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Acute mesenteric ischemia (AMI) is an emergency 
condition in which the blood supply to any segment 

of the small intestine is interrupted, progressing to isch-
emia, cellular damage and intestinal necrosis [1]. This 
may or may not be due to vascular occlusion (NOMI). 

In those with vascular occlusion, it is defined as mesen-
teric artery embolism (50%), mesenteric artery thrombo-
sis (15–25%) or mesenteric venous thrombosis (5–15%) 
[2]. The incidence increases with age and ranges from 1% 
in all patients presenting to the emergency department 
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with acute abdomen to 10% in patients over 70 years of 
age [3]. Mortality rate reaches 50%–70% in the absence 
of early intervention [4]. Despite technological advanc-
es, the management of patients with AMI remains chal-
lenging. Computed tomography angiography is key for 
diagnosis [5]. Surgical and endovascular interventions 
are the two main approaches. Surgical embolectomy was 
first reported in 1951, while the first successful percuta-
neous angioplasty was reported in 1983 [6, 7].

In the literature, age and duration of onset of symp-
toms were reported as poor prognosis criteria [8]. How-
ever, in recent years, demographic characteristics, co-
morbidities, serum-based indices have been the focus of 
interest in the investigation of factors affecting progno-
sis in different diseases [9, 10]. These parameters were 
found to be effective in predicting the prognosis of dis-
eases [11, 12]. Since AMI is a rare emergency, the effect 
of these parameters and multidisciplinary approach op-
tions on the prognosis of AMI has not been extensively 
studied in the literature.

In our study, the factors predicting the prognosis at 
the time of diagnosis of AMI and the effect of treatment 
options on the prognosis in AMI were investigated ex-
tensively.

MATERIALS AND METHODS

This study was approved by the Sakarya University Faculty 
of Medicine Non-interventional Ethics Committee (date: 
29.01.2021, number: E-71522473/050.01.04/605735). 
The study was conducted in accordance with the Decla-
ration of Helsinki.

We retrospectively analyzed 111 patients treated for 
AMI at our center between January 2012 and January 
2023. Demographic characteristics, comorbidities, se-
rum-based laboratory results at the time of diagnosis, 
indicators obtained from laboratory results, treatment 
process, perioperative findings, postoperative pathology 
report and early postoperative survival were evaluated. 
Charlson Comorbidity Index (CCI) was calculated for 
each patient. Patients were divided into 2 groups as liv-
ing and death for early survey (within postoperative 28 
days). The features of the two groups were compared and 
the factors affecting early mortality were investigated. 
Factors affecting the presence of perioperative ischemia, 
the length of ischemia, the length of the resected bowel, 
and the distance of the resection from the ligament of 
Treitz were investigated.

The presence of perioperative ischemia in the patients 
who underwent surgery was grouped as absent (no isch-
emia), not settled ischemia (color change in intestinal 
nutrition but not settled ischemia), partial (ischemia 
involving part of the intestine, not total ischemia), total 
(ischemia involving the entire intestine from the Treitz).

In patients who underwent bowel resection, the dis-
tance of the resection to Treitz was divided into 3 groups 
as 0–50 cm, 50–200 cm and >200 cm. In addition, these 
patients were divided into two groups as those who under-
went anastomosis and ostomy regarding bowel continuity.

Serum-Based Indicators and Calculations
NLR: Neutrophil count (K/uL)/Lymphocyte count 

(K/uL).
PLR: Platelet count (K/uL)/Lymphocyte count (K/uL).
SII: ((Neutrophil count (K/uL) x Platelet count (K/

uL))/Lymphocyte count (K/uL).
MPR: Mean platelet volume (fL)/Platelet count (K/uL) .
FAR: Fibrinogen (g/L)/Albumin (g/dL).
AGR: Albumin (g/dL)/Globulin (g/dL).
CAR: C-reactive protein (mg/L)/Albumin (g/dL).
LAR: Lactat (mmol/L)/Albumin (g/dL).
DFR: D-dimer (ugFEU/L)/Fibrinogen (g/L).
LCR: Lymphocyte count (K/uL)/C-reactive protein 

(mg/L).
FLR: Fibrinogen (g/L)/Lymphocyte count (K/uL).

The Treatment Process
Surg: Only surgery
SurgEnvas: Surgery first, endovascular intervention 12 

hours later.
EnvasSurg: Endovascular intervention first, surgery 24 

hours later.
Envas: Only endovascular intervention.
The Treatment Protocol

Highlight key points

•	 At the time of diagnosis, the patient’s prognosis can be esti-
mated from blood tests.

•	 Endovascular intervention can be given priority in stable pa-
tients.

•	 In patients who receive endovascular intervention first, tis-
sue loss is less even if surgical intervention is required.
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AMI was diagnosed by computed tomography angi-
ography in patients admitted to the emergency depart-
ment with abdominal pain. When an accessible endovas-
cular intervention specialist was available in our center, 
endovascular embolectomy was primarily performed in 
the patient who had no perforation findings on radio-
logical imaging and was not in septic condition. No ad-
ditional intervention was performed in patients whose 
complaints regressed and serum laboratory results tend-
ed to return to normal after the procedure. However, 
surgery was performed in patients whose complaints 
persisted after the procedure or whose serum laboratory 
results were abnormal.

Patients were taken directly to surgery when there 
was no specialist performing endovascular intervention 
at the time of diagnosis. In patients who underwent di-
rect surgery, postoperative endovascular procedure was 
performed if ischemia was not fully settled in periopera-
tive findings or if there were suspicious areas in the nutri-
tion of the remaining intestinal segments after resection.

Statistical Analysis
Descriptive analyses were performed to provide infor-
mation on general characteristics of the study popula-
tion. Shapiro Wilk’s Test was used to evaluate whether 
the distribution of variables was normal. Accordingly, 
it was seen that all variables displayed a normal distri-
bution. Therefore, two independent sample t-test was 
used to compare the clinical characteristics between two 
groups. One-way analysis of variance (ANOVA) was 
used for the comparison of the clinical characteristics 
among groups. For multiple comparisons, Tukey HSD 
test or Tamhane T2 test was used. Pearson correlation 
coefficient was performed for correlation between vari-
ables. The continuous variables were presented as the 
mean±standard deviation. Categorical variables were 
compared by Chi-Square test. Categorical variables 
were presented as a count and percentage. A p-value 
<0.05 was considered significant. Analyses were per-
formed using commercial software (IBM SPSS Statis-
tics, Version 23.0, Armonk, NY: IBM Corp.)

RESULTS

The mean age of the patients was 71.67 years, 64 
(57.6%) were male and 47 (42.3%) were female. The 
mean CCI of the patients was 4.31. Early mortality 
rate was 47.7%. Envas was performed in 9 (8.1%). 

EnvasSurg in 19 (17.1%). Surg in 71 (64%) and Sur-
gEnvas in 12 (10.8%) patients. In patients who un-
derwent surgery (EnvasSurg, Surg, SurgEnvas), no 
ischemia was observed in 10 (9.8%) patients, whereas 
total ischemia was observed in 21 (20.6%) patients 
during peroperative observation. The mean length of 
ischemia was 183.95 cm and the mean resected bowel 
length was 101.14 cm (resection was not performed 
in total ischemia and in cases where ischemia was not 
settled) (Table 1, 2).

Preoperative D-dimer (p=0.013), lactate (p=0.006), 
creatine (p=0.001), LAR (p=0.031) were significantly 
different between the groups when compared according 
to the treatment process. The resected bowel length was 
significantly less in patients who underwent EnvasSurg 
compared to the other groups (p=0.002) (Table 3).

When compared according to the presence of 
perioperative ischemia, preoperative neutrophils 

Table 1.	 Basic clinical and laboratory features

n %

Treatment process 9 8.1

Envas 19 17.1

EnvasSurg 71 64

Surg 12 10.8

SurgEnvas

Presence of perperative ischemia

None 10 9.8

Ischemia unsettled 4 3.9

Partial ischemia 67 65.7

Total ischemia 21 20.6

Anastomotic distance to Treitz ligament (cm)

0–50 20 32.3

50–200 29 46.8

>200 13 21

Anastomosis/ostomy

Anastomosis 29 43.9

Ostomy 37 56.1

Postoperative early survey

Alive 58 52.3

Dead 53 47.7

Surg: Only surgery; SurgEnvas: Surgery first. endovascular intervention 12 
hours later; EnvasSurg: Endovascular intervention first. surgery 24 hours later; 
Envas: Only endovascular intervention.
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(p=0.006), WBC (p=0.010), CRP (p=0.031), lactate 
(p=0.001), creatinine (p=0.037) and LAR (p=0.043) 
showed significant differences between the groups. The 
mean values of lactate, creatine and LAR were lowest 
in the non-ischemia group, increased gradually be-

tween groups and were highest in the total ischemia 
group (Table 4).

When compared according to the distance of the re-
section from Treitz, INR (p=0.035) and resected bowel 
length (p=0.004) were found to be significantly different 
between the groups (Table 5).

CCI (p=0.041), D-dimer (p=0.016), lactate 
(p<0.001), creatine (p<0.001), LAR (p<0.001) and 
ischemia length (p<0.001) were found to be significantly 
different between the groups when the alive and ex pa-
tients were compared (Table 6).

The effects of treatment process (p<0.001), pres-
ence of ischemia (p<0.001), extension of ischemia 
proximally (p=0.020), anastomosis and ostomy on 
survival are shown in Table 7, Table 8, Table 9 and Ta-
ble 10, respectively.

When the relationship between ischemia length and 
clinical features was evaluated, neutrophils (p=0.035), 
lactate (p<0.001) and LAR (p=0.036) were found to be 
significantly correlated (Table 11).

DISCUSSION

The management and prevention of perioperative 
mortality in AMI is still difficult, despite the modern 
multidisciplinary treatment approach. In this research, 
our objective was to assess association between differ-
ent clinico-pathological factors and perioperative re-
sults in patients with AMI who received surgical and/
or endovascular intervention. Our analysis revealed 
that CCI, D-dimer, lactate, creatine and LAR were 
prognostic factors at the time of diagnosis. In addi-
tion, the treatment process, the presence of ischemia, 
the length of ischemia, and the distance of the resec-
tion to the Treitz were found to be factors affecting 
mortality. Neutrophils, lactate and LAR were correlat-
ed with ischemia length.

Lactate, D-dimer is a guide in the diagnosis of AMI 
but is not sufficient to be a biomarker on its own [13–
16]. Studies have investigated lactate as a marker for 
early diagnosis of ischemia and reported that lactate is 
100% sensitive and 42% specific in AMI [17]. Several 
studies have reported that D-dimer is an effective pa-
rameter in the diagnosis of AMI with a high sensitivity 
of 96% to 100% [18]. However, compared to lactate, 
D-dimer is considered a sensitive early marker, but its 
specificity is low [19]. Currently, there is no AMI-spe-
cific serum-based parameter to diagnose AMI with se-

Table 2.	Distribution of the demographics and clinical charac-
teristics

n Mean±SD

Age 111 71.67±13.05

Charlson Comorbidity Index (CCI) 111 4.31±2.03

Neutrophil 110 16.13±8.63

PLT 111 245.81±89.47

Lymphocyte 110 1.32±1.24

Mean platelet volume (MPV) 109 9.43±2.12

Red cell distribution width (RDW) 111 16.49±2.99

White blood cell (WBC) 111 18.64±9.04

C-reaktive protein (CRP) 91 170.96±148.24

Albumin 82 3.14±0.73

Monocyte 108 1.01±0.69

D-dimer 35 3932.31±4448.46

Fibrinogen 29 115.28±173.18

Lactate 79 5.17±3.67

Globulin 37 2.67±0.5

Creatine 110 1.52±1

International normalized ratio (INR) 107 1.8±1.8

NLR 110 18.4±16.65

PLR 110 283.49±220.39

SII 110 4457.88±3718.37

MPR 109 0.05±0.03

FAR 27 35.58±54.8

AGR 36 1.14±0.21

CAR 65 65.44±62.77

LAR 61 1.43±1.26

DFR 23 2991.9±11697.04

LCR 91 0.07±0.18

FLR 29 146.11±236.42

Ischemia length 88 183.95±135.48

Resected bowel length 77 101.14±74.96

NLR: Neutrophil count/Lymphocyte count; PLR: Platelet count/Lymphocyte 
count; SII: (Neutrophil count x Platelet count)/Lymphocyte count; MPR: Mean 
platelet volume/Platelet count; FAR: Fibrinogen/Albumin; AGR: Albumin/Glob-
ulin; CAR: C-reactive protein/Albumin; LAR: Lactat/Albumin; DFR: D-dimer/
Fibrinogen; LCR: Lymphocyte count/C-reactive protein; FLR: Fibrinogen/Lym-
phocyte count.
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rum-based laboratory results. Because these parameters 
can be elevated in other inflammatory conditions. Com-
puted tomography angiography, the key diagnostic tool 
for suspected AMI, has a sensitivity of 93% and spec-
ificity of 100% [5]. However, we can use serum-based 
lab results to predict the patient’s prognosis. High lac-

tate, D-dimer, creatinine levels and increased CCI may 
be related with poor prognosis in our study as well as 
in other studies [20–25]. We reported for the first time 
that LAR is an important prognostic factor in AMI and 
is significantly correlated with ischemia length. In the 
literature, MPR, AGR, CAR, DFR, LCR, FLR have 

Table 5.	 Comparison results of demographic and clinical characteristics between groups in terms of distance from the ligament of Treitz

0–50 cm (n=20) 50–200 cm (n=29) >200 cm (n=13) p

n Mean±SD n Mean±SD n Mean±SD

Age 20 70.65±14 29 72.14±13.43 13 70±15.44 0.881

CCI 20 4.35±1.9 29 4.45±1.82 13 3.85±2.3 0.646

Neutrophil 20 12.85±6.57 28 15.19±7.71 13 16.32±8.3 0.383

PLT 20 235.24±72.91 29 223.87±100.47 13 239.76±85.21 0.838

Lymphocyte 20 1.82±2.22 28 1.01±0.64 13 1.27±0.87 0.148

MPV 20 10.02±2.83 28 9.5±2.18 13 9.11±2.56 0.570

RDW 20 16.56±3.09 29 16.51±2.41 13 17.05±5.29 0.886

WBC 20 15.91±6.29 29 17.2±8.13 13 19.53±8.66 0.423

CRP 19 225.84±162.67 22 223.49±168.62 10 149.15±121.65 0.409

Albumin 14 2.99±0.88 20 2.95±0.74 10 2.96±0.73 0.989

Monocyte 18 0.96±0.55 28 0.95±0.59 13 1.05±0.69 0.875

D-dimer 6 4396.17±4222.82 5 4930±2082.27 4 4254±3618.58 0.952

Fibrinogen 6 183.36±200.46 5 130.51±169.16 2 253.23±344.75 0.777

Lactate 15 5.48±3.14 20 4.22±3.41 9 4.33±2.98 0.496

Globulin 6 2.67±0.88 10 2.51±0.43 3 3.4±0.1 0.101

Creatine 20 1.82±1.35 29 1.46±1.02 13 1.59±0.68 0.524

INR 20 2.71±3.11 28 1.43±0.37 13 1.34±0.25 0.035a

NLR 20 15.18±10.89 28 18.8±11.66 13 16.66±8.88 0.519

PLR 20 287.73±288.59 28 302.04±283.2 13 278.43±205.01 0.963

SII 20 3682.88±3215.41 28 4474.56±3905.66 13 4080.07±2957.93 0.743

MPR 20 0.05±0.03 28 0.05±0.03 13 0.04±0.02 0.580

FAR 5 48.68±63.93 4 58.04±65.44 2 67.14±90.01 0.945

AGR 6 1.05±0.18 9 1.16±0.27 3 0.97±0.11 0.433

CAR 14 94.65±63.96 14 86.2±77.23 8 57.02±62.38 0.468

LAR 12 1.68±1.23 15 1.24±1.25 7 1.49±1.46 0.674

DFR 4 275.39±200 3 624.17±367.64 2 35.93±43.16 0.103

LCR 19 0.11±0.28 22 0.07±0.23 10 0.05±0.11 0.713

FLR 6 293.81±314.13 5 83.89±90.47 2 413.93±548.26 0.340

Ischemia length 20 144.6±66.38 29 118.79±61.03 13 69.69±49.36 0.004b.c

Resected bowel length 20 144.6±66.38 29 118.79±61.03 13 69.69±49.36 0.004b.c

a: There was statistically significant difference between 0–50 and 50–200 groups; b: There was statistically significant difference between 0–50 and >200 groups; c: 
There was statistically significant difference between 5–200 and >200 groups. NLR: Neutrophil count/Lymphocyte count; PLR: Platelet count/Lymphocyte count; SII: 
(Neutrophil count x Platelet count)/Lymphocyte count; MPR: Mean platelet volume/Platelet count; FAR: Fibrinogen/Albumin; AGR: Albumin/Globulin; CAR: C-reactive 
protein/Albumin; LAR: Lactat/Albumin; DFR: D-dimer/Fibrinogen; LCR: Lymphocyte count/C-reactive protein; FLR: Fibrinogen/Lymphocyte count.
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been reported to be indicators of prognosis in different 
diseases [26–31]. But our study showed that these in-
dices are not important in AMI.

The surgical approach is based on restoring perfusion 
and removal of the bowel, whereas endovascular inter-
vention only contributes to reperfusion [32]. In principle, 

endovascular therapy can be applied as initial treatment 
to a group of patients without signs of necrosis [32]. 
Studies have reported a better prognosis in patients who 
underwent endovascular intervention [33, 34]. In our 
study, the prognosis was better and tissue loss was less 
in the Envas and EnvasSurg groups. In our study and 

Table 6.	Comparison results of the demographics and clinical characteristics between alive and dead groups

Alive (n=58) Dead (n=53) p

n Mean±SD n Mean±SD

Age 58 69.55±13.7 53 73.98±12.01 0.074

CCI 58 3.93±2.1 53 4.72±1.88 0.041

Neutrophil 58 16.01±8.73 52 16.28±8.59 0.870

PLT 58 246.52±81.99 53 245.04±97.8 0.931

Lymphocyte 58 1.38±1.08 52 1.25±1.41 0.612

MPV 56 9.33±1.82 53 9.54±2.42 0.607

RDW 58 16.15±3.3 53 16.88±2.59 0.199

WBC 58 18.67±9.23 53 18.6±8.91 0.971

CRP 48 150.26±148.89 43 194.06±145.77 0.161

Albumin 44 3.16±0.65 38 3.12±0.83 0.804

Monocyte 57 1.01±0.58 51 1±0.8 0.986

D-dimer 19 2143.42±1898.17 16 6056.63±5627.07 0.016

Fibrinogen 18 104±172.38 11 133.74±181.27 0.662

Lactate 40 3.44±2.47 39 6.95±3.86 <0.001

Globulin 19 2.76±0.4 18 2.57±0.58 0.264

Creatine 57 1.16±0.6 53 1.91±1.19 <0.001

INR 56 1.5±1.46 51 2.12±2.07 0.082

NLR 58 15.98±10.09 52 21.1±21.55 0.108

PLR 58 262.6±203.58 52 306.79±237.57 0.296

SII 58 4047.83±3121.9 52 4915.24±4272.34 0.224

MPR 56 0.04±0.02 53 0.05±0.03 0.360

FAR 18 31.6±51.34 9 43.54±63.65 0.603

AGR 19 1.14±0.2 17 1.13±0.23 0.918

CAR 37 60.01±65.45 28 72.62±59.44 0.427

LAR 34 0.89±0.84 27 2.11±1.39 <0.001

DFR 14 250.6±301.83 9 7256.15±18506.8 0.166

LCR 48 0.07±0.19 43 0.06±0.16 0.646

FLR 18 117.36±219.18 11 193.17±266.29 0.412

Ischemia length 37 108.78±68.36 51 238.49±146.14 <0.001

Resected bowel length 46 87.5±75.11 31 121.39±71.15 0.051

NLR: Neutrophil count/Lymphocyte count; PLR: Platelet count/Lymphocyte count; SII: (Neutrophil count x Platelet count)/Lymphocyte count; MPR: Mean platelet 
volume/Platelet count; FAR: Fibrinogen/Albumin; AGR: Albumin/Globulin; CAR: C-reactive protein/Albumin; LAR: Lactat/Albumin; DFR: D-dimer/Fibrinogen; LCR: 
Lymphocyte count/C-reactive protein; FLR: Fibrinogen/Lymphocyte count.
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other studies, there was no significant difference in CCI 
between patients who underwent surgery and those who 
underwent endovascular intervention [33, 34]. Howev-
er, we can accept that the patients who underwent endo-
vascular intervention were selected cases. Because direct 
surgery was performed in septic patients with signs of 
diffuse peritoneal irritation. However, although there is 
a bias in the results between the groups, it cannot be de-

nied that endovascular intervention reduces morbidity 
and ischemic bowel length in appropriate patients.

The limitations of our study are the small number of 
cases and missing data because it was retrospective and 
single-center. In addition, symptom duration and vital 
signs of the patients at the time of diagnosis were not 
available in our digital data system.

Conclusion
In conclusion, AMI is an emergency with high mortali-
ty. The prognosis can be predicted with the serum-based 
blood tests we have mentioned, and organ loss and prog-
nosis can be changed with the selected treatment process. 
A multidisciplinary approach plays a role in treatment. 
Endovascular intervention should be prioritized in ap-
propriate patients.
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Table 7.	The effect of the treatment process applied to the 
patient on survival

Alive 

(n=58)

Dead 

(n=53)

p

Envas 9 (100) 0 (0)

<0.001
EnvasSurg 14 (73.7) 5 (26.3)

Surg 29 (40.8) 42 (59.2)

SurgEnvas 6 (50) 6 (50)

Statistics were shown as n (%). Surg: Only surgery; SurgEnvas: Surgery first, 
endovascular intervention 12 hours later; EnvasSurg: Endovascular interven-
tion first, surgery 24 hours later; Envas: Only endovascular intervention.

Table 8.	Impact of the presence of ischemia on survival

Alive 

(n=58)

Dead 

(n=53)

p

None 9 (90) 1 (10)

<0.001
Ischemia unsettled 3 (75) 1 (25)

Partial ischemia 37 (55.2) 30 (44.8)

Total ischemia 0 (0) 21 (100)

Statistics were shown as n (%).

Table 9.	Effect of ischemia extending proximally on survival

Anastomotic distance 

to Treitz ligament (cm)

Alive 

(n=58)

Dead 

(n=53)

p

0–50 7 (35) 13 (65)

0.020
50–200 15 (51.7) 14 (48.3)

>200 11 (84.6) 2 (15.4)

Total ischemia 0 (0) 21 (100)

Statistics were shown as n (%).

Table 10. Effect of anastomosis-ostomy on the distance from 
Treitz to resection on survival

Anastomotic distance 

to Treitz ligament (cm)

Alive 

(n=58)

Dead 

(n=53)

p

0–50 cm 0.419

Anastomosis 3 (50) 3 (50)

Ostomy 4 (30.8) 9 (69.2)

50–200 cm 0.176

Anastomosis 8 (66.7) 4 (33.3)

Ostomy 7 (41.2) 10 (58.8)

>200 cm 0.715

Anastomosis 7 (87.5) 1 (12.5)

Ostomy 4 (80) 1 (20)

Statistics were shown as n (%).
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