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Abstract
Background: The primary endpoint was to investigate the prognostic factors of acute mesenteric ischemia (AMI) in
ICU patients.
Methods: Retrospective observational, non-interventional, monocentric study of a cohort of 214 ICU patients with a
confirmed diagnosis of arterial AMI.
Results: We collected demographics, mortality, hospital stay, prior medical history, comorbidities, reasons for ICU
admission, laboratory investigations, diagnostic procedures, therapy, severity scores. The 30-day mortality rate was
71% for the 214 patients with arterial AMI. The incidence of nonocclusive mesenteric ischemia was particularly high.
AMI was a secondary diagnosis in 58% of patients. Half of the population was represented by surgical patients who
mostly required an urgent procedure. The mortality rate was not different in the subgroup with aortic surgery.
Three factors were associated with an increase or decrease in mortality: the maximal dose of vasopressors (VP)
administered to the patient (OR = 1.20; 95%CI = 1.08–1.33; p < 0.001), arterial change in lactate values within the
first 24 h of admission (OR = 1.24; 95%CI = 1.05–1.48; p = 0.012) and anticoagulation (OR = 0.19; 95%CI = 0.043–0.84;
p = 0.029).
Conclusions: Fatalities after AMI were related to a high incidence of multi-organ failure. The monitoring of arterial
lactate appeared helpful to identify the patients with a poor prognosis.
Keywords: Arterial acute mesenteric ischemia, ICU patients, Mortality, Prognostic factors

Background
Acute mesenteric ischemia (AMI) is often an underdiagnosed cause of acute abdomen and is still followed by a
high mortality and morbidity rate, despite intensive care
therapy [1–4]. AMI may be subdivided into four different types according to the pathophysiology. Embolic and
thrombotic occlusion is responsible for approximately 2/
3 of cases, while nonocclusive mesenteric ischemia
(NOMI) and mesenteric venous thrombosis (MVT) represent each 1/6 of cases [5]. Early diagnosis is often impaired due to the lack of sensitivity and specificity of the
clinical features and biomarkers. Computed tomography
with angiography (CTA) is currently the “gold standard”
diagnostic procedure in AMI, with an estimated sensitivity and specificity of 91 and 99%, respectively [6, 7].
However, CTA findings in the early stages of the

affection may be more subtle, and the sensitivity is probably overestimated [1]. AMI may occur as a primary
diagnosis but is also observed as a complication in ICU
patients admitted with other comorbidities. To our best
knowledge, few studies have looked specifically at the
outcome of AMI in ICU patients [8].
The primary aim of our study was to assess the prognostic factors of arterial AMI in ICU patients admitted
in a tertiary care center over a period of 17 years. Additional endpoint was to determine if AMI was the primary cause of admission in the ICU or if it was
secondary to an underlying condition. Finally, we developed a score predicting AMI mortality in ICU patients.

Methods
Study design

* Correspondence: philippe.hantson@uclouvain.be
Department of Intensive Care, Cliniques St-Luc, Université catholique de
Louvain, Avenue Hippocrate, 10, 1200 Brussels, Belgium

This research was designed as a retrospective, observational, non-interventional, monocentric study, including
ICU patients from a tertiary university hospital in
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Belgium. The inclusion period ranged from 2000 to
2017. Patients were included if they were admitted to
the ICU and if they presented AMI during their ICU
stay. Diagnosis of AMI was made using at least one of
these four procedures: computed tomography angiography, surgery, arteriography or autopsy. The exclusion
criteria were: age ≤ 18 years at diagnosis, invalidation of
the diagnosis by surgery or autopsy, ischemia by extrinsic compression of mesenteric vessels (e.g., intestinal obstruction, volvulus, compressive tumor, abdominal
compartment syndrome…), ≥ 50% of missing data in the
patient’s record. Patients with acute mesenteric ischemia
from venous origin were not considered.
Data collection

The patients’ data were recovered from the ICU database with ICD9-CM codes corresponding to the pathology (codes: 557.0, 557.1 and 557.9). From a total of
pre-selected 643 patients, 214 were ultimately included.
Data collection included demographics, prior medical
history (PMH), date of diagnosis, duration of hospital
and ICU stay, 30-day and in-hospital mortality, recurrence of AMI after the initial episode, type of ischemia
(occlusive or nonocclusive), reasons for admission in
ICU (primary, secondary, medical versus surgical, urgent
versus scheduled) and time from ICU admission to
diagnosis.
Laboratory data were recorded at the time of diagnosis. For arterial lactate, we also looked at arterial lactate
measurement 24 h after AMI diagnosis, total platelet
count 24 h before AMI diagnosis and if platelets fell
below the threshold of 100,000 per μl after AMI
diagnosis.
For each patient, we reported the diagnostic procedures. If an autopsy was performed, we investigated if
the diagnosis of AMI was revealed by this procedure.
The CTA features were identified according to the radiologist’s protocol. We also reported if laparotomy contributed to the diagnosis, and time from diagnosis to
laparotomy.
Concerning therapeutic issues, the following data were
collected: maximal dose of vasopressors (norepinephrine)
administered, whether the patient received vasopressors
within the 24 h preceding diagnosis, or after diagnosis/surgery/arteriography, antimicrobial therapy, initiation of
therapeutic anticoagulation after diagnosis, thrombolysis,
embolectomy, stenting, laparoscopy, laparotomy.
At admission, Sequential Organ Failure Assessment
(SOFA) [9] and Acute Physiology and Chronic Health
Evaluation II (APACHE II) [10] scores were calculated.
The comorbidities developed during ICU stay were
expressed as: new onset atrial fibrillation, acute pancreatitis, sepsis or septic shock (as defined in 2016 by Singer
et al. [11]), heart failure (central venous oxygen
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saturation below 70% or need for inotropic support),
mechanical ventilation 24 h prior to diagnosis, renal replacement therapy (RRT) after diagnosis. Regarding kidney failure, we also calculated RIFLE (Risk, Injury,
Failure, Loss of kidney function and End-stage kidney
disease) [12], AKIN (Acute Kidney Injury Network) [13]
and KDIGO (Kidney Disease: Improving Global Outcomes) [14] scores, from the presence or absence of
RRT, urine output at admission, the worst urine output
during ICU stay, urine output at ICU discharge or death,
and serum creatinine at AMI diagnosis.
Statistical analysis

Statistical analyses were performed using SPSS 21 software (SPSS software [IBM Corp. 2011. IBM SPSS Statistics for Windows, Version 21.0. Armonk, NY, USA: IBM
Corp]).
Categorical variables were reported as percentages and
analyzed using Chi-squared test or Fisher’s exact test.
Continuous variables were expressed as mean with
standard deviation (SD) or median with interquartile
range (IQR) according to the distribution. Unpaired ttest or Mann-Whitney U-test were used for
comparisons.
The patients with arterial AMI were divided into two
groups according to 30-day outcome. To assess the risk
factors of 30-day mortality, a univariate logistic regression analysis was conducted. To build a multivariate logistic regression model, variables were selected using a
method of forward elimination with p- value less than
0.20 for inclusion. The results were expressed as odds
ratio (OR) with 95% confidence intervals [95%CI]. All
tests were two-sided, with significance level of 5%.
Receiver operating characteristic (ROC) curves were
generated to assess the accuracy of significant variables
in predicting 30-day mortality in AMI patients.
Ethics and consent

Institutional approval was provided by the Saint-Luc
University Hospital Ethics Committee (Ref: 2015/11JUI/
329) and our study complied with the Helsinki Declaration. To ensure confidentiality, patient data were anonymously recorded in the final database, in accordance
with Belgian law. A waiver was obtained for written informed consent in view of the study’s retrospective
design.

Results
The detailed results are presented in Tables 1 and 2.
Demographics and previous medical history

The 30-day mortality rate in the 214 included patients
(51% men, mean age at diagnosis 72 years) was 71%,
while in-hospital mortality was 68%. Looking at the
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Table 1 Characteristics of patients with arterial AMI
Characteristics

Page 3 of 10

Table 1 Characteristics of patients with arterial AMI (Continued)
Arterial AMI
(n = 214)

Demographics

Characteristics

Arterial AMI
(n = 214)

Dilated bowel segment (%)

21

Gender, male (%)

51

Fat stranding (%)

2

Age at diagnosis (years) (mean ± SD)

72 ± 13

Pneumatosis intestinalis (%)

37

Length of in-hospital stay (days) (median [IQR])

13 [4–30]

Air in mesenteric vessels (%)

20

Length of ICU stay (days) (median [IQR])

4.5 [2–12]

Arteriography performed (%)

8

In-hospital mortality rate (%)

71

30-day mortality rate (%)

68

Reason for ICU admission
Main admission diagnosis (%)

42

Surgical reason (%)

50

Urgent reason (%)

90

PMH and comorbidities

Laparotomy:
Not performed (%)

31

Performed < 24 h post-diagnosis (%)

66

Performed > 24 h post-diagnosis (%)

3

Autopsy:
Autopsy performed (%)

17

Discovery of AMI during autopsy (%)

5

Arterial hypertension (%)

69

Hypercholesterolemia (%)

47

Vasopressors in the 24 h preceding diagnosis (%)

51

Diabetes (%)

20

Maximal dose of vasopressors (gamma/min)
(median [IQR])

30 [10–53]

Cardiomyopathy (%)

57

PMH of atrial fibrillation (%)

27

Peripheral artery disease (%)

44

PMH of cancer (%)

28

Chronic inflammatory disease (%)

18

Hypercoagulability (%)

6

PMH of surgery (%)

78

Laboratory findings
CRP (mg/dl) (median [IQR])

18 [8–25]

Serum creatinine (mg/dl) (median [IQR])

2 [1.2–3]

LDH > 250 IU/l (%)

72

Leukocytes (× 103/mm3) (median [IQR])

14.8 [8.8–22]

Neutrophils (×103/mm3) (median [IQR])

12.6 [6.6–18]

Lymphocytes (× 103/mm3) (median [IQR])

0.83 [0.5–1.18]

NLR (median [IQR])

14 [7.7–24]

INR (median [IQR])

1.4 [1.1–1.9]

Platelets 24 h before diagnosis (×103/mm3)
(median [IQR])

157 [88–277]

Platelets < 100,000/mm3 after diagnosis (%)

59

Arterial lactate at diagnosis (mmol/l)
(median [IQR])

3.6 [2–7.5]

Arterial lactate 24 h after diagnosis (mmol/l)
(median [IQR])

3.4 [1.7–8.7]

Diagnostic procedures
Time from ICU admission to diagnosis (days)
(median [IQR])

1 [0–4]

CT-scan:
Visualization of vessel obstruction (%)

28

Hypo-enhancement of bowel wall (%)

64

Bowel wall thickening (%)

37

Therapeutic procedures

Vasopressors post-diagnosis (%)

81

Antimicrobial therapy (%)

90

Anticoagulation (%)

62

Thrombolysis or embolectomy (%)

5

Stenting (%)

5

Laparoscopy (%)

1

Laparotomy (%)

64

Scores
SOFA (mean ± SD)

8.7 ± 5

APACHE II (mean ± SD)

25 ± 10

Comorbidities during ICU stay
New onset of atrial fibrillation (%)

14

Acute pancreatitis (%)

8

Sepsis, septic shock (%)

58

SCVO2 < 70% or need for inotropic agent (%)

71

Mechanical ventilation 24 h before diagnosis (%)

47

RRT after diagnosis (%)

52

Urine output at ICU admission (ml/24 h)
(mean ± SD)

928 ± 1011

Worst urine output during ICU stay (ml/24 h)
(mean ± SD)

321 ± 523

Urine output at the end of ICU stay (ml/24 h)
(mean ± SD)

638 ± 928

No AKI (%)

22

RIFLE R, AKIN and KDIGO 1 (%)

10

RIFLE I, AKIN and KDIGO 2 (%)

10

RIFLE F/L/E, AKIN and KDIGO 3 (%)

58

AMI acute mesenteric ischemia, SD standard deviation, IQR interquartile range,
ICU intensive care unit, PMH prior medical history, NLR neutrophil-tolymphocyte ratio, RRT renal replacement therapy, AKI acute kidney injury
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Table 2 Comparison of arterial AMI according to 30-day outcome
Characteristics

Total (n = 214)

Survivors (n = 69)

Non survivors (n = 145)

p- value

Gender, male (%)

51

55

49

0.46

Age at diagnosis (years) (mean ± SD)

72 ± 13

72 ± 14

70 ± 13

0.16

Length of in-hospital stay (days) (median [IQR])

13 [5–30]

33 [16–78]

7 [3–19]

< 0.001

42

71

28

< 0.001

Demographics

Reason for ICU admission
Main admission diagnosis (%)
Surgical reason (%)

52

76

38

< 0.001

Urgent reason (%)

90

88

90

0.66

Aortic surgery (%)

17

25

14

0.050

PMH and comorbidities
Arterial hypertension (%)

69

81

63

0.001

Hypercholesterolemia (%)

47

47

46

0.93

Diabetes (%)

20

15

23

0.16

Cardiomyopathy (%)

57

63

55

0.23

PMH of atrial fibrillation (%)

26

32

24

0.23

Peripheral artery disease (%)

44

49

41

0.32

PMH of cancer (%)

28

21

32

0.08

Chronic inflammatory disease (%)

18

18

17

0.91

Hypercoagulable state (%)

6

6

6

0.99

PMH of surgery (%)

78

74

80

0.3

18 [8–25]

17 [6–24]

19 [8–28]

0.24

Serum creatinine (mg/dl) (median [IQR])

2 [1.2–3]

1.6 [1.1–2.8]

2.1 [1.3–3.1]

0.014

LDH > 250 IU/l (%)

72

58

78

0.02

Leukocytes (×103/mm3) (median [IQR])

14.8 [8.8–22]

13 [7.4–20.3]

14.8 [9.5–21.5]

0.22

Neutrophils (× 103/mm3) (median [IQR])

12.6 [6.6–18]

10.7 [6.2–18.1]

12.7 [6.9–18.2]

0.54

Lymphocytes (×103/mm3) (median [IQR])

0.83 [0.5–1.18]

0.9 [0.55–1.14]

0.8 [0.54–1.24]

0.73

NLR (median [IQR])

14 [7.7–24]

10.4 [7.8–20.1]

14 [7.5–25.8]

0.36

Laboratory findings
CRP (mg/dl) (median [IQR])

INR (median [IQR])

1.4 [1.1–1.9]

1.2 [1.1–1.4]

1.4 [1.2–2]

< 0.001

Platelets 24 h before diagnosis (×103/mm3) (median [IQR])

167 [88–277]

183 [103–263]

155 [79–269]

0.35

Platelets < 100,000/mm3 after diagnosis (%)

59

36

69

< 0.001

Arterial lactate at diagnosis (mmol/l) (median [IQR])

3.6 [2–7.5]

2.5 [1.4–3.8]

4.4 [2.6–9.4]

< 0.001

Arterial lactate 24 h after diagnosis (mmol/l) (median [IQR])

3.4 [1.7–8.7]

1.7 [1.3–2.3]

7.9 [3.3–15.4]

< 0.001

Time from ICU admission to diagnosis (days) (median [IQR])

1 [0–4]

0 [0–1]

1 [0–6]

< 0.001

28

36

24

0.1

CT-scan:
Visualization of vessel obstruction (%)
Hypo-enhancement of bowel wall (%)

64

45

73

< 0.001

Bowel wall thickening (%)

37

45

33

0.11

Dilated bowel segment (%)

37

37

35

0.9

Fat stranding (%)

24

28

22

0.71

Pneumatosis intestinalis (%)

37

27

43

0.04

Air in mesenteric vessels (%)

20

15

22

0.25

Arteriography performed (%)

8

17

5

0.002
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Table 2 Comparison of arterial AMI according to 30-day outcome (Continued)
Characteristics

Total (n = 214)

Survivors (n = 69)

Non survivors (n = 145)

p- value

Not performed (%)

31

22

35

–

Performed < 24 h post-diagnosis (%)

66

75

62

–

Performed > 24 h post-diagnosis (%)

3

3

3

–

Autopsy performed (%)

17

0

25

–

Discovery of AMI during autopsy (%)

5

0

5

–

Vasopressors in the 24 h preceding diagnosis (%)

51

19

68

< 0.001

Maximal dose of vasopressors (gamma/min) (median [IQR])

30 [10–53]

7 [0–23]

38 [20–67]

< 0.001

Laparotomy:

Autopsy:

Therapeutic procedures

Vasopressors post-diagnosis (%)

81

55

93

< 0.001

Antimicrobial therapy (%)

89

90

91

0.61

Anticoagulation (%)

62

81

53

< 0.001

SOFA (mean ± SD)

8.7 ± 5

6±4

10 ± 4.7

< 0.001

APACHE II (mean ± SD)

25 ± 10

19 ± 7.4

27 ± 10

< 0.001

New onset of atrial fibrillation (%)

14

12

15

0.48

Acute pancreatitis (%)

8

1

11

0.014

Sepsis, septic shock (%)

58

43

65

0.002

Scores

Comorbidities during ICU stay

SCVO2 < 70% or need for inotropic agent (%)

71

47

83

< 0.001

Mechanical ventilation 24 h before diagnosis (%)

47

18

61

< 0.001

RRT after diagnosis (%)

52

31

60

< 0.001

AMI acute mesenteric ischemia, SD standard deviation, IQR interquartile range, ICU intensive care unit, PMH prior medical history, NLR neutrophil-to-lymphocyte
ratio, RRT renal replacement therapy, AKI acute kidney injury

mortality rate over consecutive periods (2000–2005,
2006–2011, 2012–2017), we were not able to document
any difference.
Most of the patients had been admitted in the ICU for
the acute management of a critical condition and 50%
were surgical patients. The mortality rate was not different in the subgroup of patients with aortic surgery. Fatality was mainly observed in the group of septic
patients, while survival was associated with elective abdominal surgery.
Concerning prior medical history and comorbidities,
patients with arterial AMI presented frequently arterial
hypertension, hypercholesterolemia and cardiomyopathy.
Organs dysfunction at the time of diagnosis and during
ICU stay

At the time of diagnosis, a high proportion of patients
had already developed a significant degree of multiple
organ dysfunction. This was related to the high incidence (58%) of sepsis or septic shock as the primary reason for ICU admission or during ICU stay. As a
consequence, cardiac failure, according to a SCVO2

below 70% or a need for inotropic support, was present
in 71% of the patients. On the whole, 51% of the patients
had received vasopressors prior to diagnosis, and vasopressors requirement still increased up to 81% after
diagnosis.
The incidence of acute kidney injury was particularly
high, with 58% of the patients classified as RIFLE F/L/E,
AKIN and KDIGO 3. Renal replacement therapy was required in 52% of the patients after diagnosis. 47% of the
patients required mechanical ventilation 24 h before
AMI diagnosis.
Results of CTA investigations

Regarding the features of the CTA investigations, arterial
occlusion was assessed in only 28% of the cases.
Management of AMI

Due to the severity of multiple organ failure or to the
pre-existing medical condition, a decision of withholding
treatment was made for 35 patients and surgery was
consequently not performed; all these patients died in
the ICU. Resection of the proximal colon was needed in
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77 patients due to the involvement of the ileocolic artery. Revascularization was only possible in 17 patients
(11 patients by an endovascular procedure, and six patients during surgery). In this subgroup, intestinal resection was still required in five patients; one patient still
developed progressive AMI despite revascularization and
intestinal resection was not performed after laparotomy.
The mortality in the subgroup with revascularization
was 47%. In 24 patients, only an explorative laparotomy
was performed (open and close procedure) and no patient survived. In 27 patients, a second laparotomy
(redo-laparotomy) was performed; in 25 patients, a new
intestinal resection was required, while intestinal ischemia did not progress in the two remaining cases without
resection; eight patients survived at 30-day.
Comparison survivors versus non survivors

Table 2 is comparing survivors and non survivors.
Survivors had a longer median in-hospital stay than
non survivors (p < 0.001).
No PMH or comorbidity was significantly associated
with outcome, except for arterial hypertension, which
was associated with a better 30-day survival rate (p =
0.001).
Non survivors had a higher median serum creatinine
concentration than survivors (p = 0.014).
Survivors had a significantly lower arterial lactate
concentration at diagnosis, but this difference was
even more marked 24 h after diagnosis (p < 0.001).
Figure 1a shows ROC curves assessing the
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prognostic performance of arterial lactate at diagnosis, 24 h after diagnosis, and difference between both
(arterial delta lactate). The value of arterial lactate
offering the best prognostic performance was 3.25.
For arterial lactate 24 h after diagnosis, the optimal
cutoff value was 3.65 mmol/l. For arterial delta lactate, the best Youden index was 0.85 mmol/l (increase of arterial lactate by 0.85 mmol/l during the
first 24 h following diagnosis).
Concerning the relationship between CT features and
30-day outcome, hypo-enhancement of bowel wall and
pneumatosis intestinalis were significantly associated
with an increased mortality.
Use of vasoactive drugs and maximal dose of vasopressors were significantly higher among nonsurvivors,
either in the 24 h preceding diagnosis or after diagnosis
(p < 0.001). Anticoagulation was more often administered in survivors.
The patients who developed comorbidities (pancreatitis (p = 0.014), sepsis (p = 0.002), cardiac failure
(p < 0.001)) or who required mechanical ventilation 24 h
before diagnosis (p < 0.001) had a poorer prognosis.
Univariate and multivariate analysis of prognostic factors

Independent variables were associated with 30-day
outcome. To identify them, we performed a univariate
analysis (left part of Table 3), followed by a multivariate logistic regression model (right part of Table 3)
using a forward selection procedure, and based on arterial delta lactate.

Fig. 1 a. ROC curves assessing the performance of arterial lactate in predicting 30-day mortality in ICU patients with arterial AMI. AUC: area under
the ROC curve.). Areas under the curves (AUC) are 0.722 (95%CI = 0.645–0.800), 0.892 (95%CI = 0.844–0.940) and 0.768 (95%CI = 0.698–0.837),
respectively. b. ROC curve assessing the performance of the variable based on the multivariate logistic regression model: « 1.40 + 1.20 (Vaso
max) + 0.19 (anticoagulation) + 1.24 (arterial delta lactate) », in predicting 30-day mortality in ICU patients with arterial AMI. AUC: area under the
ROC curve. Vaso max: maximal dose of vasopressors
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Table 3 Risk factors of mortality from arterial AMI in ICU: univariate and multivariate analysis
Characteristics

OR

95%CI

p-value

Adj. OR

95%CI

p-value

Gender (male)

0.78

0.44–1.39

0.4

–

–

–

Age (years)

0.98

0.96–1.008

0.18

–

–

–

Demographics

CT-scan
Visualization of vessel obstruction

0.57

0.28–1.12

0.1

–

–

–

Hypo-enhancement of bowel wall

3.34

1.68–6.62

0.001

–

–

–

Bowel wall thickening

0.6

0.32–1.12

0.11

–

–

–

Dilated bowel segment

1

0.53–1.9

0.99

–

–

–

Fat stranding

0.87

0.43–1.78

0.71

–

–

–

Pneumatosis intestinalis

1.96

1.006–3.8

0.048

–

–

–

Air in mesenteric vessels

1.62

0.7–3.72

0.25

–

–

–

Pneumoperitoneum

0.73

0.35–1.54

0.41

–

–

–

Arterial hypertension

0.42

0.21–0.83

0.014

–

–

–

Diabetes

1.74

0.8–3.80

0.16

–

–

–

Cardiomyopathy

0.7

0.38–1.26

0.23

–

–

–

PMH and comorbidities

PMH of atrial fibrillation

0.68

0.35–1.27

0.23

–

–

–

Peripheral artery disease

0.74

0.41–1.33

0.32

–

–

–

1.01

0.99–1.035

0.24

–

–

–

Laboratory findings
CRP
Serum creatinine

1.25

1.001–1.55

0.049

–

–

–

LDH > 250 IU/l

2.56

1.38–4.86

0.003

–

–

–

Leukocytes

1.02

0.98–1.05

0.22

–

–

–

NLR

1.003

0.99–1.02

0.7

–

–

–

INR

7.1

2.8–17.6

< 0.001

–

–

–

Arterial lactate at diagnosis

1.27

1.14–1.41

< 0.001

–

–

–

Arterial lactate 24 h after diagnosis

2.1

1.56–2.75

< 0.001

–

–

–

Arterial delta lactate (after-before)

1.31

1.17–1.48

< 0.001

1.24

1.05–1.48

0.012

Platelets 24 h before diagnosis

1

0.99–1.002

0.99

–

–

–

Comorbidities and ICU management
Time from ICU admission to diagnosis

1.1

1.02–1.18

0.011

–

–

–

New onset of atrial fibrillation during ICU stay

1.36

0.57–3.2

0.48

–

–

–

Maximal dose of vasopressors

1.26

1.17–1.35

< 0.001

1.20

1.08–1.33

< 0.001

SCVO2 < 70% or need for inotropic agent

5.42

2.6–11.26

< 0.001

–

–

–

Anticoagulation

0.26

0.13–0.51

< 0.001

0.19

0.043–0.84

0.029

Mechanical ventilation 24 h before diagnosis

7.45

3.65–15.2

< 0.001

–

–

–

SOFA score

1.26

1.12–1.4

< 0.001

–

–

–

APACHE II score

1.11

1.06–1.17

< 0.001

–

–

–

OR odds ratio, 95%CI: 95% confidence interval, Adj. OR adjusted odds ratio, PMH prior medical history, ICU intensive care unit

This model assessed two factors associated with a
poor 30-day outcome: maximal dose of vasoactive
drug administered (OR = 1.20; 95%CI = 1.08–1.33;
p < 0.001) and arterial delta lactate (OR = 1.24;
95%CI = 1.05–1.48; p = 0.012), and one factor associated with a better survival: anticoagulation (OR =

0.19; 95%CI = 0.043–0.84; p = 0.029). Using these
three variables, we developed a 30-day risk of mortality score using dose of vasopressors, presence of
anticoagulant therapy and arterial delta lactate (see
Fig. 1a). A ROC curve of this new score was designed and is shown in Fig. 1b.
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Discussion
In the present study, the 30-day mortality rate for the
214 included patients was 71%, while in-hospital mortality was 68%. These mortality rates are congruent with
those reported by the systematic review from Schoots et
al. [7] and the meta-analysis from Adaba et al. [15],
where in-hospital mortality rates were 71.6 and 63%,
respectively.
Our mortality rate is also supported by a multicenter
study by Leone et al. [8]. This study assessed risk factors
of ICU mortality in AMI in France, and reported similar
mortality rates, with 58% of ICU mortality and 63% of
in-hospital mortality. With a 780-patient cohort, this
study is currently the largest that assessed prognostic
factors of AMI in ICU. However, it did not discriminate
venous from arterial AMI. Our monocentric study extended on a longer period of time (17 years) than the
study by Leone et al. (6 years). It assesses the mortality
in an ICU belonging to a tertiary care center, with a proportion of patients referred from other ICUs in a critical
condition.
Finally, the high mortality rate in our series is consistent with the particularly high incidence of NOMI. This
form mainly occurs in patients presenting a severe and
acute critical illness. The clinical presentation is often
insidious and nonspecific, leading to delayed diagnosis
[16, 17]. This explains also in our series the weak association of AMI with former or new onset atrial fibrillation.
Unlike in other studies [8, 18–20], age did not seem to
be an independent risk factor of mortality in AMI.
We also underline the weak role of prior medical history or previously developed comorbidities on mortality.
Only prior history of arterial hypertension seemed to improve the outcome. The reason for this speculative protective effect of arterial hypertension remains unclear,
but could be related to a better preservation of pressure
flow autoregulation in the splanchnic area [16].
The poor prognosis of AMI was also related to the
number of organ dysfunctions as illustrated by the results of the univariate and multivariate analysis. It
mainly refers to patients admitted with sepsis and who
developed shock, acute kidney injury, and who required
vasopressors and/or inotropes and mechanical ventilation. Regarding the use of vasoactive drugs, we cannot
exclude its role in the increase of splanchnic vasoconstriction, even if vasopressin was not administered to
our patients.
The prognostic value of arterial lactate concentration
was also confirmed, and particularly the rise in arterial
value within the first 24 h following diagnosis. Elevated
serum lactate levels > 2 mmol/l was associated in irreversible intestinal ischemia in established diagnosis of
AMI [21] While single lactate level is thought to be a
strong predictor of subsequent organ dysfunction and
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mortality, it appears that lactate clearance is strongly associated with all-cause mortality in critically ill patients
[22]. In the context of AMI, persistently elevated serum
lactate is reflecting ongoing splanchnic hypoperfusion or
progression of multiple organ failure. The diagnostic
performance of lactate clearance may be even higher
than in patients with sepsis. It has to be kept in mind
that a normal value for arterial lactate does not exclude
the diagnosis of AMI and that an isolated high lactate
concentration may also reflect a late diagnosis.
On the other hand, anticoagulation initiated following
diagnosis was associated with a better outcome in arterial AMI. While a continuous infusion of unfractionated
heparin is a key treatment for venous mesenteric thrombosis, no benefit was clearly demonstrated to date in arterial AMI [23].
Derived from the multivariate analysis, we are proposing a predictive score of mortality that includes the maximal dose of vasopressors, the use of anticoagulation and
the arterial delta lactate.
Regarding surgical approach, only a very few number
of patients could benefit from revascularization. Intestinal resection was required for most of the cases and
surgery, even if performed early, did not seem to improve prognosis. According to recent guidelines, more
patients had second-look laparotomy over the last years
of this survey. Damage control surgery (DCS) is now an
important adjunct for critically-ill patients as it may
allow to monitor the restoration of splanchnic perfusion
[24].
Even if an autopsy was not performed in all deceased
patients, the final cause of death appears to be in most
of cases a multiple organ failure, often already present at
the time of diagnosis. Eventually, in a significant number
of medical files, a surgical abstention was probably decided due to the extent of the disease or to the patient’s
condition following the development of multiple organ
failure.
The limitations of this retrospective analysis have to
be acknowledged.
First, this study does not permit to analyze the diagnostic accuracy of CTA, because according to our inclusion criteria, only patients with confirmed (and not only
suspected) AMI were enrolled. The radiologist protocol
did not include a reading grid, resuming every item contributing to AMI diagnosis. We deemed the CTA feature
as absent if it was not explicitly mentioned in the radiologist protocol. In this study, the diagnostic and prognostic weight of bowel wall hypo-enhancement seems to
be high. In ICU, the presence of an isolated pneumatosis
intestinalis is not uncommon and can be related to other
etiologies. We do not have data about false positive cases
(e.g., pneumatosis intestinalis and AMI excluded by
laparotomy). Finally, while significant progress has been

Caluwaerts et al. BMC Gastroenterology

(2019) 19:80

made in CTA diagnosis over the last years, it appears
unlikely that patients with NOMI could benefit from
endovascular revascularization [25].
Second, the prevalence of some of the PMH or comorbidities may have been underestimated, because they
have been reported from patients’ files. We estimate that
most of PMH and comorbidities were reliably and consistently consigned in the medical files, making this bias
minimal, except for hypercholesterolemia, chronic inflammatory disease and hypercoagulability. Concerning
hypercholesterolemia, often not reported in the files, we
attempted to limit the bias by searching for cholesterollowering agents in the medication history or for previous
laboratory results showing hypercholesterolemia. The
reason behind the underestimation of hypercoagulability
and chronic inflammatory disease is that these conditions are often unknown in the setting of the ICU.
Third, the value arterial lactate 24 h after diagnosis is
probably underestimated. Indeed, rapidly deceased patients (in less than 24 h) would probably have, considering our results, increased or persistently high
concentrations of arterial lactate. The consideration of
this bias strengthens the prognostic value of arterial lactate 24 h after diagnosis and arterial delta lactate, two
variables identified as associated with poor outcome. Patients with AMI as main ICU admission diagnosis often
do not have data about total platelet count 24 h prior to
diagnosis. It could have led to an underestimation of the
platelet count, because these patients probably had a
mean platelet count higher than patients who were admitted in ICU for another reason, the latter in whom
platelets could have decreased from other conditions.
Finally, as the period of data analysis extended over
17 years, even if the medical staff remained unchanged,
significant changes may have occurred in diagnostic and
therapeutic procedures over time.

Conclusions
Fatalities after AMI were related to a high incidence of
multi-organ failure. The monitoring of arterial lactate
appeared helpful to identify the patients with a poor
prognosis.
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