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Abstract

Background: The aim of the study was to analyse the outcome of open surgical, endovascular, and hybrid interven-
tions in the treatment of acute (AMI) and chronic (CMI) mesenteric ischemia.

Methods: Retrospective review of a cohort of mesenteric ischemia patients at a single tertiary referral center from
2015 to 2021. Primary end point was postoperative in-hospital mortality. Secondary end points were the number
of bowel resections, duration of the procedure, length of postoperative intensive care treatment, length of hospital
stay, revision surgery (number and type), and the nature and severity of postoperative complications according to
Dindo-Clavien.

Results: A total of 64 patients, 20 with CMI and 44 with AMI, underwent open, hybrid or endovascular surgery. Bowel
resection was performed in 45.5% of the patients with AMI (29.5% small intestine, 2.3% colon and 13.6% both). There
was no in-hospital mortality in the CMI cohort as compared to 29.5% in the AMI cohort (p = 0.03), with no differences
regarding endovascular and open surgery (29.6 vs 29.4%). Severe postoperative morbidity (Dindo-Clavien > 3) was
also significantly more frequent in the AMI group when compared to the CMI group (20 vs 77.3%, p <0.001). ASA clas-
sification and intensive care stay were identified as factors associated with mortality in AMI patients.

Conclusions: Morbidity and in-hospital mortality are low in CMI patients, but substantial in AMI patients. Early diag-

nosis and open or endovascular treatment may be decisive for the outcome of these patients.
Keywords: Mesenteric ischemia, Open surgery, Endovascular surgery, Hybrid surgery

Introduction

Mesenteric ischemia descriptions date back to 1900 [1,
2]. The first open atherectomy of the superior mesenteric
artery was performed in 1958 [3]. Later in 1962, Craw-
ford and DeBakey et al. described open revascularization
of the celiac trunk and superior mesenteric artery [4].
Despite recent developments in endovascular and hybrid
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surgery, mesenteric ischemia mortality and morbidity
rates are still high. (Fig. 1) [5].

Chronic mesenteric ischemia (CMI) is defined as
symptomatic ischemia without irreversible tissue dam-
age caused by insufficient blood supply to the gastroin-
testinal tract. The most common cause is atherosclerosis
of the celiac trunk (CT), the superior mesenteric artery
(SMA) or the inferior mesenteric artery (IMA) [6, 7].
CMI is the cause of abdominal pain in only 0.1% of hos-
pital admissions for abdominal symptoms [8]. Symp-
toms are mostly postprandial abdominal pain (Stage II),
"food anxiety”, rest pain (Stage III) and weight loss. CMI
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remains an underdiagnosed disease [9]. Therefore, most
patients present in the late stages of the disease with
weight loss, chronic malnutrition, or intestinal infarction,
which is then termed acute or acute on chronic mesen-
teric ischemia (AMI, Stage IV) [10, 11]. In addition, AMI
can also be caused by arterial embolism and non-occlu-
sive mesenteric ischemia [15]. The mortality of AMI is
between 30 and 65% [12]. Bowel resection performed in
an emergency setting is characterized by higher mortal-
ity [26]. CT angiography should be performed if AMI or
CMI is suspected and is also the gold standard for follow-
up after open and endovascular procedures [9, 13]. The
use of CT scanning to diagnose mesenteric ischemia has
increased over time [14]. Early diagnosis and interven-
tion are critical to AMI.

Several guidelines were published on this matter [27,
28]. Endovascular and open surgery in asymptomatic
patients with chronic mesenteric ischemia (CMI) is rarely
indicated. On the other hand, symptomatic CMI should
be treated to prevent acute mesenteric ischemia (AMI),
bowel infarction, and death. It is still controversial which
patients should undergo open or endovascular interven-
tions [16].

The study aims to show the outcome of open surgical,
endovascular and hybrid interventions in the treatment
of AMI and CMI in a single tertiary referral centre.

Methods
All patients 18 years and older at the time of surgery who
underwent endovascular, open or hybrid surgery for mes-
enteric ischemia at the Department for Visceral, Vascular
and Endocrine Surgery at the University Hospital Halle
(Saale), Germany from 2015 to 2021 were included in the
study. Patients with nonocclusive mesenteric ischemia
and mesenteric venous occlusion were not included.
Endovascular or hybrid treatment comprises mechanical
thrombectomy, visceral artery angioplasty and stenting
performed with or without laparotomy. Open revascu-
larization comprises laparotomy with embolectomy,
endarterectomy with or without patch angioplasty or
bypass with prosthetic or venous grafting. Patients with
AMI underwent emergency surgery. Patients with CMI
underwent elective surgery. In our center we follow an
endovascular first approach in the treatment of CML. In
AMI, when there is no clinical sign of bowel infarction,
we perform an endovascular procedure. If there are clini-
cal or radiological signs of bowel infarction, we perform
a laparotomy and, depending on the extent of the arte-
rial lesion, an exclusively open arterial bypass or hybrid
procedure.

The primary outcome of the study is postoperative in-
hospital mortality. Secondary outcomes are the number
of bowel resections, type of operation (open surgical,
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endovascular, hybrid), duration of the procedure, length
of postoperative intensive care treatment, length of hos-
pital stay, and the nature and severity of postoperative
complications according Dindo-Clavien Classification
[21]. All outcomes and patients’ demographic charac-
teristics and co-morbidities were collected by retrospec-
tive chart review. All data were anonymized prior to the
analyses.

The study was approved by the ethics committee of
the University Hospital Halle (Saale), Germany (ID
2021-031).

Pearson’s X” test was used to identify independent fac-
tors associated with early death and postoperative mor-
bidity. Mann—Whitney-Test was used for continuous and
ordinal variables and Chi-square-test to the categorical
variables. A P value of 0.05 determined statistical signif-
icance. IBM SPSS Statistics 27 was used to perform the
analysis.

Results

Demographics and clinical characteristics

A total of 64 patients, 20 with CMI (elective surgery) and
44 with AMI (emergency surgery), underwent open, end-
ovascular or hybrid surgery. In the CMI and AMI groups,
60% and 64.6% of patients were male, respectively. Mean
age was 66.9 and 70.7 years in the CMI and AMI groups,
respectively. Patients in the CMI group had higher preva-
lence of obesity and COPD and lower prevalence of dia-
betes mellitus, cardiac comorbidities, renal insufficiency,
and history of malignancy. All patients were classified as
ASA (American Society of Anesthesiology) score 3 or 4.
Patients in the AMI group were classified as higher ASA
risk when compared to the CMI group. A summary of
relevant demographics and comorbidities are presented
in Table 1. There were no statistically significant differ-
ences between both groups.

Etiology, classification, laboratory values and outcomes

In the AMI group, 27.3% had an embolic and 72.7% a
thrombotic occlusion. Bowel resection was performed
in 45.5% of the patients with AMI (29.5% small intestine,
2.3% colon and 13.6% both). Second-look laparotomy was
performed in 27.3% of the patients. Regarding the CMI
group, 25% of the patients were classified as stadium II
and 75% as stadium III. The most often revascularized
artery was the SMA in both groups. In the CMI group, all
patients underwent revascularization. In the AMI group,
15.9% of the patients underwent bowel resection alone.
In the CMI group, only one patient underwent open sur-
gery while 19 patients received endovascular treatment.
80% of the patients received treatment for AMS and
20% for TC stenosis/occlusion. In the AMI group, of a
total of 44 patients, 27 underwent open surgery and 17
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Table 1 Summary of the baseline and clinicopathologic features in 64 patients with AMI and CMI undergoing arterial
revascularization from 2016-2021 (Mann-Whitney-Test for continuous and ordinal variables and Chi-square-test to the categorical

variables used to compare CMI and AMI groups)

Variable CMI (n=20) AMI (n=44) P value
Open (n=1) Endovascular Total Open (n=27) Endovascular/ Total
(In=19) Hybrid (n=17)

Male Gender (%) 0% 63% 60% 48% 64.7% 54.4% 0.683
Age (years) Mean (SD) 75 66.5(9.1) 66.9 (9) 67.9(2.2) 75(4) 70.7 (1.7) 0.16
ASA 3 (%) 100% 89.5% 90% 66.7% 76.4% 70.4% 0.087
DM (%) 0% 36.8% 35% 29.6% 47.1% 36.3% 0916
Cardiac (%) 100% 73.7% 75% 81.5% 100% 88.6% 0.164
Renal Insufficiency (%) 0% 26.3% 25% 29.6% 52.9% 38.6% 0.287
Neoplasm (%) 0% 15.8% 15% 11.1% 17.6% 13.6% 0.884
Obesity (%) 0% 15.9% 15% 14.8% 0% 9% 0483
COPD (%) 0% 26.3% 25% 14.8% 5.9% 11.3% 0.164

AMI acute mesenteric ischemia, CMI chronic mesenteric ischemia

DM diabetes mellitus

COPD chronic obstructive pulmonary disease

ASA American Society of Anesthesiologists Physical Status Classification System

endovascular treatments. The AMS was treated in 52.3%
of the patients, TC in 13.6% and both in 23.5% of the
patients.

Regarding the preoperative laboratory values, leuko-
cytosis (gpt/l) and elevated lactate (mmol/l) were more
frequent in the AMI group when compared to the CMI
group (10.95 (£1.69) vs 18.3 (£1.9), p=0.011 and 1.45
(£0.27) vs 4.42 (£0.79), p=0.016). No statistically sig-
nificant differences in CRP levels were observed between
groups.

Concerning in-hospital mortality, no CMI patient
died. In contrast, a mortality rate of 29.5% (p=0.03) was
observed in the AMI group, with no differences regard-
ing endovascular and open surgery (29.6% vs 29.4% mor-
tality). Severe morbidity (Dindo-Clavien>3) was also
significantly more frequent in the AMI group when com-
pared to the CMI group (77.3% vs 20%, p <0.001). Endo-
vascular surgery was associated with fewer postoperative
complications when compared to open surgery (64.7% vs
85.2%, p<0.001).

The length of intensive care stay, and hospital stay
were different between the CMI and AMI groups (0.5
(£0.45) vs 7.2 (£1.9) days, p<0.001 and 5.8 (£1.2) vs
22.7 (£3.3), p=0.003). A summary of these results is
presented in Table 2.

Factors associated with postoperative morbidity

and mortality in AMI patients

The ASA classification was found to be associated with
postoperative mortality in the AMI group. Patients who
died had a longer intensive care stay (10 (£12.9) vs 6

(£12) days, p=0.05), and more often bowel resections
(61.5% vs 38.7%, p=0.14) than those who survived.

Severe postoperative morbidity (Dindo-Clavien > 3)
was associated with bowel resections (55.8% vs 10%,
p=0.065) and inversely associated with second-look lap-
arotomy rates (20.5% vs 50%, p=0.066). A summary of
these results is presented in Table 3.

Discussion

In this retrospective study, we report our single center
experience regarding the treatment of CMI and AMI,
both with endovascular and open surgery.

The major finding from this study concerns the zero
in-hospital mortality in CMI patients and the elevated
in-hospital mortality in the AMI group. Severe postop-
erative morbidity (Dindo-Clavien>3) was also signifi-
cantly more frequent in the AMI group when compared
to the CMI group (20% vs 77.3%, p<0.001). Endovas-
cular surgery had fewer postoperative complications in
AMI patients when compared to open surgery (64.7% vs
85.2%), not affecting mortality rates (29.6% vs 29.4). An
elevated leukocyte count and lactate levels were present
in the AMI group when compared to the CMI group.
Finally, ASA classification and longer intensive care stay
were identified as factors associated with mortality in the
AMI group.

Our results regarding outcomes of AMI are compa-
rable with a 12-year retrospective analysis in which 72
patients with AMI were analyzed. Perioperative mor-
bidity and 30-day mortality rates were 39% and 31%,
respectively, and second-look surgery was performed in



Rebelo et al. BMC Surgery (2022) 22:56

Page 4 of 7

Table 2 Preoperative laboratory values, technical details, and postoperative outcomes in 64 patients with AMI and CMI undergoing
arterial revascularization from 2016-2021 (Mann-Whitney-Test for continuous and ordinal variables and Chi-square-test to the

categorical variables used to compare CMI and AMI groups)

Variable cmi AMI (n=44) P value
Open(n=1) Endovascular(n=19) Total(n=20) Open(n=27) Endovascular/ Total
Hybrid (n=17)
Etiology (%) - - - - - - -
Embolic - - - 33.3% 174% 27.3% -
Acute on Chronic - - - 66.7% 82.4% 72.7% -
CMI Stadium (%) - - - -
2 0% 26.3% 25% - - - -
3 100% 73.7% 75% - - - -
Bowel Resection (%) - - - 62.96% 17.65% 45.5% -
Small intestine - - - 40.7% 11.7% 29.5% -
Colon - - - 3.7% 0% 23% -
Both - - - 18.5% 5.88% 13.6% -
Second-look laparotomy (%) - - - 18.52% 41.18% 27.3% -
Artery - - - - - - -
None 0% 0% 0% 22.2% 5.9% 15.9% -
AMS 100% 78.9% 80% 48.15% 58.8% 52.3% -
TC 0% 21.1% 20% 14.8% 11.8% 13.6% -
Both 0% 0% 0% 14.8% 23.5% 18.1% -
Leukocytes(gpt/l) 18 106 (1.7) 10.95 (1.69) 20.14 (2.7) 154 (2.22) 18.3(1.9) 0.011
CRP (mg/1) 30 37(11.9) 37.5(11.3) 96.12 (23.1) 110.97 (29.84) 101.89 (18.1) 0.072
Lactate (mmol/l) 22 1.4 (0.285) 1.45(0.273) 4.267 (0.998) 4.665 (1.342) 4.42(0.793) 0016
In-Hospital mortality (%) 0% 0% 0% 29.6% 29.4% 29.5% 0.028
Dindo-Clavien >3 100% 15.8% 20% 85.2% 64.7% 77.3% <0.001
Surgery duration (min) 219 66.3 (8.1) 73.95 (10.8) 1126 (14.1) 107.7 (24.16) 110.7 (12.6) 0.032
ITU Stay (d) 9 0.05 (0.229) 0.5 (0.45) 83(2.8) 5.35(1.87) 7.16 (1.85) <0.001
Hospital stay (d) 18 5.1(1.01) 5.75(1.16) 2726 (4.7) 15.35 (3.68) 2266 (3.3) 0.003

AMI acute mesenteric ischemia, CM/I chronic mesenteric ischemia
AMS superior mesenteric artery
CT celiac trunk

ITU intensive care unit

53% of the patients [12]. In another retrospective study,
data from a 20-year period revealed a 30-day mortal-
ity rate of 27% in the 1990s and 17% during the 2000s.
As in our study, no significant differences in outcomes
between open and endovascular revascularization were
observed [17]. In another retrospective analysis, sum-
marizing a 12-year experience with endovascular treat-
ment of AMI due to embolic occlusion of the SMA,
the total in-hospital mortality was 27.0%. Laparotomy
was performed in 73.0% and bowel resection in 40.5%
of the patients [20]. In a meta-analysis of 30-day mor-
tality after open and endovascular therapy of AMI, five
non- randomized studies were included. Endovascu-
lar therapy had lower bowel resection rates (OR 0.37,
p=0.03) and lower 30-day mortality rates (OR 0.50;
p=0.002) when compared to open surgery. The pooled

overall 30-day mortality rate after endovascular therapy
was 17.2% compared with 38.5% after open surgery [6].

Concerning patients with CMI, we observed no mor-
tality or severe (Clavien-Dindo>3) morbidity. These
findings could be related to the small patient collective.
Nevertheless, in another retrospective analysis, simi-
larly low mortality rates were observed. In a retrospec-
tive study from the Mayo Clinic (Rochester, Minnesota,
USA), 343 patients showed a procedure-related mortal-
ity of 2.6% [18]. Given these favorable outcomes, CMI
should be treated timely and before disease progression
exposing patients to acute or acute on chronic disease at
a higher age, in a poorer physical status and with co-mor-
bidities. Therefore, early diagnosis of CMI and presenta-
tion in a vascular surgery center for treatment already
at Stage II may be decisive for a better outcome of these
patients.
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Table 3 Pearson’s X2 test for factors associated with postoperative mortality and morbidity (Dindo-Clavien > 3) in patients with acute

mesenteric ischemia

Mortality Yes (n=13) No (n=31) P value
Male gender (%) 46.2% 58.1% 0469
Age (years) 72.8(10.3) 69.77 (11.9) 0.832
ASA 3 (%) 23.1% 90.3% <0.001
DM (%) 53.8% 70.9% 0.118
Cardiac (%) 92.3% 87.1% 0.619
Renal failure (%) 46.1% 35.5% 0.507
Neoplasm (%) 0% 19.4% 0.088
Obesity (%) 7.7% 9.8% 0.834
COPD (%) 154% 9.68% 0.586
Etiology—Embolic (%) 15.39% 32.26% 0.252
Open surgical approach (%) 61.54% 61.29% 0.998
Bowel resection (%) 61.54% 38.71% 0.141
Second-look laparotomy (%) 30.78% 25.8% 0.736
Leukocytes (gpt/l) Mean (SD) 13.9(7.8) 20.17 (13.64) 0.465
CRP (mg/1) Mean (SD) 89.49 (94.66) 107.1 (130.23) 0.603
Lactate (mmol/l) Mean (SD) 451(3.33) 4.38(5.935) 0272
surgery duration (min) Mean (SD) 148.38(113) 944 (61.2) 0.482
ICU Stay (d) 10(12.92) 5.97(12) 0.05
Hospital stay (d) 13.85 (15.4) 26.35 (23.5) 0.144
Morbidity Yes (n=34) No (n=10) P value
Male Gender (%) 60% 52.9% 0.694
Age (years) 72.1(11.3) 658 (11.1) 0.283
ASA 3 (%) 67.6% 80% 0.452
DM (%) 38.2% 30% 0.634
Cardiac (%) 85% 100% 0.198
Renal Failure (%) 353% 50% 0401
Neoplasm (%) 11.8% 20% 0.505
Obesity (%) 11.7% 0% 0.255
COPD (%) 11.8% 10% 0877
Etiology—Embolic (%) 29.4% 20% 0.557
Open surgical approach (%) 67% 40% 0.114
Bowel resection (%) 55.8% 10% 0.065
Second-look laparotomy (%) 20.5% 50% 0.066
Leukocytes (gpt/l) Mean (SD) 19.98 (1.72) 12.66 (13.86) 0.601
CRP (mg/1) Mean (SD) 1109 (124.8) 71.1(101.56) 0.307
Lactate (mmol/l) Mean (SD) 4.64 (4.71) 3.66 (7.065) 0.293
surgery duration (min) Mean (SD) 125.2 (80.07) 62.7 (76.9) 0.36

ICU Stay (d) Mean (SD) 7.79 (13.298) 5(8.138) 0.352
Hospital stay (d) Mean (SD) 266 (23.14) 9.2 (9.331) 0.494

AMI acute mesenteric ischemia, CMI chronic mesenteric ischemia

ICU intensive care unit
DM diabetes mellitus

COPD chronic obstructive pulmonary disease

ASA American Society of Anesthesiologists Physical Status Classification System
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Fig. 1 Patient with SMA occlusion treated with stent angioplasty

In our analysis, no significant difference in terms of
mortality between endovascular and open treatment for
AMI was observed, despite higher morbidity rates on
the open surgery group. In an analysis of register data
from the Johns Hopkins Hospital, Baltimore, USA, 679
patients underwent vascular intervention for AMI. Mor-
tality was significantly higher after open revasculariza-
tion compared with endovascular intervention (39.3%
vs 24.9%; P=0.01) [19]. A meta-analysis regarding mor-
tality after open and endovascular revascularization for
CMI was published within the ESVS guidelines. In single
center cohorts from highly specialized centers, no differ-
ence in mortality was identified (OR 1.12). In administra-
tive data from the Nationwide Inpatient Sample from the
USA, the mortality was lower after endovascular com-
pared to open revascularization (OR 0.20) [6].

We observed a higher leukocyte count and elevated
lactate levels in the AMI group when compared to the
CMI group. According to the recent ESVS guidelines, in
patients with acute abdominal pain, D-dimer measure-
ment is recommended to exclude AMI. In contrast, lac-
tate measurement is not recommended to diagnose AMI
[6]. In our study, no data on preoperative D-dimer was
available, as it is not commonly used at our centre in this
context.

In our analysis, ASA classification and length of inten-
sive care stay were associated with mortality in patients
with AMI. Some small single center studies showed com-
parable results [22-25]. In another retrospective study,
congestive heart failure and chronic kidney disease pre-
dicted postoperative mortality, and bowel resection and
cerebrovascular disease predicted postoperative morbid-
ity [17].

Our study has some limitations. The main drawback is
that it is based on a small number of patients. In addition,
the retrospective design is another significant limitation,
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increasing the risk of bias considerably. Therefore, the
results should be carefully interpreted, and applied. Nev-
ertheless, the findings of this work may provide useful
information for clinicians treating mesenteric ischemia
and should be included in future meta-analyses.

Conclusion

Mesenteric ischemia remains a challenge. Morbidity and
in-hospital mortality are low when treating CMI and high
for AMI. Early diagnosis and open or endovascular treat-
ment may be decisive for the outcome of these patients.
Which treatment is better for which indication remains
an open question and should be addressed in future
studies.

Acknowledgements
Not applicable

Authors’ contributions

AR outlined, wrote, and drafted the manuscript. All authors critically revised
the manuscript, read, and approved the final version of the manuscript. All
authors read and approved the final manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL. No Funding
was received.

Availability of data and materials

The data that support the findings of this study are available from the authors,
but restrictions apply to the availability of these data, which were used under
license for the current study, and so are not publicly available. Data are how-
ever available from the authors upon reasonable request and with permission
of ethics committee of the University Hospital Halle (Saale).

Declarations

Ethics approval and consent to participate

The study was performed in accordance with the Declaration of Helsink. The
study was approved by the ethics committee of the University Hospital Halle
(Saale), Germany (ID 2021-031), according to whom the informed consent was
waived as all data were processed anonymously.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 6 December 2021 Accepted: 7 February 2022
Published online: 13 February 2022

References

1. Tiedemann F.Von der Verengung und Schliessung der Pulsadern in
Krankheiten. Groos, 1843.

2. Dunphy JE. Abdominal pain of vascular origin. Am J Med Sci.
1936;192:109-12.

3. Shaw RS, Maynard EP 3rd. Acute and chronic thrombosis of the
mesenteric arteries associated with malabsorption; a report of two
cases successfully treated by throm - boendarterectomy. N Engl J Med.
1958;258:874-8.

4. Morris GC, Crawford ES, Cooley DA, DeBakey ME. Revascularization of the
celiac and superior mesenteric arteries. Arch Surg. 1962;84:95-107.



Rebelo et al. BMC Surgery

20.

21.

22.

23.

(2022) 22:56

Schermerhorn ML, Giles KA, Hamdan AD, Wyers MC, Pomposelli FB.
Mesenteric revascularization: management and outcomes in the United
States, 1988-2006. J Vasc Surg. 2009;50:341-8.e1.

Bjorck M, Koelemay M, Acosta S, et al. Editor’s choice—Management of
the diseases of mesenteric arteries and veins: Clinical practice guidelines
of the European society of vascular surgery (ESVS). Eur J Vasc Endovasc
Surg. 2017;53:460-510.

Mensink PB, Moons LM, Kuipers EJ. Chronic gastrointestinal ischaemia :
shifting paradigms. Gut. 2011;60:722-37.

Clair DG, Beach JM. Mesenteric ischemia. N Engl J Med. 2016,374:959-68.
Terlouw LG, Moelker A, Abrahamsen J, Acosta S, Bakker OJ, Baumgartner |,
Bruno MJ. European guidelines on chronic mesenteric ischaemia -owned
joint United European gastroenterology, European association for gastro-
enterology, endoscopy and nutrition European society of gastrointestinal
and abdominal radiology, Nether- lands association of, hepatogastro-
enterologists , Hellenic Society of gastroenterology , cardiovascular and
interventional radiological society of Europe, and Dutch Mesenteric
ischemia study group clinical guidelines on the diagnosis and treatment
of patients with chronic mesenteric ischaemia. United Eur Gastroenterol
J.2020. https://doi.org/10.1177/2050640620916681.

. Biolato M, Miele L, Gasbarrini G, et al. Abdominal angina. Am J Med Sci.

2009;338:389-95.

. Pecoraro F, Rancic Z, Lachat M, et al. Chronic mesenteric ischemia: critical

review and guidelines for management. Ann Vasc Surg. 2013;27:113-22.

. Kougias P, Lau D, El Sayed HF, Zhou W, Huynh TT, Lin PH. Determinants of

tomorrow tality and treatment outcome Following surgical interventions
for acute mesenteric ischemia. J Vasc Surg. 2007;46:467-74.

. Cudnik MT, Darbha S, Jones J, et al. The diagnosis of acute mesenteric

ischemia: a systematic review and meta-analysis. Acad Emerg Med.
2013;20:1087-100.

. Acosta-Mérida MA, Marchena-Gémez J, Saavedra-Santana P, Silvestre-

Rodriguez J, Artiles-Armas M, Callején-Cara MM. Surgical outcomes in
acute mesenteric ischemia: has anything changed over the years? World
J Surg. 2020;44(1):100-7. https://doi.org/10.1007/500268-019-05183-9.
Lim S, Halandras PM, Bechara C, Aulivola B, Crisostomo P. Contemporary
MAN agement of acute mesenteric ischemia in the endovascular era.
Vasc Endovasc Surg. 2018;53(1):42-50. https://doi.org/10.1177/15385
74418805228.

. Rebelo A, Partsakhashvili J, John E, et al. Current concepts and evidence

on open, endovascular and hybrid treatment of mesenteric ischemia: the
retrograde open mesenteric stenting. Surg Pract Sci. 2021. https://doi.
0rg/10.1016/}.51pas.2020.100022.

. Ryer EJ, Kalra M, Oderich GS, Duncan AA, Gloviczki P, Cha S, Bower

TC. Revascularization for acute mesenteric ischemia. J Vasc Surg.
2012;55(6):1682-9. https://doi.org/10.1016/jjvs.2011.12.017.

. Tallarita T, Oderich GS, Gloviczki P, Duncan AA, Kalra M, Cha S, Misra S,

Bower TC. Patient survival after open and endovascular mesenteric revas-
cularization for chronic mesenteric ischemia. J Vasc Surg. 2013;57(3):747—
55. https://doi.org/10.1016/j.jvs.2012.09.047.

. Beaulieu RJ, Arnaoutakis KD, Abularrage CJ, Efron DT, Schneider E, Black

JH. Comparison of open and endovascular treatment of acute mesenteric
ischemia. J Vasc Surg. 2014,59(1):159-64. https://doi.org/10.1016/jjvs.
2013.06.084.

Raupach J, Lojik M, Chovanec V, Renc O, Strycek M, Dvorak P, Hoffmann P,
Gurnika |, Ferko A, Ryska P, Omran N. Endovascular management of acute
embolic occlusion of the superior mesenteric artery: a 12-year single-
centre experience. Cardiovasc Intervent Radiol. 2016;39(2):195-203.
https://doi.org/10.1007/500270-015-1156-6.

Dindo D, Demartines N, Clavien P-A. Classification of surgical complica-
tions: a new proposal with evaluation in a cohort of 6336 patients and
results of a survey. Ann Surg. 2004,240(2):205-13. https://doi.org/10.
1097/01.51a.0000133083.54934.ae.

Gagniere J, Favrolt G, Alfidja A, Kastler A, Chabrot P, Cassagnes L, Buc

E, Pezet D, Boyer L. Acute thrombotic mesenteric ischemia: primary
endovascular treatment in eight patients. Cardiovasc Intervent Radiol.
2011;34(5):942-8. https://doi.org/10.1007/500270-011-0212-0.

Ozturk S, Unver M, Ozdemir M, Bozbiyik O, Turk Y, Firat O, Caliskan C. Prog-
nostic factors in acute mesenteric ischemia and evaluation with multiple
logistic regression analysis effecting morbidity and mortality. Pol Przeg!
Chir. 2020;93(1):25-33. https://doi.org/10.5604/01.3001.0014.5824.

24,

25

26.

27.

28.

Page 7 of 7

Kassahun WT, Schulz T, Richter O, Hauss J. Unchanged high mortal-

ity rates from acute occlusive intestinal ischemia: six-year review.
Langenbecks Arch Surg. 2008;393(2):163-71. https://doi.org/10.1007/
500423-007-0263-5.

Gawenda M, Scherwitz P, Walter M, Erasmi H. Letalitatsfaktoren des
Darminfarkts primar vaskuldrer Genese [Fatal outcome factors of
intestinal infarct of primary vascular origin]. Langenbecks Arch Chir.
1997,382(6):319-24.

Lauro A, Sapienza P, Vaccari S, Cervellera M, Mingoli A, Tartaglia E,
Canavese A, Canavese A, Caputo F, Falvo L, Casella G, Isaj E, Di Matteo FM,
D'’Andrea V, Tonini V. The surgical management of acute bowel ischemia
in octogenarian patients to avoid Short Bowel Syndrome: a multicenter
study. G Chir. 2019;40(5):405-12.

Bala M, Kashuk J, Moore EE, Kluger Y, Biffl W, Gomes CA, Ben-Ishay O,
Rubinstein C, Balogh ZJ, Civil I, Coccolini F, Leppaniemi A, Peitzman A,
Ansaloni L, Sugrue M, Sartelli M, Di Saverio S, Fraga GP, Catena F. Acute
mesenteric ischemia: guidelines of the World Society of Emergency Sur-
gery. World J Emerg Surg. 2017,7(12):38. https://doi.org/10.1186/513017-
017-0150-5.PMID:28794797,PMCID:PMC5545843.

Huber TS, Bjorck M, Chandra A, Clouse WD, Dalsing MC, Oderich GS,
Smeds MR, Murad MH. Chronic mesenteric ischemia: clinical prac-

tice guidelines from the Society for Vascular Surgery. J Vasc Surg.
2021;73(15):875-115S. https://doi.org/10.1016/],jvs.2020.10.029.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1177/2050640620916681
https://doi.org/10.1007/s00268-019-05183-9
https://doi.org/10.1177/1538574418805228
https://doi.org/10.1177/1538574418805228
https://doi.org/10.1016/j.sipas.2020.100022
https://doi.org/10.1016/j.sipas.2020.100022
https://doi.org/10.1016/j.jvs.2011.12.017
https://doi.org/10.1016/j.jvs.2012.09.047
https://doi.org/10.1016/j.jvs.2013.06.084
https://doi.org/10.1016/j.jvs.2013.06.084
https://doi.org/10.1007/s00270-015-1156-6
https://doi.org/10.1097/01.sla.0000133083.54934.ae
https://doi.org/10.1097/01.sla.0000133083.54934.ae
https://doi.org/10.1007/s00270-011-0212-0
https://doi.org/10.5604/01.3001.0014.5824
https://doi.org/10.1007/s00423-007-0263-5
https://doi.org/10.1007/s00423-007-0263-5
https://doi.org/10.1186/s13017-017-0150-5.PMID:28794797;PMCID:PMC5545843
https://doi.org/10.1186/s13017-017-0150-5.PMID:28794797;PMCID:PMC5545843
https://doi.org/10.1016/j.jvs.2020.10.029

	Acute and chronic mesenteric ischemia: single center analysis of open, endovascular, and hybrid surgery
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Results
	Demographics and clinical characteristics
	Etiology, classification, laboratory values and outcomes
	Factors associated with postoperative morbidity and mortality in AMI patients

	Discussion
	Conclusion
	Acknowledgements
	References


