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A New Way in Diagnosis of Acute Mesenteric Ischemia

M. Rasti MD*, E. Refaei**, A .Rahmani MD***
ABSTRACT

Background: Despite advances over the past few decades in operative techniques and perioperative managements, acute
mesenteric ischemia (AMI) is astonishingly associated with high mortality rate (around 75 to 90 percent). The diagnosis of
mesenteric ischemia remains a challenge. Presently, there is no quick and easy test (or combination of tests) which are avail-
able, with few side effects, high positive and negative predictive values, which can be early indicative of acute bowel ischemia.
In our study we suggest intestinal serosal color change as an early diagnostic sign.

Methods: This experimental single blinded study was done on 16 male rabbits. Every day we operated five rabbits with one
of them as control. In case group superior mesenteric artery was ligated and thirty minutes later, observers who did not know
the control and cases, inspected and scored the color changes of intestinal loops in rabbits. All of cases, which were reported as
cyanotic or pale, supposed to be ischemic. The time from the ligation to color change was recorded.

Results: Superior mesenteric artery was ligated in 12 rabbits (cases). Three rabbits were used as controls. Color changes in-
dicative of AMI (pale or cyanosis) appeared in nine case rabbits (75 percent of cases), 2 were pale and 7 were cyanotic. There
were no false positive in our study and all of controls were true negative. Therefore sensitivity was about 75% and specificity
was 100 percent. Intestinal serosal color change appeared in 1 hour after occlusion and infarction occured after 6 hours.

Conclusion: The result of this study shows that serosal color change is an indicator of occlusion of superior mesenteric artery
in rabbits. Considering the similarity between human and rabbits with respect to intestinal loops, data regarding the time pro-
file and color changes can be extrapolated to human as an indicator of occlusion and a diagnostic test of superior mesenteric
ischemia for early diagnosis of this pathology.
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cute mesenteric ischemia (AMI) is aston-

ishingly associated with high mortality

rate (around 75 to 90 percent), despite
advances over the past few decades in operative
techniques and perioperative managementsl-2.
This is mainly because most of mesenteric vascu-
lar diseases are asymptomatic which causes delay
in diagnosis and treatment3. Patients are always
presented with abdominal pain that is out of pro-
portion to physical findings. The lower involve-
ment of peripheral nervous system unfortunately
causes underestimating the severity of condition
and delay in diagnosis4. Mesenteric infarction is a
pathology, which encountered fairly often in eld-
erly patients. The coexistence of other diseases
makes its prognosis worsel-5. So the high mortal-
ity of this disorder is multifactorial in naturel-6.

The diagnosis of mesenteric ischemia remains a
challenge7, many diagnostic tests are recom-
mended such as duplex ultrasonographic scan-
ning which shows the proximal segments of ves-
sels. But the quality of imaging reduces in obese
patients (where these patient are frequently
obese) and intestinal gas or ileus often disturb
the view*’. Computed tomography scanning
(CT scan) is another test that cannot accu-
rately prove or exclude the diagnosis of acute
mesenteric ischemia; only in rare cases of
acute mesenteric vein thrombosis, CT scan may
be accurates. Although mesenteric infarction in
animals displayed a significant increase in serum
total CPK, LDH, SGOT and alkaline phosphates?,
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peaks of these enzymes elevation occur at least 12
hours after injury which signals irreversible ne-
crosis of intestine, so they can not be considered
as early diagnostic signs of AMI'0 -1, A manage-
ment plan incorporating the earlier and more lib-
eral use of angiography together with preopera-
tive and postoperative papaverin infusion into
the superior mesenteric artery (SMA) can lower
the mortality associated with this catastrophic
disorder to less than 50 percent”1213. With exten-
sive laparatomy and inspection of SMA and SMV,
mortality decreases to 20 percent!4. But in view of
the fact that, in most centers, it is impossible to
perform emergency selective angiography of the
SMA?S, and only 1 percent of laparatomies are per-
formed annually for intestinal infarction!®>, most
of these patients will be operated after develop-
ment of peritoneal signs or gastrointestinal bleed-
ing which are often late findings in gut infarc-
tion!l. Some surgeons suggest that diagnostic la-
paratomy must be done in all of patients with
suspicious AMI; but by this fact that most of these
patients have poor clinical conditions, progressive
atherosclerotic disease and average age of at least
70, general anesthesia and surgery have high
mortality risk for them?!315. Presently there is no
quick and easy test (or combination of testes) with
minor side effects and acceptable positive and
negative predictive values®. In our experience we
have noticed that intestinal serosal color change
may be an early diagnostic sign for AMI. We saw
in a patient who was under diagnostic peritoneal
lavage (DPL) for etiology, that small bowel se-
rosal color has changed; so this idea was evolved
that if serosal color change occur earlier than oc-
clusion (less than 6 hours), it may be used as a
diagnostic sign. As for DPL, this procedure
(bowel look-up) can be performed under local
anesthesia. This minor procedure can be per-
formed by a small incision below the umbilicus
and draging a small bowel loop out of the abdo-
men and inspecting it for any color change indica-
tive of AMI Since majority of occlusive accidents
occur at the proximal segment of SMA, therefore
serosal color changes can be observed in all loops.
We named this procedure as DBL (diagnostic
bowel looking). DBL can be performed for a pa-
tient suspicious of AMI when other possible di-
agnoses have been ruled out. Absence of bowel
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pulse is not a reliable indicator for AMI in DBL
due to the possible presence of incisional tight-
ness around the extruding loop when it is
dragged out of the abdomen. Bowel movement
may exist long after the occlusion in mesenteric
artery or vein, therefore its presence does not rule
out the AML. It is not clear whether serosal color
change is of sufficient magnitude to be distin-
guishable for surgeon and how long after occlu-
sion definite color changes take place. This study
was designed to evaluate the extent of serosal
color changes which is of sufficient magnitude to
be distinguishable by the surgeon and the latency
of this sign relative to the golden time in a sample
of male rabbits with induced AMI.

Materials and Methods

This experimental single blinded study was done
on 16 male rabbits. We used rabbits because their
intestinal anatomy is similar to human. In the first
day one of rabbits was anaesthetized by in-
teraperitoneal injection of lidocaine and ketamine.
Then we fixed it at supine position and operated
it with a vertical incision in midline. The observ-
ers (year 4 medical students) saw the normal
color of intestinal serosa. Then we ligate the supe-
rior mesenteric artery. After 30 minutes intestinal
loops changed in color. Therefore we recorded
this time as the approximate time for serosal color
change after ligation of superior mesenteric ar-
tery. Other rabbits were operated on in three
days. Every day we operated five rabbits, ligated
superior mesenteric artery in four cases and the
fifth rabbit was used with intact artery as control.
Thirty minutes after ligation of superior mesen-
teric artery the observers inspected the intestinal
loops continuously for a period of one hour with-
out knowing the case or control. They gave score
for color changes in intestinal loops from 1 to 5.
Score one considered as pale, 2 and 3 as normal, 4
and 5 as cyanotic. Cases which were reported as
cyanotic or pale, supposed as ischemia. The time
from the ligation to the serosal color change was
recorded. Mean, mode, median and quartile of
quantitative data were reported. Inter observers
agreement was determined by calculating the
kappa value for analysis of ordinal grades.
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Results

Time to color change was 42.1 + 8.59 minutes. The
minimum, maximum, median, and mode for time
to color change were 30, 57.4, 41.5, and 39 minutes
respectively. Quartiles for 25, 50, and 75 percent-
age were 39, 41.5, and 47 minutes respectively.
Time to color change followed a bell shaped nor-
mal distribution.

In this study we operated 15 rabbits and
ligated superior mesenteric artery in 12 rabbits
(cases). Three rabbits were used as controls. Color
changes indicative of AMI (pale or cyanosis) ap-
peared in nine case rabbits (75 percent of cases), 2
were pale and 7 were cyanotic.

We had five observers who graded rabbits
from pale to cyanosis by ordinal scale (1=pale, 2
and 3= normal, 4 and 5= cyanosis). As shown in
table 1 the inter observers agreement was mean-
ingful.

Table 1. Interobservers agreement for raters. Data are
kappa values for agreement.

Observer
Observer 2 3 4 5
1 0895 0572 0.895 0.895
2 0.681 0.791 0.791
3 0483  0.483
4 1.000

All agreements were significant at 0.001 levels.

In Case group, rabbits which were reported
cyanotic or pale, were true positive so we had 9
true positives and rabbits in cases group with
normal report were false negative, so we had 3
false negatives. There were no false positive in
our study and all of controls were true negative
.Therefore in our study sensitivity is about 75 per-
cent and specificity is 100 percent. Positive predic-
tive value in this study is 100 percent and nega-
tive predictive value is about 50 percent.

Discussion

Mesenteric ischemia has been increasingly diag-
nosed in the past 25 years. It is suspected that this
higher incidence is due to a number of factors,
including aging of population and the wide-
spread use of intensive care unites wherein ex-
traordinary cardiopulmonary supports save pa-
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tients who would previously have died of their
primary disease but now survive and become
susceptible to acute mesenteric ischemia!213. The
diagnosis of mesenteric vascular pathology still
remains a challenge because it is rare and usually
present with non-specific symptoms215. Survival
after superior mesenteric ischemia is related di-
rectly to early diagnosis based on emergency
mesenteric angiography. Early mesenteric an-
giography is the gold standard to diagnosis and
manage mesenteric vascular ischemial®12. Imme-
diate laparatomy or angiography with subse-
quent thrombolysis are the treatment options
available!¢'’. Since angiography is nearly impos-
sible in emergency condition* so we need a diag-
nostic test to evaluate patients with suspected
acute or chronic mesenteric vascular disease2.

Figure 1. Normal serosal color of an intestinal loop.
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In this study serosal color change has been
used as an indicator of occlusion of superior mes-
enteric artery. The results shows that up to one
hour after occlusion of the artery color change
appears at least in eighty five percents of cases
which is recognizable for amateur observers who
have no experiment about surgery. Although the
estimated sensitivity of 75% for DBL is lower than
that for angiography but still it is higher than the
other diagnostic testes® ¢-10. Therefore considering
the limitation of emergent angiography, DBL pro-
cedure can be used instead, with 75 percent con-
fidence, to prove or rule out AML If the surgeon
sees color change during DBL, the pathology will
be proved with 100 percents specificity and pa-
tient will be operated as early as possible.

In addition to cost-effectiveness, this proce-
dure is relatively low-risk for the patient. Diffi-
culty in repairing of fascia is one of the problems
that may be appears after DBL which can be
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solved by longer incision and better procedure.
Some cases in this study had pale color change. It
has been reported that in sudden occlusion of su-
perior mesenteric artery bowel may appears pale
or cyanotic when the artery is initially in a state of
constriction2. This paleness is completely differ-
ent from normal pink color.

Since intestinal anatomy of rabbits is very simi-
lar to human and intestinal serosal color change
appears in 1 hour after occlusion and infarction
occurs after 6 hours!® therefore these time profiles
and color changes can be used confidently in hu-
man during occlusion of superior mesenteric ar-
tery.
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