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ABSTRACT

Background and Aim: Acute Mesenteric Ischemia (AMI) is a serious vascular emergency with
significant fatality and a jumping rate in covid-19 patients. This research investigated many of
the cases diagnosed with COVID-19 that were identified with the diagnosis of AMI, and it 
presented the primary and secondary outcomes, including mortality, with their predictors.
Materials and Methods: The study was conducted at four centers managing COVID-19
patients diagnosed with AMI in two countries between March 1, 2020, and July 1, 2023. 
Results: This study included 84 patients diagnosed with COVID-19 and mesenteric ischemia.
The average age of the participants was 62.3±11.9 years, and nearly three-fourths (76.2%)
were male. The most frequent presenting symptoms were fever, and deterioration of 
general condition, followed by dyspnea and diarrhea. Less than one-third of the participants
(28.6%) had pulmonary thrombosis, and nearly half (47.6%) had mesenteric vessel 
thrombosis. Most participants had necrotic ischemia (95.2%) and underwent surgical inter-
vention. The average severity score was 12.3±2.6. Three quarters of the participants
required mechanical ventilation. Female sex, age ≥ 60 years, high CT severity score, and
mechanical ventilation deployment were significant independent variables in the prediction of
mortality risk in multivariate models.
Conclusion: This study outlined the existing situation regarding outcomes, including the high
mortality of AMI in COVID-19 patients. Female gender, age 60 years, high CT severity score,
and mechanical ventilation deployment were significant independent in the prediction of 
mortality risk in multivariate models. The results provide an overview of mortality predictors,
which would support further studies based on these findings.
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INTRODUCTIONINTRODUCTION

The WHO Health Organization has designated
COVID­19 because of the new SARS­CoV­2 virus. It may
have substantial systemic effects on important organs
including the respiratory and digestive systems. Apart
from respiratory symptoms, gastrointestinal symptoms
such as diarrhea (3.8–10.1%), nausea (5–10.1%), 
vomiting (3.6–5%), and abdominal pain (2.2%) have
also been documented as primary complaints (1­3).  

A growing body of research indicates that COVID­19
patients frequently experience coagulopathy, and
there have been reports of significant rates of throm­
botic complications, the most common of which is
venous thromboembolism (VTE) in patients admitted
to intensive care units (ICUs) (4,5). 

Acute mesenteric ischemia (AMI) is a serious 
vascular emergency with significant fatality rates
between 50 and 70% despite ongoing advancements in
diagnostic, interventional, and surgical procedures.
Mesenteric ischemia occurs in 0.09–0.2% of the general
population, but in COVID­19­affected patients, the
prevalence increases to 1.9%–3.8%, with substantial
rates of related morbidity and mortality (6­9).

AMI is separated into mesenteric ischemia with
non­occlusive and occlusive causes. These conditions
have an overall mortality rate of 50–80% and necessi­
tate prompt diagnosis and treatment because of the
patients' rapidly declining clinical condition (10,11).

This study aimed to assess the usefulness of risk
assessment of mortality in expanding its applicability as
a predictive tool for mortality risk among patients 
with AMI. Many cases diagnosed with covid­19 were
identified with a proven diagnosis of AMI and were 
collected to study the primary (mortality and morbidity)
and secondary outcomes including different patterns of
AMI and predictors of mortality. 

MATERIALS AND METHODSMATERIALS AND METHODS

Study Design and Setting

This study was in line with the STROCSS criteria
(12). This study examined the registered medical data.
This study, which is a retrospective observational study,
was conducted at four centers caring for COVID­19
patients at teaching and university Hospitals between
March 1, 2020, and July 1, 2023. Every center has a high
volume and is an emergency surgery­focused facility.
Surgeons with board certifications conducted every
surgery. Data from the patient records of individuals
who contracted COVID­19 and showed symptoms of
mesenteric ischemia including those of both sexes and

all age groups were gathered. This study was
approved by the local ethics committee of the surgery
department.

Inclusion Criteria  

All consecutive patients with acute mesenteric
ischemia who were diagnosed with COVID­19 and
underwent surgery for necrotic ischemia between
March 1, 2020, and July 1, 2023.

Exclusion Criteria

­ patients operated outside the study period;
­ patients with aortic dissection or isolated dissec­

tion of the SMA, as well as those with subsequent
ischemia from ileus or adhesions;

­ patients who were not diagnosed with COVID­19.

Data Collection and Sorting

The following patient data were gathered: detailed
recording of sex, age, blood transfusion history, pre­
existing comorbidities, in­hospital mortality, hospital
stay, BMI, clinical images, diagnostic tests, surgical 
management, and results. A prognostic scoring system
to predict the severity of corona virus disease was
implemented for all cases using demographic data,
radiological and laboratory diagnostics (13). Every
patient had their postoperative course monitored, and
further morbidity and mortality were noted. All data
were gathered onto a unique performance sheet and
tabulated for statistical analysis.

Diagnostic Methods

Computed Tomography CT revealed lesions 
consistent with COVID­19, and a specific SARS­CoV­2
polymerase chain reaction (PCR) confirmed this.
Swabs were taken from the nasopharynx. Following
blood testing, arterial blood gas analysis, thoracic CT, 
interstitial pneumonia, and acute respiratory 
insufficiency were identified. Oxygen was prescribed
initially. The SARS­CoV­2 test result of the naso­
pharyngeal swab was positive. Doppler US and CT
Angio. were performed to screen for the status of the
abdominal vasculature.

Statistical Analysis

Data were analyzed using the SPSS statistical pack­
age version 26. Numerical data were summarized as
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Variable Total (n=84) Variable Total (n=84)

Age (years)(M±SD) 62.3±11.9 Other systemic affection 16 (19%)

< 60 years (n, %) 40 (47.6%) Signs; Abdominal tenderness 84 (100%)
≥ 60 years (n, %) 44 (52.4%) Abdominal distension 68 (81%)

Male 64 (76.2%) GCS affected 12 (14.3%)
Female 20 (23.8%) Peripheral cyanosis 12 (14.3%)

Comorbidity
No 28 (33.3%) Abnormal chest examination 80 (95.2%)
Yes 56 (66.7%) B/P- Normal 68 (81%)

Duration of symptoms (M±SD) 9.9±3.7 - Hypotensive 16 (19%)

Fever 72 (85.7%) Pulse (M±SD) 109.9±15.9
General deterioration 72 (85.7%) Respiratory rate(M±SD) 24.9±3.8
Dyspnoea 60 (71.4%) Temperature (M±SD) 38.2±1.1
Diarrhea 48 (57.1%) O2 Sat % - < 95 8 (9.5%)
Vomiting 44 (52.4%) - ≥ 95 76 (90.5%)
Cough 28 (33.3%) Other systemic affection 16 (19%)
Melena 12 (14.3%) Signs; Abdominal tenderness 84 (100%)

Table 1 - Demographic and clinical
characteristics of patients
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means and standard deviations (SD), while qualitative
data were described as frequencies and percentages.
Relation between qualitative data was performed using
the chi­square test or Fisher’s exact test. The relation­
ship between numerical data was done using the
Mann­Whitney test. We extracted the instrumental
variables and performed bidirectional univariate and
multivariate logistic regression analyses. Multivariate
logistic regression was conducted to determine 
mortality predictors. Multivariate analyses were used
to identify independent risk factors for mortality. A
probability (p­value) equal to or less than 0.05 is 
considered significant. This analysis facilitated the 
formation of equitable groups with comparable base­
line characteristics such as age, sex, underlying health
conditions, and level of consciousness. This minimized
the possibility of bias in the assessment of outcomes.

RESULTRESULT

This study included 84 patients diagnosed with
COVID­19 and mesenteric ischemia. Table 1 presents
the demographic characteristics and the clinical 
variables of the study population. The average age of
the participants was 62.3±11.9 years, and three 
quarters (76.2%) were male. The most frequent pre­
senting symptoms were fever, deterioration of general
condition, dyspnoea, and diarrhea. All patients had
abdominal tenderness and 81% had abdominal disten­
sion. The average respiratory rate was 24.9±3.8 and
most patients had O2 Sat. % more than 95% (table 1). 

The average white blood cells was 25.3±7.3. All the
participants had neutropenia and elevated levels of
inflammation markers. Less than one­third of the 
participants (28.6%) had pulmonary thrombosis and

half of the participants (47.6%) had mesenteric vessel
thrombosis. Most participants had necrotic ischemia
(95.2%) Most of them underwent surgical interven­
tion. The average Hospital stay was 11.2±7.2 days,
and the average Severity score was 12.3±2.6. Three­
fourths of the participants needed mechanical 
ventilation (table 2). 

Non­survivors had significantly higher ages than 
survivor patients (67.5±8.8 years versus 55.4±12.5
years, p­value = .007). There was significantly higher
mortality among females than among males (100% 
versus 43.8%, p­value=.027), and the duration of 
symptoms was significantly longer in the dead than
among surviving patients (p­value­.049), there was no
statistically significant relationship between clinical 
picture and mortality (table 3). 

Most of the patients admitted to the ICU were
placed on a mechanical ventilator and all patients were
given heparin therapy. COVID­19 may predispose 
individuals to both venous and arterial thrombo­
embolic diseases owing to excessive inflammation,
hypoxemia, immobilization, and disseminated intra­
vascular coagulation in severe cases. There was a 
significantly higher average severity score among dead
than among survivor patients (14.1±.9 versus 9.9±2.3,
p­value .001). patients who needed mechanical ventila­
tion had significantly higher mortality than those who
did not need mechanical ventilation (p­value =.005),
however, there was no statistically significant relation­
ship between white blood cells, pulmonary thrombosis,
mesenteric vessel thrombosis, and mortality (table 4).

Most patients stayed at the hospital to recover, 
and the rest died, including all patients on mechanical
ventilation. Statistically significant differences were
observed in the measured epidemiological and peri­
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Variable Total (n=84) Variable Total (n=84)

White blood cells x103 M±SD 25.3±7.3 necrotic ischemia - small bowel 32 (38.1%)
Lymphopenia ( n) 84 (100%) - large bowel 48 (57.1%)

Elevated biomarkers ( n) 84 (100%) Surgical intervention - No 8 (9.5%)

Swab - Negative 12 (14.3%) Surgical intervention - Yes 76 (90.5%)
- Positive 72 (85.7%) Colour of ischem. tissue - Black 40 (47.6%)

CT findings - No 8 (9.5%) Colour of ischem. tissue -  Others 44 (52.4%)
- Yes 76 (90.5%) Hospital stays (days)  (M±SD) 11.2±7.2

Pulmonary thrombosis - No 60 (71.4%) Mechanical ventilation - No 24 (28.6%)
- Yes 20 (23.8%) Mechanical ventilation - Yes 64 (76.2%)

Mesenteric thrombosis - No 44 (52.4%) Severity score (M±SD) 12.3±2.6
- Yes 40 (47.6%) Mortality - non-survivor   48 (57.1%)

Necrotic ischemia - No 4 (4.8%) Mortality - survivor 36 (42.9%)
- Yes 80 (95.2%)

Table 2 - Laboratory data 
and disease severity among 

the participants

Variable N=84 Non-survivors (n=48) Survivors (n=36) P-value

Age (years) (M±SD) 84 67.5±8.8 55.4±12.5 .007

< 60 years 40 12 (30%) 28 (70%) .030
≥ 60 years 44 40 (81.8%) 8 (18.2%)

Male 64 28 (43.8%) 36 (56.3%) .027
Female 20 20 (100%) 0 (0%)

Comorbidity     
- No 28 8 (28.6%) 20 (71.4%) .061
- Yes 56 40 (71.4%) 16 (28.6%)

Symptoms duration (M±SD) 11.3±3.6 8±3.1 .049

Fever 72 40 (55.6%) 32 (44.4%) .719
General deterioration 72 48 (66.7%) 24 (33.3%) .063
Dyspnoea 60 36 (60%) 24 (40%) .676
Other systemic affection 16 12 (75%) 4 (25%) .603
GCS affected 12 8 (66.7%) 4 (33.3%) .719

Blood pressure  
- Normal 68 36 (52.9%) 32 (47.1%) .603
- Hypotensive 16 12 (75%) 4(25%)

Pulse (M±SD) 84 113±13.1 105.9±19.1 .169

Respiratory rate (M±SD) 84 24.2±4.2 26±3.4 .277

Temperature (M±SD) 84 37.9±1.2 38.5±.9 .345

Table 3 - Univariate analysis of 
factors associated with mortality 

in patients.

Variable N Non-survivors (n=48) Survivors (n=36) P-value

White blood cells x103 84 23.8±7.8 27.3±6.7 .247

swab - Negative 12 4 (33.3%) 8 (66.7%) .632
- Positive 72 44 (61.1%)

Pulmonary thrombosis 
- No 60 32 (53.3%) 28 (46.7%) .577
- Yes 24 16 (66.7%) 8 (33.3%)

Mesenteric thrombosis 
- No 44 28 (63.6%) 16 (36.4%) .528
- Yes 40 20 (50.0%) 20 (50.0%)

Small Bowel necro. ischemia 32 12 (37.5%) 20 (62.5%) 0.087

Large Bowel necro. ischemia 48 36 (75%) 12 (25%) .094

Colour of necrosis
- Black 40  20 (50%) 20 (50%) .423
- Other colours 44 28 (63.6%) 16 (36.4%) .528

Hospital stays (M±SD) 84 9.8±7.4 13.1±6.7 .660

Mechanical ventilation     
No 20 0 (0%) 20 (100%) .005
Yes 64 48 (75%) 16 (25%)

Severity score (M±SD) 84 14.1±.9 9.9±2.3 .001

Table 4 - univariate analysis of 
laboratory data, disease severity,

and mortality
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Variable β coefficient SE (β) t-value OR CI P

Age groups ≥ 60 yrs 3.807 0.943 4.036 1.00  (0.99-1.00) 0.042 *

Gender female 3.052 0.555 5.500 1.12 (0.38–0.97) 0.037* 

Symptoms duration -2.040 1.106 -2.170 1.08 (0.41–0.88) 0.087

CT severity score 6.160 1.539 4.002 1.19 (0.30–0.84) 0.035*

Mechanical ventilation 4.180 1.545 2.705 2.59 (0.41–0.88) 0.018* 

*significant

Table 5 - Multivariate analyses 
of Significant univariate factors

associated with mortality.

operative characteristics between the victims who
lived and those who ceased living (table 5). In the multi­
variate model, the female gender [P=0.037, 95% CI;
1.12 (0.38–0.97)], the age [P=0.024. 95% CI; 1 (0.99–
01)], CT severity score [P=0.035, 95% CI; 1.19 (0.30–
0.84)], and mechanical ventilation [P=0.018, 95% CI;
2,59 (0.44–0.89)] were significant independent 
variables in the prediction of mortality risk (table 5).

DISCUSSION DISCUSSION 

AMI is a rare but extremely severe complication of
SARS­CoV­2 infection in COVID­19 patients. It is a 
serious condition that occurs when the blood flow to
the small intestine is restricted, leading to tissue 
damage and potential organ failure. COVID­19 can
cause a hypercoagulable state leading to thrombotic
complications in various systems. AMI is a rare compli­
cation of COVID­19, with a significant mortality rate.
Demographic data play a crucial role in predicting and
managing AMI as they provide valuable insights into
the risk factors, disease progression, and outcomes 
associated with this condition (14).

In this study, many cases diagnosed with covid­19
were identified with a proven diagnosis of AMI and
were collected to study the primary outcome (mortality
and morbidity) and secondary outcomes, including 
different patterns of AMI and predictors of mortality.
By examining demographic factors such as age, sex,
and comorbidities, this study was conducted on 84 AMI
COVID­19 patients, and it was found that females had
higher mortality than males, and mortality in affected
older patients was higher than that in younger patients.
(67.5±8.8 years versus 55.4±12.5 years, p­value=.007).
This finding was in line with the literature review given
by Serban et al., where AMI with positive COVID­19
patients had a substantially worse prognosis when 
they were older; hospitalized individuals had a 54.4% 
mortality rate (14).

Several systemic conditions, such as arterial hyper­
tension, atrial fibrillation, atherosclerosis, heart failure,
and valve disease, are risk factors for AMI, as indicated
by previous studies. Fever is less helpful in COVID­19

infected patients as they already might be taking
antipyretic medicine (15). Hypotensive patients in 
this study represented 19% of the affected patients.
Fever and deterioration of general condition were the
most common presenting symptoms, followed by 
dyspnoea and diarrhoea. Noticeably, 81% of the
patients experienced stomach distension, and all had
abdominal discomfort. 

A defining feature of Porto­mesenteric thrombosis,
which is usually accompanied by fever and leuco­
cytosis, is abdominal pain that is out of proportion to
physical findings. All individuals experienced abdominal 
discomfort, which could be of high intensity, initially
confined to the epigastric region, or generalized from
the start. Pulmonary vein thrombosis occurs begin 
in the right hypochondrium, resembling biliary colic 
(16­18).

In our study and after the CT results, we found that
nearly half of the individuals (47.6%) had mesenteric
vascular thrombosis, while less than one­third (28.6%)
had pulmonary thrombosis. Ischemia (embolism or
thrombosis) may occur in the mesenteric arteries or
veins. The manifestation of mesenteric ischemia and
acute artery blockage of the small intestine can be
attributed to hypercoagulability linked to SARS­CoV­2
infection, endothelial cell invasion through ACE­2
receptors, mucosal ischemia, and viral propagation
(19). after all we find that there is no statistically 
significant correlation between mortality and symp­
toms or indications.

These, along with the laboratory findings that
explained increasing leucocytosis in our population and
elevated inflammatory biomarkers, were reviewed by
Indian J Surg. Low­specificity fibrin breakdown 
products, such as D­dimer, and high lactic acid levels
persist in severe COVID­19 patients without acute
myocardial infarction. In contrast, biomarkers linked to
hypercoagulable disorders help manage COVID­related
thrombotic events and, to a lesser extent, help 
initiate preventive treatment. Increased indicators of
inflammation and infection include procalcitonin, IL­6,
C­reactive protein, and leukopenia (caused by cortico­
steroid use). Other important markers included 
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lactate dehydrogenase, ferritin, prothrombin time, and 
D­dimer levels. High mortality is correlated with 
elevated ferritin and lactate dehydrogenase levels (20).

Our analysis revealed that white blood cell 
counts, pulmonary thrombosis, mesenteric vascular
thrombosis, and death were not significantly correlated.
Approximately three­fourths of our participants
required mechanical ventilation, and the mortality
rate was very high among participants who were on
mechanical ventilation. A systematic literature
searched the need in mechanical ventilation for
COVID­19 patients (13,21). 

Regarding mortality predictors, we found that 
the prognosis of individuals with AMI was adversely
affected by COVID­19 infection. There could be several
reasons for this increased mortality, including systemic
inflammation and the hypercoagulable state associat­
ed with COVID­19, which can exacerbate ischemic
insult to the mesenteric vasculature.  AMI is thought to
account for 0.09–0.2% of all acute surgical admissions,
although its frequency increases with age (13,21).

The COVID­19 individuals with AMI in our study 
also had identified mortality predictors. To account for
confounders, we performed multivariable regression
analyses adjusting for demographics, hospital­level
characteristics, and relevant comorbidities in the multi­
variate model, the female gender, the age above 60 yr,
high CT severity score, and mechanical ventilation
deployment were significant independent variables in
the term of prediction of the risk of mortality. Multi­
variate analysis is a valuable prognostic tool of AMI 
in COVID­19 patients, providing a simple and rapid
assessment method. Its high predictive accuracy 
supports its use in a broader patient population than in
critically ill patients. Further studies are recommended
to refine and validate the different predictors in diverse
settings to enhance their clinical utility.

Limitations of the Study

This study has several limitations. First, the retro­
spective design may introduce selection bias and limit
the ability to establish causality, as data accuracy and
completeness depend on the quality of the recorded
information in the registry. Second, the large discrepancy
in the number of patients who survived versus those
who died may introduce bias, reducing the study's 
statistical power and generalizability. Third, the study
did not account for potential confounding factors such
as variations in clinical practice, the existence of pre­
hospital resuscitation, the execution of damage control

surgery, the indication of transfusions, or the presence
of other comorbidities, which could influence mortality
outcomes. Although prospective studies are typically 
considered more robust, retrospective designs have
their own strengths. This approach allows researchers
to efficiently analyze large datasets and generate
hypotheses for further investigation. Extensive analysis
of multiple outcomes enables a more thorough evalua­
tion of the illness load, related consequences, and a
deeper understanding of how AMI affects COVID­19
patients. Therefore, a multidisciplinary approach based
on early diagnosis and individualized treatment is
essential for the effective management of AMI. We
expect our study conclusions to be circulated to a 
larger population, many geographical locations, and
various healthcare contexts to improve the external
validity of our results. Large­scale prospective studies
are required in the future to precisely identify the onset
period and provide more detailed information on the
primary and secondary outcomes.

CONCLUSIONCONCLUSION

This observational retrospective study showed the
characteristics, outcomes, indications of mortality, and
morbidity rates associated with AMI in COVID­19
patients. Female gender, age ≥ 60 years, high CT 
severity score, and mechanical ventilation deployment
were significant independent variables for the predic­
tion of the mortality risk. The results provided an
overview of the primary and secondary outcomes,
which would support additional studies based on these
findings. These findings emphasize the importance of
the early recognition and management of AMI in
COVID­19 patients, especially in high­risk populations.
This study simplifies the risk assessment of AMI in
covid­19 patients but requires validation across diverse
populations and settings for broader applicability.

Clinical Significance: This study showed the charac­
teristics, outcomes, indications of mortality, and 
morbidity rates associated with AMI in COVID­19
patients. This study helps in the prediction of mortality
risk in patients of acute mesenteric ischemia of 
COVID­19 for better surgical implication and practice.
The results provide an overview of mortality predictors,
which would support further studies based on these
findings.
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