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Open and Endovascular Revascularization 
For Acute and Chronic MI in the US
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AMI • Urgency of the need for bowel assessment in 
severe AMI limits its applicability 

• Can be a prolonged challenging procedure 
with potential delay to laparotomy

• Unlike for CMI has not been widely adopted

• Endovascular first strategy for AMI has 
been adopted by major centers

• Requires advanced endovascular expertise

Acute Mesenteric Ischemia
Endovascular Treatment

Arthurs ZM et al. J Vasc Surg, 2011; 53(3)698-74
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Mortality Rates for Revascularization 
For Acute MI in the US

Mortality
2000-2006

Open 
39%

Endo
16%

Temporal Trend in Modes of Mesenteric 
Revascularization
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Minimally invasive interventions
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Mayo Experience

169 patients

Group 1
(1990-2006)

N = 74

Group 2
(2007-2023)

 N = 95

= 60%

Median age = 71 years

Group 1
(1990-2006)

Group 2
(2007-2023)

P value

Median age (IQR) 69 (58-78) 71 (63-81) 0.03

Hypertension 57 (77%) 81 (85%) 0.17
Hyperlipidemia 17 (23%) 70 (74%) <0.001

Smoking 50 (67%) 66 (70%) 0.79
CAD 33 (45%) 51 (54%) 0.24
CVD 15 (20%) 28 (29%) 0.14
Atrial fibrillation 15 (20%) 31 (33%) 0.08
h/o of CMI 30 (42%) 40 (42%) 0.96
h/o intervention 
for CMI

13 (19%) 14 (15%) 0.37

Median SVS score 10 (5-12) 10 (7-13) 0.23

Patients in Group 2
• Older (71 vs 67 years)
• Greater proportion on 

statin therapy

Mesenteric Revascularization
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In Hospital Mortality 30-day mortality

OR 95% CI P 
value

Female 0.47 0.2-0.9 0.04

Dialysis 
dependent 21.6 3.3-425 0.006

SVS score 1.2 1.1-1.3 0.001

Lactate 1.4 1.2-1.8 <0.001

ROMS 4 1.5-10.6 0.005

Bowel resection 2.5 1.2-5.4 0.01

Univariate Analysis

Higher SVS score
(OR 1.2)

(95% CI 1.01-1.3)

ROMS
(OR 6.6)

(95% CI 1.7-26.6)

Increasing Lactate
(OR 1.5)

(95% CI 1.2-2.0)

Multivariate Analysis
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Nationwide Inpatient Sample Studies

Author / year No. of Patents Bowel 
resection

Mortality (%) P-
value

Open Endo Open Endo Open Endo
Schermerhorn 2009 3380 1857 48% 28% 39% 16% <0.001

Beaulieu 2014 514 165 33% 14% 39% 25% 0.01

Erben 2018 5839 4543 46% 22% 33% 12% 0.02

Zettervall 2017 6311 4983 47% 26% 37% 16% <0.01

Camazine 2024
ROMS

647 251
ROMS

251

30% 20% 28% 16% <0.001

• Possibly due to Inability 
to exclude patients with 
sub-acute mesenteric 
ischemia ?

• Incidence of bowel 
resection lower following 
Endo Rx

Single-Center Retrospective Data
Author / year No. of Patents Bowel resect Mortality (%) P-

valueOpen Endo Open Endo Open Endo
Arthurs 2011 14 56

Lap-69%
94% 84% 50% 36% <0.05

Ryer (Mayo) 2011 49 17
Lap-71%

41% 71% 15% 23% >0.05

Andraska 2022 120 28
Lap-26%

0.52

Rebelo 2022 27 17
Lap-41%

63% 18% 29% 30% >0.05

Li 2024 37 21
Lap-35%

70% 35% 43% 19% 0.20

Vaddavalli  (Mayo) 
2024

127 31
Lap-32%

42% 23% 17% 23% 0.47

Endovascular revascularization vs open surgical
revascularization as the first strategy for arterial acute
mesenteric ischemia: A systematic review and
meta-analysis
Yadong Shi, MD, Boxiang Zhao, MD, Yangyi Zhou, MD, Liang Chen, MD, Haobo Su, MD, and
Jianping Gu, MD, Nanjing, China

ABSTRACT
Objective: This paired meta-analysis aimed to compare the mortality and morbidity of endovascular revascularization
(EVR) and open surgical revascularization (OSR) as the first strategy for arterial acute mesenteric ischemia (AMI).

Methods: This systematic review and meta-analysis were performed in accordance with the PRISMA statement. A
systematic search strategy was performed to identify eligible studies using the following databases: PubMed, Embase,
and Cochrane Library database from inception to December 31, 2023, with restriction to the English language. The end
search date was January 2, 2024. The primary outcome was short-term mortality. Secondary outcomes included bowel
resection, second-look laparotomy, and short bowel syndrome. The counterenhanced funnel plot and the Peters’ test
were used to assess bias. Outcomes were reported as odds ratio (OR) with a 95% confidence interval (CI) using the
Mantel-Haenszel method. The GRADE classification was used to estimate the certainty of evidence.

Results: A total of 11 studies (1141 patients) comparing EVR vs OSR for arterial AMI were identified and analyzed. The mean
patient age was 61.9 to 73.6 years and 45.1% of the patients were male. Compared with OSR, EVR as the first treatment
may not decrease short-termmortality (OR, 0.79; 95% CI, 0.50-1.25; P¼ .31; very low certainty) and second-look laparotomy
(OR, 1.00; 95% CI, 0.30-3.36; P ¼ .99; very low certainty). However, EVR may be associated with decreased bowel resection
(OR, 0.42; 95% CI, 0.20-0.88; P ¼ .022; very low certainty) and short bowel syndrome (OR, 0.39; 95% CI, 0.21-0.75; P ¼ .005;
very low certainty). The metaregression revealed that the mortality regarding EVR vs OSR was not impacted significantly
by thrombotic etiology ("0.002; 95% CI, "0.027 to 0.022; P ¼ .85), whereas it was impacted significantly by publication
year (0.076; 95% CI, 0.069-0.145; P ¼ .031).

Conclusions: Compared with OSR, EVR as the first treatment for arterial AMI may not decrease short-term mortality or
second-look laparotomy. Future multicenter randomized controlled trials are needed urgently to confirm these results. (J
Vasc Surg 2024;-:1-11.)

Keywords: Acute mesenteric ischemia; Endovascular revascularization; Open surgical revascularization; Meta-analysis;
Review

Acute mesenteric ischemia (AMI) is defined as insuffi-
cient metabolic demands of the visceral organs owing
to the sudden interruption of blood flow.1 The estimated
AMI incidence was 0.038% to 0.050% for adult admis-
sions.2,3 Despite the treatment evolution in recent de-
cades, the short-term mortality for AMI remains as high

as 50%.2,3 Arterial AMI is one of the most dangerous
types.2 The estimated overall incidence of arterial AMI
was 3.1 in 100,000 person-years,4 accounting for more
than one-half of AMIs.1,2 Early diagnosis and prompt
flow restoration are vital to the successful management
of arterial AMI.5 Unless AMI is caused mainly by outflow
small vessel occlusion, revascularization must be attemp-
ted for all other scenarios.6

Open surgical revascularization (OSR) techniques,
including embolectomy, endarterectomy, superior
mesenteric artery transposition, and bypass graft, can
restore the flow quickly and provide the ability to assess
bowel viability adequately.7 Although OSR may carry a
high risk of surgery-related complications,8 it is consid-
ered a good choice for arterial AMI.8-10 Recently, there
has been an increasing trend toward using endovascular
revascularization (EVR) for the treatment of arterial
AMI.11,12 EVR techniques, including thrombolysis,
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Covered Stent vs Bare Metal
Author / year No. of Patents Patency P-

value
CS BMS CS BMS

Oderich 2013
(Mayo Clinic)

164 61 53% 28% 0.003

Zhou2019 93 20 83% 65% 0.17

Girault2021 86 - 76% - -

Alnahhal 2023
(Cleveland Clinic)

168 22 68% 75% 0.94

Covered Stent vs Bare Metal

• Accuracy of stent placement

• Length of lesion

• Length of stent

• Adequacy of initial technical success

• Caliber of delivery system

www.thelancet.com/gastrohep   Vol 9   April 2024 299
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Lancet Gastroenterol Hepatol 
2024; 9: 299–309

Published Online 
January 29, 2024 
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Covered versus bare-metal stenting of the mesenteric 
arteries in patients with chronic mesenteric ischaemia 
(CoBaGI): a multicentre, patient-blinded and investigator-
blinded, randomised controlled trial
Luke G Terlouw*, Louisa J D van Dijk*, Desirée van Noord, Olaf J Bakker, Diederik C Bijdevaate, Nicole S Erler, Bram Fioole, Jihan Harki, 
Daniel A F van den Heuvel, Jan Willem Hinnen, Jeroen J Kolkman, Suzan Nikkessen, André S van Petersen, Henk F M Smits, Hence J M Verhagen, 
Annemarie C de Vries, Jean-Paul P M de Vries, Dammis Vroegindeweij, Robert H Geelkerken, Marco J Bruno*, Adriaan Moelker*, on behalf of the 
Dutch Mesenteric Ischemia Study Group

Summary
Background Mesenteric artery stenting with a bare-metal stent is the current treatment for atherosclerotic chronic 
mesenteric ischaemia. Long-term patency of bare-metal stents is unsatisfactory due to in-stent intimal hyperplasia. 
Use of covered stents might improve long-term patency. We aimed to compare the patency of covered stents and bare-
metal stents in patients with chronic mesenteric ischaemia.

Methods We conducted a multicentre, patient-blinded and investigator-blinded, randomised controlled trial including 
patients with chronic mesenteric ischaemia undergoing mesenteric artery stenting. Six centres in the Netherlands 
participated in this study, including two national chronic mesenteric ischaemia expert centres. Patients aged 18 years 
or older were eligible for inclusion when an endovascular mesenteric artery revascularisation was scheduled and a 
consensus diagnosis of chronic mesenteric ischaemia was made by a multidisciplinary team of gastroenterologists, 
interventional radiologists, and vascular surgeons. Exclusion criteria were stenosis length of 25 mm or greater, 
stenosis caused by median arcuate ligament syndrome or vasculitis, contraindication for CT angiography, or previous 
target vessel revascularisation. Digital 1:1 block randomisation with block sizes of four or six and stratification by 
inclusion centre was used to allocate patients to undergo stenting with bare-metal stents or covered stents at the start 
of the procedure. Patients, physicians performing follow-up, investigators, and radiologists were masked to treatment 
allocation. Interventionalists performing the procedure were not masked. The primary study outcome was the 
primary patency of covered stents and bare-metal stents at 24 months of follow-up, evaluated in the modified 
intention-to-treat population, in which stents with missing data for the outcome were excluded. Loss of primary 
patency was defined as the performance of a re-intervention to preserve patency, or 75% or greater luminal surface 
area reduction of the target vessel. CT angiography was performed at 6 months, 12 months, and 24 months post 
intervention to assess patency. The study is registered with ClinicalTrials.gov (NCT02428582) and is complete.

Findings Between April 6, 2015, and March 11, 2019, 158 eligible patients underwent mesenteric artery stenting 
procedures, of whom 94 patients (with 128 stents) provided consent and were included in the study. 47 patients 
(62 stents) were assigned to the covered stents group (median age 69·0 years [IQR 63·0–76·5], 28 [60%] female) and 
47 patients (66 stents) were assigned to the bare-metal stents group (median age 70·0 years [63·5–76·5], 
33 [70%] female). At 24 months, the primary patency of covered stents (42 [81%] of 52 stents) was superior to that of 
bare-metal stents (26 [49%] of 53; odds ratio [OR] 4·4 [95% CI 1·8–10·5]; p<0·0001). A procedure-related adverse 
event occurred in 17 (36%) of 47 patients in the covered stents group versus nine (19%) of 47 in the bare-metal stent 
group (OR 2·4 [95% CI 0·9–6·3]; p=0·065). Most adverse events were related to the access site, including haematoma 
(five [11%] in the covered stents group vs six [13%] in the bare-metal stents group), pseudoaneurysm 
(five [11%] vs two [4%]), radial artery thrombosis (one [2%] vs none), and intravascular closure device (none vs one [2%]). 
Six (13%) patients in the covered stent group versus one (2%) in the bare-metal stent group had procedure-related 
adverse events not related to the access site, including stent luxation (three [6%] vs none), major bleeding (two (4%) vs 
none), mesenteric artery perforation (one [2%] vs one [2%]), mesenteric artery dissection (one [2%] vs one [2%]), and 
death (one [2%] vs none).

Interpretation The findings of this trial support the use of covered stents for mesenteric artery stenting in patients 
with chronic mesenteric ischaemia.

Funding Atrium Maquet Getinge Group.

Copyright © 2024 Elsevier Ltd. All rights reserved.
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Six (13%) patients in the covered stent group versus one (2%) in the bare-metal stent group had procedure-related 
adverse events not related to the access site, including stent luxation (three [6%] vs none), major bleeding (two (4%) vs 
none), mesenteric artery perforation (one [2%] vs one [2%]), mesenteric artery dissection (one [2%] vs one [2%]), and 
death (one [2%] vs none).

Interpretation The findings of this trial support the use of covered stents for mesenteric artery stenting in patients 
with chronic mesenteric ischaemia.

Funding Atrium Maquet Getinge Group.
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CS BMS P-value
Number 47 47
PP at 24 mths 81% 49% < 0.001
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Summary

• Greater use of endovascular techniques for emergency 
mesenteric revascularization in past two decades

• Shorter ICU and hospital stay
• Similar early mortality and MAE

• Outcomes were dependent on severity of ischemia and 
patient comorbidities, not mode of mesenteric 
revascularization

• Consider Covered Stent when technically feasible


