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Abstract

Background: Nonocclusive mesenteric ischemia (NOMI) is due to mesenteric arterial
hypoperfusion from several causes, such as hypovolemia, heart failure, shock, vasoconstrictors,
and severe liver or renal disease. Vasoconstrictor-induced NOMI is usually iatrogenic or
associated with cocaine use.

Objectives: Anecdotal reports suggest that cocaine-induced NOMI has the highest mortality
among vasoconstrictors. This review aims to compare the outcomes of colonic NOMI secondary
to cocaine versus other vasoconstrictors.

Methods: We conducted a systematic search of MEDLINE from inception through October
2016 to find articles on colonic NOMI. The study's primary outcomes were mortality and
hospital length of stay (LOS), while secondary outcomes included the need for surgery. We
reported descriptive statistics as percentages or median and interquartile range (IQR). We
compared continuous data with the Mann-Whitney test and categorical data with Fisher's exact
test; P < 0.05 was statistically significant.

Results: Of the 59 studies, 20 case reports and 3 case series (n= 27 patients) met the inclusion
criteria. There was no difference in mortality between cocaine-induced NOMI and non-cocaine
NOMI (P=1.0). There were statistically significant differences between cocaine and non-cocaine
vasoconstrictor-induced colonic NOMI regarding surgery (60% vs. 5.8%, P=0.03) and median
LOS (7 days vs. 4 days, P=0.04).

Conclusion: Cocaine-induced NOMI and non-cocaine NOMI both appear to have a relatively
high but similar mortality rate, but the former is associated with increased requirement for

surgery and LOS; prompt recognition of this clinical entity is required to improve outcomes.

Keywords: Intestinal ischemia, Cocaine, latrogenic Disease, In-Hospital Mortality, Length of Stay,

Patient Outcome Assessment
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Clinical Significance:

e Nonocclusive mesenteric ischemia (NOMI) accounts for up to 20% of patients with acute
mesenteric ischemia. It has a very high mortality rate (70-90%), and cocaine-related
NOMI has demonstrated significantly high mortality compared to all other causes of
colon ischemia.

e Published data has limited epidemiologic information related to NOMI, so we sought to
examine the body of literature to compare cocaine-related NOMI with vasoconstrictor-
induced NOMI.

e We described that even though both groups have very high mortality rates, albeit similar,
cocaine-related NOMI is associated with increased length of stay and surgery

requirements.
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Introduction:

Intestinal ischemia can be caused by hypoperfusion of mesenteric vasculature due to occlusive or
nonocclusive etiology. Occlusive etiologies include embolic or thrombotic arterial occlusion and
venous thrombosis. Nonocclusive mesenteric ischemia (NOMI) is due to severe mesenteric
arterial hypoperfusion with secondary arterial spasm from several causes, such as hypovolemia,
heart failure, shock, vasoconstrictors, and severe liver or renal disease. VVasopressors are used to
maintain perfusion in critically ill intensive care unit (ICU) patients, and part of their mechanism
involves vasoconstriction. The excessive vasoconstrictive activity of these agents can produce
inadequate perfusion of the organs, and if it involves mesenteric vasculature, it results in NOMI.
NOMI accounts for 10 to 20 percent of patients with acute mesenteric ischemia and has a
reported mortality rate of 70 to 90 percent, mainly because of comorbid conditions that
eventually result in reduced mesenteric perfusion and delays in diagnosis.! Cocaine-induced
NOMI has demonstrated significantly high mortality in prior studies compared to other causes of
colon ischemia.? Because of the alarming severity and high fatality of the condition, we
systematically reviewed the published literature. This review's scope was to examine the body of
published literature regarding outcomes of iatrogenic NOMI and compare cocaine-induced

NOMI with other causes of iatrogenic colonic ischemia.

Materials and methods:

Data abstraction

A systematic literature search was conducted on MEDLINE using the PICO framework and is
reported under the PRISMA guidelines (Figure.1). We used “Mesenteric Ischemia’ and

“Vasoconstrictor’” as the Mesh terms. Two authors systematically extracted all the potential data
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separately. The inclusion was patients of colon ischemia with vasoconstrictor as its etiology. Of
the articles generated, 50 were for colon ischemia. To avoid bias, articles were excluded if
patients had a secondary or concomitant reason to develop colon ischemia (e.g., adhesions,
volvulus, serotonin syndrome, another definite etiology causing septic shock). Similarly, studies
with small-intestinal ischemia were excluded due to extensive blood supply of the small intestine
through multiple jejunal and ileal arteries, which then go on to form an extensive anastomotic
network and arterial arcades before supplying the intestinal wall. The study design was
simplified to case reports or case series. Patient-specific information was recorded for age,
gender, race, smoking status, type of vasoconstrictor, colonoscopic findings, and whether a
surgical procedure was required during the hospital or not. Cocaine use was confirmed by either

a positive urine drug screen or during history taking from patients.

Design and Analysis

All the statistical analysis was performed using SPSS software. The study's primary outcomes
were mortality and hospital length of stay (LOS), while secondary outcomes included the need
for surgery. We reported descriptive statistics as percentages or median and interquartile range
(IQR). In addition, we compared continuous data with the Mann-Whitney test and categorical

data with Fisher's exact test, P< 0.05 was statistically significant.

Results:

Baseline characteristics.
The initial search resulted in 59 manuscripts for colon ischemia, all of which were screened for

inclusion, and ultimately 23 articles met the inclusion criteria.®® Of these 23 articles, 20 were

case reports, and 3 were case series. (Table. 1) There were a total of 10 (37.04%) patients in the
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cocaine-induced NOMI and 17 (62.96%) in the Non-cocaine group. Baseline characteristics are
presented in Table. 2. Patients in the cocaine-induced NOMI group were more likely to be
younger. However, the other characteristics, including gender, race, fever, leukocytosis,
hypotension, and symptoms on presentation, were similar between the two patient groups.
Diagnostic modalities used included colonoscopy (59.26%), sigmoidoscopy (23.07%), computed
tomography (37.04%), plain abdominal films (11.54%), and laparotomy (19.23%). Combining
findings from all the diagnostic modalities revealed pan-colonic involvement in 11.54%,
proximal colon in 23.08%, transverse colon in 7.68%, and descending colon and sigmoid colon
in 55.56%. Splenic flexure region involvement was noticed in 30.77% of cases. Most of the
patients had more than one region of the colon involved in addition to the primary region of
involvement. Findings of severe colon ischemia, including ulcers, hemorrhages, and gangrene,
were found in 70.37% of patients on colonoscopy or autopsy. Overall, nineteen patients
(70.37%) were managed conservatively with broad-spectrum antibiotics, intravenous fluids, and
bowel rest. Two of them died due to septic shock, while 89.47% recovered without any further
complications. 29.63% of patients required surgical management, and two of them suffered from
septic shock, causing death. In this series, nonoperative management had a survival rate of 89%,
while surgical management had a success rate of 75%. The most common vasoconstrictors were
cocaine (37.04%) and -triptans (37.04%). Other vasoconstrictors included in our dataset (in
descending order) were: ergotamine (14.81%), vasopressin and its analogs (7.41%), and
phenylpropanolamine (3.70%). The most common method of cocaine use was smoking (60%).
Other methods were inhalation (20%), intravenous (10%), and oral use (10%). Among

prescription vasoconstrictors, migraine was the most common indication for the use.
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Outcomes

There was no difference in mortality between cocaine-induced NOMI and non-cocaine NOMI
(P=1.0) (Table. 4). There were statistically significant differences between cocaine and non-
cocaine vasoconstrictor-induced colonic NOMI regarding surgery (60% vs. 5.8%, P=0.035) and
median LOS (7 days vs. 4 days, P=0.04). Based on the available reported dataset, mean
hospitalization days for patients managed non-operatively were 4.31 (range 2-10), while for
patients requiring surgery were 21 (range 4-60) due to sepsis and multiorgan failure,

complicating the colon ischemia and prolonging the stay.

Discussion:

The most common form of intestinal ischemia is colonic ischemia, and it affects mostly older
adults.?® The process can occur from either occlusive vascular disease or non-occlusive disease.
This article focused on nonocclusive colonic ischemia caused by vasoconstrictors. The
vasoconstrictors found in the literature associated with colon ischemia included cocaine,

sumatriptan, naratriptan, ergotamine, phenylpropanolamine, and vasopressin and its analog.

Texter et al. suggested that cocaine acts on alpha-adrenergic receptors abundantly found in the
colon, blocking the reuptake of released norepinephrine, causing severe vasoconstriction.?’
Triptans and ergotamine bind to the serotonin receptors (5-HT1B and 5-HT1D, respectively),
and these receptors are also abundantly found in the intestinal wall, as described in an animal
study.?® Phenylpropanolamine has an affinity for alpha-receptors, and vasopressin binding to V1

receptors on vessels results in vasoconstriction.
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Non-pharmacologic causes of NOMI include hypovolemia, heart failure, shock, and severe liver
or renal disease, and overall, NOMI carries high mortality of 70-90% contributed by associated
high comorbid burden.! A hybrid case-control study by Elramah et al. described that cocaine-
induced ischemic colitis has a mortality rate of 26%. The control group in the described study
included individuals who met the diagnostic criteria of ischemic colitis but had no history of
cocaine use and a urine test negative for cocaine.? Our review focused primarily on the colon
ischemia caused solely by vasoconstrictors and compared cocaine-induced colon ischemia with
other vasoconstrictors. We found a mortality rate of 20% in cocaine-induced NOMI. A plausible
explanation is that the patients in this study were highly selected to exclude confounding
comorbidities, including small bowel ischemia, which naturally results in a subset of
significantly less ill NOMI patients. The mortality in the non-cocaine group was 18%, without

any statistically significant difference between the two groups (20% vs. 18%, P=1.0).

In our dataset, ischemia was reversible, requiring conservative management only in the majority
of the patients (88%) in the non-cocaine vasoconstrictor group compared with 40% of patients in
the cocaine group. Although most patients will have transient ischemia with non-gangrenous
colitis that can be successfully managed nonoperatively, prompt recognition and surgical
intervention are critical in patients with gangrenous colitis.?® Outcome indices that we used
included mortality, hospital LOS, and requirement for surgery. In our subset of patients, there
were statistically significant differences between cocaine and non-cocaine vasoconstrictor-
induced NOMI regarding surgery (60% vs. 5.8%, P=0.03) and median LOS (7 days vs. 4 days,

P=0.04), but the difference in mortality did not reach statistical significance.
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Our article's message is that in those patients with acute abdominal pain where a diagnosis of
colon ischemia is being entertained, care should be taken not to miss out on the potential role of
vasoconstrictors, including cocaine. Further studies to determine the prevalence of cocaine-
induced colon ischemia are required to determine the population subgroups at risk. The
limitation of our study is that it is not powered enough to detect a difference in mortality, as
mentioned earlier, if the difference truly exists. Caution should be exercised in interpreting our
results, as almost one-third of the patient data is from literature published three decades ago. The
evolution in diagnostic and management strategies over the years can introduce bias and make
interpretation of findings difficult. Adequate sample-sized well-designed observational studies

are required in the future on this topic.
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Table. 1: Summary of the published literature on the outcomes of vasoconstrictor-induced non-
occlusive mesenteric ischemia of colon

Author
Stillman et
al.

Lambert et
al.

Johnson et
al.
Fishel et al.

Nalbandian
et al.

Yang et al.

Endress et
al.

Rutgeerts et
al.

Brown et al.

Knudsen et
al.

Payne et al.

Linder et al.

Naik et al.

Schwartz et
al.

Moawad et
al.

et al.

Schmitt et al.

Rogers et al.

Dehesa et al.

McClenathan

Year
1977

1982

1985

1985

1985

1987

1989

1991

1992

1993

1994

1998

1995

2000

2000

2002

2004

2009

2008

No. of
patients
1

Vasoconstri
ctor
Ergotamine
tartrate

v
vasopressin

Phenylpro-
pranolamine

Cocaine

Cocaine

Glypressin
Ergotamine
Cocaine

Cocaine
Cocaine

Dihydro-
ergotamine

Cocaine

Sumatrpitan
Sumatriptan

Cocaine

Ergotamine
tartrate

Cocaine
Cocaine
Cocaine

Sumatriptan

Naratriptan

Sumatriptan

Sumatriptan
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Hospital
score
3

NA

NA

NA

LACE
index
6

11

NA

NA

NA

NA

Z~No

Mort-
ality
No

No
No
No

Yes

Yes
Yes
No

No
No

No

No

No
No

No
Yes

No
No
Yes

No

No

No

No

Hospita
-lization
days

2

NR
NR

60

NR

NR

~ o1

20

NR

NR

Surgery

X

ENE RN

x
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Hodge etal. 2010
Westgeestet 2010
al.

Nguyen etal. 2014

Akbar et al. 2016

Sumatriptan 1 7
Narariptan 2 9
Sumatriptan 3 9
Naratriptan 3 7

No

No

No

No
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Table. 2: Patients and Hospitals Characteristics

Cocaine No-Cocaine
Baseline Characteristics (n=10) (n=17) P-value
Agex SD, (years) 32.91+8.31 47.18+11.43 <0-01
Female [n (%)] 4 (40.00) 13 (76.47) 0.06
Fever on presentation [n (%)] 3 (30.00) 2 (11.76) 0.24
Leukocytosis [n (%)] 6 (60.00) 11 (67.71) 0.81
Hypotension [n (%)] 3 (30.00) 1(5.88) 0.09
Smoking [n (%)] 2 (20.00) 2 (11.76) 0.56
Race* [n (%)] 0.09
White 2 (20) 6 (35.29)
Black 3 (30) 1(5.88)
Management [n (%)] 0.06
Medical 4 (40.00) 13 (76.47)
Surgical 6 (60.00) 4 (23.53)
Presenting symptoms** [n (%)] 0.96
Abdominal pain 9 (90.00) 15 (88.23)
Blood in stool 8 (80.00) 13 (76.47)

* Calculated based on the available data (total 44.44% of the entire data) only.
** Some of the patients had overlapping symptoms as well.
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Table. 3: Outcomes
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Variable Cocaine Non-cocaine P-value
Mortality, n (%) 2 (20) 3(18) 1.0

Surgery, n (%) 6 (60) 1(5.8) 0.03

Median LOS (IQR) 7 (12.5) 4(2) 0.04

IQR: Interquartile range, LOS: Length of stay

Percentages compared with Fischer’s exact test

Medians were compared with Mann-Whitney test
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Figure Legends:
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Figure. 1: PRISMA flowchart describing study selection and inclusion process
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