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Abstract

Purpose: Mesenteric ischemia and ischemic colitis are
uncommon but potentially life-threatening causes of
acute abdominal pain. Portal venous phase computed
tomography (CT) is routinely ordered in the emergency
room setting for abdominal pain, but subsequent MR
angiography may be requested for additional evaluation
of the mesenteric vasculature. We compare the concor-
dance of CT and magnetic resonance angiography
(MRA) for acute bowel ischemia.
Materials and Methods: Thirty-two patients who under-
went contrast-enhanced MRA for bowel ischemia after
having undergone CT evaluation within the preceding 2
weeks were identified. A retrospective review of imaging,
treatment history, surgical, and pathology reports was
conducted. Two radiologists each reviewed the imaging
studies in a blinded fashion.
Results: Ten cases of bowel ischemia were confirmed by
endoscopy and/or surgical pathology. CT correctly identi-
fied bowel findings in all cases. Intraobserver agreement
between CT and MRA for all vessels was 0.68 and 0.63,
highest for the superior mesenteric artery. Interobserver
agreement was 0.74 for MRA and 0.78 for CT. Vascular
findingswereonly directlymentioned in10of 32CTreports
(and 7 of 10 cases with confirmed bowel ischemia). MRA
only detected two additional or alternative diagnoses.
Conclusion: Portal venous phase CT and MRA demon-
strate a high degree of concordance for vascular evalua-
tion. Reviewed CT examinations were sufficient to assess
the patency of the mesenteric vasculature, but vascular
findings were not reported in most cases. A direct
description within the report may have obviated the

request for further MR imaging. MRA adds little value
after portal venous CT in assessing bowel ischemia.

Key words: Mesenteric ischemia—Ischemic
colitis—Magnetic resonance angiography—Computed
tomography—Portal venous CT

Acute bowel ischemia (ABI) can be divided into two
distinct entities: acute mesenteric ischemia (AMI) and
ischemic colitis (IC). AMI is an uncommon but poten-
tially devastating disease in patients presenting to the
emergency department with abdominal pain. In an epi-
demiologic study of Malmö, Sweden, an estimate of
incidence rate was given as 12.9 per 100,000 years [1], or
1 in 1000 acute hospital admissions [2] with estimated
mortality rates of 60–80% [3]. AMI entails vascular
compromise of the small bowel and encompasses a
variety of etiologies, including mesenteric arterial em-
bolic or thrombotic occlusion, mesenteric venous
thrombosis, and nonocclusive mesenteric ischemia [4].
Acute arterial thromboembolism accounts for nearly
two-third of cases [5], compared with smaller propor-
tions for venous thrombosis (10%) and nonocclusive
ischemia (25%) [6]. Patients with AMI present with a
variety of often nonspecific complaints, including sudden
or gradual onset of abdominal pain, nausea and vomit-
ing, diarrhea, or bloody stools [7]. Pain out of proportion
to physical exam findings is a classic but inconsistent
finding.

IC, on the other hand, is a more common disease,
accounting for greater than 50% of cases of intestinal
ischemia [8]. Elderly patients are more commonly af-
fected [9] with a better prognosis than AMI (estimated
mortality rate of about 20%) [10]. The majorities of these
cases are nonocclusive in nature and result from
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vascular occlusion can more rarely be identified [9, 10].
The source of ischemia is frequently undiscovered, even
after computed tomography (CT) or colonoscopy [10].
Most cases of IC are mild and self-limited in course or
responsive to supportive therapy [11], although up to
20% may progress to transmural necrosis and require
surgical resection [9]. Patients with IC, like AMI, often
presents with nonspecific symptoms such as crampy
abdominal pain, tenesmus, and hematochezia [8].

As a result, the diagnosis of ABI relies on a high
index of clinical suspicion and appropriate imaging
evaluation. Conventional angiography has long been
considered the reference gold standard for diagnostic
imaging while simultaneously offering therapeutic op-
tions [12], but its invasive nature, radiation exposure,
length of examination and limited availability are con-
siderable limitations. Noninvasive angiographic tech-
niques utilizing multidetector-row computed
tomographic angiography (CTA) [2, 12, 13], and more
recently magnetic resonance angiography (MRA) [14,
15], have largely supplanted conventional angiography as
initial tools in the evaluation of bowel ischemia, offering
rapid and noninvasive evaluation of the emergency
department patient. The 2013 ACR Appropriateness
Criteria rate CTA at 9 and MRA at 7 in the evaluation
of AMI [16], both in the ‘‘usually appropriate’’ range.
MRA is rated lower than CTA due to the length of the
examination and less availability compared with CTA.
CTA demonstrates a sensitivity of 96% and specificity of
94% in detection of ABI using bowel and vascular
findings [16].

Although CTA is acknowledged as the diagnostic
imaging test of choice for AMI and will accurately
identify cases of IC, many patients with unsuspected
ABI present with nonspecific complaints for emergency
care and are evaluated with routine single-phase portal
venous computed tomography of the abdomen and
pelvis (CT) as the first-line diagnostic imaging test.
When ABI subsequently arises as a clinical suspicion,
these patients may then later be evaluated with MRA.
Studies have previously investigated the relative accu-
racy of CTA and MRA compared with the gold stan-
dard of conventional angiography [15], concluding that
CTA provides better image quality and diagnostic
accuracy than MRA, but to our knowledge, there have
been no studies comparing single-phase portal venous
CT with MRA in the evaluation of ABI. Our hypothesis
is that vessel assessment with CT and MRA are highly
concordant and that subsequent MRA adds time and
expense but little clinical value in the evaluation of these
patients. In this study, we investigate the rate of con-
cordance between portal venous CT and MRA for
evaluation of the mesenteric vasculature and detection of
ABI, and MRA detection of additional or alternative
diagnoses after initial CT.

Materials and methods

Patient selection

Following institutional review board approval, this ret-
rospective study was conducted in compliance with
Health Insurance Portability and Accountability Act
(HIPAA) regulations. The radiology information system
search tool was queried with the following search phrases,
identifying patient examinations in which all of the words
appeared in the report text: ‘‘magnetic resonance abdo-
men ischemia CT,’’ ‘‘magnetic resonance angiography
abdomen ischemia CT,’’ and ‘‘magnetic resonance
angiography abdomen ischemic CT.’’ The search included
CT and MR examinations performed between January 1,
2006 and March 31, 2014 at our institution. Additionally,
the medical record was searched to identify ‘‘ischemia’’ or
‘‘ischemic’’ within pathology, operative, and endoscopy
reports of patients who underwent MRA and CT. The
electronic medical record was then searched for patient
demographic information, treatment history, laboratory
data, surgical and endoscopy reports, and pathology re-
ports. Patients were included in the study if they under-
went an MRA examination within 2 weeks of the initial,
intravenous contrast-enhanced CT examination.

Imaging parameters

All CT images were acquired on multidetector-row
scanners, using a variety of scanners over the 8-year
span, including the Volume Zoom (4 row), Sensation 10
(10 row), Sensation 16 (16 row), Sensation Open (20 row
with flying focal spot), Definition AS+ (64 row with
flying focal spot), and Definition Flash (dual source, 64-
row with flying focal spot) CT scanners (Siemens Medi-
cal, Erlangen, Germany). CT images were reconstructed
with 3-mm slice thickness and 2-mm reconstruction
intervals. Studies were performed using 95–125 mL
intravenous contrast (350 mg/mL iodine concentration)
injected at 2–3 mL/s with a fixed delay of 70 s in a single-
phase acquisition. In the few cases with multiphase CT
imaging, the portal venous phase images were used
exclusively for review. Oral contrast material is not
routinely administered at our institution and was neither
an inclusion nor exclusion criteria for the study.

MR images were acquired on 1.5 T scanners including
the Espree, Sonata, Symphony, and Aera MR scanners
(Siemens Medical, Erlangen, Germany). A specific
mesenteric ischemia protocol was used, which has
evolved over the years but currently consists of 6-mm
transverse and coronal T2-weighted fast spin echo
(HASTE), 6-mm axial and coronal fat-suppressed stea-
dy-state free precession (True FISP), 6-mm transverse
2D T1-weighted fat-suppressed gradient-recalled echo,
and 2-mm coronal 3D T1-weighted fat-suppressed gra-
dient-recalled echo images. A test bolus of intravenous
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gadolinium contrast was used to determine optimal
timing for imaging of the abdominal aorta and mesen-
teric vessels, and post-contrast images were then ob-
tained, consisting of 2-mm 3D coronal and sagittal T1-
weighted fat-suppressed gradient-recalled echo and 6-
mm 2D T1-weighted fat-suppressed gradient-recalled
echo imaging. Maximum-intensity-projection and sub-
traction images were created from the source data.
Intravenous gadolinium contrast agents used include
gadoversetamide (Optimark, Mallinckrodt), gadobenate
dimeglumine (MultiHance, Bracco), and most recently
gadofosveset trisodium (Ablavar, Lantheus).

Image and clinical review

Two abdominal radiologists with expertise in body CT,
emergency radiology, and vascular imaging indepen-
dently reviewed the cases. The radiologists initially re-
viewed the MRA examinations for vascular findings and
graded stenosis for the celiac artery (CA), superior
mesenteric artery (SMA), and inferior mesenteric artery
(IMA) according to the following scale: 0 = no stenosis,
1 = mild stenosis (<50% luminal diameter), 2 = mod-
erate stenosis (50–70% luminal diameter), 3 = severe
stenosis (>70% luminal diameter), and 4 = complete
occlusion. Cases in which of the origin of the vessel could
not be seen were categorized as complete occlusion.
Bowel findings of ischemia, including bowel wall thick-
ening, fat stranding, pneumatosis intestinalis, ascites, and
free intraperitoneal or retroperitoneal air, were also re-
corded, along with alternative diagnoses for abdominal
pain. After a 1-week washout period, CT examinations
were then reviewed for the same findings. The reviewers
were blinded to the clinical findings and patient out-
comes during imaging review. The reference standard for
diagnosis of mesenteric ischemia in this study was con-
firmation either through direct visualization at endo-
scopy or surgery, and/or pathologic analysis obtained
from those procedures. The reports issued for the studies
at the time of initial interpretation were also reviewed.
Clinical follow-up of patients without a surgical or
pathologic diagnosis was obtained from the medical re-
cord.

Data analysis

Data from the image review were tabulated in Microsoft
Excel 2013 (Microsoft, Redmond, WA). Inter-test
agreement between CT and MRA for all vessels in
aggregate and for each vessel was analyzed for each re-
viewer using the quadratic-weighted Fleiss’ kappa
statistic (j). This statistic represents the rate of agree-
ment between the two tests: 0 represents agreement at the
level of chance, 0.01–0.20 is poor, 0.21–0.40 is fair, 0.41–
0.60 is moderate, 0.61–0.80 is good, 0.81–0.99 is very
good, and 1 represents complete agreement. Inter-testT
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agreement was also analyzed by computing the intraclass
correlation coefficient (ICC). Interobserver agreement
between the two reviewers was analyzed in a similar
fashion. Proportional differences were analyzed using a
two-tailed Fisher’s exact test. A statistical value of p <

0.05 was considered statistically significant.

Results

Thirty-two patients who underwent MRA for evaluation
of mesenteric ischemia within 3 weeks of a contrast-en-
hanced abdominal/pelvic CT were included in this study
(17 women, 15 men). The average patient age was

63.7 years. The data are summarized in Table 1. Of 32
patients, 10 were ultimately found to have bowel ische-
mia (1 case of AMI, 9 cases of IC), confirmed at endo-
scopy or surgery. Correlative bowel findings were
identified by both readers on the CT examination for all
10 of these patients. However, correlative bowel findings
on MR were identified in only 7 cases by reader 1 (p =
0.21) and 5 cases by reader 2 (p = 0.03) (Figs. 1, 2, 3).
Overall, bowel findings were identified by reader 1 in 17
patients on CT and 10 patients on MRA (p = 0.13) and
by reader 2 in 15 patients on CT and 12 on MRA (p =
0.61).

Fig. 1. A 72-year-old
woman with nonocclusive
ischemic colitis of the
colonic hepatic flexure.
A Axial portal venous phase
contrast-enhanced CT
(CE-CT) demonstrating
concentric thickening of the
hepatic flexure (arrow).
B Axial CE-CT
demonstrating a patent
superior mesenteric artery
(arrow). C Coronal T2-
weighted single-shot fast
spin echo MRI
demonstrating mild, less
conspicuous thickening of
the hepatic flexure (arrow).
D Sagittal T1-weighted fat-
suppressed 3D spoiled
gradient-recalled echo
contrast-enhanced MRA
demonstrating a patent
superior mesenteric artery
(arrow). Ischemic colitis was
confirmed at endoscopy.
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Regarding outcomes, the single patient with AMI
underwent exploratory laparotomy with small bowel
resection and SMA embolectomy. All nine patients with
ischemic colitis were successfully managed conservatively
with intravenous hydration and bowel rest. Of the pa-
tients who did not go to surgery or endoscopy, none were
diagnosed with ischemic colitis, and all were assigned
alternative diagnoses for their clinical presentation.

Substantial intraobserver agreement for both readers
was found between portal venous phase CT and MRA
for grading of stenosis severity assessed for the CA,
SMA, and IMA, and for the aggregate of all three vessels
(Table 2). The aggregate j was 0.68 for reader 1 and 0.63
for reader 2. This was the highest for the SMA for both
the readers (j of 0.82 for reader 1 and 0.76 for reader 2).
Comparing agreement between the two readers for each
modality (Table 3), substantially higher agreement was
found for the superior and inferior mesenteric arteries
than the CA with CT and MRA. Agreement for grading
of the CA was higher with CT compared with MRA.

Additional and alternative diagnoses made from the
MRA examinations performed after portal venous phase
CT were also analyzed. Adenomyosis was identified on
an MRA examination, and in another patient,
cholelithiasis and possible choledocholithiasis occult on
CT was identified. Otherwise, no additional or alterna-
tive diagnoses were identified on the subsequent MRA
that were unapparent on the initial portal venous CT.
Based on the clinical record, no change in final diagnosis
occurred based on the MRA report. A specific descrip-
tion of patency of the mesenteric vasculature was sup-
plied on CT reports in 10 of 32 CT reports, and 7 of 10
reports in patients with bowel findings of mesenteric
ischemia (p < 0.01). Vessel patency descriptions were
supplied on all 32 MRA reports.

Discussion

To our knowledge, there has been no previous study
comparing single-phase portal venous CT and MRA in
the assessment of bowel ischemia and the mesenteric
vasculature. This represents an important comparison
because of the nonspecific presentation of bowel ische-
mia and likelihood that patients presenting to the
emergency room with will undergo a standard portal
venous CT as opposed to CTA as their initial diag-
nostic imaging study. In a recent study of CT ordering
patterns in a tertiary level 1 trauma center [17], 8.1% of
patients who presented to the emergency room under-
went a CT of the abdomen and pelvis, including 38.5%
of patients presenting with abdominal pain. It is likely
that only a small minority of those CT examinations
were performed with a dedicated angiographic protocol
to assess for mesenteric ischemia. In our study, only
31% of the CT reports for patients who subsequently
underwent MRA included a description of mesenteric

vessel findings. It is possible that if specific comments
regarding the mesenteric vasculature had been provided
on the initial CT report, no subsequent MRA would
have been ordered as the necessary clinical information
would be available.

The results of the study confirm our hypothesis that
portal venous phase CT and MRA demonstrate a high
degree of concordance in grading mesenteric vascular
stenoses. The j values of 0.69 and 0.62 for all ves-
sels indicate substantial agreement between CT and
MRA, the highest for the SMA (j = 0.82 and 0.77).
With appropriate bolus timing and thin slice thickness
being the norm on standard portal venous CT imaging of
the abdomen and pelvis at our institution, nonangio-
graphic CT equaled the performance of MRA in our
study in identifying cases of acute mesenteric occlusion.
MRA provided little to no new diagnostic information in
most cases. While there were instances in which bowel
abnormalities were identified on CT and not subsequent
MRA, the differences in detection were not statistically
significant and could also be accounted for by the time
lag between the initial CT and subsequent MRA exam-
ination. The CT findings may also have been of ques-
tionable importance given normal biopsy results in a few
cases.

Based on our results, one may question what the role
is for MRA in further evaluation for ABI after portal
venous CT. In our series, portal venous CT correctly
identified cases of colitis without instances in which
MRA subsequently identified a case missed by CT. Is-
chemic colitis, by its pathophysiologic nature, is most
frequently nonocclusive, and the combination of bowel
findings and mesenteric vascular assessment from stan-
dard portal venous phase CT should suffice for cross-
sectional imaging in the majority of patients and cor-
rectly guide the clinician toward colonoscopy as the next
potential diagnostic step in management. Performing
MRA after CT did not affect patient outcomes in this
series, as bowel findings from CT led to the definitive

Fig. 2. A 71-year-old woman with ischemic colitis of the
descending colon. A Axial portal venous phase contrast-en-
hanced CT (CE-CT) demonstrating narrowing of the proximal
celiac artery, interpreted as mild and moderate stenosis by
the two readers (arrow). B Sagittal T1-weighted fat-sup-
pressed 3D spoiled gradient-recalled echo MRA (3D SPGR)
demonstrating severe stenosis of the proximal celiac artery
with post-stenotic dilatation. C Axial CE-CT demonstrating
apparent moderate narrowing of the proximal superior
mesenteric artery (arrow). D Sagittal T1-weighted 3D SPGR
MRA demonstrating no stenosis of the superior mesenteric
artery (arrow). F Coronal T2-weighted single-shot fast spin
echo MRI demonstrating thickening of the distal descending
colon (arrow). E Axial CE-CT demonstrating thickening and
pericolonic fat stranding of the descending colon (arrow). Is-
chemic colitis was confirmed at endoscopy.

c
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endoscopic or surgical evaluation and the single patient
who underwent surgical intervention had concordant
findings of SMA occlusion on both CT and MRA. The

few additional findings made by MRA were not de-
scribed as final causative diagnoses for any of the pa-
tients in this series.
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Limitations of this study include its retrospective de-
sign and small patient sample size. Patients who received
noncontrast CT examinations followed by MRA were
excluded from this study as the presence of contrast
enhancement on the initial CT examination was necessary
for evaluation of vascular stenoses. The number of pa-
tients with acute mesenteric occlusion as a cause of bowel
ischemia were low, likely due to the fact that this would be
detected on initial CT evaluation and thus preclude the
need for subsequentMRA imaging. Patients who undergo
mesenteric ischemia protocol CT angiography as their

initial diagnostic study are unlikely to go on for further
investigation with MRA. Thus, the number of patients
eligible for this study is limited and includes a higher
proportion of patients with IC than AMI. Conventional
angiography was not used as the reference standard for
assessing vessel stenosis and patency as no patients in the
study underwent angiography as part of their evaluation,
but the study was designed to assess concordance rather
than accuracy. Another possible limitation could be the
influence of reviewing the initial CT examination prior to
interpreting the MRA images, which was avoided in this

Fig. 3. A 84-year-old man with nonocclusive ischemic colitis
of the descending colon. A Coronal portal venous phase
contrast-enhanced CT (CE-CT) demonstrating long-segment
mural thickening and pericolonic fat stranding of the
descending colon (arrow). B Axial CE-CT demonstrating a
patent inferior mesenteric artery (arrow). C Coronal T2-

weighted single-shot fast spin echo MRI demonstrating mild,
less conspicuous thickening of the descending colon (arrow).
D Coronal T1-weighted fat-suppressed 3D spoiled gradient-
recalled echo MRA demonstrating a patent inferior mesenteric
artery (arrow). Ischemic colitis was confirmed at endoscopy.
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study by reviewing the MRA prior to the CT with a
washout period. Future avenues for research include
investigating patients who underwent noncontrast CT as
their initial diagnostic study followed by MRA to assess
for AMI to determine how frequently clinically relevant
mesenteric vascular disease is found by MRA in the ab-
sence of bowel findings on noncontrast CT.

In summary, routine single-phase portal venous CT
and MRA are highly concordant in evaluation of the
mesenteric vasculature. Given how frequently single-
phase portal venous phase CT is used as the first-line
diagnostic imaging study for emergency department pa-
tients presenting with abdominal pain, reporting of
mesenteric vascular findings should be considered stan-
dard practice, which may obviate subsequent clinical
requests for MRA. A patient with IC diagnosed on
portal venous CT should not require subsequent imaging
with MRA as little value is added.
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