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ABSTRACT

Background: Acute mesenteric venous thrombosis (MVT) is rarely suspected as primary diagnosis in emergency departments and still 
carries an in-hospital mortality rate of above 20%.

Objectives: The aim of this study was to find differences in clinical and laboratory markers between patients with acute MVT and a con-
trol group of suspected but confirmed as not having any type of acute mesenteric ischaemia (AMI).

Design: Data was retrieved from the AMESI (Acute MESenteric Ischaemia) study. This international, multicenter prospective case-control 
study from 32 sites collected data on patients with suspected AMI during a 10-month period.

Methods: Independent factors associated with acute MVT were evaluated in a multivariable logistic regression analysis and expressed as 
odds ratios (OR) with 95% confidence intervals (CI).

Results: D-dimer was not significantly higher in MVT (n = 73) compared to non-AMI (n = 287) patients (median 7.0 mg/L vs 4.5 mg/L, 
P = .092). After entering BMI, atherosclerotic disease, history of venous thromboembolism, CRP, and D-dimer as covariates in a multi-varia-
ble logistic regression analysis, absence of atherosclerotic disease (OR 0.096, 95% CI 0.011-0.84; P = .034) and elevated D-dimer (OR 2.59/
one SD increment, 95% CI 1.07-6.28; P = .034) were associated with MVT. The discriminative ability of D-dimer for MVT as assessed by area 
under the curve in the receiver operating characteristics analysis was 0.63 (95% CI 0.49-0.78).

Conclusion: Elevated D-dimer was associated with MVT, but the discriminative ability of D-dimer was poor. There is an urgent need to 
find a more accurate plasma biomarker for this condition.

TRIAL REGISTRATION: NCT05218863 (registered 19.01.2022).

Plain Language Summary: Acute mesenteric vein thrombosis is rare, but life-threatening. The symptoms are abdominal pain and are 
not distinct from other acute abdominal conditions. A blood test identifying or leading to easier diagnosis is warranted. This multicenter inter-
national study has included patients with thrombosis in the mesenteric veins as well as suspected diseases, but not confirmed conditions, 
of disturbed circulation to the gastrointestinal tract. Elevation of the blood marker D-dimer was found to be associated with the condition of 
acute mesenteric vein thrombosis, but was not enough discriminative in relation to those patients with suspected disease only. There is an 
urgent need to find a more accurate blood marker for deep vein thrombosis of the abdomen.
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Introduction
Acute mesenteric venous thrombosis (MVT) is very rarely1 
suspected as diagnosis based on clinical and laboratory data in 
emergency departments, and MVT still carries an in-hospital 
mortality of above 20% in some reports.2 Studies on diagnostic 
performance of plasma biomarkers in acute MVT have not 
been available since studies on biomarkers often include all 
patients with acute mesenteric ischaemia (AMI), where most 
patients have acute superior mesenteric artery (SMA) occlu-
sion.3 Patients with acute MVT versus SMA occlusion have 
very different clinical presentations, risk factor profiles, disease 
severity and prognosis,4 and it is therefore not appropriate to 
pool data on these 2 disease entities in clinical research.

The AMESI (Acute MESenteric Ischaemia) study is an 
international prospective multicentre trial.5 This study 
includes patients with all subtypes of AMI as well as suspected 
but confirmed as non-AMI. The incidence, management, and 
outcome of AMI in the AMESI study has recently been 
outlined.6

The aim of this study was to perform a prospective case-
control study to evaluate clinical data and laboratory markers 
of MVT among patients with suspected AMI, for potential 
facilitation of patient selection for definitive diagnosis with 
computed tomography (CT) with intravenous contrast phase 
enhancement and imaging in the portal phase.

Methods
Study design

The study design has been outlined in detail.6 The AMESI 
study is an international, multicenter, prospective study and 
included patients with all subtypes of AMI as well as suspected 
AMI eventually confirmed as non-AMI. If suspicion of AMI 
was not confirmed or mechanical bowel obstruction with local 
intestinal gangrene was the final diagnosis, only baseline data 
and hospital mortality was collected. The present sub-study is 
a post-hoc analysis of the AMESI study (Figure 1).

Study sample

In brief, patients over 18 years of age with suspected or con-
firmed AMI were either admitted or transferred to 32 hospitals 
between 06-06-2022 and 05-04-2023. This sub-study com-
plied with the Strengthening the Reporting of Observational 
studies in Epidemiology (STROBE) statement for cohort 
studies (Supplemental Table S1).

Study objectives

To compare clinical and laboratory data between patients with 
confirmed MVT and control group of patients with suspected 
but confirmed not to have any subtype of AMI.

Figure 1.  Flow chart of included study patients.
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D-Dimer assays

The test principle, manufacturer, name of D-dimer assay and 
reference values for each respective site providing data for this 
sub-study is outlined in Table 1.

Definitions

Suspicion of AMI was raised by the local investigators in an adult 
patient with acute abdominal pain, or critically ill patients in the 
intensive care unit with increasing plasma lactate levels and suspi-
cion of non-occlusive mesenteric ischaemia (NOMI). Confirmation 
of AMI was assured by CT scan, endoscopy, surgery, histology or 
autopsy. Patients with mechanical bowel obstruction comprised 
collection of baseline data and hospital survival. Disability was cat-
egorized as need of assistance (no/yes). Atherosclerotic disease was 
defined as previous ischaemic heart disease, stroke and/or periph-
eral arterial disease (carotid artery disease, lower extremity arterial 
disease). Charlson co-morbidity index7 was calculated (mdcalc.
com/calc/3917/charlson-comorbidity-index-cci). Bowel empty-
ing8 was defined as diarrhoea and/or vomiting.

Statistics.  Categorical data was presented as number and pro-
portions (%) and continuous data as medians with interquartile 
ranges (IQR). Variables associated with MVT compared to non-
AMI patients in univariable analysis (P < .1), were candidates 
for inclusion in the multi-variable logistic regression analysis, 
expressed in odds ratios (ORs) with 95% confidence inter-
vals (CI). Normality of data was assessed by the Kolmogorov-
Smirnov test, and all tested continuous variables were log10 
transformed due to skewed distribution, and converted to Z 
scores, before entering as covariates into a multivariable logistic 
regression model. Continuous data after multi-variable testing 
were expressed per one standard deviation (SD) increment. A 
maximum of one covariate per ten MVT events was allowed in 
the multi-variable model. The clinical prediction multivariable 
model included pre-specified candidate predictors based on clin-
ical experience. No imputation of missing data was done. The 
number of positive and negative D-dimer tests, according to the 
respective manufacturers normal reference range, in the MVT 
and non-AMI group, were analysed in a 2 × 2 contingency table, 
yielding sensitivity and specificity of D-dimer for MVT with 
95% CI. Receiver operating Characteristics (ROC) analysis was 
performed to obtain an area under the curve (AUC) as a meas-
urement of D-dimer, white blood cell counts and CRPs ability to 
discriminate between MVT and non-AMI. Level of statistical 
significance was P < .05. IBM SPSS Statistics, version 28 (SPSS, 
Chicago, IL, USA) was used for statistical analysis.

Results
Comparison of baseline demographics and risk 
factors between patients with acute MVT and 
control group

The total number of patients with confirmed acute MVT was 
73, and the total number of patients with suspected but 

confirmed as non-AMI was 287, of which 128 suffered 
mechanical bowel obstruction. Compared to the control group, 
patients with MVT were younger (P = .008), had higher BMI 
(P = .009), lower Charlson comorbidity index (P = .003), less 
hypertension (P < .001), less atherosclerotic disease (P < .001), 
less atrial fibrillation (P = .006), received less antiplatelet drugs 
(P = .014), and had more previous venous thromboembolic 
event (P < .001; Table 2).

Comparison of clinical data at admission between 
acute MVTs and control group

The median pre-hospital symptom duration was 32 hours for 
patients with MVT compared to 24 hours for the control group 
(P = .040), and frequency of acute abdominal pain was higher in 
the MVT group (P = .042; Table 3).

Comparison of laboratory data between acute MVT 
and control group

White blood cell count (P = .016) and C-reactive protein 
(CRP) level (P < .001) were more elevated in the acute MVT 
group compared to the control group. The AUC for white 
blood cell counts and CRP for MVT were 0.67 (95% CI 0.60-
0.74) and 0.59 (95% CI 0.52-0.67), respectively. Estimated 
glomerular filtration rate (eGFR) at admission was higher in 
the MVT group (P < .001). Amylase (P = .033) and troponin T 
(P = .039) levels were lower in MVT patients. D-dimer was 
measured in 23 patients (31.5%) with MVT compared to 34 
(11.8%) in the non-AMI group (P = .0001). D-dimer was not 
significantly higher in MVT compared to the control group 
(median 7.0 mg/L vs 4.5 mg/L, P = .092), whereas it was higher 
(P = .001) compared to patients with mechanical bowel obstruc-
tion (median 1.5 mg/L; n = 15). D-Dimer values were above 
the test’s respective reference value in all 23 tested patients with 
MVT, and in 27 out of 34 tested non-AMI patients, resulting 
in a sensitivity of 100% (95% CI 85.2-100) and specificity of 
20.6% (95% CI 8.7-37.9). The discriminative ability of 
D-dimer for MVT as assessed by the AUC was 0.63 (95% CI 
0.49-0.78). The optimum cut-off point for D-dimer perfor-
mance of MVT diagnosis based on the ROC analysis was 
5.0 mg/L. Plasma lactate levels at time point 12 to 24 hours 
before diagnosis (P = .007) and time point 0 to 12 hours before 
diagnosis (P = .005) were lower in MVT compared to the con-
trol group, and plasma lactate levels increased more between 
these 2 time-points in the control group (Table 4, Figure 2).

Clinical and laboratory variables associated with 
acute MVT

After entering body mass index, atherosclerotic disease, history 
of venous thromboembolism, CRP and D-dimer as covariates 
in a multi-variable logistic regression analysis, absence of previ-
ous atherosclerotic disease (OR 0.096, 95% CI 0.011-0.84; 
P = .034) and D-dimer (OR 2.59/one SD increment, 95% CI 
1.07-6.28; P = .034) were associated with MVT (Table 5).
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Discussion
This is the first ever prospective case-control study on patients 
with acute MVT. This is very difficult to achieve, due to the 
low incidence and awareness of the disease, preventing 
researchers from performing studies of higher quality, but was 
made possible thanks to data from the AMESI study. This sub-
study on MVT patients, with a control group of patients, with 
similar symptoms but with proven non-AMI, has shown that 
elevated D-dimer and absence of previous atherosclerotic dis-
ease were independently associated with MVT in the adjusted 
analysis, which should alert clinicians to the possibility of 
MVT in a patient with acute abdomen. However, a clinical 
decision tool such as the Wells score9 for pre-test probability of 
deep vein thrombosis10 does not exist for MVT, and it is 
unlikely to ever be developed. Even if the Wells score cannot be 

used as a standalone test to confirm or exclude deep vein 
thrombosis, it is a valuable tool in combination with D-dimer 
measurement for evidence-based decision making.11 D-dimer 
had, however, a poor discriminative ability for diagnosis of 
MVT in the present study. This may be explained by the fact 
that only 23/73 patients with MVT had their D-dimer tested, 
and that the median time elapsed from debut of symptoms 
until presentation was 32 hours. D-dimer is an acute phase pro-
tein that will be more elevated close to the thrombotic event.

Although a history of atherosclerotic disease was indepen-
dently inversely associated with MVT in the present study, this 
factor is of very little value in the clinical setting. There are, 
however, other factors not studied, such as known inherited 
thrombophilia, especially factor V Leiden mutation, that can 
give a clue towards the diagnosis of MVT. The prevalence of 

Table 2.  Comparison of clinical background data between patients with acute MVT and confirmed non-AMI.

Patient characteristics, comorbidity and 
medical therapy

Acute MVT (n = 73) Confirmed non-AMI (n = 287) P-value

Age, years (median, IQR) 64 (48-74) 69 (56-80) .008

Female gender (%) 28 (38.4) 138/284 (48.6) .12

Body Mass Index, kg/m2 (median, IQR) 25.9 (23.4-31.5) (n = 56) 24.7 (22.0-27.7) (n = 216) .009

Disability (%) 5/69 (7.2) 75/269 (27.9) <.001

Current smoking (%) 17/66 (25.8) 51/225 (22.7) .60

Hypertension (%) 27 (37.0) 169/280 (60.4) <.001

Atherosclerotic disease (%) 9/72 (12.5) 96/269 (35.7) <.001

Atrial fibrillation (%) 6 (8.2) 65 (22.6) .006

Myocardial infarction (%) 3/69 (4.3) 33/274 (12.0) .062

Previous venous thromboembolic event (%) 13/71 (18.3) 12/272 (4.4) <.001

Charlson comorbidity index (median, IQR) 2 (1-4) (n = 64) 4 (2-5) (n = 268) .003

Anticoagulant drugs (%) 20/72 (27.8) 56/270 (20.7) .20

Antiplatelet drugs (%) 10/72 (13.9) 76/271 (28.0) .014

Statins (%) 15/72 (20.8) 85/270 (31.5) .078

Table 3.  Comparison of clinical data at admission between patients with acute MVT and confirmed non-AMI.

Symptoms Acute MVT (n = 73) Confirmed non-AMI (n = 287) P-value

Pre-hospital symptom duration, hours (median; IQR) 32 (13-72) (n = 56) 24 (6-48) (n = 190) .040

Acute abdominal pain (%) 69 (94.5) 246 (85.7) .042

Diarrhoea (%) 12 (16.4) 30 (10.5) .16

Bloody stool (%) (macroscopic) 5 (6.8) 18 (6.3) .86

Vomiting (%) 7 (9.6) 18 (6.3) .32

Bowel emptying (%) 17 (23.3) 47 (16.4) .17

Shock (%) 4 (5.5) 34 (11.8) .11

Bowel emptying = diarrhoea and/or vomiting.
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Table 4.  Comparison of laboratory data between patients with acute MVT and confirmed non-AMI.

Laboratory data Acute MVT (n = 73) Confirmed non-AMI (n = 287) P-value

White blood cell count, ×109/L (median, IQR) 14.7 (10.6-21.9) (n = 70) 12.5 (8.0-16.8) (n = 277) .016

CRP, mg/L (median, IQR) 105 (41-166) (n = 60) 44 (7.5-118.5) (n = 201) <.001

eGFR, ml/min/1.73m2 (median, IQR) 82 (53-104) (n = 41) 60 (36-85) (n = 206) <.001

ASAT, U/L (median, IQR) 28 (20-37) (n = 60) 28 (19-55) (n = 187) .51

Amylase, U/L (median, IQR) 45 (27-55) (n = 34) 57 (34-122) (n = 140) .033

Troponin T, ng/L (median, IQR) 12 (10-21) (n = 14) 38 (10-183) (n = 64) .039

pH (median, IQR) 7.39 (7.32-7.45) (n = 47) 7.37 (7.27-7.42) (n = 209) .090

Base excess, (median, IQR) −1.4 (-4.3 to 1.4) (n = 28) −1.8 (-8.0 to 1.2) (n = 203) .33

D-dimer, mg/L (median, IQR) 7.0 (4.0-9.0) (n = 23) 4.5 (1.3-8.2) (n = 34) .092

D-dimer above reference for normal value according 
to manufacturer (%)

23/23 (100) 27/34 (79.4) .034

Time point 1. Lactate, mmol/L (median, IQR) 
(48-72 hours before diagnosis)

1.4 (1.0-2.1) (n = 28) 1.7 (1.3-3.0) (n = 37) .10

Time point 2. Lactate, mmol/L (median, IQR) 
(24-48 hours before diagnosis)

1.4 (1.1-2.3) (n = 27) 2.2 (1.2-3.2) (n = 42) .11

Time point 3. Lactate, mmol/L (median, IQR) 
(12-24 hours before diagnosis)

1.5 (1.2-2.3) (n = 34) 2.3 (1.4-3.7) (n = 75) .007

Time point 4. Lactate, mmol/L (median, IQR) 
(0-12 hours before diagnosis)

1.6 (1.3-2.9) (n = 56) 2.4 (1.5-4.8) (n = 212) .005

Repeated Lactate measurements (at least on two 
occasions) (%)

33/58 (56.9) 79/218 (36.2) .004

Change in Lactate, mmol/L (median, IQR) between 
time point 4 and 1

0.0 (0.0-0.4) (n = 27) 0.50 (-0.22 to 2.15) (n = 34) .062

Change in Lactate, mmol (median, IQR) between 
time point 4 and 3

0.0 (0.0-0.0) (n = 33) 0.30 (-0.05 to 1.60) (n = 73) .008

Figure 2.  Box plot graph showing plasma lactate levels in time intervals prior to diagnosis. Temporal plasma lactate values prior to diagnosis of acute 

MVT versus non-AMI (acute mesenteric ischaemia) patients. Box plot graph showing median and interquartile range values of plasma lactate at different 

time ranges before diagnosis of acute MVT and non-AMI patients. The line across the box indicates the median, the box represents interquartile range, 

and the whiskers are lines that extend from the box edges to the highest and lowest values, excluding outliers. Values more than 1.5 IQR’s but less than 3 

IQR’s (o), and more than 3 IQR’s (*), from the box edges are labelled as outliers and extremes, respectively
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factor V Leiden mutation without presence of cancer was 
reported to be high in both MVT and systemic venous throm-
boembolism in a population-based study, suggesting that 
screening for thrombophilia should be considered in unscreened 
patients with these diagnoses.12 It is useful to be aware of the 
relation between intra-abdominal solid organ malignancy and 
increased risk of MVT. Thus, intra-abdominal cancer should 
be excluded in patients with MVT.12 Although there was no 
difference in medication with anticoagulation between patients 
with MVT and no AMI, it is of great concern that 28% of 
patients with MVT were on anticoagulation therapy at onset of 
disease. The history of anticoagulation therapy in patients with 
MVT was seldom reported in a recent systematic review of 
eleven contemporary retrospective studies,2 and the anticoagu-
lation failure rate was found to be 1.7% in one of those stud-
ies.12 However, the high anticoagulation therapy failure rate 
presented in this prospective international study is more gener-
alizable in different settings. The reasons behind this real-life 
scenario can only be speculated upon, but it is not unlikely that 
a large proportion of these MVT patients on anticoagulation 
have no or poor adherence to this preventive medication as 
adherence to medication in chronic diseases commonly is 
reported to be around 50%.13

There is an urgent need to find an accurate plasma bio-
marker for all subtypes of AMI.14 Even though D-dimer per-
formed better than the inflammatory marker CRP in 
diagnosing MVT in the adjusted analysis, D-dimer does not 
seem to be sufficiently predictive to be of diagnostic aid based 
on the results of this matched case-control study. Even if 100% 
of patients with MVT had values above the upper reference 
value, 79% of patients had elevated levels also in the control 
group. Thus, normal D-dimer might act as a test of exclusion 
for MVT in the present study, whereas the lack of specificity 
greatly reduces the D-dimer test’s utility as a useful diagnostic 
modality. Appropriately, a prospective multi-centre study on 
biomarkers in prediction of acute mesenteric ischaemia 
(BIPAMI study) with collection of sequential blood samples 
after onset of suspected AMI is in progress (ClinicalTrials.gov: 
NCT06212921).

The AMESI Study was not designed primarily as a labora-
tory study, and consequently, there existed various commer-
cially available D-dimer assays, calibrators, and monoclonal 
antibodies, provided by different manufacturers15 (Table 1), 
and the results had to be pooled. Hence, the results should be 
interpreted cautiously due to inconsistencies in performance 
characteristics of the different D-Dimer assays. However, the 
use of automated immunoassays, of which the majority used 
immunoturbidimetry assay technology, with rapid sample 
turnaround time at all sites which provided information on the 
D-dimer assays, was favoured compared to more manual meth-
ods such as immunofiltration or enzyme-linked immunosorb-
ent assay (ELISA). Analysis of plasma D-dimer in one core lab 
using one assay technology and calibrator, would, nevertheless 
introduce scientific rigour and provide more high-quality data.

An interesting observation was that plasma lactate levels 
were lower at measurement points 12 to 24 hours and 0 to 
12 hours before diagnosis of MVT compared to non-AMI 
patients (Figure 2). In addition, there was a significant increase 
in plasma lactate levels between these 2 time points in the non-
AMI group compared to the MVT group. Hence, monitoring 
dynamics of plasma lactate appears to be of little value in diag-
nosing MVT early. MVT may be secondary to acute pancrea-
titis in a minor proportion of patients.16 The finding of lower 
amylase levels in the MVT group may, nevertheless, be related 
to lower frequency of acute pancreatitis, compared to the non-
AMI group. In contrast to AMI of arterial origin,17 it is unlikely 
that AMI of venous origin may lead to significant ischaemic 
injury to pancreas with elevation of amylase. Troponin T is a 
marker of myocardial stress and was reported to be elevated in 
42% of patients with acute abdomen.18 The lower troponin T 
levels in MVT patients, compared to non-AMI patients, may 
reflect less cardiomyocyte injury due to lower age, low propor-
tion of atherosclerotic disease, and better renal function.17

Even though CT of abdomen with intravenous contrast 
enhancement has developed as the diagnostic modality of 
choice for MVT,19 there are concerns of overuse of emergency 
CT scans in some healthcare systems20 and of its great cost.21 
In addition, a large proportion of patients in different settings 

Table 5.  Clinical and laboratory variables associated with acute MVT compared to confirmed non-AMI.

Variable Multi-variable logistic regression

  OR (95%CI) P-value

Body mass index 2.42a (0.87-6.76) .090

Atherosclerotic disease 0.096 (0.011-0.84) .034

History of venous thromboembolism 4.36 (0.20-93.50) .35

C-reactive protein 1.65a (0.41-6.57) .48

D-dimer 2.59a (1.07-6.28) .034

All 5 variables were entered into the model.
aOR was expressed per one standard deviation increment.
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around the world must pay for diagnostic workup and treat-
ment, and many patients cannot themselves afford expensive 
investigations. Therefore, laboratory tests that accurately indi-
cate either acute vessel occlusion or intestinal ischaemia, and 
subsequent need of emergency CT scan, are highly warranted.

There are additional limitations of the study besides the 
variability of D-dimer assays. One is the unknown exact timing 
of blood sampling in relation to symptom duration, influencing 
levels of plasma biomarkers. The laboratory data was not pre-
specified in the AMESI Study, and this post-hoc analysis study 
was based on available data. Even though the number of 
patients with MVT tested for D-Dimer in each group was 
larger than ever previously reported, the sample sizes in each 
group, 23 in the MVT group and 34 patients in the non-AMI 
group, respectively, are still low, with risk of type II statistical 
error. Testing of D-dimer was higher in the MVT group, which 
may be influenced by testing of D-dimer immediately after a 
diagnostic CT of the abdomen in some patients. Complete 
data on final diagnosis was not available in the non-AMI 
group. The major strengths are related to the prospective case-
control study design on patients with AMI, a notably very 
difficult-to-study group of patients, the control group consist-
ing of patients with suspected but confirmed non-AMI 
patients, and involvement of study sites in various countries 
increasing generalizability of the findings.

In conclusion, elevated D-dimer was associated with MVT, 
but the specificity of D-dimer was, however, poor. Currently, 
diagnosis of MVT is almost exclusively dependent on CT of 
the abdomen with intravenous contrast enhancement and 
imaging in the portal phase. There is an urgent need to find a 
more accurate plasma biomarker for this condition.
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