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Abstract

Spontaneous free perforation of the small intestine is
uncommon, especially if there is no prior history of
visceral trauma. However, free, even recurrent, perfo-
ration may complicate a defined and established clini-
cal disorder, such as Crohn’s disease. In addition, free
perforation may be the initial clinical presentation of an
occult intestinal disorder, such as a lymphoma compli-
cating celiac disease, causing diffuse peritonitis and an
acute abdomen. Initial diagnosis of the precise cause
may be difficult, but now has been aided by computer-
ized tomographic imaging. The site of perforation may
be helpful in defining a cause (e.g., ileal perforation in
Crohn’s disease, jejunal perforation in celiac disease,
complicated by lymphoma or collagenous sprue). Ur-
gent surgical intervention, however, is usually required
for precise diagnosis and treatment. During evaluation,
an expanding list of other possible causes should be
considered, even after surgery, as subsequent man-
agement may be affected. Free perforation may not
only complicate an established intestinal disorder, but
also a new acute process (e.g., caused by different
infectious agents) or a longstanding and unrecognized
disorder (e.g., congenital, metabolic and vascular
causes). Moreover, new endoscopic therapeutic and
medical therapies, including use of emerging novel
biological agents, have been complicated by intestinal
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perforation. Recent studies also support the hypothesis
that perforation of the small intestine may be genet-
ically-based with different mutations causing altered
connective tissue structure, synthesis and repair.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Clinical presentation with “an acute abdo-
men” due to spontaneous “free” perforation usually
requires urgent surgical intervention for survival. Of-
ten, the clinician is aware of an underlying disorder,
but in others, this emergent situation may represent
the initial clinical presentation of unrecognized Crohn’s
disease or, even celiac disease already complicated by
a superimposed lymphoma. Other rare causes include
medical treatments for a variety of immune-mediated,
inflammatory and neoplastic disorders, including some
novel biological agents. Evidence also suggests that
intestinal perforation could also reflect an occult genet-
ically-based defect causing impaired connective tissue
structure, synthesis and repair.
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INTRODUCTION

In adults, perforation of the small intestine may result
from obstruction causing gangrene, strangulation of her-
nias and trauma (Table 1)". Trauma in adults may result
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Table 1 Traumatic causes of intestinal perforation

Traumatic causes

Blunt abdominal trauma (e.g., bicycle handlebar injury)

Motor vehicle accident (incl. pelvic fracture)

Ingested foreign bodies (e.g., fishbone, needles, safety pins, magnets)
Endoscopic studies (e.g., endoscopy, ERCP, especially with papillotomy)
Surgical treatment (e.g., laparotomy, especially cholecystectomy, abdomi-
nal liposuction)

ERCP: Endoscopic retrograde cholangiopancreatography.

Table 2 Causes of free perforation of the small bowel

Immune-mediated or inflammatory
Crohn’s disease (CD)
Celiac disease or gluten-sensitive enteropathy (GSE)
Collagenous sprue
Graft-vs-host disease (GVHD)
Infections
Viral: Cytomegalovirus (CMV)
Bacteria: Salmonella paratyphi, mycobacterium tuberculosis
Parasites: Ascaris lumbricoides
Protozoa: Entameba histolytica
Drugs and biological agents
NSAIDs: Indomethacin
Enteric-coated potassium chloride
Chemotherapy (?steroids)
Monoclonal antibodies: Bevicuzimab
Congenital
Meckel’s diverticulum
Jejunal or ileal duplications
Metabolic
Homocystinuria
Vascular
Wegener’s granulomatosis
Giant cell arteritis
Allergic granulomatous arteritis (i.e., Churg-Strauss syndrome)
Henoch-schonlein purpura
Buerger’s disease
Atherosclerotic vascular occlusion
Radiation-induced vascular injury
Neoplasm
Primary (adenocarcinoma, EATCL, angiosarcoma)
Secondary (melanoma, breast, mesothelioma, lung)

NSAIDs: Non-steroidal anti-inflammatory drugs.

from blunt injuries (¢g., bicycle handlebars)®”, motor ve-
hicle accidents (especially in the presence of a pelvic frac-
ture), ingested foreign bodies or iatrogenic injuries caused
by medical and surgical procedures. Sometimes, a viscous
perforation is “contained” because of a retroperitoneal
location of the perforation, often with development of a
“walled-off” inflammatory mass ot abscess. In contrast, a
“free” perforation of the small intestine usually presents
clinically in a far more dramatic fashion with generalized
peritonitis. Even if the usual predisposing causes are not
present, urgent surgical intervention is required. Often, in
this setting, a precise pre-operative diagnosis may not be
possible. Clinicians involved in the care of patients with
intestinal disorders, including gastroenterologists and sur-
geons, may need to exclude other causes of free perfora-
tion (Table 2) as further treatment may be required.
Diagnosis prior to surgical intervention may now be
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substantially aided by the using of modern imaging mo-
dalities, particularly computed tomography (CT)". This
procedure may be the procedure of choice for evalua-
tion of a suspected perforation, especially since CT im-
aging has been demonstrated to be accurate in defining a
possible site of the perforation.

A number of causes of intestinal perforation have
been described. These include immune-mediated, infec-
tious- or medication-related, congenital, metabolic, vas-
cular or neoplastic causes.

IMMUNE-MEDIATED CAUSES

Crohn’s disease

Crohn’s disease (CD) is typically characterized by a pro-
gressive transmural intestinal inflammatory process. As a
result, deep ulcers, often associated with abscess forma-
tion may develop, as well as single or complex fistulous
tracts that often penetrate into the adjacent, usually
adherent, intestinal and non-intestinal structures (e.g.,
bladder), or both. Free spontaneous perforation into the
peritoneal cavity is a dramatic event. Fortunately, this
complication in the setting of CD is quite rare, but usu-
ally requires urgent surgical treatment.

Free perforation in CD was initially described in 1935
as a fatal case of free perforation in ileum'. Subsequent-
ly, about 100 cases have appeared in the literature. Dif-
fering criteria for clinical definition of a free perforation
have been noted by some investigatorsls’()]
reports may have included patients with sealed perfo-
rations or ruptured abscesses. Studies in large clinical
series of patients followed over prolonged periods from
both North America and the United Kingdom have con-
firmed that this complication remains an uncommon,
even rare clinical event in CD, consistently estimated to
be less than 2%, Possibly, this complication is geneti-
cally-based as a higher rate of free perforation has been
reported in Japanese diagnosed with CD™. In contrast,
no statistical differences in the incidence of perforation
were detected in a comparative study of American and
Chinese patients with CD,

Interestingly, free perforation may also represent the
initial presenting clinical feature of CD!". Most small
intestinal perforations in CD develop in the ileum™”,
Rarely, however, other more proximal sites, such as the
jejunum, may be involved™”. Finally, concomitant jeju-
nal and ileal perforations or recurrent and independent
perforations during the long-term clinical course of CD
may develop!”. Rather than a specific site-related pro-
pensity to develop spontaneous free petforation in CD
(z.e., possibly related to the thin wall thickness of the
ileum compared to the jejunum), the proportion of jeju-
nal and ileal perforations more likely reflects the overall
site distribution of disease involvement within the small
intestine (ze., leum more than proximal small intestine).
Although earlier studies suggested that this subgroup of
patients with this CD complication likely have a more
protracted long-term clinical course, recent studies have
shown that a relatively benign course can be anticipated

as some earlier
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with no requirement for ongoing immunosuppression,
including corticosteroids!”. In addition to the inflamma-
tory process per se, other disease-related or treatment-
related factors may play a role in perforation in CD. Dis-
case-related factors may be either benign or malignant.
For example, enterolithiasis may occur rarely in cp!”
and has been recorded as a cause of perforation[m. Ma-
lignant adenocarcinoma or lymphoma may complicate
CD and present with small bowel perforation”. Ap-
plication of investigative and therapeutic endoscopic
methods in patients with CD may be complicated by
perforation. For example, use of wireless capsule and
double-balloon endoscopic evaluations may cause small
intestinal perforation in CD"™ while perforation has
also been recorded after therapeutic balloon dilation of
inflammatory and fibrous strictures . In addition, ad-
verse events, including fatal intestinal perforation, have
been recorded in CD treated with different medications,
including different emerging biological monoclonal anti-
body agents“sﬂ

CELIAC DISEASE OR GLUTEN-SENSITIVE
ENTEROPATHY

Glute-sensitive enteropathy (GSE) is an immune-mediat-
ed disorder that causes histopathological changes in the

small intestine that respond to treatment with a gluten-
free diet. Malignant disease, usually lymphoma, may be the
presenting clinical feature of un-recognized GSE as well
as it’s closely allied disorder, dermatitis herpetiforrnis“s],
or alternatively, malignant lymphoma may complicate
the long-term clinical course of GSE". Ulceration in
the small bowel may also occur, although ulceration in
this setting may be actually due to a difficult-to-diagnose
intestinal lymphoma rather than so-called benign non-
granulomatous ulcerative jejunoﬂeitis“g]. Rarely, ulcer-
ation with free perforation may occur in celiac or sprue-
like intestinal disease™. In most, the site of perforation
was the jejunum, other more distal intestinal sites,
including the colon, was involved with a perforating lym-
phomam. In some, a gluten-free diet response was also
documented, however, perforation with lymphoma was
also detected in refractory GSE after a gluten-free diet
response had been defined™. In others, rapid clinical
deterioration from a perforated lymphoma prohibited
precise diagnosis of GSE and evidence for improvement
on a gluten-free diet could not be documented™. In all,
however, free perforation caused by the superimposed
or associated lymphoma had a high rnortality[zm. In this
clinical setting, the appearance of lymphoma was not
predictable and could occur, despite strict compliance to
a gluten-free diet™”.

COLLAGENOUS SPRUE

Another disorder, collagenous sprue, has been reported
to complicate GSE®!. This disorder is characterized by
a pathologically distinctive lesion in the small intestinal
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mucosa characterized by a patchy or diffusely thickened
sub-epithelial collagen band in flattened small intes-
tine™. This histopathological marker is usually associ-
ated with the appearance of sloughed epithelial cells in
the intestinal lumen and protein-losing enteropathy may
occur™, Lymphoma associated with or complicating
collagenous sprue has also been described, often but
not exclusively, in an advanced state with extensive lym-
phornamzs]. Finally, collagenous sprue may result in free
small intestinal perforation without clear histopathologi-

cal evidence of a frank lyrnphomam.

INTESTINAL GRAFT-VS-HOST DISEASE

Acute intestinal graft-ps-host disease (GVHD) involving
the intestinal tract has been estimated in an Italian study
to occur in approximately 30%-50% of allogenic bone-
marrow transplant recipients: 10%-20% have emergent
events, including perforation associated with a very high
mortahtym]. After stem-cell transplantation, intestinal
perforation has also been recorded with thrombotic mi-
croangiopathy™ and post-transplant lymphoproliferative
disorder™. Of note, after bone marrow or hematopoiet-
ic stem cell transplantation and subsequent development
of GVHD, free air appearing within the peritoneal cav-
ity, caused by pneumatosis cystoides intestinalis, has also
been reported to mimic an intestinal perforation”*",

INFECTIOUS CAUSES

Cytomegalovirus

Cytomegalovirus (CMV) has been recorded as a cause
of perforation in several reports, usually in immunologi-
cally compromised individuals. An isolated ileal perfora-
tion associated with CMV was noted in a 31-year-old
female with lupus enteritis™”. She required emergency
laparotomy, resection and ganciclovir therapy. In a sepa-
rate report, 2 patients receiving chemotherapy for non-
Hodgkin’s lymphoma developed an occlusive vasculitis
with small intestinal perforations thought be due to a
superimposed CMV infection™. Multiple small bowel
perforations due to CMV infection have also been re-
corded in patients with the acquired immunodeficiency
syndrome®”.

Other infections

A host of other bacterial, parasitic and protozoan infec-
tious agents may also cause small bowel perforation.
Some include enteric pathogens (e.g., salmonella™).
Another bacterial agent, Tropheryma whipplei, the rec-
ognized agent that causes Whipple’s disease, may be
indirectly involved in the development of intestinal per-
foration. In about 10% of successfully treated patients,
inflammation reappears after the initial improvement. In
some of these, however, polymerase chain reaction for
the organism is negative during this “re-inflammation”
phase. This had been labeled IRIS or the “immune re-
constitution inflammatory syndrome” and may respond
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to corticosteroids, rather than antimicrobials. Rarely, this
unusual syndrome has been reported to be complicated
by small intestinal perforation”™. Other bacterial agents,
including tuberculosis, have become increasingly rec-
ognized as a cause, especially with rising incidence of
human immunodeficiency virus (HIV)""
free perforation may occur, even during anti-tuberculous

. Occasionally,

therapy for extra-pulmonary tuberculosis™. Unfortu-
nately, even with surgical treatment, however, mortality
may still result™.

Small intestinal perforations have also been recorded
with fungal infections (e.g., histoplasmosisml), parasitic
infections (e.g., roundwormw) and infections with pro-
tozoan agents (e.g., Entamoeba histobytica™). Usually, with
amebiasis, deep necrotizing ulcers occur in the colon,

[42]

but in at least one report’ ", small intestinal ulceration

with a free perforation was documented.

MEDICATION-RELATED CAUSES

Ulceration and, less commonly, perforation in the small
[43.44]

intestine may occur with a number of medications
Often, these may be provided for a concomitant or a
related disorder. For example, non-steroidal anti-inflam-
matory drugs (NSAIDS)HS] are often used in patients
with ankylosing spondylitis or other arthropathy associ-
ated with inflammatory bowel disease. Sometimes, these
agents have been associated with a wide range of small
intestinal pathological changes, including ulceration and
stricture formation that, in some instances, may be even
difficult to distinguish from an undetlying intestinal dis-
order, such as CD. Enteric-coated potassium chloride
has been associated with small intestinal ulcerations and
perforation, even with slow release forms"*. Anti-
neoplastic and immunosuppressive agents as well as
radiation have been recognized for decades to cause
small intestinal mucosal as well as colonic injury dur-
B, Neutropenic
enterocolitis is a well recognized clinical syndrome as-

ing treatment for malignant disorders

sociated with disease-induced or chemotherapy-induced
neutropenia and this entity may be complicated by hem-
orrhage and perforationm]. Co-administration of other
medications, such as corticosteroids, have also been im-

plicated in intestinal perforation”"

[55]

. Some agents, such
as methotrexate””, may also cause mucosal flattening
associated with a reduced mitotic index (different from
the increased mitotic index in celiac disease), possibly re-
lated to folate depletion. Treatment with some newer or
more novel chemotherapeutic agents has also been com-
plicated with small intestinal perforation. Combination
chemotherapy with etoposide and cisplatin was associ-
ated with small bowel perforation in a patient with ex-
trapulmonary small-cell carcinoma of the small bowel?.
Gefitinib, an epidermal growth factor receptor tyrosine
kinase inhibitor, was used to treat an elderly female with
non-small cell lung cancer and she developed an ileal
perforation during the acute phase of irradiation””. A
female with metastatic non-small cell lung cancer devel-
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oped a bowel perforation with enterocutaneous fistula
after treatment with erlotinib®™.

In recent years, reports of intestinal perforation as-
sociated with some emerging monoclonal antibody
agents have also appeared. Bevacizumab, an inhibitor of
vascular endothelial growth factor, has been used in the
treatment of metastatic malignancies, particularly co-
lon, ovary and non-small cell carcinoma of the lung. A
few reports of intestinal perforation were recorded”” "
followed by a recent estimate of 3% perforation rate
in a series of bevacizumab-treated patients with non-
squamous non-small cell lung cancer'™. Another biologi-
cal agent, intetleukin-2 (IL-2) used in high dose resulted
in remission in some patients with metastatic melanoma
and renal cell carcinoma with about half of these expe-
riencing complete remission. In a large National Cancer
Institute series from Bethesda, intestinal perforation was
recorded in 0.44% of almost 1800 treated patients[“]
Ipilimumab, a monoclonal antibody to cytotoxic T-lym-
phocyte-associated antigen 4, used in treatment of meta-
static melanoma may induce a sevete enterocolitis. Rately,
perforation of this enterocolitis has been reportedm.
A risk of perforation was also noted in patients receiv-
ing I1.-2 after therapy with ipilimumab™. In addition,
rituximab, a novel monoclonal antibody agent used as a
therapeutic option to deplete B-lymphocyte populations,
was used to reportedly treat multiple distal ileal perfora-
tions in a patient with Wegener’s granulomatosis[()(ﬂ. A
number of reports, noted above, have also recorded rare
cases of free perforation in CD following anti-tumor ne-
crosis factor (TNF) monoclonal antibody treatment ™",
Cases treated with either infliximab or adalimumab have
been documented”"". In one patient, free perfora-
tion developed after the initial dose of infliximab"". In
another treated with adalimumab, an ileal perforation
was reported to be fatal'”. In a case-control study from
Amsterdam, a higher occurrence of free perforation in
CD treated with TNF was evident compared to CD not
treated with TNF!"”,

MALIGNANT CAUSES

As noted earlier, malignant small intestinal disorders

may complicate celiac disease and present with free per-
foration. Most have been defined as T-cell type lympho-
mas or enteropathy-associated T-cell lymphomas“&m.
Other types include adenocarcinomas and carcinoid
tumors®”. A number of very rare primary malignancies
may also affect the small bowel. Angiosarcoma, for ex-
ample, has been reported to even initially present with a
small bowel perforation, especially in the elderly™®. Ad-
ditional multicenter reports of enteropathy-associated
T-cell lymphoma by an Asia Lymphoma Study Group
also estimated that bowel perforation was a common
presenting feature, about 34%%1 Of 1062 patients re-
ported from the Mayo Clinic with lymphoma involving
the gastrointestinal tract, 9% developed a perforation.

More than half, or 55%, developed a perforation after
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chemotherapy was initiated and large B-cell lymphomas
were the most common type associated with perfora-
tion, estimated to be almost 60%". In Chinese patients
with primary small intestinal lymphomas from Taiwan,
perforation was a common presenting clinical feature,
particularly in diffuse large-cell and immunoblastic
lymphomas, estimated at 23%". A further study of
lymphoma in Chinese from Beijing revealed primary in-
testinal T-cell and NK-cell lymphomas were heteroge-
neous but not usually associated with celiac disease!™.
Instead, most were NK-cell type with a poor prognosis
showing molecular evidence for a prior Epstein-Barr
virus infection'”.

The small intestine may also perforate due to involve-
ment with a secondary rather than primary malignancy, or
metastatic disease, usually from an extra-abdominal site,
including lymphomam. Often, metastatic tumors in the
ileocecal region appear to have been developed through
a hematogenous route from the primary lesion”. Other
extra-intestinal causes of metastatic disease causing small
intestinal perforation recently noted include rhabdornyo—

sarcoma'” squamous cell carcmoma from the tongue”,

[73

breast carcmoma lung cancer’” and pleural mesothe-

lioma””’ Cutaneous malignant melanoma has also been

reported to cause intestinal perforation, even after yeats

of apparently tumor-free follow-up'®.

MISCELLANEOUS CAUSES

Congenital diverticulae in the small intestine may present
or be complicated with an intestinal perforation. These
include perforated Meckels diverticulae ™1 as well as jeju-
nal® and ileal duplications”™"’. These may be isolated con-
genital diverticulae that initially only appear for the first
time in the elderly®™. Interestingly, in several independent
reports, gastrointestinal stromal tumors (GISTs) compli-
cated the diverticulum or duplication and were respon-
sible for a superimposed focal intestinal perforation” ",
A number of unusual mesenteric vascular causes have
been described as a cause of small intestinal perforation.
Some include: giant cell arteritis, even as an isolated form
of the disease”™, Churg-Strauss syndrome (or allergic
granulomatous a«mgnns)[84 *I"and other forms of eosino-
philic enteritis®"*, Wegener’s granulomatosis charac-
terized by a necrotizing vasculitis with granulomatous
changes of the upper and lower respiratory tract and
associated glomerulonephritis™”” and Buerger’s disease
involving multiple sites within the small intestine”"!.
Finally, an intriguing patient with a concomitant meta-
bolic disorder has been recorded with spontaneous small
intestinal perforationlgzj. In an adult with documented
homocystinuria, spontaneous jejunal perforation pre-
sented emergently and efforts were made to exclude all
known other causes of perforation. The investigators
hypothesized that connective tissue weakness in homo-
cystinuria may be due to homocysteine interference with
recombinant human fibrillin-1 fragments or cross-linking
of collagen through permanent degradation of disulfide
bridges and lysine amino acid residues in proteins. DNA
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analysis showed three mutations in the cystathionine
beta-synthetase gene, including two new mutations. This
particular case may have special significance because it
raises the possibility that other cases, even those with
an apparent well-defined cause, may have an underlying
genetically-based predisposition to intestinal perforation,
possibly due to a mutation causing impaired connective
tissue structure, synthesis or repair.

CONCLUSION

A diverse group of causes of small intestinal perforation

have now been recorded in the literature and the list of
possible causes is slowly increasing. Once traumatic and
some of the more common causes have been excluded,
clinical attention may be focused on other small intes-
tinal disorders, such as CD and GSE, that may be ini-
tially presenting with peritonitis and an acute abdomen.
Utrgent surgical intervention will most often be needed,
however, consideration to other rare causes may help in
subsequent management, especially if the cause is not
immediately apparent during initial urgent diagnostic
evaluation or following surgical treatment.

REFERENCES

1  Rajagopalan AE, Pickleman J. Free perforation of the small
intestine. Ann Surg 1982; 196: 576-579 [PMID: 7125743 DOI:
10.1097/00000658-198211000-00011]

2 Ghosh SC, Nolan GJ, Simpson RR. A concealed small bowel
perforation in an adult secondary to bicycle handlebar trau-
ma. Ann R Coll Surg Engl 2013; 95: e69-e70 [PMID: 23676803
DOI: 10.1308/003588413X13511609957894]

3 Singh JP, Steward M]J, Booth TC, Mukhtar H, Murray D.
Evolution of imaging for abdominal perforation. Ann R Coll
Surg Engl 2010; 92: 182-188 [PMID: 20412668 DOI: 10.1308/0
03588410X12664192075251]

4 Arnheim EE. Regional enteritis with perforation, abscess
and peritonitis. ] Mt Sinai Hosp 1935; 2: 61-63

5 Greenstein AJ, Mann D, Sachar DB, Aufses AH. Free per-
foration in Crohn’s disease: I. A survey of 99 cases. Am |
Gastroenterol 1985; 80: 682-689 [PMID: 3898819]

6 Katz S, Schulman N, Levin L. Free perforation in Crohn’s
disease: a report of 33 cases and review of literature. Am |
Gastroenterol 1986; 81: 38-43 [PMID: 3510528]

7  Freeman H]J. Spontaneous free perforation of the small in-
testine in Crohn’s disease. Can | Gastroenterol 2002; 16: 23-27
[PMID: 11826334]

8  Ikeuchi H, Yamamura T. Free perforation in Crohn’s dis-
ease: review of the Japanese literature. | Gastroenterol 2002;
37:1020-1027 [PMID: 12522533 DOI: 10.1007/s005350200172]

9 Luo CH, Wexner SD, Liu QS, Li L, Weiss E, Zhao RH. The
differences between American and Chinese patients with
Crohn’s disease. Colorectal Dis 2011; 13: 166-170 [PMID:
19878519 DOI: 10.111/j.1463-1318.2009.020944.x]

10 Freeman HJ, Seal A, Li D. Laminated intestinal calculi, a
rare complication of Crohn's disease. Can | Gastroenterol
1995; 9: 13-16

11 Martens T, Sas S. Enteroliths in Crohn’s disease: a case re-
port. Acta Chir Belg 2010; 110: 552-554 [PMID: 21158334]

12 Castrellon A, Feldman PA, Suarez M, Spector S, Chua L,
Byrnes ]. Crohn’s disease complicated by primary gastroin-
testinal Hodgkin’s lymphoma presenting with small bowel
perforation. | Gastrointestin Liver Dis 2009; 18: 359-361 [PMID:
19795032]

August 7,2014 | Volume 20 | Issue 29 |



13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

JRaishideng®

Parikh DA, Parikh JA, Albers GC, Chandler CF. Acute
small bowel perforation after wireless capsule endoscopy in
a patient with Crohn’s disease: a case report. Cases | 2009; 2:
7607 [PMID: 19830002 DOI: 10.4076/1757-1626-2-7607]
Mocciaro F, Renna S, Solina G, Giunta M, Cottone M, Orlan-
do A. Unusual perforation after balloon dilation in a Crohn’
s disease patient: report of a case. | Crohns Colitis 2011; 5:
269-270 [PMID: 21575898 DOI: 10.1016/j.crohn’s.2011.02.013]
Ho GT, Mowat A, Potts L, Cahill A, Mowat C, Lees CW,
Hare NC, Wilson JA, Boulton-Jones R, Priest M, Watts DA,
Shand AG, Arnott ID, Russell RK, Wilson DC, Morris A],
Satsangi ]. Efficacy and complications of adalimumab treat-
ment for medically-refractory Crohn’s disease: analysis
of nationwide experience in Scotland (2004-2008). Aliment
Pharmacol Ther 2009; 29: 527-534 [PMID: 19183339 DOI:
10.111/j.1365-2036.2008.03919.x]

Lim CS, Moon W, Park SJ, Park MI, Kim HH, Kim ]JB, Choi
JM, Chang HK, Lee SH. A rare case of free bowel perfora-
tion associated with infliximab treatment for stricturing
Crohn’s disease. Korean | Gastroenterol 2013; 62: 169-173
[PMID: 24077628 DOI: 10.4166/kjg.2013.62.3.169]

Eshuis EJ, Griffioen GH, Stokkers PC, Ubbink DT, Bemel-
man WA. Anti tumour necrosis factor as risk factor for
free perforations in Crohn’s disease? A case-control study.
Colorectal Dis 2012; 14: 578-584 [PMID: 21848898 DOI:
10.111/j.1463-1318.2011.02764.x]

Freeman HJ, Weinstein WM, Shnitka TK, Piercey JR, Wensel
RH. Primary abdominal lymphoma. Presenting manifesta-
tion of celiac sprue or complicating dermatitis herpetiformis.
Am ] Med 1977; 63: 585-594 [PMID: 333913 DOI: 10.1016,/000
2-9343(77)90204-2]

Freeman HJ. Lymphoproliferative and intestinal malignan-
cies in 214 patients with biopsy-defined celiac disease. |
Clin Gastroenterol 2004; 38: 429-434 [PMID: 15100523 DOI:
10.1097/00004836-200405000-00008]

Freeman HJ. Free perforation due to intestinal lymphoma
in biopsy-defined or suspected celiac disease. ] Clin Gastro-
enterol 2003; 37: 299-302 [PMID: 14506386 DOI: 10.1097 /0000
4836-200310000-00007]

Weinstein WM, Saunders DR, Tytgat GN, Rubin CE. Col-
lagenous sprue--an unrecognized type of malabsorption.
N Engl ] Med 1970; 283: 1297-1301 [PMID: 5478450 DOI:
10.1056/NEJM197012102832401]

Freeman HJ. Collagenous mucosal inflammatory diseases of
the gastrointestinal tract. Gastroenterology 2005; 129: 338-350
[PMID: 16012959 DOI: 10.1053/j.gastro.2005.05.020]

Robert ME, Ament ME, Weinstein WM. The histologic spec-
trum and clinical outcome of refractory and unclassified
sprue. Am | Surg Pathol 2000; 24: 676-687 [PMID: 10800986
DOI: 10.1097/00000478-200005000-00006]

Freeman HJ. Collagenous sprue associated with an exten-
sive T-cell lymphoma. | Clin Gastroenterol 2003; 36: 144-146
[PMID: 12544198 DOI: 10.1097/00004836-200302000-00011]
Medlicott SA, Beck PL, Loken S, Crabtree T. Synchronous
collagenous sprue and enteropathy-type T cell lymphoma:
variants of the same disease. Can | Gastroenterol 2004; 18:
329-332 [PMID: 15152284]

Freeman HJ, Webber DL. Free perforation of the small in-
testine in collagenous sprue. World | Gastroenterol 2009; 15:
4446-4448 [PMID: 19764099 DOI: 10.3748 / wjg.15.4446]
Chirletti P, Caronna R, Arcese W, Iori AP, Calcaterra D,
Cartoni C, Sammartino P, Stipa V. Gastrointestinal emer-
gencies in patients with acute intestinal graft-versus-host
disease. Leuk Lymphoma 1998; 29: 129-137 [PMID: 9638982
DOI: 10.3109/10428199809058388]

Hewamana S, Austen B, Murray ], Johnson S, Wilson K.
Intestinal perforation secondary to haematopoietic stem
cell transplant associated thrombotic microangiopathy.
Eur | Haematol 2009; 83: 277 [PMID: 19467016 DOI: 10.111/
j-1600-0609.2009.01267.x]

WJG | www.wjgnet.com

9995

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

Freeman HJ. Free small bowel perforation

Aimoto M, Yamane T, Inoue A, Momose D, Moriguchi-
Aimoto R, Wada-Inoue E, Okamoto S, Koh H, Nakane T,
Takeoka Y, Akahori-Nakamae M, Nishiki-Kosaka S, Terada
Y, Nakamae H, Koh KR, Nakao T, Ohsawa M, Hino M.
[Epstein-Barr virus-associated post-transplant lymphopro-
liferative disorder diagnosed by the episode of intestinal
perforation following allogeneic hematopoietic stem cell
transplantation]. Rinsho Ketsueki 2010; 51: 1775-1780 [PMID:
21258188]

Lipton J, Patterson B, Mustard R, Tejpar I, Fyles G, Me-
harchand J, Messner H. Pneumatosis intestinalis with free
air mimicking intestinal perforation in a bone marrow
transplant patient. Bone Marrow Transplant 1994; 14: 323-326
[PMID: 7994250]

Laskowska K, Burzyriska-Makuch M, Krenska A, Kottan S,
Chrupek M, Nawrocka E, Lasek W, Serafin Z. Pneumatosis
cystoides interstitialis: A complication of graft-versus-host
disease. A report of two cases. Pol | Radiol 2012; 77: 60-63
[PMID: 22844311 DOI: 10.12659/PJR.882972]

Bang S, Park YB, Kang BS, Park MC, Hwang MH, Kim HK,
Lee SK. CMV enteritis causing ileal perforation in underly-
ing lupus enteritis. Clin Rheumatol 2004; 23: 69-72 [PMID:
14749990 DOI: 10.1007 /s10067-003-0825-z]

Yasunaga M, Hodohara K, Uda K, Miyagawa A, Kitoh K,
Andoh A, Okabe H, Ochi Y, Fujiyama Y, Bamba T. Small in-
testinal perforation due to cytomegalovirus infection in pa-
tients with non-Hodgkin’s lymphoma. Acta Haematol 1995;
93: 98-100 [PMID: 7639056 DOI: 10.1159/000204119]

Houin HP, Gruenberg JC, Fisher EJ, Mezger E. Multiple
small bowel perforations secondary to cytomegalovirus in a
patient with acquired immunodeficiency syndrome. Henry
Ford Hosp Med ] 1987; 35: 17-19 [PMID: 2824406]

Dunne JA, Wilson J, Gokhale J. Small bowel perforation
secondary to enteric Salmonella paratyphi A infection. BMJ
Case Rep 2011; 2011: pii: bcr0820103272 [PMID: 22696633
DOI: 10.1136/bcr.08.2010.3272]

Feurle GE, Moos V, Schinnerling K, Geelhaar A, Allers K,
Biagi F, Bldker H, Moter A, Loddenkemper C, Jansen A,
Schneider T. The immune reconstitution inflammatory syn-
drome in whipple disease: a cohort study. Ann Intern Med
2010; 153: 710-717 [PMID: 21135294 DOI: 10.7326/0003-4819
-153-11-201012070-00004]

Tan KK, Chen K, Sim R. The spectrum of abdominal tuber-
culosis in a developed country: a single institution’s experi-
ence over 7 years. | Gastrointest Surg 2009; 13: 142-147 [PMID:
18769984 DOI: 10.1007 /s11605-008-0669-6]

Seabra J, Coelho H, Barros H, Alves JO, Gongalves V, Ro-
cha-Marques A. Acute tuberculous perforation of the small
bowel during antituberculosis therapy. | Clin Gastroenterol
1993; 16: 320-322 [PMID: 8331267 DOI: 10.1097/00004836-19
9306000-00011]

Meir E, Leijs ], larchy J. Perforation due to ileocaecal tuber-
culosis. Acta Chir Belg 1999; 99: 253-255 [PMID: 10582078]
Flannery MT, Chapman V, Cruz-Gonzales I, Rivera M,
Messina JL. Ileal perforation secondary to histoplasmosis
in AIDS. Am ] Med Sci 2000; 320: 406-407 [PMID: 11149555
DOI: 10.1097/00000441-200012000-00010]

Bhattacharjee PK, Biswas PC, Ray D. Perforation of Meckel’
s diverticulum by roundworm. Indian | Gastroenterol 2005;
24: 25-26 [PMID: 15778523]

Ozer M, Ergul E, Donmez C, Sisman IC, Ulger BV, Kus-
demir A. Amebic perforation of small bowel: an unexpected
localization of a fatal complication. Bratisl Lek Listy 2009;
110: 59-60 [PMID: 19408834]

Leong RW, Chan FK. Drug-induced side effects affect-
ing the gastrointestinal tract. Expert Opin Drug Saf 2006; 5:
585-592 [PMID: 16774495 DOI: 10.1517 /14740338.5.4.585]
Zeino Z, Sisson G, Bjarnason I. Adverse effects of drugs
on small intestine and colon. Best Pract Res Clin Gastro-
enterol 2010; 24: 133-141 [PMID: 20227027 DOI: 10.1016/

August 7,2014 | Volume 20 | Issue 29 |



45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

JRaishideng®

Freeman HJ. Free small bowel perforation

j-bpg.2010.01.008]

Park SC, Chun HJ, Kang CD, Sul D. Prevention and man-
agement of non-steroidal anti-inflammatory drugs-induced
small intestinal injury. World | Gastroenterol 2011; 17:
4647-4653 [PMID: 22180706 DOI: 10.3748 / wjg.v17.142.4647]
Leijonmarck CE, Rif L. Ulceration of the small intestine due
to slow-release potassium chloride tablets. Acta Chir Scand
1985; 151: 273-278 [PMID: 4013604]

Farquharson-Roberts MA, Giddings AE, Nunn AJ. Perfo-
ration of small bowel due to slow release potassium chlo-
ride (slow-K). Br Med ] 1975; 3: 206 [PMID: 1148734 DOI:
10.1136/bm;.3.5977.206]

Tréchot P, Moore N, Bresler L, Castot A, Gay G, Netter P,
Royer R. Potassium chloride tablets and small bowel steno-
ses and perforations: two studies in the French Pharmaco-
vigilance system. Am | Gastroenterol 1994; 89: 1268 [PMID:
8053453]

Shaw MT, Spector MH, Ladman A]. Effects of cancer, ra-
diotherapy and cytotoxic drugs on intestinal structure and
function. Cancer Treat Rev 1979; 6: 141-151 [PMID: 394833
DOI: 10.1016/50305-7372(79)80066-3]

White RS, Fuqua WB, Barrett O. The effect of 5-fluorouracil
on small bowel mucosa. ] Surg Oncol 1971; 3: 501-506 [PMID:
5114102 DOI: 10.1002/js0.2930030504]

WESTON JT, GUIN GH. Epithelial atypias with chemo-
therapy in 100 acute childhood leukemias. Cancer 1955; 8:
179-186 [PMID: 13231050]

Menguy R. Surgical management of free perforation of the
small intestine complicating regional enteritis. Ann Surg
1972; 175: 178-189 [PMID: 5059602 DOI: 10.1097/00000658-1
97202000-00004]

Davila ML. Neutropenic enterocolitis: current issues in
diagnosis and management. Curr Infect Dis Rep 2007; 9:
116-120 [PMID: 17324348 DOI: 10.1007 /511908-007-0006-3]
ReMine SG, Mcllrath DC. Bowel perforation in steroid-
treated patients. Ann Surg 1980; 192: 581-586 [PMID:
7425698 DOI: 10.1097/00000658-198010000-00016]

TRIER JS. Morphologic alterations induced by methotrex-
ate in the mucosa of human proximal intestine. I. Serial
observations by light microscopy. Gastroenterology 1962; 42:
295-305 [PMID: 13922473]

Owen S, Chasen M. Chemotherapy-induced small bowel
perforation in a patient with extrapulmonary small-cell
carcinoma of the small bowel. Curr Oncol 2008; 15: 298-301
[PMID: 19079632]

Muraoka T, Tsukuda K, Toyooka S, Kagawa S, Naomoto
Y, Takemoto M, Katsui K, Kanazawa S, Maki Y, Masuda H,
Harada M, Asano H, Naito M, Miyoshi S. Ileal perforation
induced by acute radiation injury under gefitinib treatment.
Int J Clin Oncol 2011; 16: 774-777 [PMID: 21706125 DOI:
10.1007/510147-011-0249-8]

Cheon YH, Kim M], Kang MG, Kim HJ, Lee SS, Kim CY,
Jeon DH, Kim YE, Lee GW. Bowel perforation after erlotinib
treatment in a patient with non-small cell lung cancer. Yon-
sei Med ] 2011; 52: 695-698 [PMID: 21623617 DOI: 10.3349/
ym;j.2011.52.4.695]

Freeman HJ. Colitis associated with biological agents. World
] Gastroenterol 2012; 18: 1871-1874 [PMID: 22563166 DOI:
10.3748 /wjg.v18.i16.1871]

Lecarpentier E, Ouaffi L, Mir O, Berveiller P, Maurel M,
Pujade-Lauraine E, Bouillot JL, Veyrie N. Bevacizumab-
induced small bowel perforation in a patient with breast
cancer without intraabdominal metastases. Invest New
Drugs 2011; 29: 1500-1503 [PMID: 20676743 DOI: 10.1007/
510637-010-9505-4]

Sadatomo A, Koinuma K, Miki A, Horie H, Yasuda Y. [A
case of metachronous gastrointestinal perforation of a pa-
tient with metastatic rectal cancer during treatment with
bevacizumab-based chemotherapy]. Gan To Kagaku Ryoho
2013; 40: 943-945 [PMID: 23863742]

WJG | www.wjgnet.com

9996

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

Kaira K, Tomizawa Y, Yoshino R, Miura Y, Yoshii A, Iwasa-
kiY, KogaY, Ono A, Hisada T, Minato K, Sato K, Kazama T,
Ishihara S, Kohyama K, Fueki N, Saito R, Sunaga N. Phase
II study of oral S-1 plus cisplatin with bevacizumab for
advanced non-squamous non-small cell lung cancer. Lung
Cancer 2013; 82: 103-108 [PMID: 23927884 DOI: 10.1016/
jlungcan.2013.07.008]

Heimann DM, Schwartzentruber DJ. Gastrointestinal perfo-
rations associated with interleukin-2 administration. | Immu-
nother 2004; 27: 254-258 [PMID: 15076143 DOI: 10.1097 /00002
371-200405000-00010]

Mitchell KA, Kluger H, Sznol M, Hartman DJ. Ipilimumab-in-
duced perforating colitis. | Clin Gastroenterol 2013; 47: 781-785
[PMID: 23632354 DOI: 10.1097/MCG.0b013e31828f1d51]
Smith FO, Goff SL, Klapper JA, Levy C, Allen T, Mavrou-
kakis SA, Rosenberg SA. Risk of bowel perforation in pa-
tients receiving interleukin-2 after therapy with anti-CTLA
4 monoclonal antibody. | Immunother 2007; 30: 130 [PMID:
17198092 DOI: 10.1097/01.¢ji.0000211334.06762.89]

Dag MS, Pehlivan Y, Tutar E, Kisacik B. Rituximab seems
a promising therapeutic option in granulomatosis with
polyangiitis with intestinal perforation: a case report and lit-
erature review. BM] Case Rep 2013; 2013: pii: bcr2012007518
[PMID: 23345478 DOI: 10.1136/ ber-2012-007518]

Sager GF. Primary malignant tumors of the small intestine.
A twenty-two year experience with thirty patients. Am |
Surg 1978; 135: 601-603 [PMID: 637208 DOI: 10.1016/0002-9
610(78)90044-2]

Kelemen K, Yu QQ, Howard L. Small intestinal angiosarco-
ma leading to perforation and acute abdomen: a case report
and review of the literature. Arch Pathol Lab Med 2004; 128:
95-98 [PMID: 14692839]

Sager GF. Primary malignant tumors of the small intestine.
A twenty-two year experience with thirty patients. Am |
Surg 1978; 135: 601-603 [PMID: 22641357 DOI: 10.1002/
ajh.23213]

Vaidya R, Habermann TM, Donohue JH, Ristow KM, Mau-
rer MJ, Macon WR, Colgan JP, Inwards DJ, Ansell SM, Por-
rata LF, Micallef IN, Johnston PB, Markovic SN, Thompson
CA, Nowakowski GS, Witzig TE. Bowel perforation in intes-
tinal lymphoma: incidence and clinical features. Ann Oncol
2013; 24: 2439-2443 [PMID: 23704194 DOI: 10.1093 / annonc/
mdt188]

Shih LY, Liaw SJ, Dunn P, Kuo TT. Primary small-intestinal
lymphomas in Taiwan: immunoproliferative small-intes-
tinal disease and nonimmunoproliferative small-intestinal
disease. | Clin Oncol 1994; 12: 1375-1382 [PMID: 8021727]
Sun J, Lu Z, Yang D, Chen J. Primary intestinal T-cell and
NK-cell lymphomas: a clinicopathological and molecular
study from China focused on type II enteropathy-associated
T-cell lymphoma and primary intestinal NK-cell lymphoma.
Mod Pathol 2011; 24: 983-992 [PMID: 21423155 DOI: 10.1038/
modpathol.2011.45]

Ise N, Kotanagi H, Morii M, Yasui O, Ito M, Koyama K,
Sageshima M. Small bowel perforation caused by metastasis
from an extra-abdominal malignancy: report of three cases.
Surg Today 2001; 31: 358-362 [PMID: 11321350 DOI: 10.1007/
s005950170161]

Shiraishi M, Hiroyasu S, Nosato E, Shimoji H, Kusano T,
Muto Y. Perforation due to metastatic tumors of the ileoce-
cal region. World | Surg 1998; 22: 1065-1068 [PMID: 9747168
DOI: 10.1007 /s002689900518]

Aoyagi Y, Matsuda K, Shimada R, Horiuchi A, Shibuya H,
Nakamura K, linuma H, Hayama T, Yamada H, Nozawa K,
Ishihara S, Watanabe T. Perforation of the small bowel due
to metastasis from tongue cancer. Int Surg 2011; 96: 90-93
[PMID: 21675628]

Kawasaki A, Mimatsu K, Oida T, Kanou H, Kuboi Y, Fuki-
no N, Amano S. Small intestinal perforation due to metasta-
sis of breast carcinoma: report of a case. Surg Today 2011; 41:

August 7,2014 | Volume 20 | Issue 29 |



77

78

79

80

81

82

83

84

JRaishideng®

698-700 [PMID: 21533944 DOI: 10.1007 /500595-010-4345-6]
Gocho K, Isobe K, Kaburaki K, Honda Y, Mitsuda A, Aka-
saka Y, Shimada N, Takagi K, Homma S. Malignant pleural
mesothelioma presenting as an acute surgical abdomen due
to metastatic jejunal perforation. Intern Med 2010; 49: 597-601
[PMID: 20228599 DOI: 10.2169/ internalmedicine.49.2859]
Alwhouhayb M, Mathur P, Al Bayaty M. Metastatic mela-
noma presenting as a perforated small bowel. Turk | Gastro-
enterol 2006; 17: 223-225 [PMID: 16941260]

Sozen S, Tuna O. A rare case of perforated Meckel’s diver-
ticulum presenting as a gatrointestinal stromal tumor. Arch
Iran Med 2012; 15: 325-327 [PMID: 22519385]

Shoji M, Yoshimitsu Y, Maeda T, Sakuma H, Nakai M, Ueda
H. Perforated gastrointestinal stromal tumor (GIST) in a true
jejunal diverticulum in adulthood: report of a case. Surg Today
2013; Epub ahead of print [PMID: 24052432 DOI: 10.1007/
500595-013-0732-0]

Furuya K, Hada M, Sugai H, Miyasaka Y, Nakagomi H,
Oyama T, Mitsui T. Gastrointestinal stromal tumor arising
in an ileal duplication: report of a case. Surg Today 2012; 42:
1234-1239 [PMID: 22307903 DOI: 10.1007 /s00595-012-0135-7]
Butler JS, Collins CG, McEntee GP. Perforated jejunal di-
verticula: a case report. | Med Case Rep 2010; 4: 172 [PMID:
20525399 DOI: 10.1186/1752-1947-4-172]

Smith JA, O’Sullivan M, Gough ], Williams BD. Small-in-
testinal perforation secondary to localized giant-cell arteritis
of the mesenteric vessels. Br | Rheumatol 1988; 27: 236-238
[PMID: 3378127 DOI: 10.1093 / rheumatology /27.3.236]
Kurita M, Niwa Y, Hamada E, Hata Y, Oshima M, Mutoh
H, Shiina S, Nakata R, Ota S, Terano A. Churg-Strauss syn-
drome (allergic granulomatous angiitis) with multiple per-
forating ulcers of the small intestine, multiple ulcers of the
colon, and mononeuritis multiplex. | Gastroenterol 1994; 29:

WJG | www.wjgnet.com

9997

85

86

87

88

89

90

91

92

Freeman HJ. Free small bowel perforation

208-213 [PMID: 8012511 DOI: 10.1007/ BF02358685]
Felt-Bersma RJ, Meuwissen SG, van Velzen D. Perforation
of the small intestine due to eosinophilic gastroenteritis. Am
] Gastroenterol 1984; 79: 442-445 [PMID: 6731416]

Walia HS, Abraham TK, Walia HK. Eosinophilic enteritis with
perforation. Can | Surg 1988; 31: 268-269 [PMID: 3390775]
Sharma MC, Safaya R, Sidhu BS. Perforation of small intes-
tine caused by Churg-Strauss syndrome. | Clin Gastroenterol
1996; 23: 232-235 [PMID: 8899510 DOI: 10.1097/00004836-19
9610000-00017]

Murakami S, Misumi M, Sakata H, Hirayama R, Kubojima
Y, Nomura K, Ban S. Churg-Strauss syndrome manifesting
as perforation of the small intestine: report of a case. Surg
Today 2004; 34: 788-792 [PMID: 15338357 DOI: 10.1007/
$00595-004-2817-2]

Geraghty J, Mackay IR, Smith DC. Intestinal perforation in
Wegener’s granulomatosis. Gut 1986; 27: 450-451 [PMID:
3957113 DOI: 10.1136/ gut.27.4.450]

Samim M, Pronk A, Verheijen PM. Intestinal perforation as
an early complication in Wegener’s granulomatosis. World
] Gastrointest Surg 2010; 2: 169-171 [PMID: 21160868 DOI:
10.4240/wjgs.v2.i5.169]

Kurata A, Nonaka T, Arimura Y, Nunokawa M, Terado Y,
Sudo K, Fujioka Y. Multiple ulcers with perforation of the
small intestine in buerger’s disease: a case report. Gastroen-
terology 2003; 125: 911-916 [PMID: 12949735 DOI: 10.1016/
50016-5085(03)01065-5]

Muacevié-Katanec D, Kekez T, Fumi¢ K, Bari¢ I, Merkler M,
Jaki¢-Razumovié J, Krznaric¢ Z, Zadro R, Katanec D, Reiner Z.
Spontaneous perforation of the small intestine, a novel man-
ifestation of classical homocystinuria in an adult with new
cystathionine beta-synthetase gene mutations. Coll Antropol
2011; 35: 181-185 [PMID: 21661368]

P- Reviewer: Annibale B, Gassler N, Lorenzo-Zuniga V
S- Editor: Ma Y] L-Editor: A E- Editor: Liu XM

August 7,2014 | Volume 20 | Issue 29 |



JRnishideng®

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wijgnet.com/esps/helpdesk.aspx
http:/ /www.wjgnet.com

ISSN1007-9327

H‘” m Il
© 2014 Baishideng Publishing Group Inc. All rights reserved.




