gut perforation and accounts for 5–12% of all gut perforations [20, 145, 146].

10.4.3	 �Pathophysiology

The gastrointestinal tuberculosis usually begins with direct ingestion of infected 
material. The most common site of involvement is ileocecal region due to 

Box 10.3 Salient Points: Tubercular Perforation
•	 Abdominal tuberculosis is prevalent in developing countries, but its inci-

dence is increasing the world over due to high incidence of HIV infection, 
aging population, and immunosuppressive drugs.

•	 Abdominal tuberculosis commonly involves ileocecal region that presents 
with constitutional symptoms and features of subacute intestinal obstruction.

•	 Intestinal perforation occurs in 1–15% of patients with abdominal 
tuberculosis.

•	 Perforation is usually single and occurs within or proximal to ileal stricture 
that presents with generalized peritonitis in 3/4th of the cases.

•	 Perforation can also develop 2 days to 4 months after start of antitubercular 
treatment.

•	 The diagnosis is usually based on clinical and radiological findings that 
require emergency laparotomy.

•	 Intestinal resection and anastomosis should be preferred over primary clo-
sure of perforation due to high risk of leak.

•	 Multiple strictures far apart from the site of perforation are managed with 
strictureplasty.

•	 For ileocecal tuberculosis, conservative ileocecal resection is preferred 
over right hemicolectomy.

•	 The moribund cases with perforation are best managed with diverting ile-
ostomy with or without resection of perforated segment.

•	 Six months antitubercular chemotherapy is given in all the cases. The role 
of steroids is controversial.

•	 Cases of tubercular ileal perforation with HIV coinfection need urgent sur-
gical intervention with antitubercular as well as antiretroviral therapy.

•	 The mortality rate in tubercular gut perforation ranges from 25% to 100%.
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physiological stasis, high rate of fluid and electrolyte absorption, minimal diges-
tive activity, and abundance of the lymphoid tissue in this area. Further spread 
occurs to the regional lymph nodes and peritoneum. The granuloma formation, 
fibrosis, and stricture formation in the gut occurs consequently over a period of 
time. The perforation usually occurs as a complication in long-standing cases 
having tubercular stricture in ileocecal region. Its usual site is within or proximal 
to the site of stricture; it may be single or multiple, but is usually single in 90% 
of the cases [146, 147] (Fig. 10.4). Along with stricture, there can be multiple 
yellowish white small tubercles diffusely distributed on the serosal gut surface 
(Fig. 10.5).

Fig. 10.5  Multiple small 
tubercles on serosal 
surface of the gut with 
distal ileal stricture 
(arrow)

Fig. 10.4  Operative 
photograph showing 
transversely placed 
tubercular perforation in the 
distal ileum (arrow) with pus 
flakes on serosal surface
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The small bowel perforation can also develop following antitubercular treatment 
that can occur between 2 days and 4 months following start of the treatment [137, 
148–150]. The early perforation is believed to be either due to natural progression 
of the disease or due to the effect of antitubercular treatment leading to decreased 
inflammatory response, impaired ulcer healing, and reduced reinforcement of mes-
entery [143]. The delayed cases have initial improvement with antitubercular treat-
ment and then develop perforation possibly due to improved delayed hypersensitivity 
response of the host as well as high levels of mycobacterial antigens due to bacterial 
killing by effective drugs. This phenomenon is labeled as “paradoxical response” 
and is seen more often in HIV-positive patients taking both antitubercular and anti-
retroviral therapy [151]. Another possible mechanism described for delayed perfo-
ration could be underlying primary immunodeficiency [152]. However, as rightly 
pointed out by Leung et al., before accepting various mechanisms for delayed per-
foration, an inadequate response to antituberculous therapy due to drug resistance or 
poor drug compliance must always be excluded [153].

10.4.4	 �Clinical Features

Abdominal tuberculosis is commonly seen in young adults between second and 
fourth decades due to abundant Peyer’s patches at this age. It usually involves ileoce-
cal region and presents in acute, subacute, or chronic forms, the last being most com-
mon. Majority of the patients have symptoms for a few weeks to months, sometimes 
years. The classical presentation is with the features of subacute intestinal obstruction 
in the form of colicky pain abdomen, distension after meals, vomiting, moving ball of 
wind, and diarrhea alternating with constipation. The associated constitutional symp-
toms are seen in about one-third of patients in form of low-grade fever with evening 
rise of temperature, malaise, night sweats, and loss of weight and appetite [154].

Sometimes, cases of abdominal tuberculosis may present in emergency as acute 
abdomen, and the cause may be acute intestinal obstruction, perforation peritonitis, 
acute mesenteric lymphadenitis, or acute tubercular appendicitis [139]. The tuber-
cular small bowel perforation usually presents with localized or generalized perito-
nitis depending upon the severity of obstruction, size of perforation, and extent of 
adhesions.

In such cases, past history of subacute intestinal obstruction and evidence of 
tuberculosis on chest X-ray with pneumoperitoneum are important clues for the 
diagnosis (Case Summary 10.1).

Case Summary 10.1  A 30-year-old female with 3-month history of subacute 
intestinal obstruction presented in emergency with acute abdomen. Chest skiagram  
revealed air under the diaphragm (arrow) with fibro-cavitatory lesion in the right 
apex (arrow). Exploration revealed perforation in terminal ileum (transverse arrow) 
with stricture distal to perforation (vertical arrow) that was managed with resection-
anastomosis. Diagnosis of tubercular perforation was confirmed on histopathology, 
and the patient responded to antitubercular chemotherapy.
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10.4.5	 �Diagnosis

Majority of the cases with tubercular small bowel perforation present as an acute 
abdomen in the emergency, and the diagnosis of gut perforation is primarily based 
on radiological investigations.

Chest X-ray: The fibro-cavitatory lesions in the lungs are seen in only 15% 
patients of abdominal tuberculosis [155].
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Abdominal erect skiagram: It may show free air under the diaphragm in 30–50% 
of the cases [146, 156, 157]. It may also show dilated intestinal loops, air fluid lev-
els, and calcified lymph nodes.

Abdominal ultrasound: It may show specks of air with free fluid or septated col-
lection with echogenic debris (due to particulate matter), matted small bowel loops 
with thickened walls, and rolled up omentum. The localized inter-gut loop fluid 
seen on ultrasound is described as “club sandwich” sign. Discrete or conglomerated 
(matted) lymphadenopathy with heterogenous echotexture may be seen, and central 
anechoic areas in the lymph nodes represent caseation necrosis. The ileocecal region 
is thickened and pulled up toward subhepatic region and is described as “pseudo-
kidney sign” [138, 158].

CECT abdomen: It is the imaging modality of choice in the detection of 
abdominal tuberculosis and its complications like gut perforation. Apart from 
picking up even small volumes of free air due to perforation, it shows high- or 
low-density ascites, asymmetrical bowel wall thickening, luminal narrowing with 
proximal dilatation, adherent bowel loops, and thickened omentum. The finding 
of enlarged mesenteric lymph nodes with central caseation (central low-density 
with high-density periphery) in endemic areas is highly suggestive of tubercular 
abdomen [138, 159].

MRI: When compared to CT, it has no added advantage in the diagnosis of 
abdominal tuberculosis; hence, its utility in abdominal TB is limited.

Laparoscopy: It is an effective method of diagnosis in cases of tubercular perito-
nitis. However, its role in tubercular small gut perforation is not established.

Microbiological/histopathological diagnosis: Histopathological examination of 
biopsy specimens (small gut, lymph node, omentum) obtained during laparotomy 
for small gut perforation can reveal caseating granulomas (Fig. 10.6). Rarely, acid-
fast bacilli may be picked up in the ZN staining of the biopsy tissues.

a b

Fig. 10.6  Photomicrograph of tubercular small gut perforation showing. (a) Mucosal ulceration 
and granulomatous inflammation in the wall (H&E × 40X). (b) Epithelioid cell granulomas with 
Langhans’ giant cells and central caseous necrosis (H&E × 100X)
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10.4.6	 �Treatment

The treatment of tubercular small bowel perforation is primarily emergency lapa-
rotomy. It can sometimes be difficult for a surgeon to make an appropriate intraop-
erative decision on how to treat the perforation so as to achieve the best results. The 
operative procedures are decided based on the extent of disease and general condi-
tion of the patient. On exploration, intestinal resection and anastomosis should be 
preferred over primary closure of the perforation because of high risk of leak in 
primary closure cases [137, 146].

Tubercular perforations are usually ileal and are associated with distal strictures; 
if the two are close to each other, the segment should be resected followed by end-
to-end anastomosis [160]. If there are multiple strictures far apart from the site of 
perforation, they may be managed with a separate resection and anastomosis or 
treated with strictureplasty [161]. In strictureplasty, a 5–6  cm-long incision is 
made along the anti-mesenteric side in the strictured area of the small gut and closed 
transversely in two layers.

Previously, more radical procedures like right hemicolectomy have been per-
formed in cases of distal ileal perforation with ileocecal tuberculosis (Fig. 10.7). 

Fig. 10.7  Opened up right 
hemicolectomy specimen 
showing ulcero-hyperplastic 
ileocecal tuberculosis
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These procedures were often not tolerated well by the malnourished patients lead-
ing to high morbidity and mortality. Over the years, it has been realized that tuber-
culosis is a systemic disease and cannot be eradicated by surgery alone. Hence, 
conservative ileocecal resection with a 5 cm margin on both sides and end-to-end 
anastomosis is preferred so as to minimize postoperative complications [162].

Bypass procedures like ileo-transverse anastomosis are no longer preferred to 
resections these days since residual disease might cause complications like obstruc-
tion, fistulae, and blind loop syndrome leading to malabsorption [139].

Many a times, patients of tubercular perforation have poor general condition and 
are not fit enough for resection and end-to-end anastomosis in emergency setting. 
Such cases are best suited for fecal diversion by exteriorizing the site of perforation 
in form of ileostomy or resection of diseased segment and ileostomy.

Sometimes, tubercular ileal perforation is associated with formation of “abdom-
inal cocoon.” In this condition, the entire intestine is plastered with very dense 
omental and bowel adhesions. During surgery, it is difficult to make out proximal 
from distal intestinal loop, and it is almost impossible to separate them without 
injuring the bowel (Fig.  10.8). These adhesions have recently been described as 

Fig. 10.8  Stretched out 
and perforated small 
bowel (arrows) during 
dissection of abdominal 
cocoon
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“Jalebi adhesions” due to their similarity with an Indian dessert [163]. The surgical 
treatment includes extensive adhesiolysis that should be performed very gently so 
as to avoid postoperative fistula formation. The ileal perforation should be managed 
with ileostomy since resection and primary anastomosis have high chances of leak 
in these cases.

Antitubercular drugs: Apart from surgical intervention, the patients should 
receive conventional antitubercular therapy for at least 6  months. The treatment 
consists of initial 2 months of rifampicin, isoniazid, pyrazinamide, and ethambutol/
streptomycin followed by 4 months of rifampicin and isoniazid. Pyridoxine should 
always be added to prevent peripheral neuropathy due to isoniazid toxicity. Some 
authors also recommend empirical addition of steroids for 2 months so as to reduce 
the degree of cicatrization during healing [147, 164], but others observed higher 
incidence of mortality in patients on steroids [152].

Second-line chemotherapy is necessary for a longer period if one or more of 
these first-line drugs cannot be used because of intolerance or drug resistance [165]. 
The second-line drugs include fluoroquinolones, amikacin, kanamycin, azithromy-
cin, and clindamycin.

Some of the reports recommend antitubercular treatment for 12–18 months 
in such cases [146, 147, 166]. However, Balasubramanian et al. [167] performed 
a randomized comparison of 6-month short-course chemotherapy with a 
12-month course in 193 adult cases of abdominal tuberculosis. Cure was 
observed in 99% and 94% in patients given short-course and the 12-month regi-
men, respectively [167].

It is most important to administer a correct and complete course of antitubercular 
treatment, as inadequate drugs, dosage, or duration is the most important cause of 
recurrent disease and emergence of multidrug-resistant tuberculosis [139].

10.4.7	 �HIV and Tubercular Perforation

Tuberculosis is the most common opportunistic infection among HIV-infected indi-
viduals. The cases of tubercular ileal perforation with HIV coinfection present with 
features of peritonitis and require urgent surgical intervention. However emergency 
surgery in such cases bears high mortality [168]. Regarding medical therapy, treat-
ment of tuberculosis in HIV-infected patients is same as in non-HIV cases, but 
multi-drug-resistant tuberculosis is more common in the former group [169, 170]. 
For HIV infection, a combination of two nucleoside reverse transcriptase inhibitors 
(NRTIs) along with one non-nucleoside reverse transcriptase inhibitor (NNRTI) is 
recommended for first-line therapy [171].

10.4.8	 �Outcome

Postoperative complications in cases of tubercular small bowel perforation include 
fecal fistula due to anastomotic leak, peritonitis, intra-abdominal abscess, 
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paralytic ileus, wound infection, and burst abdomen [172, 173]. Short bowel syn-
drome may occur as a delayed complication. Re-laparotomy may be required dur-
ing follow-up period for recurrent intestinal obstruction due to strictures or 
adhesions [174, 175].

The reported mortality rate in tubercular gut perforation is very high ranging 
from 25% to 100% [137, 142, 143, 157, 176]. The factors associated with high 
mortality include old age, cachexia, delayed operation (36 h), multiple perforations, 
multiple strictures, primary closure of the perforation, anastomotic leakage, and 
steroid therapy [146, 152, 157].

10.5	 �Nonspecific Perforations

The small bowel perforations are labeled as “nonspecific” when these can’t be clas-
sified on the basis of clinical features, serology, culture, operative findings, and 
histopathological examination into any specific disease such as typhoid, tuberculo-
sis, or malignancy [10, 17, 23, 26]. Ulcers in such cases are usually single and com-
monly involve terminal ileum [23]. Wani et al. observed that the operative findings 
in these cases were similar to that of typhoid fever, but no laboratory evidence of the 
disease was found [26].

The proposed mechanisms for their occurrence are submucus vascular embolism 
[177], chronic mesenteric ischemia due to atherosclerosis or arteritis [178], or drugs 
such as enteric-coated potassium tablets [179].

Most of the series reporting cases of “nonspecific” perforations are from the 
Asian countries. These occur next to typhoid perforations and are closely followed 
by tubercular perforations in the small intestine [2]. The management is similar to 
typhoid perforation.

10.6	 �Other Intestinal Infections

Cytomegalovirus (CMV): In immunocompromised patients, CMV may affect GI 

tract, commonly involving the colon (47%) and rarely the small bowel (4.3%). 
Perforation is the most lethal complication and is commonly seen between ileum 
and splenic flexure [180–184]. The small bowel perforation presents with acute 
abdominal crisis in the setting of long-standing pain, wasting, weight loss, chronic 
diarrhea, and fever [185]. On exploration, the appearance of the perforated intestine 
reveals multiple brownish discolorations on the serosal surface that correspond to 
the underlying ulcers with one or more full-thickness perforations through an ulcer 
base [184, 186]. The diagnosis of CMV infection is usually based on pathology 
results, especially in cases where the lesions may appear grossly normal [187]. In 
view of multifocal nature of CMV, distal small bowel perforations should be treated 
by segmental resection with an end stoma and mucous fistula [188]. The anti-CMV 
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agent, ganciclovir, is given in postoperative period [189]. Overall, reported mortal-
ity following emergency laparotomy is 54–87% [184, 188].

Other intestinal infections that can rarely cause small bowel perforation are 
Entamoeba histolytica [190], Clostridium difficile [191], and histoplasmosis 
infection [192]. The latter is usually seen in cases with underlying HIV 
infection.

10.7	 �Traumatic Small Bowel Perforation (Box 10.4)

Small bowel perforation may occur following blunt or penetrating abdominal 
trauma. It has been reported to be the most commonly injured hollow viscus and the 
third most commonly injured organ in blunt abdominal trauma [193, 194].

Box 10.4 Salient Points: Traumatic Small Bowel Perforation
•	 It may occur following blunt or penetrating abdominal trauma.
•	 Mostly seen in younger age groups due to road traffic accidents.
•	 Mechanisms of injury in blunt abdominal trauma are compression and 

deceleration injury.
•	 Physical signs are reliable in only 30% of blunt trauma cases.
•	 Focused assessment with sonography in trauma (FAST) is an initial step of 

assessment of hemodynamically unstable patients and is useful in decision-
making for urgent laparotomy.

•	 Diagnostic peritoneal lavage (DPL) can identify small bowel perforation 
with great sensitivity (up to 100%) but relatively low specificity.

•	 Abdominal CT scan is the diagnostic modality of choice in hemodynami-
cally stable patients and shows contrast extravasation and/or extra- 
luminal air.

•	 Laparoscopy is useful in hemodynamically stable patients and can avoid 
laparotomy in 40% cases.

•	 Absolute indications for operative intervention include hemodynamic 
instability, diffuse peritonitis, or radiological findings of gastrointestinal 
perforation.

•	 Priority of treatment for the small bowel perforation should be lower than 
the limb-threatening injuries.

•	 Simple closure is adequate for single perforation, whereas more extensive 
injuries require resection-anastomosis.

•	 Delayed presentation of blunt abdominal trauma needs constant clinical 
monitoring and serial imaging with urgent exploration if indicated.
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10.7.1	 �Injury Mechanism

The mechanism of small bowel injury is straightforward in cases of penetrating 
abdominal trauma that usually presents with multiple perforations (Fig.  10.9). 
However, in cases of blunt abdominal trauma, the two primary mechanisms of 
injury are compression force and deceleration force. The deceleration injury com-
monly occurs following high-speed motor accident in which there is stretching and 
linear shearing between relatively fixed and free objects. As bowel loops travel from 
their mesenteric attachments, mesenteric tears leading to splanchnic vessel injuries 
and thrombosis may occur. In compression injury, the small bowel is compressed 
against a fixed point like vertebral column or seat belt. It causes rapid increase in 
intraluminal pressure leading to gut perforation on anti-mesenteric border, where 
the bowel is usually weaker [195–197].

10.7.2	 �Clinical Features

These injuries are seen in younger age groups and usually occur due to road traffic 
accidents [193, 197, 198]. The patients usually complain of continuous abdominal 
pain following trauma. On examination, wound of entry and exit can be assessed in 
penetrating trauma. In blunt trauma cases, “seat belt sign” (ecchymosis across the 
abdomen inflicted by seat belt) may be seen. Other clinical signs like abdominal 
distension, tenderness, and guarding may be present [199–201]. However, physical 
signs are reliable in only 30% of blunt trauma injuries [202].

Fig. 10.9  Multiple 
traumatic ileal 
perforations (arrows) 
following stab 
abdomen
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10.7.3	 �Diagnosis

There are no specific laboratory tests diagnostic for small bowel injury. In conjunc-
tion with history and physical findings, the raised white blood cell (WBC) count and 
serum amylase levels could be suggestive of bowel injury. However, neither WBC 
nor red blood cell (RBC) counts are reported to be significantly different between 
patients with or without small bowel perforation [195, 200].

Plain abdominal skiagram: It may show free subhepatic air indicative of hollow 
viscus injury, but it is reported to lead to an early diagnosis in only 7–8% of the 
cases with small bowel perforation [195, 203, 204]. Other findings that can be 
picked up with plain film are trajectory of a missile (gunshot) or presence of a for-
eign body (bullet, shrapnel).

Focused assessment with sonography in trauma (FAST): It is an initial step in 
assessment of hemodynamically unstable patients with blunt abdominal injury. It can 
detect free intraperitoneal fluid in a rapid, noninvasive, and repeatable way, with a 
sensitivity of 91–100%. It is very useful in decision-making for urgent exploratory 
laparotomy. In majority of the cases, it detects the presence of free fluid but identifies 
only 8% of cases of small bowel perforation with direct sonographic evidence [201].

Diagnostic peritoneal lavage (DPL): It can identify small bowel perforation with 
great sensitivity (up to 100%) but relatively low specificity [205]. The diagnosis is 
based on the findings of cell count ratio of ≥1, increased lavage amylase activity, 
presence of particulate matter, and/or bacteria in the lavage fluid [195]. With easy 
availability of CT scan, FAST and DPL have been reserved mainly for patients with 
hemodynamic instability who can’t be transported to radiology department [196].

Abdominal computed tomographic (CT) scan: It is accepted as the primary diag-
nostic modality for identifying specific intra-abdominal injuries in hemodynami-
cally stable patients. It is useful in differentiating patients needing abdominal 
exploration from those with injuries that can be managed nonoperatively.

In penetrating abdominal trauma, leaking of contrast is the most specific finding 
of bowel injury especially when the external wound track extends up to the injured 
bowel. The presence of pneumoperitoneum alone is not diagnostic as it can enter the 
peritoneal cavity along the penetrating wound [206].

In blunt abdominal trauma, CT findings considered diagnostic for bowel perforation 
are contrast extravasation and/or extra-luminal air. Findings which are non-diagnostic 
but suggestive are free fluid without solid organ injury, small bowel thickening, mesen-
teric streaking, and dilated bowel loops [207]. CT alone cannot reliably exclude small 
bowel perforation. However, any unexplained abnormality on CT after blunt abdominal 
trauma may signal the presence of intestinal perforation and warrant close clinical 
observation and further diagnostic tests. Patients with persistence of abdominal signs 
should undergo diagnostic peritoneal lavage or laparoscopy.

Laparoscopy: It is increasingly being used in recent years as an alternative 
modality for the diagnosis and treatment of small bowel perforation in hemody-
namically stable patients. With emergency laparoscopy, laparotomy can be avoided 
in 40% of the cases [204], while in the absence of peritonitis, the laparoscopy-
related morbidity rate is <1% [208].
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10.7.4	 �Treatment

Patients diagnosed with small bowel injury should undergo urgent abdominal explo-
ration. Absolute indications for operative intervention include continuing hemody-
namic instability, diffuse peritonitis, or radiological evidence of gastrointestinal 
perforation such as pneumoperitoneum, spilled intraluminal contrast, and bowel 
infarction. However, the principle of “rushing to the operation suite” for a stable 
blunt abdominal trauma patients without detailed systemic examination is not justi-
fied. In a retrospective review of 111 cases of small bowel perforations caused by 
blunt abdominal trauma, delay in surgery for more than 24 h did not significantly 
increase the mortality with modern method of treatment; however, complications 
increased dramatically [195]. Therefore, priority of the treatment for small bowel 
perforation should be lower than the limb-threatening injuries.

On exploratory laparotomy, drainage of septic peritoneal fluid and warm saline 
lavage are done. Simple closure is usually adequate for single perforation of the 
small intestine, but more extensive injuries such as multiple perforations and gan-
grene from mesenteric injuries require resection and anastomosis [209].

10.7.5	 �Blunt Abdominal Trauma: Delayed Presentation

Delayed presentation of small bowel perforation following blunt abdominal trauma 
is extremely rare entity and is difficult to diagnose [210]. Following blunt abdomi-
nal trauma, there is mesenteric tear or formation of hematoma, which progressively 
affects the small bowel vascularity resulting in ischemia of the adjacent bowel seg-
ment (partial or full thickness), mucosal ulceration, and submucosal inflammation. 
The progressive ischemia and ulceration might result in delayed bowel perforation 
as late as 2 weeks to 3 months [211].

In such cases, the diagnosis of mesenteric hematoma is initially picked up on 
CECT abdomen. Most of the times, hemodynamically stable and asymptomatic 
cases can be managed conservatively. However, such cases need constant clinical 
monitoring and serial imaging in form of X-ray, ultrasound, and repeat CECT abdo-
men if indicated. If delayed perforation is diagnosed and the condition of the patient 
is deteriorating, an urgent exploration is indicated [210].

10.8	 �Small Bowel Tumors

A variety of small bowel tumors can present with spontaneous perforation, and 
majority of them are malignant in nature. Various mechanisms proposed for the 
perforation are [212–217]:

	1.	 Neoplastic infiltration of the bowel wall with rapid growth of tumor, necrosis, 
and perforation.
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	2.	 Vascular occlusion by tumor cell infiltration leading to ischemic necrosis of 
bowel wall and perforation.

	3.	 Tumor obstructing bowel with increased intraluminal pressure and perforation 
proximal to obstruction.

10.8.1	 �Lymphoma

Perforation and peritonitis are known complications of GI lymphomas, and vast 
majority of them occur in the small bowel [214, 216, 218–221]. The perforation can 
occur either at diagnosis or during the course of treatment, and the patients present 
with acute abdomen. However, the perforation occurs at the end of the first month 
or beyond the time of initial therapy and is likely to be missed. So clinical awareness 
and early evaluation of this clinical entity helps in prompt diagnosis. Plain X-ray 
abdomen shows pneumoperitoneum. On CECT abdomen, along with the morpho-
logical characteristics of lymphoma in the bowel wall, multifocal bowel involve-
ment, peritoneal fat infiltration, ascites, lymphadenopathy, hepatosplenomegaly, 
and free air indicative of perforated GI lymphoma can be picked up [222]. The 
treatment is early surgical intervention.

10.8.2	 �Gastrointestinal Stromal Tumors (GIST)

A rare but important complication of GIST is tumor rupture with accompanying 
hemoperitoneum; and majority of ruptures occur spontaneously and are located in 
the stomach and small bowel [212, 214, 215]. The large-sized, exophytic GISTs 
with internal necrosis or cystic degeneration have an increased risk of developing 
spontaneous rupture [212, 215]. The clinical features are that of perforation perito-
nitis, and many a time, the diagnosis is made after exploration (Fig. 10.10).

During follow-up imaging, rapid growth of mass is a feature indicative of 
increased risk of spontaneous perforation [215]. The ultrasonography and CT scan 
findings of heterogenic tumor of laminated or whirled appearance, associated with 
echogenic or dense ascites, are indicative of a ruptured GIST. However, there is no 
relation between histologic criteria of malignancy and the rupture [212]. The treat-
ment is early surgical intervention; however long term survival is poor.

10.8.3	 �Gastrointestinal Metastasis

The metastatic disease in the small intestine usually from an extra-abdominal site, 
including lymphoma, coming through hematogenous route may present with gut 
perforation [223, 224]. The most common primary malignancy causing small bowel 
perforation is lung cancer [217, 225]. The jejunum is more commonly affected by 

S. Marwah



135

perforation than the ileum [214]. Other rare extra-intestinal causes are rhabdomyo-
sarcoma [226], breast carcinoma [227], pleural mesothelioma [228], tongue squa-
mous cell carcinoma [224], cutaneous malignant melanoma [229], and scalp 
angiosarcoma [230]. Perforated GI metastasis needs urgent surgical intervention. 
There is high operative mortality and poor outcome [214, 217].

10.9	 �Acute Mesenteric Ischemia (Box 10.5)

Acute mesenteric ischemia is a rapidly progressing disease that usually affects 
elderly population having serious comorbidities, and the diagnosis is often delayed 
due to nonspecific features. Small gut perforation can occur in cases of acute mes-
enteric ischemia leading to intestinal necrosis.

a b

c d

Fig. 10.10  Perforated gastrointestinal stromal tumor. (a) Operative photograph showing exo-
phytic GIST on antimesenteric border of the jejunum presenting with perforation (arrow). 
(b)  Microphotograph showing tumor centered in the muscle layer separated from the normal 
mucosa by a preserved muscularis mucosae and submucosa (H&E × 40X). (c) Microphotograph 
showing fascicles and intersecting bundles of tumor cells (H&E × 100X). (d) Microphotograph 
showing strong CD117 immunoreactivity in the GIST (IHC × 200X)
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10.9.1	 �Etiology

Acute mesenteric ischemia occurs due to the following conditions:

	1.	 Acute arterial embolism: It is the commonest cause of acute mesenteric ischemia 
and occurs in more than half of the cases [231]. Most of the emboli are cardiac in 
origin coming from the left ventricle (following myocardial infarction) or left atrium 
(following atrial fibrillation). There are usually no preceding abdominal symptoms.

	2.	 Acute thrombosis: It constitutes 25% of the cases, and it usually occurs over 
preexisting atherosclerotic lesions present on ostia of mesenteric arteries. Many 
of these patients give history of chronic symptoms consistent with previous tran-
sient mesenteric ischemia.

	3.	 Non-occlusive mesenteric ischemia: It constitutes 20–30% of the cases and there 
is no occlusion of mesenteric arteries. The impaired blood supply occurs due to 
vasoconstriction following decreased cardiac output and renal or hepatic disease 
[232]. Most of these patients are critically ill and difficult to assess clinically.

	4.	 Mesenteric venous thrombosis: It accounts for 5–15% of the cases and can be 
primary thrombosis due to hypercoagulation disorders (deficiency of protein C, 
protein S, antithrombin III, and factor V Leidin) or secondary thrombosis due to 
oral contraceptives, inflammatory bowel disease, pancreatitis, trauma, 

Box 10.5 Salient Points: Acute Mesenteric Ischemia
•	 Small bowel perforation occurs due to acute mesenteric thrombosis, acute 

embolism, non-occlusive mesenteric ischemia and mesenteric venous 
thrombosis.

•	 It has sudden onset with nonspecific symptoms, rapid clinical deteriora-
tion, and minimal abdominal signs leading to delay in diagnosis.

•	 CECT abdomen is the investigation of choice showing focal bowel wall 
thickening, lack of bowel wall enhancement, submucosal hemorrhage, air 
in portal venous system, intra-mural gas, and pneumoperitoneum.

•	 Volume resuscitation is the first and foremost step in management.
•	 The presence of peritoneal signs is an indication of surgical exploration.
•	 Resection of infarcted bowel with embolectomy is performed for 

embolism.
•	 Revascularization in arterial thrombosis is performed by bypass grafting or 

thrombo-endarterectomy.
•	 In non-occlusive mesenteric ischemia, the diagnosis is mostly made at 

exploratory laparotomy. Papaverine is useful in producing local vasodilata-
tion and salvaging the compromised bowel.

•	 In mesenteric venous thrombosis, anticoagulants are given for 3–6 months.
•	 In extensive bowel involvement, second-look laparotomy after 24 h is done 

for salvaging bowel with doubtful viability.
•	 Mortality in acute mesenteric ischemia is 60%, maximum being for non-

occlusive mesenteric ischemia.
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malignancies, portal hypertension, or cirrhosis [233, 234]. The abdominal pain 
of acute mesenteric venous thrombosis is less severe, mid-abdominal, and col-
icky, suggesting an origin in the small bowel.

10.9.2	 �Clinical Features

The acute mesenteric ischemia usually has sudden onset, having nonspecific symp-
toms, and there is rapid clinical deterioration. To begin with, there is severe abdomi-
nal pain that persists beyond 2–3  h, but physical findings in the abdomen are 
unremarkable. The absence of clinical findings is usually responsible for delay in 
the diagnosis. The patient may also complain of nausea, vomiting, anorexia, diar-
rhea, and fever. Hematochezia is reported to occur in about 15% of the cases [235]. 
In delayed cases, gangrenous changes set in leading to small bowel perforation and 
peritonitis. The patient develops tachycardia, hypotension along with distension, 
tenderness and rigidity of the abdomen, and absence of bowel sounds.

10.9.3	 �Diagnosis

Lab investigations are not very helpful in making the diagnosis and are primarily 
meant for exclusion of other causes of acute abdomen. Plain X-ray abdomen usually 
has nonspecific findings, but the presence of free air makes the diagnosis of gut 
perforation. In delayed cases, thumb printing, intramural pneumatosis, and air in the 
portal venous system may be seen [236].

Duplex ultrasonography may demonstrate blood flow in the mesenteric circula-
tion. But its role is limited due to the presence of bowel gas, need for technical 
expertise, and poor sensitivity for low-flow vessel disease [237].

Contrast-enhanced CT scan of the abdomen is the investigation of choice. The 
findings suggestive of the diagnosis include focal bowel wall thickening, lack of 
bowel wall enhancement, submucosal hemorrhage, air in portal venous system, 
intramural gas, and free air in the peritoneal cavity [238]. CT angiography can 
clearly delineate pathology in mesenteric vessels.

Magnetic resonance angiography has equal sensitivity and specificity to CT 
angiography, with the additional advantage of prevention of exposure to ionizing 
radiation. It is very useful for chronic mesenteric ischemia, but its utility in acute 
mesenteric ischemia is not established due to inadequate visualization of distal 
emboli and non-occlusive low-flow states [239, 240].

10.9.4	 �Treatment

The first and foremost step in the management is volume resuscitation that is guided 
by urine output and CVP monitoring. Dopamine can be used as vasopressor since it 
acts as mesenteric vasodilator in low doses.

The presence of peritoneal signs is an indication of surgical exploration, as bowel 
infarction has probably occurred. Resection of infarcted bowel as well as embolectomy 
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can be performed during this process. Revascularization is more complex in arterial 
thrombosis and can be performed by either bypass grafting or thrombo-endarterectomy.

In case of non-occlusive mesenteric ischemia, the diagnosis is mostly made at 
exploratory laparotomy. The use of papaverine has been found to be useful in pro-
ducing local vasodilatation and salvaging the compromised bowel [241].

In case of mesenteric venous thrombosis, the treatment with anticoagulants 
should be initiated as soon as the diagnosis is made or confirmed intraoperatively 
and continued for 3–6 months. On exploration, the aim of resection is to conserve 
as much bowel as possible. In cases with extensive bowel involvement, second-look 
laparotomy after 24 h should be considered with the aim to preserve the bowel with 
doubtful viability [242, 243] (Fig. 10.11).

Despite improvement in diagnostic and therapeutic modalities, mortality of acute 
mesenteric ischemia is about 60%, maximum being for non-occlusive mesenteric 
ischemia.

10.10	 �Crohn’s Disease

Free perforation is a rare complication in Crohn’s disease [244]. Majority of the 
cases involve ileum with a smaller number occurring in the jejunum or colon [245]. 
Many of the reports include secondary abscess perforation in their statistics, but this 
event is not a true free perforation. The incidence of free perforation in Crohn’s 
disease is 1–3% in Western countries [245–249]. European and North American 
Jews are considered to be three–five times more susceptible to Crohn’s disease than 
non-Jews. One study from Israel has reported the incidence of free perforation in 
Crohn’s disease to be 15.6% [246].

The exact mechanism of free perforation in Crohn’s disease is not known, but 
several hypotheses have been postulated. Greenstein et al. [245] observed that the 

Fig. 10.11  Operative 
photograph showing 
extensive small gut gangrene 
due to acute mesenteric 
ischemia
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mean disease duration was 3.3 years before free perforation which was much shorter 
than duration of development of other complications like ruptured abscess or inter-
nal fistula [245]. This relatively short duration indicates that free perforation occurs 
before the protective granulomatous fibrotic and cicatrizing reactions have taken 
place [250]. Another factor could be bowel distension with increased intraluminal 
pressure proximal to an obstruction [245, 247–249]. The perforation may also occur 
in the absence of colonic dilatation due to ischemia or in cases of toxic colitis 
[251–254]. The use of steroids in Crohn’s disease has not been found to be associ-
ated with higher incidence of free perforation [12, 245, 247–249].

Free perforation as a first sign of disease is seen in 23–30% cases [245, 246]. The 
patient of Crohn’s disease will have sudden worsening in the clinical course, and 
there will be abdominal signs of generalized peritonitis. A high index of suspicion 
is required for making the diagnosis.

Plain X-ray abdomen (erect film) may rarely show free air under the dia-
phragm [255]. CECT abdomen demonstrates extra-luminal air or leaking oral 
contrast with typical findings of active Crohn’s disease in form of thickened 
small bowel loop with multilayer enhancement and hypervascularity at its mes-
enteric side [206].

Free bowel perforation is an indication for emergency surgery in Crohn’s 
disease. One should avoid debridement and simple suture of the perforation due 
to high rate of morbidity and mortality [245, 247–249]. For ileal perforation, 
limited resection of the most severely affected bowel segment with primary 
anastomosis is the treatment of choice. In moribund patients with generalized 
peritonitis, proximal diverting ileostomy should be done [12]. For jejunal perfo-
rations, Menguy recommended resection of the diseased loop and end-to-end 
anastomosis without temporary jejunostomy [244]. The latter is avoided due to 
serious metabolic problems associated with it and greater safety of jejunal anas-
tomosis in general. The mortality rate of free perforations in Crohn’s disease has 
decreased from 41% to 4% ever since the simple suture modality is replaced 
with resection [245].

10.11	 �Diverticular Disease

10.11.1	 �Perforated Meckel’s Diverticulum

Perforation is a very rare complication of Meckel’s diverticulum and is reported 
to be seen in 0.5% of symptomatic diverticula [256]. The factors and mecha-
nisms leading to perforation of Meckel’s diverticulum described in the 
literature are:

	1.	 Progressive diverticulitis leading to spontaneous perforation
	2.	 Foreign body in the diverticulum causing pressure necrosis and 

perforation [257–262]
	3.	 Peptic ulceration and perforation due to acid secreted by ectopic gastric mucosa
	4.	 Tumorlike leiomyoma in Meckel’s diverticulum getting perforated [263]
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	5.	 Blunt abdominal trauma [264–267]

The perforation of a Meckel’s diverticulum usually presents as acute abdomen 
mimicking acute appendicitis [268]. The diagnosis is usually made at operation, and 
it is managed with diverticulectomy or segmental resection along with peritoneal 
irrigation [269]. There are reports describing successful management of perforated 
Meckel’s diverticulum with laparoscopic approach [270–272].

10.11.2	 �Jejunoileal Diverticulosis

These are seen in 0.25–1% of the population and can rarely perforate. These usually 
cause localized peritonitis because of their location on mesenteric border that read-
ily gets sealed. The treatment is segmental intestinal resection with primary anasto-
mosis including noninflamed diverticula [273–275].

10.12	 �Drugs Causing Small Bowel Perforation

The small and large intestines are the sites accounting for 20–40% of all drug-
related side effects [276]. The common gastrointestinal drug-induced side effects 
include dyspepsia, nausea, vomiting, diarrhea, and constipation. However, of greater 
concern is drug-induced mucosal ulceration that can manifest as gastrointestinal 
hemorrhage, stricture, and perforation.

10.12.1	 �Steroids

Prolonged use of glucocorticosteroid may cause gastric and small bowel perfora-
tions that have high mortality (27–100%) [277–281]. The perforation usually occurs 
during the first 3 weeks of steroid therapy, and due to the masking effect of steroids, 
clinical presentation is vague, and abdominal discomfort is the only presenting 
symptom. The persistent pain is an indication of aggressive diagnostic work-up for 
gut perforation, and if diagnosed, it warrants early abdominal exploration [282].

10.12.2	 �Nonsteroidal Anti-inflammatory Drugs (NSAIDs)

NSAIDs-induced small intestinal damage is diagnosed with video capsule endos-
copy (VCE) and balloon enteroscopy (BE) in more than 50% of patients taking 
long-term NSAIDs. It mainly occurs in the distal small bowel and colon, most 
commonly in the ileocecal region [283–285]. Long-term NSAID therapy usually 
induces clinically silent enteropathy characterized by increased intestinal perme-
ability and inflammation. Chronic occult bleeding and protein loss may result in 
iron-deficiency anemia and hypoalbuminemia. NSAIDs can also induce small 
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bowel ulcers that infrequently lead to acute bleeding, perforation, or chronic scar-
ring responsible for diaphragm-like strictures [286]. Clinical presentation of dia-
phragm-like strictures is nonspecific and may produce obstructive symptoms, GI 
blood loss, or abdominal pain [287–290]. The cases with perforation present with 
features of peritonitis. Endoscopic balloon dilatation can be used for accessible 
strictures, but most cases of massive bleeding, obstruction, or perforation require 
surgical intervention [291].

10.12.3	 �Potassium Chloride Tablets

The high local concentration of potassium chloride due to breaking of enteric coat-
ing of the tablet in the small gut causes edema, hemorrhage, erosion, and cicatrizing 
stenosis of the gut wall. The gut perforation can occur with or without associated 
stenosis of the wall [292–294]. The reported mortality is as high as 27% [292].

10.12.4	 �Cocaine

Cocaine abuse can cause mesenteric ischemia and gangrene, which results in small 
and large bowel perforation as well as intraperitoneal hemorrhage [295–297]. Distal 
ileum is the most commonly affected site, but there are reports of gangrene involv-
ing almost any part of the small bowel [298].

10.12.5	 �Oral Contraceptives

Oral contraceptives can cause enterocolitis to small intestinal perforation and peri-
tonitis due to mesenteric vascular thrombosis [299–302]. Estrogen component of 
oral contraceptives is associated with both arterial and venous occlusion, while pro-
gestin is related only with arterial occlusion [302].

10.12.6	 �Post-chemotherapy

The small bowel perforation is known to occur during chemotherapy for GI lym-
phomas as mentioned earlier. Other primary tumor sites like head and neck cancer, 
carcinoma breast, and acute monocytic myeloid leukemia are also reported to pres-
ent with small bowel perforation [303–310]. The possible mechanism of intestinal 
perforation during chemotherapy can be necrotizing enteritis in the presence of neu-
tropenia, metastatic tumor infiltration, and tumor lysis by chemotherapeutic agent 
[305, 311, 312]. Bevacizumab has been shown to cause bowel perforation in 1–4% 
cases [313]. The gut perforation usually occurs 2–3 weeks after giving the first cycle 
of chemotherapy [305, 309, 314]. Making diagnosis of gut perforation in such cases 
is often difficult since chemotoxicity itself leads to nausea, vomiting, and 
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abdominal pain mimicking features of acute abdomen. Hence a strong suspicion 
and awareness of the possibility of gut perforation is warranted so as to prevent 
delay in diagnosis and management [304].

10.12.7	 �Post-radiotherapy

Radiotherapy to pelvis has been occasionally reported to cause small gut perfora-
tion [315, 316]. The mechanism of perforation is previous abdominal surgery lead-
ing to adhesions, decreased bowel motility, and holding a segment of bowel in an 
unfavorable position during radiotherapy [317]. The treatment is surgical explora-
tion with resection and anastomosis or stoma creation. There is high incidence of 
anastomotic leak following primary anastomosis [316].

10.13	 �Worms

Intraluminal worms can sometimes lead to intestinal obstruction and small 
bowel perforation. It is commonly caused by Ascaris lumbricoides (roundworm) 
[318]. Other worms like Taenia solium (tapeworm), Enterobius vermicularis 
(pinworm), and Trichuris trichiura (whipworm) can also rarely result in similar 
picture [319].

The mechanism of small bowel perforation is either due to pressure necrosis 
caused by heavy worm load or worms eroding the underlying ulcers in the small 
bowel that are commonly encountered in tropical countries due to typhoid, tubercu-
losis, and amebiasis [320, 321].

A small bowel perforation due to worms presents with acute abdomen and diag-
nosis is usually made with finding of pneumoperitoneum on plain X-ray abdomen. 
Management is emergency laparotomy and resection-anastomosis of the involved 
gut segment. The bunch of worms is gently milked out of the enterotomy site before 
anastomosis (Fig. 10.12).

For roundworm infestation, oral chewable tablet albendazole 400 mg single dose 
is the drug of choice. Paralyzing antihelminthics (e.g., pyrantel pamoate, pipera-
zine, ivermectin) should be avoided in patients with intestinal obstruction since the 
paralyzed worms may further complicate surgery. For tapeworm, the drug of choice 
is a single dose of praziquantel 10–20 mg/kg or niclosamide 2 g as a single-dose 
chewable tablet [322]. In endemic areas, patients should be reevaluated in 
3–6 months and retreated if stool ova persist.

10.14	 �Foreign Bodies

The foreign bodies in the small intestine may rarely cause obstruction and 
perforation.
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The causes of foreign body ingestion include careless eating (among children 
and elders), psychiatric problems, and drug addiction [323, 324]. Pointed foreign 
bodies have higher risk of perforation, not because they directly penetrate the bowel 
wall but because their passage through the gut tends to be arrested, a process that 
initiates necrosis of the wall [325]. The common sites of involvement are areas 
of  gut strictures or sites of anatomical narrowing (distal ileum and ileocecal 
junction) [326, 327].

The clinical presentation of small bowel perforation may vary from localized 
abscess formation to generalized peritonitis [328, 329]. On plain X-ray, free pneu-
moperitoneum is rarely seen since foreign body is gradually impacted and the per-
foration is locally covered with fibrin. CT scan shows segmental bowel thickening 
with localized pneumoperitoneum seen as extra-luminal gas bubbles. Demonstration 
of foreign body on CT scan establishes the diagnosis [206]. The treatment is urgent 
surgical intervention.

Fig. 10.12  Roundworm in small 
gut delivered through enterotomy at 
the site of perforation
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10.15	 �Iatrogenic Perforations

10.15.1	 �Laparoscopic Surgery

Small bowel injury is a rare but serious complication of laparoscopic surgery. Small 
bowel perforation is likely to occur during creation of pneumoperitoneum by Veress 
needle or while blind insertion of first trocar. Umbilical piercing done for creating 
pneumoperitoneum is a particular risk factor for small bowel perforation due to 
adhesions between bowel and anterior abdominal wall [330]. Sometimes bowel 
injury might occur during cautery dissection due to inadvertent contact of diathermy 
to the adjoining gut wall in a direct or indirect manner. The small bowel injury is 
usually noted during surgery provided operating surgeon is careful. It is managed 
with primary repair with good outcome. However, if it is missed during surgery, the 
diagnosis might be difficult in postoperative period, because the features of the 
ensuing peritonitis are obscured by postoperative pain. In cases of intestinal anasto-
mosis, the finding of extra-luminal oral contrast with intact anastomotic site seen on 
CECT abdomen indicates iatrogenic bowel injury [206]. In delayed cases, diagnosis 
may also be made by finding of gut contents in the abdominal drain [331]. The treat-
ment is primary closure of perforation after freshening the perforation margins or 
gut exteriorization depending upon condition of the patient and severity of peritoni-
tis. The mortality of bowel perforation during laparoscopy is reported to be 
3.6% [332].

10.15.2	 �Enteroscopy

These days, double balloon enteroscopy is being used for diagnosis of obscure 
intestinal bleeding. In order to advance the long enteroscope through the small 
bowel, two balloons are alternatively inflated, a potential hazard for perforation. 
Perforations have also been described after capsule endoscopy, when the capsule is 
caught in a stricture [333].

10.15.3	 �Unsafe Abortion

Bowel perforation is a rare but serious complication of unsafe abortion [334]. 
Although rare and uncommon in developed world, it is a significant and major 
cause of maternal morbidity and mortality in third world countries [335]. In 
fact, the incidence of abortion-related bowel injuries is increasing in develop-
ing  countries [336]. The reported rate of bowel perforation is 5–18% of all 
abortion-related complications [337–339]. The exact incidence is expected to 
be  much  higher since many cases go unreported due to its medicolegal 
implications [340, 341].

During unsafe abortion, bowel perforation occurs due to rupture of posterior 
vaginal wall by operating instrument (curette, ovum forceps, uterine sound, plastic 
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cannula) that damages the adjoining pelvic viscera [342]. The ileum and sigmoid 
colon are the most commonly injured parts due to relative fixity of these portions 
[335, 340, 342–346]. The diagnosis is based on clinical findings of peritonitis, 
X-ray abdomen showing pneumoperitoneum, ultrasound, and CECT abdomen 
showing free peritoneal collections. After resuscitation, early surgical intervention 
in form of resection/repair of the injured organs is done [347]. The awareness and 
early diagnosis of this clinical entity is of paramount importance in avoiding high 
morbidity and mortality.

10.15.4	 �Abdominal Drains

Small bowel perforation caused by drainage tubes following abdominal surgery is a 
rare complication with occasional case reports in the literature [348–354]. The suc-
tion drains can draw the bowel wall in the side holes due to high negative pressure 
[349, 350], whereas open drains due to long-term placement may cause perforation 
owing to pressure necrosis by the tip of the drain [348, 353].

The patients having abdominal drain in situ in the postoperative period may 
complain of high-grade fever with pain in the abdomen. On examination, there 
can be features of localized or generalized peritonitis. The small bowel contents 
coming through the drainage tube make the diagnosis obvious. Ultrasonography 
of the abdomen may reveal collections of mixed echogenic fluid. A fistulogram 
through the drain reveals that the tip of the drain had entered the gut [353, 355] 
(Fig. 10.13).

In patients without signs of peritonitis, discontinuation of the vacuum in suction 
drain and withdrawal of tube from the perforation site in an open drain invariably 
leads to healing of perforation site [350, 353]. The patients with generalized perito-
nitis need repeat laparotomy for management of perforation. It is recommended that 
to avoid this complication, drains should be placed carefully and removed early 
after the drainage has decreased [353].

10.15.5	 �Gossypiboma

Retained surgical sponge accidently left inside the body during surgery is known 
as gossypiboma. If left inside the abdomen during laparotomy, it can sometimes 
erode small bowel leading to its perforation. Gawande et al. in the largest retro-
spective study of 60 cases over a period of 7 years analyzed the risk factors for 
retained sponges after surgery. The incidence of retained surgical sponge was 
one per 1000–15,000 abdominal operations. The operations performed under 
emergency conditions (p < 0.001), unexpected change in procedure (p < 0.01), 
high BMI (p < 0.01), long duration of procedures, multiple surgical teams, and 
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change in assistant staff during operation were the risk factors for retained 
sponge [356].

Following laparotomy, persistent pain in the abdomen, fever, and wound 
infection should lead one to suspect a retained foreign body. The diagnosis 
needs awareness and high index of suspicion. If sponge contains radio-opaque 
marker, it can be seen in plain X-ray abdomen. Ultrasound abdomen may show 
intense acoustic collection in the mass in operation area. CECT abdomen is the 
investigation of choice. Surgery is the recommended treatment and is usually 
done through the previous operative site. Resection and anastomosis of the 
eroded segment of the gut is performed along with sponge removal and perito-
neal lavage (Fig. 10.14). Laparoscopic removal of sponge has also been reported 
in some cases [357].

Fig. 10.13  Drain sinugram 
showing contrast entering 
into the jejunum (arrow) due 
to pressure necrosis by the 
drain causing gut erosion
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10.15.6	 Miscellaneous causes

Extracorporeal shock wave lithotripsy (ESWL) for impacted ureteric stones, 
migrated biliary stents, and insertion of catheters for peritoneal dialysis are other 
rare iatrogenic causes for small bowel perforation [358–360].

Acknowledgment  The author gratefully thanks Dr. Sham Singla, Dr. Nisha Marwah, and 
Dr. Rajesh Godara for their help in drafting the text. The author also acknowledges Dr. Priyanka 
Singla and Dr. Himanshu Sharma in their assistance in collecting the data for the preparation of 
this chapter.

a

c

b

Fig. 10.14  Gossypiboma causing small bowel perforation. (a) Operative photograph showing 
sponge eroding small gut leading to sealed perforation (arrow). (b) Sponge being delivered through 
small gut. (c) Resected segment of terminal ileum with sponge
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