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Abstract Ischaemic colitis (IC) is the most common form of ischaemic injury to the
gastrointestinal (GI) tract. IC typically presents with the sudden onset of
lower abdominal pain, cramping and rectal bleeding, and is usually self-
limited with low morbidity, although it may cause gangrenous or fulminant
colitis, especially when the right colon is involved. Multiple medical condi-
tions, as well as several pharmacological agents, are associated with IC, in-
cluding irritable bowel syndrome (IBS) and drugs used for its treatment that
act on gut serotonin 5-HT receptors. These include the selective 5-HT3 re-
ceptor antagonist alosetron, currently approved for the treatment of severe
diarrhoea-predominant IBS in women who fail to respond to conventional
treatment, and cilansetron, another 5-HT3 receptor antagonist that is no
longer in clinical development. In addition, the 5-HT4 receptor partial agonist
tegaserod, which was approved for the treatment of constipation-predominant
IBS in women, was associated with IC in the postmarketing setting, as was
renzapride, a 5-HT4 agonist/5-HT3 antagonist.

Although several hypotheses have been proposed, the pathophysiological
basis for development of IC with 5-HT3 receptor antagonists or 5-HT4 re-
ceptor agonists remains unknown. Of interest, several population-based
studies demonstrated that a diagnosis of IBS (independent of serotonergic
therapies) increases the risk of developing IC 2- to 4-fold. As a result, IBS
patients with the acute onset of abdominal pain, tenderness, diarrhoea or
lower intestinal bleeding, especially those with predisposing conditions or
medications, should be evaluated promptly for IC. The management of IC
remains supportive; most cases of non-gangrenous IC, as seen in the alosetron
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and tegaserod databases, have been transient and have resolved sponta-
neously without complications or death.

Despite the small number of deaths associated with alosetron in patients
with complications of constipation and because of the ongoing requirement
to prescribe alosetron under a risk management plan, misconceptions persist
regarding the definition, incidence, severity and outcome of IC in clinical
trials and the postmarketing setting. In this article, the frequency and clinical
characteristics of IC associated with the use of alosetron and other sero-
tonergic agents are examined, evidence of an association between IC and IBS
is reviewed, and a scoring system to aid in the diagnosis of IC in any clinical
situation is proposed.

Ischaemic colitis (IC) is the most common
form of ischaemic injury of the gastrointestinal
(GI) tract,[1] occurring in the general population
with an incidence of 4.5–44 cases per 100 000
person-years.[2,3] The actual incidence is likely
higher, however, as many patients with mild or
transient disease do not seek medical attention,[4]

and the diagnosis in others may be missed or at-
tributed to other causes of acute colitis.[1,5]

IC encompasses a wide clinical spectrum of large
bowel injury, including reversible, transient segmen-
tal colitis, acute transmural necrosis (gangrenous
colitis), chronic colitis with stricture formation
and fulminant colitis.[1] The most characteristic

clinical presentation of IC includes the acute onset
of lower abdominal pain, cramping, and bloody
diarrhoea or haematochezia.[6,7] Severe lower GI
bleeding that requires transfusion is atypical in
IC patients and points to a need to consider other
diagnoses.

The term IC has been part of the medical lex-
icon for decades, although it is recognized as
being quite non-specific, and some authors use
other terms such as ‘colon ischaemia’[1] or ‘acute
large bowel ischaemia’ (ALBI).[8,9] However, the
term IC is preferred when searching the literature
or clinical databases using International Classifi-
cation of Diseases (9th edition) [ICD-9] codes,

Table I. Characteristics of acute mesenteric ischaemia, chronic mesenteric ischaemia and ischaemic colitis

Acute mesenteric ischaemia Chronic mesenteric ischaemia Ischaemic colitis

Clinical presentation

Abdominal pain severe enough

to elicit physician attention and

persists >2–3 h[4,7]

Clinical picture not suggestive

of other abdominal problems

(e.g. cholecystitis,

diverticulitis)[7]

Generalized abdominal pain that begins shortly

after meals and persists for 1–3 h; increases in

severity over wk to mo[4,7]

Marked weight loss[4,7]

Typically transient and self-limited, without sequelae[4]

Mild to moderate abdominal pain, diarrhoea or lower

intestinal bleeding with minimal to moderate abdominal

tenderness[4,7]

Abdominal pain (87%), rectal bleeding (84%),

diarrhoea (56%) and vomiting (30%)[9]

87% left-sided, 9.4% right-sided, 2.4% bilateral and

1.2% transverse only[9]

Prognosis

Mortality 59–93%
(average 71%)[4]

Substantial risk of incapacitation or acute

thrombosis of an involved vessel[4]

Few patients require surgery; surgical

revascularization has a success rate of

59–100% and a recurrence rate of 0–26.5%,

and percutaneous transluminal mesenteric

angioplasty has success rates of 63–100% and

a recurrence rate of 10–67%[4]

5-y survival rates for patients who survive

surgical revascularization: 81–86%[4]

Most patients improve and recover over 1–2 wks[1] and

do not require medical attention[4]

Among the minority of patients requiring hospitalization,

88% of episodes that preceded admission did not

require surgery, were not fatal and patients were

hospitalized for 2 d[9]

50% with bilateral, 36% with right-sided and 3% with

left-sided ALBI required surgery[9]

Mortality higher in ALBI beginning after hospitalization

(33%) vs those with ALBI before hospitalization (2%)[9]

ALBI = acute large bowel ischaemia.
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and IC is the term used by the US FDA.[10,11]

Some physicians equate IC with conditions such
as acute mesenteric ischaemia (AMI) or chronic
mesenteric ischaemia (CMI);[12] however, AMI
and CMI are frequently associated with serious
morbidity (e.g. need for surgical resection), and
AMI is associated with high mortality rates.[4,7,12]

In contrast, the majority of cases of IC resolve
spontaneously without specific medical interven-
tion.[4] Both IC and AMI risk is increased in pa-
tients with generalized atherosclerosis and heart
failure.[13,14] The serotonergic therapies used to
treat IBS have been associated with IC but have
not been shown to cause AMI or CMI. Table I
describes the clinicopathological characteristics
that distinguish AMI, CMI and IC.

IC can be classified as either non-gangrenous
or gangrenous.[6,15,16] Non-gangrenous IC involves
the mucosa and submucosa of the left colon (ty-
pically the splenic flexure or sigmoid colon) and
accounts for 80–90% of all cases.[1,6,8,9,16,17] Non-
gangrenous IC can be further classified into a
reversible or non-reversible form. The reversible,
transient form of IC is associated with less severe
injury than the non-reversible form, which is less
common and is characterized by more extensive
injury that may result in a chronic segmental co-
litis with stricture formation, often with damage
penetrating the muscularis propia.[6] This gang-
renous form of the disease accounts for the re-
maining 10–20% of cases of IC and usually arises
in the right colon or bilateral colonic segments
from vascular occlusion or co-morbid illnesses
while the patient is already hospitalized.[6,8,18]

These patients often present with sepsis and shock
related to the more severe nature of the abdom-
inal pathology.[6]

Many factors have been associated with an
increased risk for developing IC. Genetic factors
have been proposed to play a role in its develop-
ment in patients aged <55 years who have no other
serious illnesses. Theodoropoulou and colleagues[19]

found that the 506 Q allele of the factor VR506 Q
(Leiden) mutation and the mutant 4G allele of
plasminogen-activating inhibitor-1 were signif-
icantly associated with IC compared with wild-
type genes in healthy controls (p = 0.005 for both
comparisons), perhaps by leading to a hyperco-

agulable state. Strenuous physical exercise, such
as running a marathon[20,21] or long-distance cy-
cling, has also been implicated in the develop-
ment of IC,[22] as has the use of both therapeutic
pharmacological agents and illicit drugs (table II).
Whereas several pharmacological agents have
been associated with IC,[1,4,8,23,24] Longstreth and
Yao[8] found that the drugs dispensed most com-
monly to 379 patients with ALBI were antihyper-
tensives (75%), opioids (33%), statins (30%), female
hormones (29.4%) and potentially constipating
non-opioids (26.4%), all of which were taken by a
statistically significantly greater number of IC

Table II. Pharmacological agents associated with ischaemic

colitis[8,23,24]

Class Examples of specific agentsa

Analgesics NSAIDs

Antihypertensives ACE inhibitors, angiotensin-receptor

blockers, b-blockers, calcium channel

blockers

Antibacterials Amoxicillin, ampicillin, macrolides,

cephalosporins, chloramphenicol,

fluoroquinolones, tetracycline, doxycycline

Appetite

suppressants

Phentermine

Chemotherapeutics Vinca alkaloids, taxanes

Constipation-inducing

medications

Opioids, anticholinergics, loperamide,

many others possible

Decongestants Pseudoephedrine

Cardiac glycosides Digitalis

Diuretics Etacrynic acid, furosemide

Ergot alkaloids Ergotamine, methysergide

Hormonal therapies Estrogens with progesterone, danazol,

flutamide

Illicit drugs Cocaine, amphetamine

Immunosuppressive

agents

Interferon-a, cyclosporine, prednisone,

azathioprine, mercaptopurine

Laxatives Sodium polystyrene (kayexalate) in

sorbitol, magnesium citrate/sodium

phosphate, bisacodyl, glycerin enemas

Psychotropic

medications

Barbiturates, tricyclic antidepressants,

chlorpromazine

Serotonin

agonists/antagonists

Alosetron, tegaserod, sumatriptan

Statins Simvastatin

Vasopressors Dopamine, adrenaline (epinephrine),

noradrenaline (norepinephrine),

vasopressin

a A more complete listing of individual agents is contained in the

source references.[8,23,24]
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patients than non-IC controls. Drugs that ap-
peared to have an independent association with
IC in men and women were antibiotics, opioids
and non-opioid agents that can cause constipa-
tion.[8] Drugs that were independently associated
with IC among women only were antibiotics, fe-
male hormones, opioid analgesics and potentially
constipating non-opioid drugs.[8]

Numerous medical and surgical conditions, in-
cluding irritable bowel syndrome (IBS), can increase
the risk of developing IC (table III).[4-6,8,13,22,24-27]

Factors that were independently associated
with IC among women in the series reviewed by
Longstreth and Yao[8] included hypertension,
rheumatoid arthritis, chronic obstructive pulmo-
nary disease, congestive heart failure, atrial fibrilla-
tion, diabetes mellitus and IBS.

Interest in IC has increased over the past decade,
in part as a result of the attention the disorder
received after the approval, subsequent withdrawal
and reintroduction of the serotonin 5-HT3 re-
ceptor antagonist alosetron for the treatment of
diarrhoea-predominant IBS.[28,29] Indeed, prior
to November 1997, the FDA Adverse Event Re-
porting System (AERS) database did not even
include the search term ‘ischaemic colitis’.[30]

Despite safety precautions instituted to allow the
reintroduction of alosetron, a number of miscon-
ceptions persist with respect to the IC associated
with this agent and IBS in general. In addition,
recent evidence has established a link between
IBS and IC[2,3,27,28,31,32] that suggests that ICmay
be part of the natural history of IBS itself.[29]

In this article, evidence of the association be-
tween IC, IBS and the serotonergic drugs used to
manage IBS is reviewed, clinical characteristics of
and risk factors in patients developing IC while
receiving these specific agents are examined, and
a scoring system to aid in the clinical diagnosis of
IC is proposed.

1. Epidemiological Evidence of an
Association Between Ischaemic Colitis
(IC) and Irritable Bowel Syndrome (IBS)

Questions were raised initially about the quality
of the studies used to establish an association
between IBS and IC, arising from methodological
issues (e.g. the use of relatively non-specific ICD
codes to identify both IBS and IC cases) or the
potential for the misdiagnosis of IC as IBS (where
mild IC and IBS symptoms may overlap);[10,33,34]

however, the link has become more widely ap-
preciated as epidemiological evidence has mounted
(tables IV and V).[3,8,11,18,27,28,31,32,35,36] In parti-
cular, Cole and colleagues[32] analyzed medical
claims data from a large US health maintenance
organization and compared the rate of IC in
patients with IBS with the rate in the general
population. The analysis included 87 449 per-
sons with a diagnosis of IBS (based on ICD-9
coding) from January 1995 to December 1999. The
diagnosis of IC in these cases was substantiated
after a review of medical records in which diag-
nostic studies confirmed the diagnosis. Overall,

Table III. Medical/surgical conditions predisposing patients to

ischaemic colitis[6,8,11,13,22,25,26]

Risk factors Specific conditions or states

Shock Cardiac failure, sepsis, anaphylaxis

Hypovolaemia Diuretics, haemodialysis

Cardiovascular Diabetes mellitus, amyloidosis,

rheumatoid arthritis, hypertension,

hyperlipidaemia, congestive heart failure,

atrial fibrillation

Vasculitis, collagen

vascular disorders

System lupus erythematosus,

polyarteritis nodosa, rheumatoid arthritis,

scleroderma, Takayasu’s arteritis, allergic

granulomatosis, Thromboangiitis

obliterans, Buerger’s disease

Colon obstruction Colon cancer, stricture, diverticular

disease, impaction, constipation, volvulus

Malignancy Colon carcinoma

Gastrointestinal

conditions

Irritable bowel syndrome

Haematological

disorders

Sickle cell disease, protein C and

protein S deficiencies

Thrombosis Arterial embolus, cholesterol embolus,

colectomy with inferior mesenteric artery

ligation, post-abdominal aortic

reconstruction

Mesenteric venous

thrombosis

Hypercoagulable states, portal

hypertension, pancreatitis

Surgery Abdominal, aortic or cardiovascular

surgery

Other causes Abdominal trauma, long-distance

running/cycling, chronic obstructive

pulmonary disease
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Table IV. Incidence of ischaemic colitis (IC) and association with irritable bowel syndrome (IBS)

Reference, y Population or data source IBS diagnostic criteria and

exclusions

IC diagnostic criteria and exclusions Chart review

(yes/no)

Incidence of IC

Singh et al.,

2004[35]

Medi-Cal 1995–2002 Patient claims data

Excluded patients on

alosetron or tegaserod

Patient claims data Not stated 1.79 per 1000 patient-y vs

0.47 per 1000 patient-y

among non-IBS patients

Cole et al.,

2004[32]

Medical claims data from

UnitedHealthcare�

database between

January 1995 and

December 1999

ICD-9 code 564.1 of

‘‘irritable colon’’ excluding

patients with Crohn’s

disease, ulcerative colitis,

colorectal cancer, chronic

pancreatitis or pancreatic

cancer, liver cirrhosis, celiac

disease, other intestinal

malabsorption syndromes

or ovarian cancer

IC patients identified by ICD-9 code 557 for

‘‘vascular insufficiency of the intestine’’ with

diagnostic studies including endoscopic,

radiographic, surgical and/or histopathological

observations being necessary for confirmation of IC

Exclusions were Crohn’s disease, ulcerative colitis

(or routine dispensing of a 5-aminosalicylate drug),

a small bowel resection or Clostridium difficile

diarrhoea or colitis within 14 d before or after the

557 code diagnosis was submitted

No 42.8 per 100 000 patient-y

Walker et al.,

2004[28]

UnitedHealthcare�

1995–1999

IBS diagnosis based on

insurance diagnostic codes

IC case identification based on insurance diagnosis

and procedure codes

No 0.4 per 1000 patient-y for

IBS patient vs 0.01 per

1000 patient-y among

non-IBS patients

Sotiriadis et al.,

2007[18]

Hospitalized patients with

colon ischaemia between

1998 and 2005

NA ICD-9 codes 557.0, 557.1 or 557.9 identified patients

with diagnoses of mesenteric ischaemia or infarction,

bowel ischaemia or infarction, or IC, respectively

Only biopsy-proven cases of IC were included

Excluded patients aged <20 y or with a prior history of

colonic resection, bowel obstruction, recent or

concurrent colonic or pelvic cancer, Crohn’s disease,

ulcerative colitis or mesenteric ischaemia without

colon involvement

Yes, retrospective

review of

computerized

records

3 per 1000 hospital

admissions

Hervé et al.,

2009[31]

Hospitalized patients with

first episode of IC vs peptic

ulcer disease (January

1999– December 2003)

matched for sex and 10-y

age class

Rome II criteria and based

on file exam

Standardized self-

questionnaire

Potential cases derived from ICD-10 codes K55.0

‘‘acute disorders of intestine’’ and K55.8

Definite diagnosis based on clinical, endoscopic

and, when possible, histological criteria; otherwise

patients were excluded

Exclusion criteria also included prior IC episode,

recent vascular surgery, infectious colitis, antibiotic

treatment or intensive care unit stay

Yes 16.9% of 113 IC patients

(vs 1.8% of controls) had

IBS

Zou et al.,

2009[36]

85 consecutive patients

diagnosed at a medical

school-affiliated hospital

endoscopy centre between

March 2005 and April 2008

NA IC diagnosed from clinical, colonoscopic and

pathological findings, partly combined with

abdominal computed tomography, plain abdominal

radiography and angiography

Patients with IBD and C. difficile colitis were excluded

No, retrospective

review

7.1% of 85 patients had

IBS
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740 cases of IC were identified among 5.4 million
people observed for 8.5 million person-years. The
crude incidence of IC was 42.8 cases per 100 000
person-years in patients with IBS compared
with 7.2 cases per 100 000 person-years in the
general population. After adjusting for age, sex
and calendar year, the incidence of IC was found
to be 3.4-fold greater among patients with IBS
than among those without the diagnosis (95% CI
2.6, 4.5).[32]

In a later analysis, Suh and colleagues[3] esti-
mated the relative risk for IC among patients
with and without IBS or constipation in a review
of data from the MarketScan� research data-
bases, which include medical services and pre-
scription data from approximately 100 insurance
companies. In this analysis, data extraction was
carried out from 1 January 1999 to 31 December
2002 for patients with diagnoses of IBS or con-
stipation, or diagnoses of IC based on ICD-9
codes. Patients were excluded from the IBS cohort
if they had a constipation co-morbidity during
this study period, and were excluded from the
analysis if they had IC and received a serotonergic
agent at any time during the study period. The
two case cohorts – patients with IBS (n = 11 492)
and patients with constipation (n = 9996) – were
each matched 1 : 1 to a control group consisting
of patients who did not have the relevant disease
and who had at least one physician visit and
at least one prescription filled during the index
period (1 January 2000 to 31 December 2001).
These patients were followed from the index date
(date of doctor visit) until the end of the study
period (31 December 2002). The relative risk for
IC was found to be 3.17-fold (95% CI 1.27, 7.93)
higher for patients with IBS.[3]

Singh and colleagues[35] performed a population-
based study on 37 271 persons aged >18 years
with IBS enrolled in Medi-Cal (the Medicaid
programme for California) between 1995 and
2002 to determine the incidence rate of IC. These
patients, representing >146 000 patient-years of
observation, were compared with 1 264 503 non-
IBS individuals serving as controls, representing
nearly 3.7 million person-years of observation.
IBS and IC were identified using diagnosis codes
from patient claims data, and any patient whoT
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had received alosetron or tegaserod was excluded.
The investigators identified 262 cases of IC
among the IBS patients for a calculated IR of
1.79 per 1000 patient-years. In contrast, the in-
cidence rate of IC for non-IBS controls was 0.47
per 1000 person-years. Adjusted for age and sex,
the IBS group was noted to have a 3.15 increased
risk of developing IC compared with the control
population (95% CI 2.5, 3.9). A correlation was
present between age and IC. The IR was 0.77
among those aged 20–25 years and 2.76 among
those aged ‡80 years. In comparison, the respec-
tive incidence rates based on age in the control
population were 0.15 and 1.49; however, the re-
lative risk of IC was found to decrease with age,
from 5.3 at age 20–25 years to 1.84 at age ‡80 years.

A retrospective case-control study was carried
out to assess risk factors associated with IC by
analyzing medical managed care claims data
from the HealthCore Managed Care Database
from 1 January 2000 to 31 May 2005.[27] Patients
with IC were identified using ICD-9 codes and
were matched in a 1 : 4 ratio with control patients
who had at least one physician visit during this
time; patients who filled a prescription for alose-
tron or tegaserod at any time during the study
were excluded. Overall, 1754 patients with IC
were matched with 6970 controls. Multivariate
conditional logistical regression modelling iden-
tified IBS as an independent predictor of IC.
Patients with IC were twice as likely as those
without IC to have had a diagnosis of IBS (odds
ratio [OR] 2.01; 95% CI 1.62, 2.48) and were
1.62-fold more likely to have had a diagnosis of

constipation (95% CI 1.34, 1.96). A statistically
significant interaction emerged between age and
prior IBS on risk for IC. Among patients aged
<43 years, those with IC were >6-fold as likely to
have been diagnosed with IBS as patients without
IC. The authors suggested that age-related car-
diovascular morbidity and antidiarrhoeal use may
have masked the relationship between IC and IBS
in older patients.[27] These findings are in agree-
ment with those of other case series that identified
a similarly increased risk of IBS in patients with
IC.[8,27]

A multicentre, retrospective, case-control study
compared the frequency of IBS in 113 patients
hospitalized at five university hospitals in France
for a first episode of IC with that in a control
group of 113 patients matched for sex and 10-year
age class and hospitalized for a first episode of
peptic ulcer bleeding.[31] The diagnosis of IBS was
based on a thorough review of medical records
and a standard questionnaire, not simply on ICD
coding. Missing data prompted the exclusion of
26 patients (24 IC patients and 2 controls), leav-
ing 87 case-control pairs. Their analysis showed
that the prevalence of IBS was 16.9% in patients
with IC versus 1.8% in controls, and the risk of
IBS was 11.05-fold greater among patients with
IC than among controls (p < 0.001; 95% CI 2.45,
49.74). When only the 87 case-control pairs with-
out missing data were considered, the risk of IBS
was 7.5-fold greater among patients with IC than
among controls (p= 0.002; 95% CI 1.72, 32.80).[31]

A secondary, conservative analysis in all 113 pairs
(that assumed all IC patients with missing data

Table V. Odds ratios for the increased association of irritable bowel syndrome with ischaemic colitis

Reference, y Patient population OR (95% CI)

Cole et al., 2004[32] Medical claims data 3.39 (2.57, 4.48)

Walker et al., 2004[28] UnitedHealthcare� claims database 2.75 (1.94, 3.90)

Singh et al., 2004[35] Medi-Cal population 3.15 (2.5, 3.9)

Suh et al., 2007[3] MarketScan database 3.17 (1.27, 7.93)

Chang et al., 2008[27] HealthCore database 2.01 (1.62, 2.48)

Hervé et al., 2009[31] Hospitalized patients 7.5a (1.72, 32.80)–11.05b (2.45, 49.74)

Longstreth and Yao, 2010[8] Hospitalized patients 2.72 (1.04, 7.14) [in women only]

a OR excluding patients with missing data.

b OR based on 87 paired cases and controls with full data availability.

OR = odds ratio.
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did not have IBS and that all controls with miss-
ing data had IBS) found a significantly greater
risk of IBS in patients with IC (prevalence 13.3%
in IC patients vs 3.5% in controls; OR 4.17; p< 0.02;
95% CI 1.34, 12.99).[31] This represented the first
multicentre study that established a reliable link be-
tween IBS and IC based on complete analysis of
medical records, as opposed to case analysis by ex-
amination of ICD coding alone,[31] and confirmed
data from earlier studies that showed an increased
risk of IBS in patients with IC.

The increased risk of IC in patients with IBS in
the studies cited previously was independent of
serotonergic therapies since it was observed in
studies that excluded patients being treated with
these agents, or where similar studies were con-
ducted before these agents became available. The
role of serotonergic therapies in any alteration of
colonic blood flow that may lead to IC remains
unclear. However, numerous studies using real-
world, clinical practice data have demonstrated
that IBS itself is an independent risk factor for
IC. This is reflected in population-based, case-
control studies suggesting that patients with IBS
are approximately 2- to 4-fold more likely to de-
velop IC than those without IBS. While the
strength of these retrospective population-based
studies can be challenged, it must be noted that
the increased risk of IC was observed even when
the diagnoses of IC and IBS were based on a
thorough review of individual medical files rather
than reliance on ICD-9 coding alone, suggesting
that the relationship between IC and IBS is not
merely an artifact of inaccurate diagnosis and
coding.[31] In a study of 700 IC patients diagnosed
between 1995 and 1999 (compared with 6440 con-
trols), the adjusted OR for IBS as a cause of IC was
2.75. If the diagnosis of IBS was made within the
preceding 6months of IC, the incidence of IC in this
population was 7.9% versus 1.1% among controls,
IBS being second only to congestive heart failure/
ischaemic heart disease as a recent risk factor.[28]

2. Association of IBS-Targeted Treatments
With IC

Many commonly used pharmacological agents
have been implicated in the development of IC,

including triptans, NSAIDs, antibiotics, diuretics,
amphetamines and barbiturates among others
(table II).[8,23,24] IBS-targeted medications, includ-
ing alosetron and tegaserod, have also been asso-
ciated with IC. Alosetron is a potent and selective
5-HT3 receptor antagonist used in the treatment
of diarrhoea-predominant IBS in women.[37-39]

After the introduction of alosetron in early 2000,
80 reports of IC and 100 cases of serious com-
plications of constipation (including two deaths
in the latter subgroup) were reported, prompting
the voluntary withdrawal of alosetron from the
US market in late 2000.[10] Of interest, the FDA’s
AERS listed alosetron as the leading drug sus-
pected as causing IC in the fall of 2000, despite its
having been on the market for <1 year. Alosetron
was responsible for 27% of all reports of IC re-
ported between November 1997 (when IC was
introduced as a search term in the database) and
October 2000. Sumatriptan accounted for 7% of
cases, Premarin� (conjugated estrogens) accounted
for 4% and all other drugs (78 in total) accounted
for 62%.[30] At the request of IBS sufferers and
advocacy groups, alosetron was reintroduced in
November 2002 in conjunction with a compre-
hensive alosetron risk minimization action plan
(RiskMAP) and amore restrictive indication (treat-
ment of womenwith severe diarrhoea-predominant
IBS who have failed to respond to conventional
treatment).[10,12,29]

Subsequently, Chang and colleagues[12] used
prespecified diagnostic criteria to perform a blinded
assessment of possible IC cases that occurred
during the alosetron clinical trial programme, as
well as in the postmarketing period after the in-
itial introduction and again after reintroduction.
Pooled data from clinical trials revealed an asso-
ciation of alosetron with a significantly increased
rate of IC compared with placebo (0.14% vs
0.0%; p= 0.03). All 19 cases of alosetron-related
IC seen in the clinical trial programme were the
transient, reversible type, without long-term
consequences. Nine of these patients were hospi-
talized, but none required surgical intervention
or died; likewise, no cases of AMI or CMI were
found.[12] In postmarketing surveillance evaluated
through February 2004, 89 possible cases of IC
were reported in AERS. Because of inadequate
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documentation of a medical evaluation or failure
to meet IC diagnostic criteria in the absence of
further diagnostic testing, such as imaging or endo-
scopy, 35 of these cases were eliminated. One
additional case determined to have no possible
association with alosetron was also eliminated,
leaving 53 total cases associated with alosetron
and an estimate of one case per 1000 patient-
years.[12] Overall, 52 of 53 patients (98.1%) had
reversible colitis, and one patient each had co-
lonic stricture and gangrene. Hospitalization oc-
curred in 36 of the 53 patients, 3 had surgery, 1
was transfused and no deaths occurred. In addi-
tion, 12 cases of AMI or CMI were reported dur-
ing postmarketing surveillance; 7 of these cases
were excluded as they did not meet the diagnostic
criteria (n = 4) or because no possible association
with alosetron use was found by the reviewers
(n = 3).[12] In the five remaining cases, all were
remarkable for vascular disease risk factors
complicating their medical histories, making the
potential association with alosetron unclear.[12]

At the time of an FDA meeting of its Gastro-
intestinal Drugs Advisory Committee and Drug
Safety and Risk Management Subcommittee
to discuss the reintroduction of alosetron in
April 2002, a total of 13 deaths had occurred.
Three of these deaths were considered probably
related and two possibly related to alosetron (three
associated with AMI and two with complications
of constipation); two were related to alternative
causes and six were deemed unrelated.[30] No
death was associated with IC. The details of these
five cases resulting in death were considered by
the FDA to be probably or possibly related to
alosetron and most involved the use of alosetron
for off-label indications (table VI).

One area of contention raised by the FDA re-
garding the expert review of IC cases associated
with alosetron sponsored by the manufacturer
(GlaxoSmithKline, Research Triangle Park, NC,
USA)[12] was that reports were excluded from the
analysis if they lacked sufficient clinical in-
formation to confirm IC by prespecified stringent
criteria. In contrast, FDA representatives argued
that the absence or delay in obtaining such in-
formation should not have led to the exclusion
of these patient reports when the reported event

was serious and/or when the reporting physi-
cian believed that IC was present.[10] FDA review-
ers also questioned the accuracy and relevance
of combining true incidence data from ran-
domized controlled clinical trials with volun-
tarily submitted postmarketing adverse events
(yielding reporting rates rather than incidence
data).[10]

In an updated review of these safety reports
from November 2002 through June 2008, Chang
and colleagues[11] sought to overcome any ques-
tions concerning their methodology by following
adjudication criteria recommended by the FDA.
Since the reintroduction of alosetron into the US
market in November 2002 and through June 2008,
a total of 29 072 patients received 203 939 alose-
tron prescriptions, yielding data from 16 762 pa-
tient-years of use. In their review of the alosetron
safety database since reintroduction, Chang and
colleagues[11] identified 26 potential cases of IC,
21 of which were adjudicated as probable or
possible IC, including 5 patients in clinical trials
(4 treated with alosetron and 1 with placebo) and
16 from postmarketing data. Table VII compares
the characteristics of the 58 patients adjudicated
as having possible or probable IC before with-
drawal of alosetron to the 16 adjudicated IC cases
since reintroduction. Of the 16 patients with IC,
69% had one or more pre-existing conditions (e.g.
hypertension, constipation, diverticulitis) or con-
current medication use (e.g. estrogens, NSAIDs,
triptans) that have been associated with IC.[8,9,11]

Symptoms resolved or improved in all 16 patients
without the need for surgery and no deaths have
been recorded.[11]

Constipation was recorded as a presenting
symptom in aminority (19–24%) of these patients
diagnosed with IC.[11] Of the total 74 patients
with possible or probable IC from the two com-
bined postmarketing periods through June 2008,
48 (65%) were hospitalized and 3 (4%; all from
the initial period) went on to have intestinal surgery
but no deaths occurred. Most were aged <65 years
and all but one were women. Overall, IC was re-
solved or improved in 77.5% of the initial 58 pa-
tients in the period prior to reintroduction (through
June 2002) and in all 16 patients reported after
November 2002. Among those for whom IC was
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reported as unresolved at the time of the initial
reporting period (7% [4/58]) or the status was re-
ported as unknown (15.5% [9/58]), long-term
follow-up data remain unavailable.[11,30]

To my knowledge, other than the cases col-
lectively reported in US clinical trial and post-
marketing surveillance studies,[11] there remains
only a single published report of IC associated
with alosetron.[41] In this report, a male patient
with IBS developed ICwithin the first week of use
and recovered with conservative management. In
the large series of 379 IC patients reported by
Longstreth and Yao[8] from the San Diego area
Kaiser Permanente database from the year 2000
through 2006, no instances of IC were associated
with alosetron use.

The investigational 5-HT3 antagonist cilanse-
tron was also associated with possible develop-
ment of IC. In a review of two large, randomized,
double-blind, placebo-controlled, parallel-group,
phase III studies of cilansetron, Chey and Cash[42]

reported eight suspected cases of IC among 4000
clinical trial patients receiving cilansetron, yield-
ing an event rate of 3.77 per 1000 person-years of
exposure. With the receipt of a ‘non-approvable’
letter from the FDA in 2005, indicating the need
for additional clinical trial data, development of
this agent has been suspended in the US.[43]

Tegaserod is a potent partial agonist of the
5-HT4 receptor

[44] that was approved by the FDA
in 2002 for the treatment of IBS with constipation
in women.[45]While ICwas not seen in clinical trials

Table VI. Postmarketing reports of death associated with patients receiving alosetron (March–December 2000)[30,40]

Patient Case description

82-y-old woman with

diarrhoea-predominant IBS

Patient developed constipation, sudden nausea and diffuse abdominal pain without rectal bleeding 10 d after

receiving alosetron. Past history included multiple colonic diverticula and a ‘spastic colon’ on colonoscopy 18 mo

earlier, with a prior admission for diverticulitis. In the ED, the patient was found to be dehydrated, oliguric and

septic, and abdominal CT revealed extensive sigmoid diverticulosis with fluid in the pelvis. Exploratory

laparotomy showed a ruptured diverticulum and faecal soilage. No IC changes were described in the resected

colonic specimen. The patient died on the fourth post-operative day from cardiac arrest. No autopsy was

performed. US FDA reviewers considered alosetron to be probably related to the event

67-y-old woman with

Alzheimer’s disease

residing in a nursing home

Patient received alosetron for chronic diarrhoea. She had no past history of IBS but did have a history of

depression and constipation. After about 2 mo on alosetron, the patient suffered an unspecified head injury and

was taken to the ED for difficulty eating and breathing; alosetron was discontinued. The patient required

endotracheal intubation. She became transiently hypoxaemic during insertion of a nasogastric tube and was

diagnosed as having a bowel obstruction evident on abdominal radiograph. A total colectomy was performed

about 10 h later for sigmoid necrosis, with the surgeon noting a diagnosis of Ogilvie’s syndrome. The patient

died 4 d post-operatively of acute respiratory distress syndrome. No autopsy was performed

A 59-y-old woman

hospitalized with a 9-mo

history of 25 lb weight loss

with worsening abdominal

pain, chronic constipation,

hypertension, nausea,

vomiting and post-prandial

urgency

Patient was treated with a single-capsule of chlordiazepoxide and clidinium for what was thought to be IBS and

was discharged. The patient was readmitted 2 wk later for pain, diarrhoea, haematochezia, nausea, vomiting

and uncontrolled hypertension, and was treated with empiric antibiotics for fever and leukocytosis and started

on alosetron for ‘IBS symptoms’. The patient was again discharged with persistent abdominal symptoms and

readmitted 1 wk later for abdominal pain that had become constant, diarrhoea, rectal bleeding and ongoing

weight loss. Angiography revealed total occlusion of the superior mesenteric and celiac arteries. Exploratory

laparotomy found severe ischaemia and necrosis of the entire GI tract and two vascular grafts were placed.

However, re-exploration 24 h later revealed complete infarction of the small bowel and colon, and the patient

died shortly thereafter

46-y-old woman with

severe coronary artery

disease receiving warfarin

and other medications

Patient was treated with alosetron for 5 d for diarrhoea associated with ‘stomach flu’. Approximately 2 wk after

stopping alosetron, the patient presented with GI bleeding with hypoprothrombinaemia. Her warfarin was

discontinued, and a colonoscopy showed no evidence of IC. One wk later (3 wk after stopping alosetron), the

patient developed abdominal pain and haemodynamic instability and underwent an exploratory laparotomy.

Small bowel necrosis was found and attributed to superior mesenteric vein occlusion. A jejunal resection was

performed, and the patient died of unspecified causes 8 mo later

92-y-old woman with

peripheral vascular

disease, pseudo-

obstruction and IBS

Patient was started on alosetron and after approximately 3 mo experienced upper body pain and collapsed in

a chair. The patient was found to have abdominal distention, and a head CT scan revealed an acute parietal

infarction. The patient died, and the death certificate listed ‘‘intestinal infarction (ischaemia)’’ as the cause of

death. No corroborating information was provided to support the diagnosis

CT = computed tomography; ED = emergency department; GI = gastrointestinal; IBS = irritable bowel syndrome; IC = ischaemic colitis.

554 Lewis

ª 2011 Adis Data Information BV. All rights reserved. Drug Saf 2011; 34 (7)



involving >11600 patients,[46] including 451 patients
who completed a 13-month uncontrolled exten-
sion study,[47] several adverse events, including IC,
were reported after approval of tegaserod.[48-50]

By 15 April 2004, the FDA had received 20 re-
ports of IC and 4 reports of intestinal ischaemia
with tegaserod, which included cases of intesti-
nal ischaemia (n = 1), intestinal gangrene (n = 1),
mesenteric ischaemia (n = 1) and abdominal com-
partment syndrome with intestinal ischaemia
(n = 1).[50] Overall, 17 of the 20 reports of IC were
adjudicated as probable IC, 1 was adjudicated
as indeterminant and the remaining 2 were not
adjudicated.[50] Table VIII describes characteristics
and outcomes of the 17 tegaserod cases adjudicated
as probable IC.[50] All 17 patients presented with

co-morbidmedical conditions or medication usage
that may have contributed to the development of
IC. In particular, almost half of these patients
(8/17 [47%]) were receiving either oral hormone
therapy or a hormone patch. None of the patients
required surgery secondary to IC; however, one
patient was placed on total parenteral nutrition
and subsequently died because of line sepsis. Be-
tween 15 April 2004 and 1 June 2004, the Office
of Drug Safety received reports of an additional
seven cases of IC, one case of bowel infarction
and one case of IC secondary to small vessel
ischaemia associated with the use of tegaserod.[50]

These nine cases had not been adjudicated at the
time of publication of the 2004 FDA briefing
document.[50] It should be noted that the manu-
facturer of tegaserod offered a rebuttal to the
FDA analysis, arguing that the incidence of IC in
their postmarketing database was likely no dif-
ferent from the background rate of IC occurring
in the general population,[46] a view also offered
by others.[51] Only a single report of IC associated
with tegaserod has been published outside of an
FDA review,[49] although it has also been ques-
tioned.[52] As with alosetron, no cases involving
tegaserod were recorded in the Kaiser Perma-
nente series.[8]

In March 2007, tegaserod was withdrawn from
themarket at the request of the FDA after a pooled
analysis demonstrated an increased risk of car-
diovascular events with tegaserod versus placebo
(0.11% vs 0.01%).[53] Tegaserod is currently avail-
able from the FDA only through an emergency
investigational drug protocol.[54]

Renzapride is a novel combined 5-HT4 agonist
and 5-HT3 antagonist that was being developed
for constipation-predominant IBS. In a long-term
study involving 971 patients, three instances of IC
were reported.[55] A lack of sufficient efficacy
compared with placebo led to the discontinuation
of renzapride development in 2008.[56]

3. Pathophysiology of IC

Alterations in the systemic circulation and
anatomic or functional changes in local mesen-
teric vasculature, and reduced resistance of the
tissue to hypoxic injury may all contribute to

Table VII. Characteristics of patients with possible or probable

ischaemic colitis (IC). Data from postmarketing experience before

alosetron withdrawal and after reintroduction are compared[11,30]

Characteristic Before June 2002

(before withdrawal;

58 cases)

November 2002–

June 2008 (after

reintroduction;

16 cases)

Demographics

Prescribing time span [mo] 10 68

Patient-y exposurea 48 829 16 762

Sex [male/female] 1/57 0/16

Median age [y (range)] 55 (25–80) 56 (31–81)

Age ‡65 y [n (%)] 13 (22) 5 (31)

Median time to onset

[d (range)]

14 (0.5–136) 90 (3–1825)

Clinical presentation [n (%)]

Abdominal pain 46 (79) 14 (88)

Abdominal pain and

haematochezia/bloody

diarrhoea

39 (67) 12 (75)

Concurrent constipation 14 (24) 3 (19)

Use of hormone

replacement therapy or oral

contraceptives

18 (31) 6 (38)b

Outcomes [n (%)]

Resolved or improved 45 (77.5) 16 (100)

Required hospitalization 39 (67) 9 (56)

Required surgery 3 (5.2) 0 (0)

Required transfusion 1 (1.7) 0 (0)

Death 0 (0) 0 (0)

a Assumes all prescriptions were for 1 mo duration.

b Reported as estrogens.
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insufficient blood supply formucosal requirements,
leading to the development of IC.[6] Diverse hypoth-
eses have been proposed to describe a unifying
mechanism for spontaneous IC, including an in-
fectious aetiology, degenerative alterations in the
vascular tree and accentuation of local vaso-
spastic responses to systemic hypotension.[6,8]

Longstreth and Yao[8] found that the pre-
existing co-morbidities most closely associated with
IC among men and women in the Kaiser Perma-
nente health plan were hypertension (OR 3.21),
chronic obstructive pulmonary disease (OR 3.13),
diarrhoea (OR 2.36), atrial fibrillation (OR 2.21),
congestive heart failure (OR 1.94) and diabetes
(OR 1.82). Among drugs, antibiotics (OR 3.3),
opioids (OR 1.96) and potentially constipating
non-opioid agents (OR 1.75) led the list of in-
dependently-associated factors.

It has been suggested that tegaserod-associated
development of IC is mediated by effects on sero-
tonin signalling, possibly at the 5-HT1 and 5-HT4

receptors.[49] In addition to being a partial agonist
of the 5-HT4 receptor, tegaserod has moderate af-
finity for the 5-HT1 receptor andmay share vascular
effects with other 5-HT1 receptor agonists (e.g. su-
matriptan) that have been associated with IC.[49,57]

However, according to the manufacturer, no
apparent mechanism explains IC as no visceral va-
soconstrictor action of tegaserod has been dem-
onstrated in pharmacological studies, including
high-dose exposures in animal models.[46]

Table VIII. Characteristics of postmarketing cases of ischaemic colitis

reported among tegaserod-treated patients (as of 15 April 2004)[50]

Characteristic Postmarketing

cases (n = 20)

Demographics

Sex [n (%)]

female 19 (95)

male 1 (5)

Mean age [y (range)] 55.1 (26–82)

18–40 [n (%)] 3 (15)

>40 to <65 [n (%)] 10 (50)

‡65 [n (%)] 6 (30)

Unknown [n (%)] 1 (5)

Median time to onset [n (%)]

£1 d 3 (15)

2–20 d 6 (30)

21–122 d 7 (35)

230–398 d 3 (15)

Unknown 1 (5)

Clinical presentation [n (%)]

Abdominal pain 15 (75)

alone 1 (5)

with nausea 5 (25)

with non-bloody diarrhoea 5 (25)

with abdominal bloating 1 (5)

with haematochezia, bloody diarrhoea or

rectal bleeding

11 (55)

Haematochezia, bloody diarrhoea or rectal

bleeding without presence of abdominal pain

3 (15)

Abdominal bloating without pain 1 (5)

Nausea or vomiting 5 (25)

Hypotension 4 (20)

Worsening of sepsis 1 (5)

No available information 1 (5)

Evaluation [n (%)]

Colonoscopy 12 (60)

alone 2 (10)

with biopsy 10 (50)

Sigmoidoscopy 6 (30)

alone 1 (5)

with biopsy 5 (25)

Emergency laparotomy 1 (5)

Unknown/lack of information 1 (5)

Documented risk factors [n (%)]

Any condition or medication use 15 (75)

hormonal therapy 8 (40)

Continued

Table VIII. Contd

Characteristic Postmarketing

cases (n = 20)

tobacco use 1 (5)

other 6 (30)

Venue of evaluation [n (%)]

Inpatient hospitalization 13 (65)

Emergency department 2 (10)

Outpatient/office 3 (15)

Not specified 2 (10)

Outcome [n (%)]

Improvement or resolution/discharge 11 (55)

Surgery 1 (5)

Not specified 8 (40)

Death 1 (5)
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FDA reviewers hypothesized that patients
with congenital or acquired thrombophilia who
receive alosetron might be predisposed to IC, as
might individuals with a hypercoagulable state
be at risk for some alosetron drug interactions
mediated by certain cytochrome P450 system phe-
notypes, although no specific mechanism could
be identified.[30]

Citing data from human and animal studies,
Camilleri[58] re-evaluated several mechanisms in-
volving treatment with a 5-HT3 antagonist that
might lead to the development of IC. As noted by
others, Camilleri[58] found that potential causes
of IC included coagulopathy, thromboembolism,
vasospasm and effects on mucosal blood flow.
Genetic predisposition to the development of IC
has been proposed as a sequelae of a hyperco-
agulable state induced by mutations in the coag-
ulation cascade,[19] and has been suggested as a
possible explanation for IC developing in alose-
tron and tegaserod patients taking estrogens or
other hormonal replacement therapies;[59] how-
ever, only a minority of patients have taken oral
contraceptives (OCs) or related agents (table VII).
Moreover, no evidence of coagulopathy, throm-
bophilia or small-vessel vasculitis has been shown
on histological specimens from IBS patients re-
ceiving alosetron.[58] Furthermore, no evidence
of alteration of coagulation factors or endothelial
or platelet function in the presence of 5-HT3

antagonists can be found in the literature.[58] In
women receiving OCs, alosetron did not further
increase the concentration and activity of bio-
chemical markers of thrombosis risk, suggesting
that thromboembolic risk is not increased when
alosetron is co-administered with an OC,[60] which
occurred in approximately 40% of patients.[11]

Although 5-HT3 receptor antagonists inhibit
the intradermal serotonin-induced flare response
in human skin, it is unclear whether 5-HT3 re-
ceptors mediate such effects on vascular beds in
the GI mucosa.[58,61] A recently published study
in rats found that both alosetron and cilansetron
caused a small and transient constriction of the
mesenteric vascular bed without altering colonic
blood flow.[62] An earlier preclinical study with
alosetron, also conducted in rats, showed no
evidence of an alosetron effect on baseline colon
haemodynamic parameters with either acute or
chronic administration, nor did alosetron have
any effect on the haemodynamic response to either
superior mesenteric artery occlusion or reactive
hyperaemia.[63] With regard to the potential role
of serotonin in modulation of vasomotor responses
in the mucosa, it is relevant that submucosal va-
somotor reflexes are modulated by 5-HT4 or 5-HT1

receptors but not by 5-HT3 receptors.[58] Evi-
dence to suggest that 5-HT3 or 5-HT4 antagonists
cause vascular dysfunction is lacking. Precon-
stricted arterioles exhibit a normal dilatory res-
ponse to balloon distension in the presence or
absence of 5-HT3/5-HT4 antagonists, suggesting
that these receptors do not change the ability of
normal vessels to undergo reflex vasodilation.[64]

Table IX. Criteria used by Longstreth and Yao[9] for the diagnosis of

acute large bowel ischaemia (ALBI)

Level Criteria

1 Colonoscopic and biopsy findings ‘typical’ of ALBI; surgical

specimen findings ‘typical’ of ALBI, or passage of a large

bowel ‘cast’ associated with ALBI[78]

2 Colonoscopy findings typical of ALBI

3 Computed tomographical findings typical for ALBI

4 Clinical features resembling a previous episode for which

there was level 1 evidence of ALBI

Table X. Criteria for diagnosis of ischaemic colitis (IC) as approved

by the US FDA (2002)[79] and described by Chang et al. (2010)[11]

Diagnosis Criteria

1: no IC Insufficient evidence to support the diagnosis, i.e.

medical history positive for an alternative

diagnosis or is inconclusive or inadequate, or no

data on any imaging studies or histology

2: possible IC Diagnosis supported primarily by clinical evidence

Medical history consistent with IC

Some cases include radiographic and/or

endoscopic findings that were compatible with but

not diagnostic of IC

3: probable IC Diagnosis supported by clinical evidence together

with endoscopic and/or biopsy findings

Medical history consistent with IC

Endoscopy (colonoscopy) OR radiographic

AND/OR biopsy consistent with IC

No evidence for any more likely diagnosis

Clinical evidence was assumed in those cases

with good documentation of biopsy and/or

endoscopy findings but poor documentation of

clinical evidence
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Mucosal mast cell mediators are thought to
play a role in the nociceptive visceral pain res-
ponse in IBS,[65,66] and mast cell infiltration has
been associated with colonic ischaemia in vitro.[67]

The role of mast cell infiltration with release of
histamine or other cytokines is unknown in the
pathophysiology of IC from alosetron, although
evidence of this effect has been shown in an ani-
mal study of acute colon ischaemia.[68]

IC may result from constipation, possibly as
an adverse effect of a medication[2,8,27] and, in a
patient receiving alosetron, possibly from slowed
colonic transit induced by 5-HT3 antagonism.[58]

Whereas constipation is a dose-related pharma-
cological effect of alosetron, occurring at a rate of
4–39% in phase III acute trials,[29] most patients
with IC associated with alosetron did not report
constipation as an antecedent event. Indeed, con-
stipation was cited by only 24% (14/58) of patients
in the initial postmarketing period (i.e. before
June 2002) and in 19% (3/16) in the second post-
marketing period from November 2002 through
June 2008.[11] Among 401 patients hospitalized
for IC in the series examined by Longstreth and
Yao[9] from the Kaiser Permanente database
from January 2000 through December 2006, only
7% of 424 episodes of all-cause IC had constipa-
tion recorded as immediately preceding the pre-
senting symptoms. In a comparison of 379 of these
original 401 patients with controls, constipation

was not found to be an independent risk factor
for IC but, oddly enough, diarrhoea was a risk
factor (OR 2.36; 95% CI 1.33, 4.89; p = 0.0218).[8]

In rats, restraint stress induced an increase in
luminal serotonin, which in turn accelerated co-
lonic transit and stimulated colonic motility.[69]

Intraluminal administration of the 5-HT3 antag-
onist ondansetron inhibits the stress-associated
acceleration of colonic transit, suggesting that
this effect is mediated by 5-HT3 receptors.[69]

Although small changes in mucosal blood flow
are evident on Doppler images from constipated
patients with normal or slow colonic transit, it is
unclear whether these subtle changes can affect
the autoregulatory processes that control colonic
mucosal blood flow.[58,70,71] It is also unclear
whether increased intraluminal pressures in con-
stipation or in response to 5-HT3 antagonists com-
promise mucosal blood, leading to ischaemia.
Increases in luminal pressure or straining may
temporarily decrease mucosal blood flow but such
changes are usually transient.[58,72] Additionally,
the effects of 5-HT3 antagonists on colonic tone
and phasic pressure activity are generally not con-
sistent with an increase in luminal pressure.[58,73-75]

Finally, although acute bowel distension in dogs
has been shown to compromise intestinal blood
flowwhen intraluminal pressures exceed 30mmHg,
this effect would be expected to occur only if
pressure changes are sustained over time. Human

Table XI. Criteria used by Chang et al.[12] to identify and confirm ischaemic colitis (IC) among alosetron users

Causality assessment Screening criteria

Probable IC Medical history consistent (e.g. abdominal discomfort, haematochezia, diarrhoea) and supported by colonoscopic

or other imaging modalities and/or biopsy evidence of IC, and no other diagnosis more likely

Undetermined/pending Positive medical history but results of colonoscopy or other diagnostic studies are pending

Insufficient data Medical history positive, inconclusive or inadequate but no supporting medical information is available

Probably not IC Results of diagnostic studies are negative or support a different, more probable diagnosis

Adjudication criteria for IC caused by alosetron

Criteria Assessment

Definite Probable Possible Probably not Definitely not

Correct exposure

and sequence of events

Yes Yes Yes Partly No

Objective supportive

evidence

Yes Yes Yes Ambiguous or conflicting Ambiguous or conflicting

Positive dechallenge Yes Yes Ambiguous or negative Ambiguous or negative Ambiguous or negative

Positive rechallenge Yes Not done Not done Not done Not done

Other causes excluded Yes Yes Yes No No
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Table XII. Ischaemic colitis (IC) clinical diagnosis assessment instrument[80]

Parameter evaluated Point value

I. Clinical presentation

A. Classic +3

B. Symptoms consistent (not classic) +2

C. Non-specific symptoms +1

D. Symptoms or history suggests another diagnosis -1

II. Colonoscopic (flexible sigmoidoscopy) findings

A. Typical appearance/distribution

(1) splenic flexure, descending, sigmoid +4

(2) transverse, hepatic flexure +3

(3) rectum, cecum +2

B. Non-specific appearance +1

C. Normal or findings suggest another diagnosis -1

D. Not performed or done >2 wk after symptom onset and found to be normal 0

III. Computed tomography scan or abdominal film findings

A. Thumbprinting or wall thickening +2

B. Non-specific features +1

C. Normal or not suggestive of IC -1

D. Not performed or obtained >2 wk after symptom onset and found to be normal 0

IV. Other abdominal imaging (if performed)

A. Barium enema or angiography findings suggestive of IC +2

B. Non-specific findings +1

C. Not compatible with IC -1

D. Not performed or obtained >2 wk after symptom onset and found to be normal 0

V. Histopathology

A. Biopsy ‘diagnostic’ of IC +3

B. Consistent with IC +2

C. Non-specific +1

D. Suggests another diagnosis -1

E. Not performed or obtained >2 wk after symptom onset and found to be normal 0

VI. Clinical course

A. Self-limited, reversible with symptoms resolved within 2 wk +3

B. Symptoms resolve over 2–8 wk +2

C. Symptoms resolve after >8 wk +1

D. Symptoms resolve, time not stated +1

E. Symptoms not resolved because of stricture, chronic ulceration, etc., attributed to IC +2

F. Outcome not stated 0

G. Course inconsistent with IC -1

Scoring

Assessment (minimum points needed per criterion) I II III IV V VI

Very likely IC (‡11) 3 3 0 0 2 3

Probable IC (7–10) 2 2 0 0 0 3

Possible IC (4–6) 1 1 0 0 0 2

Unlikely IC (£3) 0 0 0 0 0 0
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Table XIII. Proposed causality assessment method of alosetron causing ischaemic colitis (IC)[80]

Criteria Point value

I. Temporal compatibility

A. IC develops on alosetron +3

B. IC develops within 2 wk off alosetron +1

C. IC develops >2 wk but <12 wk after stopping alosetron 0

D. IC develops prior to alosetron or >12 wk after alosetron stopped -1

II. Pre-existing colonic pathology

A. Normal findings on barium enema, colonoscopy or flexible sigmoidoscopy pretreatment +2

B. No diagnostic testing performed or not stated 0

C. Pre-existing pathology

diverticular disease -1

inflammatory bowel disease or other colitis -2

III. Risk factors for ICa

A. None present (no. stated) +1 to +3

B. Not stated 0

C. One or more present (no. stated) -1 to -3

prior history of IC

vasculitis (e.g. systemic lupus erythematosus, polyarteritis nodosa)

hypercoagulable state

infectious colitis

long-distance running, cycling

medications (e.g. digoxin, oral contraceptives, triptans, cocaine)

abdominal aortic aneurysm repair, etc.

IV. IC confounders

A. None +2

B. Secondary causes of IC (e.g. distal obstructing carcinoma, volvulus, radiation) -2

C. Severe constipation/faecal impaction due to alosetron +1

D. Diverticulitis -1

E. None stated 0

V. Clinical course (if alosetron discontinued)

A. Prompt resolution within 14 d +2

B. Slow resolution (>2 wk) +1

C. Not stated 0

D. Fails to resolve and not suggestive of IC -1

E. Fails to resolve because of stricture, chronic colitis attributed to IC +1

F. Resolves despite continued alosetron -3

VI. Response to rechallenge

A. Positive (IC recurs on alosetron) +3

B. Negative (IC fails to recur on alosetron) -1

C. Indeterminant +1

D. Not performed 0

Scoring

Assessment (minimum points needed per criterion) I II III IV V VI

Definitely related to alosetron (‡11 points) 3 2 1 2 2 0–1

Probably related to alosetron (7–10 points) 2 2 0 2 1 0

Possibly related to alosetron (4–6 points) 1 0 0 2 1 0

Unlikely to be related (£3 points)

a Score 1 point per risk factor up to 3.
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manography studies, however, have not demon-
strated such high baseline, sustained pressures
(e.g. >10mmHg).[58,76]

Taken together, the studies cited in this review
suggest that slowed colonic transit, occurring
either spontaneously or after the use of antidiar-
rhoeals, or through other agents such as alose-
tron that affect colonic motility, is unlikely to be
a significant risk factor in the pathogenesis of IC.

4. Diagnosis of IC

The diagnosis of IC depends on a high index of
clinical suspicion (e.g. in patients after aortic or
cardiac bypass surgery), with pre-existing systemic
conditions (e.g. vasculitides, coagulopathies, in-
fections), in association with concomitantly admin-
istered drugs (e.g. antibiotics, opioids, cocaine),
after strenuous or prolonged physical exertion
such as running amarathon, after a major cardio-
vascular episode accompanied by hypotension,
and in patients with obstructing or potentially
obstructing colon lesions (e.g. carcinoma, diverti-
culitis).[4,9,77] The sudden onset ofmild-to-moderate
abdominal pain, diarrhoea or lower intestinal bleed-
ing with mild-to-moderate abdominal tenderness
should prompt an evaluation for IC, especially in
patients with any of the predisposing conditions
described in this review.[4,7]

Although the presence of IBS appears to in-
crease a patient’s risk of developing IC over time,
the mechanism remains unclear. While some in-
dividuals with IC may be misdiagnosed as having
IBS,[34] this seems unlikely given the acute nature
of IC and the chronic nature of IBS.

4.1 Proposed Scoring System for
Diagnosing IC

Although an indepth discussion of the clinical
features, differential diagnosis and management
of IC is beyond the scope of this review, the in-
terested reader is referred to a number of techni-
cal reviews and other sources.[4-7] Nevertheless, it
is useful to describe the methodologies that have
been proposed to assist in making the diagnosis
of IC associated with various drugs and other cau-
ses. While all use similar clinical criteria, differences

remain. Longstreth and Yao[9] relied on several
clinical features and diagnostic tests to categorize
the level of evidence used to confirm the presence of
IC (ALBI) in their series of hospitalized patients. A
suspicion of IC was based initially on the presence
of abdominal pain, rectal bleeding or diarrhoea
that occurred within 10 days of hospitalization. The
authors then applied the findings of several diag-
nostic tests to confirm the diagnosis (table IX).

Diagnostic criteria for IC proposed by
GlaxoSmithKline were approved by the FDA in
2002[79] and used by Chang and colleagues[11] in a
2010 review of data from the RiskMAP for alo-
setron (table X). In an earlier analysis of IC cases,
Chang and colleagues[12] developed alternative
criteria designed to screen for and adjudicate
cases of IC associated with alosetron (table XI).

To assist in the standardization of the case
reporting definition for IC among cases reported
to the sponsor, a separate expert panel compris-
ing three clinical gastroenterologists and a sta-
tistician were asked to independently develop a
more objective ischaemic colitis clinical diagnosis
assessment instrument.[80] The evaluation criteria
used in this instrument were developed after an
extensive review of the literature on IC as it re-
lates to epidemiology, symptom presentation,
natural history and clinical guidelines for diag-
nosis, and was validated using the 80 cases in the
GlaxoSmithKline safety database available for
review at the time (table XII).[80] In an effort to
provide a more objective assessment, a numerical
value was applied to each of six clinical or diag-
nostic criteria and a cumulative point score was
calculated to determine if the diagnosis of IC was
very likely, probable, possible or unlikely. Use of
the instrument increased agreement between the
investigators on the likelihood of the diagnosis by
34%.[80] This panel also developed a causality as-
sessment IC scoring system to determine whether
alosetron or an alternative cause was most likely
responsible for the IC using the same database of
IC cases (table XIII).

5. Conclusions

IC is the most common form of GI ischaemia,
accounting for approximately half of all cases.
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The majority of IC cases are self-limited and re-
solve spontaneously. In contrast, mesenteric ischae-
mia, which some have erroneously equated with
IC, is typically associated with poorer outcomes.
Many medical conditions and drugs have been
associated with IC, including the serotonergic
agents used in the management of constipation-
and diarrhoea-predominant IBS. Epidemiologi-
cal studies also suggest that the diagnosis of IBS
is a significant but underappreciated risk factor
associated with the development of IC, raising
the possibility that IC may be part of the natural
history of IBS itself. It can be argued that there
are several important differences in the epide-
miological studies used to support the association
between IBS itself and IC (including the fact that
they were geographically distinct, included patients
who were hospitalized or diagnosed in an endo-
scopic centre, and used ICD-9 codes followed by
a medical record review or reported consecutive
patients using clinical criteria). Furthermore,
these methodological differences likely account
for the differences in the rates of IBS in these IC
patients.However, comparisons using a case-control
analysis are persuasive and control for potential con-
founders. Collectively, these epidemiological studies
provide persuasive evidence that patients with IBS
have an increased risk for IC.

Based on the apparent background incidence
rate of IC among IBS sufferers, just how much
the use of alosetron or related agents further in-
creases the frequency of IC is not known with any
certainty. The overall risk of alosetron-associated
IC based on postmarketing data is approximately
1 per 1000 person-years. A somewhat higher fre-
quency was seen in the cilansetron trials,[42] but a
much lower frequency was estimated for tegaserod
and, in contrast with reports of IC occurring with
other agents during clinical trials, reports of ICwith
tegaserod did not appear until after approval.[81]

Moreover, although the FDA mandated that a
warning about the risk of IC be added to the la-
belling for tegaserod,[50,82] the causality of these
reported cases has been challenged[46,52] although
the relative risk of IC between any of these drugs
cannot be determined as no direct head-to-head
comparisons have been made. In addition, vo-
luntarily submitted reports obtained in the post-

marketing setting cannot be used to determine
true incidence rates.

A review of the alosetron- and tegaserod-
associated cases reported in postmarketing sur-
veillance programmes shows that many of the
patients who developed IC had co-morbid medi-
cal conditions or were taking additional medica-
tions that have also been identified as potential
risk factors for IC. These confounding variables
make it more difficult to determine the exact
causal factor(s), although the estimated risk ap-
pears to have been lower with tegaserod.Whether
this apparent difference is related to the under-
lying type of IBS being treated (i.e. diarrhoea vs
constipation predominant) or the pharmacody-
namic differences between 5-HT3 antagonists and
5-HT4 agonists, the precise pathophysiological
basis for the development of IC with serotonergic
agents remains unknown.[58]

The requirement of a prescribing programme
for alosetron, the only approved therapy for the
treatment of diarrhoea-predominant IBS,[83] has
helped educate both patients and physicians in
the early identification of signs and symptoms of
possible IC. The objective of the RiskMAP – to
minimize the risk of serious GI adverse events in
patients taking alosetron – has been attained. The
incidence of possible or probable IC since re-
introduction is rare and has remained stable since
the initial postmarketing period. No significant
differences in the apparent incidence of IC during
these two respective periods have occurred among
alosetron users, which is not surprising given the
infrequent, idiosyncratic nature of the event.
Nevertheless, the RiskMAP for alosetron has
reduced serious clinical outcomes[11] by alerting
the patient and physician alike to the possibility
of IC (along with complications of constipation).
Having a defined set of diagnostic criteria or an
agreed-upon clinical scoring system for the diag-
nosis of ICwould be a welcome advance in the field,
especially as we continue to investigate the mech-
anisms under which IC occurs and given the di-
verse number of drugs and medical conditions
associated with its development. Whether the IC
risk of serotonergic therapies will be discovered
to be additive to that of IBS (in and of itself) will
require additional study.
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