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Abstract
Coronavirus disease 2019 (COVID-19) and COVID-19 vaccination may cause splanchnic vein thrombosis (SVT), which 
is potentially fatal. The present study aims to pool the incidence and outcomes of SVT patients with COVID-19 or having 
received COVID-19 vaccines. The PubMed, EMBASE, and Cochrane databases were searched. Based on the data from cohort 
studies, meta-analyses were performed to evaluate the incidence of SVT in COVID-19 patients or people having received 
COVID-19 vaccines. Pooled proportions were calculated. Based on the individual data from case reports, logistic regression 
analyses were performed to identify factors associated with death in SVT patients. Odds ratios (ORs) were calculated. Among 
654 papers initially identified, 135 were included. Based on 12 cohort studies, the pooled incidence of SVT in COVID-19 
patients was 0.6%. Data were insufficient to estimate the incidence of SVT after COVID-19 vaccination. Based on 123 case 
reports, the mortality was 14% (9/64) in SVT patients with COVID-19 and 25% (15/59) in those who received COVID-19 
vaccines. Univariate analyses demonstrated that age (OR = 1.061; p = 0.017), diabetes mellitus (OR = 14.00; p = 0.002), anti-
coagulation (OR = 0.098; p = 0.004), and bowel resection (OR = 16.00; p = 0.001) were significantly associated with death in 
SVT patients with COVID-19; and anticoagulation (OR = 0.025; p = 0.003) and intravenous immunoglobulin (OR = 0.175; 
p = 0.046) were significantly associated with death in SVT patients who received COVID-19 vaccines. Multivariate analyses 
did not identify any independent factor for death in both patients. SVT in COVID-19 patients and in subjects who received 
COVID-19 vaccines carries a high mortality, but may be improved by anticoagulation. 
PROSPERO Identifier CRD42022315254.
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Abbreviations
BCS  Budd-Chiari syndrome
COVID-19  Coronavirus disease 2019
CIs  Confidence intervals
DVT  Deep vein thrombosis
DOACs  Direct oral anticoagulants
HIT  Heparin-induced thrombocytopenia
IVIG  Intravenous immunoglobulin
JBI  Joanna Briggs Institute
LMWH  Low molecular weight heparin
MVT  Mesenteric vein thrombosis
NOS  Newcastle–Ottawa Scale
OR  Odds ratios
PRISMA  Preferred Reporting Items for Systematic 

Reviews and Meta-Analysis
PE  Pulmonary embolism
PVT  Portal vein thrombosis
PF4  Platelet factor 4
SVT  Splanchnic vein thrombosis
SpVT  Splenic vein thrombosis

SARS-CoV-2  Severe acute respiratory syndrome corona-
virus 2

VTE  Venous thromboembolism
VITT  Vaccine induced thrombosis 

thrombocytopenia

Highlights

• Until now, no study has reported the pooled incidence 
and outcomes of splanchnic vein thrombosis (SVT) 
in patients with COVID-19 or subjects who received 
COVID-19 vaccines.

• We performed a systematic review and meta-analysis 
to evaluate the incidence, characteristics, treatments, 
and outcomes of SVT in patients with COVID-19 or in 
subjects who received COVID-19 vaccines.
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• SVT is a rare complication in COVID-19 patients. SVT 
may lead to a high mortality in patients with COVID-19 
or having received COVID-19 vaccines.

• Anticoagulation may improve the outcomes of SVT 
patients with COVID-19 and those who received 
COVID-19 vaccines.

Introduction

Coronavirus disease 2019 (COVID-19), an infectious dis-
ease caused by the severe acute respiratory syndrome cor-
onavirus 2 (SARS-CoV-2) [1], has resulted in more than 
500 million cases and over 6 million deaths worldwide till 
April 17, 2022, and poses a catastrophic threat to global 
public health [2]. Most COVID-19 patients are asympto-
matic or only experience mild infection, but others may 
develop severe pneumonia and even multiple organ failure 
[3]. COVID-19 patients, especially those admitted to the 
intensive care unit, frequently have coagulation activation, 
thereby increasing the risk of venous thromboembolism 
(VTE) [4–6]. A recent meta-analysis showed that deep vein 
thrombosis (DVT) and pulmonary embolism (PE) developed 
in 16.5% and 14.8% of COVID-19 patients, respectively, 
and significantly increased the risk of death [7]. Splanchnic 
vein thrombosis (SVT) is an unusual type of VTE, including 
portal vein thrombosis (PVT), mesenteric vein thrombosis 
(MVT), splenic vein thrombosis (SpVT), and Budd-Chiari 
syndrome (BCS) [8], which can cause life-threatening com-
plications, such as intestinal ischemia or necrosis and gastro-
intestinal bleeding [8, 9]. Differently from usual site VTE, 
no study has reported the pooled incidence and outcomes of 
SVT in COVID-19 patients.

COVID-19 vaccines have been rapidly developed and 
used to prevent from the transmissions of SARS-CoV-2 
and decrease the severity of this disease [10], and 11 billion 
doses of COVID-19 vaccines have already been adminis-
tered till April 17, 2022 [11]. Scattered studies have sug-
gested that SVT may occur as a complication after the 
administration of some COVID-19 vaccines [12, 13].

Hence, we performed a systematic review and meta-anal-
ysis to evaluate the incidence, characteristics, treatments, 
and outcomes of SVT in patients with COVID-19 or in sub-
jects who received COVID-19 vaccines.

Methods

This study was performed in accordance with the Preferred 
Reporting Items for Systematic Reviews and Meta-Analysis 
(PRISMA) statement. The PRISMA checklist was shown in 
Supplementary Materials.

Literature search

The PubMed, EMBASE, and Cochrane library databases 
were searched. We also manually identified the relevant 
studies. The last search was performed on July 27, 2022. 
Search terms were as follows: ((COVID-19 (all fields)) 
OR (coronavirus disease 2019 (all fields)) OR (2019 novel 
coronavirus (all fields)) OR (SARS-CoV-2 (all fields)) 
OR (2019-nCov (all fields)) OR (2019 novel coronavirus-
infected pneumonia (all fields)))AND ((splanchnic vein (all 
fields)) OR (splanchnic venous (all fields)) OR (portal vein 
(all fields)) OR (portal venous (all fields)) OR (mesenteric 
vein (all fields)) OR (mesenteric venous (all fields)) OR 
(splenic vein (all fields)) OR (splenic venous (all fields)) 
OR (hepatic vein (all fields)) OR (hepatic venous (all fields)) 
OR (Budd-Chiari syndrome (all fields))).

Selection criteria

Eligible studies should have included patients who devel-
oped SVT after they were diagnosed with COVID-19 or had 
received COVID-19 vaccines. The exclusion criteria were 
as follows: (1) duplicated papers; (2) consensus, comments, 
editorials, notes, or letters; (3) reviews or meta-analyses; (4) 
experimental or animal studies; (5) patients without a diag-
nosis of COVID-19 or those who had not received COVID-
19 vaccines; (6) all patients were not diagnosed with SVT; 
(7) all patients were younger than 18 years old; (8) overlap-
ping data; and (9) the number, characteristics, treatments, 
and outcomes of SVT among patients with COVID-19 or 
people having received COVID-19 vaccines were lacking. 
Publication language was not restricted.

Data extraction

Two reviewers (XZ and YM) independently extracted the 
data from the finally included cohort studies and case reports 
according to the predesigned extraction table, and any disa-
greement was resolved by discussion or consultation with a 
third reviewer (XQ). We extracted the following data from 
cohort studies: first author, publication year, country, study 
design, target population, sample size, and number of SVT 
patients with COVID-19 or who had received COVID-19 
vaccines.

We also extracted the following data from case reports: 
first author, publication year, country, age, sex, comorbid-
ity, type of COVID-19 vaccines, diagnosis of inherited or 
acquired thrombophilia, diagnostic tests for COVID-19, 
anti-platelet factor 4 (PF4) antibody test, symptoms/signs 
of SVT, interval from the onset of COVID-19 or COVID-
19 vaccination to symptoms/signs of SVT, imaging tests for 
SVT diagnosis, extension of SVT, concomitant thrombo-
sis developing at other locations, and laboratory tests (i.e., 
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D-dimer, C-reactive protein, white blood cell, platelet count, 
alanine aminotransferase, aspartate aminotransferase, pro-
thrombin time, and activated partial thromboplastin time), 
type and duration of anticoagulants, other treatment, out-
come, and follow-up duration.

Outcomes

The primary outcome was the incidence of SVT in patients 
with COVID-19 or in subjects who received COVID-19 vac-
cines. The secondary outcomes were characteristics and out-
comes of SVT patients who were diagnosed with COVID-19 
or received COVID-19 vaccines.

Study quality assessment

Two reviewers (XZ and FG) independently evaluated quality 
of included cohort studies and case reports, and any disa-
greement was resolved by discussion or consultation with a 
third reviewer (XQ). The quality of cohort studies was evalu-
ated by the Newcastle–Ottawa Scale (NOS), which includes 
three parts (i.e., selection, comparability, and outcomes) and 
eight questions. The highest NOS score is nine points, and 
a NOS score of above six points is considered high quality.

The quality of case reports was evaluated by the scale 
developed by the Joanna Briggs Institute (JBI) evidence-
based health care centers. The scale includes eight items and 
answers with “yes”, “no”, “unclear”, and “not available”. 
According to the number of answers with “yes”, they can be 
divided into high quality (≥ 6 “yes”), moderate quality (4 or 
5 “yes”), and low quality (< 4 “yes”).

Statistical analyses

StatsDirect version 2.8.0 (StatsDirect Ltd, Cheshire, UK) 
and Stata version 12.0 (StataCorp LP, College Station, TX, 
USA) were employed to pool the incidence of SVT after a 
diagnosis of COVID-19 based on the data from cohort stud-
ies. A random-effects model was employed. Heterogeneity 
was evaluated by the  I2 statistics and the Cochran Q test. 
 I2 > 50% or p < 0.1 was considered as statistically significant 
heterogeneity. The sources of heterogeneity were explored 
by using subgroup and meta-regression analyses. RStudio 
version 1.4.1717 (R Foundation for Statistical Comput-
ing, Vienna, Austria) was emplyed to test the interaction 
between subgroups. P < 0.1 was considered as a statisti-
cally significant interaction. They were performed according 
to the region (Europe vs. USA vs. Other), publication year 
(2020 vs. 2021 vs. 2022), type of study design (retrospec-
tive vs. prospective), type of publication (abstract vs. full 
text), target population (specific patients with COVID-19 vs. 
non-specific patients with COVID-19), sample size (≥ 1000 

vs. < 1000), and NOS (≥ 6 vs. < 6). The presence of publica-
tion bias was evaluated by the Egger test, and p < 0.1 was 
considered as statistically significant publication bias.

The statistical software IBM SPSS version 20.0 (Inter-
national Business Machines Corp, Armonk, NY, USA) was 
employed to conduct statistical analyses based on the data 
from every case with SVT. Continuous variables were pre-
sented as mean (range), and categorical variables as fre-
quency (percentage). Univariate and multivariate logistic 
regression analyses were performed to identify the risk fac-
tors for death among SVT patients. Odds ratios (ORs) with 
95% confidence intervals (CIs) were calculated. A two-tailed 
p value < 0.05 was considered statistically significant.

Results

Study selection

Overall, 646 papers were identified in the three electronic 
databases, and eight papers were identified after manual 
search. Finally, 135 studies were eligible (Fig. 1). They 
included 12 cohort studies reporting the incidence of SVT 
among COVID-19 patients and 123 case reports report-
ing the characteristics, treatments, and outcomes of SVT 
patients with COVID-19 or those having received COVID-
19 vaccines. Among these case reports, 77 COVID-19 
patients and 61 patients having received COVID-19 vac-
cines developed SVT.

Incidence of SVT in COVID‑19 patients

Among the 12 cohort studies, four were conducted in USA 
[14–17], five in Europe [18–22], one in Asia [23], and two in 
Africa [24, 25]; two studies were prospective cohort studies 
[14, 24], and 10 were retrospective cohort studies [15–23, 
25]; three studies were published as abstracts [17, 19, 20], 
and nine as full texts [14–16, 18, 21–25] (Table 1). Six stud-
ies were of high quality [14, 15, 17, 22, 24, 25], and six were 
of low quality [16, 18–21, 23] (Supplementary Table 1).

Meta-analysis demonstrated that the pooled incidence of 
SVT in COVID-19 patients was 0.6% (95% CI = 0.3% to 
1.1%) with significant heterogeneity  (I2 = 77.7%; p < 0.0001) 
(Fig. 2A).

Subgroup analyses demonstrated that the pooled inci-
dence of SVT in COVID-19 patients was 0.2% in Europe, 
1.0% in North America, and 2.9% in other countries; 0.2% 
in studies published in 2020, 0.5% in 2021, and 10.7% in 
2022; 0.5% in retrospective studies and 0.8% in prospective 
studies; 2.0% in studies published as abstracts and 0.5% in 
studies published as full texts; 3.4% in studies involving spe-
cific patients with COVID-19 and 0.3% in studies involving 
non-specific patients with COVID-19; 0.2% in studies with 



22 X. Zheng et al.

1 3

a sample size of ≥ 1000 and 2.0% in studies with a sample 
size of < 1000; and 0.6% in high-quality studies and 0.9% in 
low-quality studies. The interaction between subgroups was 
significant in the subgroup analysis according to the type of 
study design (p = 0.0087) and target population (p = 0.03), 
but not in others (Fig. 2B).

Meta-regression analyses demonstrated that region and 
type of study design might be potential sources of heteroge-
neity, but not publication year, type of publication, sample 
size, or study quality (Supplementary Table 2).

Publication bias was significant (p = 0.0015).

Fig. 1  Flow chart of study 
selection. COVID-19 coronavi-
rus disease 2019, SVT splanch-
nic vein thrombosis
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Characteristics, treatments, and outcomes of SVT 
patients with COVID‑19

Among the selected case reports, 24 were conducted in 
North America, 20 in Europe, five in South America, 26 
in Asia, and two in Africa. Sixty case reports were of high 
quality, 12 were of moderate quality, and five were of low 
quality (Supplementary Table 3).

The mean age of the patients was 45.7 years (range: 20–88). 
There were 46 males and 27 females. Comorbidities mainly 
included diabetes mellitus (n = 12), obesity (n = 6), hyperten-
sion (n = 9), and liver-related diseases (n = 10). Eleven patients 
had inherited or acquired thrombophilia, and 28 had negative 
thrombophilia tests. COVID-19 was mainly diagnosed based 
on positive RT-PCR on nasopharynx swab (n = 34). The aver-
age interval from the onset of COVID-19 to symptoms/signs 
of SVT was 12 days (range: 0–90). The site of SVT included 
PVT (n = 55), MVT (n = 41), SpVT (n = 19), and BCS (n = 8). 
Meanwhile, concomitant thrombosis developing at other loca-
tions mainly included abdominal arterial thrombosis (n = 7) and 
pulmonary embolism (n = 4). The main symptoms were abdomi-
nal pain (n = 63), followed by fever (n = 28), vomiting or nausea 
(n = 13), and dyspnea (n = 12) (Table 2). The laboratory tests 
were shown in Supplementary Table 4.

Treatments were reported for 72 patients. Sixty patients 
received anticoagulants, six underwent immediate bowel 

resection without anticoagulation, five underwent bowel 
resection after anticoagulation failed, 19 received antibi-
otic therapy, and two received intravenous immunoglobu-
lin (IVIG). The most common type of anticoagulants used 
was heparins (n = 38), especially low molecular weight 
heparin (LMWH) (n = 27), followed by direct oral anti-
coagulants (DOACs) (n = 12) and vitamin K antagonists 
(n = 9). The duration of anticoagulation was ≥ 6 months in 
16 of 21 patients for whom this information was available 
(Table 2).

Fol low-up  dura t ion  was  ≥ 1   month  in  17 
patients, < 1 month in 3 patients, and unknown in 57 patients. 
Outcomes were clearly reported in 64 patients. The rate of 
improvement of clinical symptoms was 86% (55/64). The 
mortality was 14% (9/64). Their causes of death included 
intestinal ischemia/necrosis or perforation (n = 5) and septic 
shock (n = 4) (Table 2). Univariate logistic regression analy-
ses showed that age (OR = 1.061; 95% CI = 1.011–1.113; 
p = 0.017), diabetes mellitus (OR = 14.000; 95% 
CI = 2.544–77.053; p = 0.002), anticoagulant therapy 
(OR = 0.098; 95% CI = 0.020–0.468; p = 0.004), and bowel 
resection (OR = 16.000; 95% CI = 2.917–87.766; p = 0.001) 
were significantly associated with death among SVT patients 
with COVID-19 (Fig. 3A). Multivariate logistic regression 
analyses did not identify any independent factor for death 
among SVT patients with COVID-19.

Table 1  Characteristics of studies regarding incidence of SVT in COVID-19 patients

COVID-19 coronavirus disease 2019, SVT splanchnic vein thrombosis, PVT portal vein thrombosis, MVT mesenteric vein thrombosis, SpVT 
splenic vein thrombosis, CE-CT contrast-enhanced computed tomography

First author (year) Country Study design Type of 
publication

Target population No. Pts 
COVID-
19

Extension of SVT

Filippidis (2020) [19] UK Retrospective study Abstract Patients with COVID-19 450 PVT (n = 1)
Li (2021) [15] USA Retrospective study Full text Adult patients with COVID-19 2832 PVT (n = 2)
Arach-

chillage (2021) [18]
UK Retrospective study Full text Patients with COVID-19 171 PVT (n = 1)

Elbadry (2021) [24] Egypt Prospective study Full text Young adult non-critically ill patients 
with COVID-19

1564 SVT (n = 11)

Patel (2021) [23] India Retrospective study Full text Patients with COVID-19 who underwent 
CT

93 MVT (n = 2)

Gardner (2021) [20] UK Retrospective study Abstract Critically ill patients with COVID-19 34 PVT (n = 2)
Taya (2021) [16] USA Retrospective study Full text Patients with COVID-19 using CE-CT 63 PVT (n = 1)
Purroy (2021) [22] Spain Retrospective study Full text Patients with COVID-19 1737 PVT (n = 1)
Kapoor (2021) [14] USA Prospective study Full text Adult patients with COVID-19 admitted 

to ICU
107 PVT (n = 1)

Zhang (2021) [17] USA Retrospective study Abstract Adult patients with COVID-19 55 SpVT (n = 1)
Norsa (2021) [21] Italy Retrospective study Full text Patients with COVID-19 2929 SVT (n = 3)
Hassnine (2022) [25] Egypt Retrospective study Full text Patients with liver cirrhosis infected with 

COVID-19
28 PVT (n = 3)
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Characteristics, treatments, and outcomes of SVT 
patients who received COVID‑19 vaccines

Among the selected case reports, six were conducted in 
South America, 43 in Europe, 11 in Asia, and one in Oce-
ania. Forty case reports were of high quality, 13 were of 
moderate quality, and eight were of low quality (Supple-
mentary Table 3).

The mean age of the patients was 43.9 years (range: 23–68). 
There were 20 males and 37 females. Comorbidities mainly 
included diabetes mellitus (n = 3), hypertension (n = 4), and 

liver-related diseases (n = 4). Fifty-two patients had received 
ChAdOx1 nCoV-19 vaccines (AstraZeneca), five had received 
Ad26.COV2.S vaccines (Johnson & Johnson/Janssen), and 
one had received a BNT162b2 mRNA vaccine (BioNTech/
Pfizer). Five patients had inherited or acquired thrombophilia 
and 18 had negative thrombophilia tests. Thirty-four patients 
tested positive for anti-PF4 antibody. The average inter-
val from COVID-19 vaccination to the onset of symptoms/
signs of SVT was 15 days (range: 1–110). The site of SVT 
included PVT (n = 52), MVT (n = 23), SpVT (n = 25), and 
BCS (n = 11). Concomitant thrombosis developing at other 

Fig. 2  Overall (A) and subgroup 
(B) analyses regarding pooled 
incidence of SVT in COVID-19 
patients. COVID-19 coronavirus 
disease 2019, CIs confidence 
intervals, NOS Newcastle–
Ottawa scale, SVT splanchnic 
vein thrombosis
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Table 2  Characteristics, 
treatments, and outcomes of 
SVT patients with COVID-19

Variables No. Pts evaluated Frequency (percent-
age) or Mean ± SD 
(range)

Age (years) 75 45.73 ± 15.83 (20–88)
Male 73 46 (63.01%)
Comorbidity 63 40 (63.49%)
 Obesity 63 6 (9.52%)
 Diabetes mellitus 63 12 (19.05%)
 Hypertension 63 9 (14.29%)
 Liver diseases 63 10 (15.87%)
  Alcohol liver cirrhosis 63 5 (7.94%)
  Non-alcoholic fatty liver disease 63 2 (3.17%)
  Hepatitis B virus 63 2 (3.17%)
  Hepatitis C virus 63 1 (1.59%)

Diagnosis of inherited or acquired thrombophilia 39 11 (28.21%)
 Positive lupus anticoagulant 39 5 (12.82%)
 Positive JAK2 V617F mutation alone 39 1 (2.56%)
 Decreased protein C and S 39 2 (5.13%)
 Essential thrombocythemia 39 2 (5.13%)
 Positive AT-III 39 1 (2.56%)

Diagnostic tests for COVID-19
 Positive RT-PCR on nasopharynx swab 48 35 (72.92%)
 Positive SARS-CoV-2 antibody 48 10 (20.83%)
 Chest CT 48 2 (4.17%)
 RNA in situ hybridization technique 48 1 (2.08%)

Imaging tests for SVT diagnosis
 CT scans 69 62 (89.86%)
  Contrast-enhanced CT scans specified 69 55 (79.71%)

 Ultrasound 69 2 (2.90%)
 Others 69 5 (7.25%)

Symptoms
 Abdominal pain 75 63 (84.00%)
 Fever 75 28 (37.33%)
 Abdominal distension 75 5 (6.67%)
 Vomiting, nausea 75 13 (17.33%)
 Dyspnea 75 12 (16.00%)
 Fatigue, weakness 75 5 (6.67%)

Interval from the onset of COVID-19 to symptoms/signs of 
SVT (days)

44 12 ± 19 (0–90)

Extension of SVT
 Portal vein thrombosis 77 55 (71.43%)
 Splenic vein thrombosis 77 19 (24.68%)
 Mesenteric vein thrombosis 77 41 (53.25%)
 Budd-Chiari syndrome 77 8 (10.39%)

Concomitant thrombosis developing at other locations 77 12 (15.58%)
 Pulmonary embolism 77 4 (5.19%)
 Deep venous thrombosis 77 1 (1.30%)
 Abdominal artery thrombosis 77 7 (9.10%)

Anticoagulant therapy 72 60 (83.33%)
Type of anticoagulants
 Heparins 48 38 (79.17%)
  Unfractionated heparin 48 3 (6.25%)
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locations mainly included cerebrovascular thrombosis (n = 25) 
and pulmonary embolism (n = 19). The main symptoms were 
abdominal pain (n = 36), followed by headache (n = 19), vom-
iting or nausea (n = 15), and fever (n = 8) (Table 3). The labo-
ratory tests were shown in Supplementary Table 5.

Treatments were reported for 50 patients. Forty-five 
patients received anticoagulants, 33 received IVIG, two 
received antibiotics, and two underwent bowel resection 
after anticoagulation failed. The most common type of 
anticoagulant used was fondaparinux (n = 15), followed by 
DOACs (n = 16) and argatroban (n = 12). The duration of 
anticoagulation was ≥ 3 months in five patients (Table 3).

Follow-up duration was ≥ 1  month in seven 
patients, < 1 month in three patients, and unknown in 51 
patients. Outcomes were clearly reported in 59 patients. The 
rate of improvement of clinical symptoms was 64.4% (38/59). 
The mortality was 25.4% (15/59). Causes of death were 
clearly reported in only five patients, which included multi-
district thrombosis (n = 2), multiple organ failure (n = 3), and 
septic shock (n = 1) (Table 3). Univariate logistic regression 
analyses showed that anticoagulant therapy (OR = 0.025; 95% 
CI = 0.002–0.281; p = 0.003) and IVIG (OR = 0.175; 95% 
CI = 0.032–0.966; p = 0.046) were significantly associated 
with death among SVT patients having received COVID-19 
vaccines (Fig. 3B). Multivariate logistic regression analyses 
did not identify any independent factor for death among SVT 
patients having received COVID-19 vaccines.

Discussion

To the best of our knowledge, this is the first systematic 
review and meta-analysis that has reported the incidence 
and described baseline characteristics, management, and 
outcomes of SVT associated with COVID-19 or COVID-19 
vaccines. Based on our findings, 0.6% of COVID-19 patients 
developed SVT, an incidence that is much lower than that 
of PE and DVT [7]. However, unlike PE and DVT, SVT is a 
rare disease, and has not been routinely screened in COVID-
19 patients, probably underestimating its true occurrence. 
Meanwhile, a large epidemiologic study showed that the 
incidence of PVT was 3.78 and 1.73 per 100,000 inhabit-
ants in males and females, respectively, and that of BCS was 
2.0 and 2.2 per 1,000,000 inhabitants in males and females, 
respectively [26], which were much lower than the pooled 
incidence of SVT in COVID-19 patients. Therefore, we 
can assume that SARS-CoV-2 infection may be a potential 
risk factor for SVT. Until now, no specific mechanism has 
been described to explain the onset of SVT in COVID-19 
patients. However, the mechanisms to explain how SARS-
CoV-2 induces the development of thrombosis have been 
explored and described. The spike protein of SARS-CoV-2 
can bind to angiotensin-converting enzyme 2 receptors 
which are abundantly expressed on the endothelium, thereby 
resulting in infection and subsequent vascular injury, vas-
cular endothelium dysfunction, and endotheliitis [27]. In 

Table 2  (continued) Variables No. Pts evaluated Frequency (percent-
age) or Mean ± SD 
(range)

  Low molecular weight heparin 48 27 (56.25%)
     Enoxaparin 48 16 (33.33%)
     Dalteparin 48 2 (4.17%)

 Vitamin K antagonists 48 9 (18.75%)
  Warfarin 48 8 (16.67%)

 Direct oral anticoagulants 48 12 (25.00%)
  Rivaroxaban 48 4 (8.33%)
  Apixaban 48 8 (16.67%)

Bowel resection 72 11 (15.28%)
 After anticoagulation failed 72 5 (6.94%)
 Without anticoagulation 72 6 (8.33%)

Intravenous immunoglobulin 72 2 (2.78%)
Antibiotic therapy 72 19 (26.39%)
Duration of anticoagulation ≥ 6 months 21 16 (76.19%)
Improvement of clinical symptoms 64 55 (85.94%)
 After anticoagulant therapy 60 47 (78.33%)

Death 64 9 (14.01%)
 Bowel ischemia/necrosis 9 5 (55.56%)
 Septic shock 9 4 (44.44%)

Follow-up duration ≥ 1 month 20 17 (85.00%)

COVID-19 coronavirus disease 2019, SVT splanchnic vein thrombosis, CT computed tomography
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addition, SARS-CoV-2 infection activates immune response 
and increases inflammatory cytokines, such as interleukin-6, 
interleukin-10, and tumor necrosis factor-α, which may be 
involved in the pathogenesis of thrombosis, including SVT, 
in COVID-19 patients [28].

We identified 77 COVID-19 patients who developed 
SVT, of whom about 83% were treated with anticoagulants, 
and nearly half received LMWH. Notably, anticoagulant 
therapy was effective for improving clinical symptoms in 
about 78.3% of COVID-19 patients with SVT, and it might 
be a significant factor for decreasing their risk of death. The 
fact that LMWH is more commonly used is probably due to 
its lower risk of interaction with antiviral therapy compared 

with DOACs and a higher stability compared with unfrac-
tionated heparin, especially during the cytokine storm phase 
[9, 29]. In addition, the use of DOACs is currently con-
sidered off label in patients with SVT since they were not 
included in the pivotal phase III trials. The reported duration 
of anticoagulation was at least 6 months in most patients.

We identified 61 patients developing SVT after receiv-
ing COVID-19 vaccines. COVID-19 vaccines, especially 
ChAdOx1 nCov-19 vaccines (AstraZeneca) [30], may 
cause an immune-mediated reduction of platelets, also 
named as vaccine induced thrombosis thrombocytope-
nia (VITT), which is similar to heparin-induced throm-
bocytopenia (HIT) [30, 31]. The currently recognized 

Fig. 3  Risk factors for death 
among SVT patients with 
COVID-19 (A) or who received 
COVID-19 vaccines (B). ALT 
alanine aminotransferase, 
AST aspartate aminotrans-
ferase, APTT activated partial 
thromboplastin time, COVID-
19 coronavirus disease 2019, 
CIs confidence intervals, 
CRP C-reactive protein, CVT 
cerebrovascular thrombosis, 
IVIG intravenous immuno-
globulin, OR odds ratios, PLT 
platelet, PT prothrombin time, 
PE pulmonary embolism, SVT 
splanchnic vein thrombosis, 
WBC white blood cell
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Table 3  Characteristics, 
treatments, and outcomes of 
SVT patients having received 
COVID-19 vaccines

Variables No. Pts 
evalu-
ated

Frequency (percent-
age) or Mean ± SD 
(range)

Age (years) 57 43.86 ± 11.53 (23–68)
Male 57 20 (35.09%)
Comorbidity 39 18 (46.15%)
 Obesity 39 5 (12.82%)
 Diabetes mellitus 39 3 (7.69%)
 Hypertension 39 4 (10.26%)
 Liver diseases 39 4 (10.26%)
  Alcohol liver cirrhosis 39 1 (2.56%)
  Non-alcoholic fatty liver disease 39 1 (2.56%)
  Hepatitis C virus 39 1 (2.56%)
  Chronic Budd-Chiari syndrome 39 1 (2.56%)

Type of COVID-19 vaccines
 ChAdOx1 nCoV-19 vaccine (AstraZeneca) 58 52 (89.66%)
 Ad26.COV2.S vaccine (Johnson & Johnson/Janssen) 58 5 (8.62%)
 BNT162b2 mRNA vaccine (BioNTech/Pfizer) 58 1 (1.72%)

Diagnosis of inherited or acquired thrombophilia 23 5 (21.74%)
 Positive lupus anticoagulant 23 1 (4.35%)
 Von Willebrand disease 23 2 (8.70%)
 Positive JAK2 V617F mutation 23 1 (4.35%)
 C667T methylenetetrahydrofolate reductase polymorphism 23 1 (4.35%)

Positive anti-platelet factor 4 antibody test 38 34 (89.47%)
Imaging tests for SVT diagnosis
 CT scans 47 43 (91.49%)
  Contrast-enhanced CT scans specified 47 36 (76.60%)

 Ultrasound 47 4 (8.51%)
Symptoms
 Abdominal pain 52 36 (69.23%)
 Fever 52 8 (15.38%)
 Vomiting, nausea 52 15 (28.85%)
 Dyspnea 52 3 (5.77%)
 Headache 52 19 (36.54%)

Interval from COVID-19 vaccination to symptoms/signs of SVT (days) 51 15 ± 18 (1–110)
Extension of SVT
 Portal vein thrombosis 61 52 (85.25%)
 Splenic vein thrombosis 61 25 (40.98%)
 Mesenteric vein thrombosis 61 23 (37.70%)
 Budd-Chiari syndrome 61 11 (18.03%)

Concomitant thrombosis developing at other locations 61 37 (60.66%)
 Cerebrovascular thrombosis 37 25 (67.57%)
 Pulmonary embolism 37 19 (51.35%)
 Abdominal artery thrombosis 37 6 (16.22%)

Anticoagulant therapy 50 45 (90.00%)
Type of anticoagulants
 Unfractionated heparin 41 4 (9.76%)
 Low molecular weight heparin 41 8 (19.51%)
   Enoxaparin 41 4 (9.76%)

 Fondaparinux (i.v.) 41 15 (36.59%)
 Direct oral anticoagulants 41 16 (39.02%)
  Rivaroxaban 41 2 (4.88%)
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pathogenesis of VITT is that anti-PF4 antibodies bind to 
a specific site on PF4, producing immune complexes to 
activate massive platelets through the Fc receptor, and 
then developing thrombosis with over-consumption of 
platelets and thrombocytopenia [32]. Of interest, 96.2% 
(50/52) of our included patients had decreased platelets 
count, whereas only 3.8% (2/52) had elevated platelets 
count which may be secondary to inflammation, haema-
tological malignancy, or other causes [33]. Collectively, 
a combination of thrombocytopenia and positive anti-PF4 
antibody with negative platelet activation test should be 
considered highly suspicious for the development of SVT 
after receiving COVID-19 vaccines [34, 35].

In our study, approximately 90% of patients who devel-
oped SVT after receiving COVID-19 vaccines were treated 
with anticoagulants. Like for COVID-19 patients with SVT, 
anticoagulant therapy was effective for improving clinical 
symptoms in about 77.8% of patients with COVID-19 vacci-
nation associated SVT, and might be a significant protective 
factor for their survival. Notably, fondaparinux, argatroban, 
and DOACs were the most commonly used anticoagulants in 
such patients, as suggested by clinical guidance documents 
to prevent the risk of further immune response to heparin 
[36]. However, if anti-PF4 test is negative, LWMH and 
unfractionated heparin can be considered [37]. In addition, 
IVIG can potentially inhibit platelet activation secondary to 
anti-PF4 antibodies [36, 38]. Further, we found that IVIG 
might be another significant protective factor for the survival 
in patients who developed SVT after receiving COVID-19 
vaccines.

Mortality was substantial in SVT patients with COVID-
19, and even more in those who received COVID-19 

vaccines. Specifically, the mortality would be up to 14% 
and 25%, respectively. Notably, the distribution in the causes 
of death was different between the two groups. Intestinal 
ischemia or necrosis secondary to SVT was the main cause 
of death in COVID-19 patients with SVT, and bowel resec-
tion was identified as a potential risk factor of death. By 
comparison, cerebrovascular thrombosis and PE, which are 
more lethal than SVT, were the primary causes of death 
in patients having received COVID-19 vaccines. This is 
probably because COVID-19 vaccine-induced thrombosis 
is more prone to develop at multiple districts. Indeed, our 
study demonstrated that concomitant thrombosis at other 
locations were observed in 61% of patients with COVID-19 
vaccination associated SVT, but in only 16% of patients with 
COVID-19 associated SVT.

Our study has several limitations. First, COVID-19 
patients admitted to ICU, critically ill patients with COVID-
19, COVID-19 patients who underwent CT, and COVID-19 
patients with cirrhosis, who are more likely to develop SVT, 
were selected in these cohort studies [14, 16, 20, 23, 25], 
which could overestimate the pooled incidence of SVT in the 
general population. Thus, we performed a subgroup analy-
sis and found that in the specific and non-specific patients 
with COVID-19, the incidence of SVT was 3.4% and 0.3%, 
respectively, and the interaction was significant (p = 0.03). 
Second, the incidence of SVT after receiving COVID-19 
vaccines could not be evaluated due to the absence of rel-
evant data. Third, the information on clinical manifestations, 
treatments, and outcomes of COVID-19 patients with SVT 
was often missing in cohort studies. However, we summa-
rized and analyzed the relevant data from individual case 
reports and provided more accurate description of this 

Table 3  (continued) Variables No. Pts 
evalu-
ated

Frequency (percent-
age) or Mean ± SD 
(range)

  Apixaban 41 9 (21.95%)
  Dabigatran 41 3 (7.32%)

 Argatroban (i.v.) 41 12 (29.27%)
Bowel resection after anticoagulation failed 50 2 (4.00%)
Intravenous immunoglobulin 50 33 (66.00%)
Antibiotic therapy 50 2 (4.00%)
Duration of anticoagulation ≥ 3 months 5 5 (100%)
Improvement of clinical symptoms 59 38 (64.41%)
 After anticoagulant therapy 45 35 (77.78%)

Death 59 15 (25.42%)
 Multidistrict thrombosis 15 2 (13.33%)
 Multiple organ failure 15 3 (20.00%)
 Septic shock 15 1 (6.67%)
 Causes of death were not specified 15 9 (60.00%)

Follow-up duration ≥ 1 month 10 7 (70.00%)

COVID-19 coronavirus disease 2019, SVT splanchnic vein thrombosis, CT computed tomography
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population. Fourth, some patients having received COVID-
19 vaccines might not perform anti-PF4 antibody test, so 
that it was hard to distinguish coincidental thrombotic events 
after vaccination versus vaccine associated SVT. Fifth, the 
quality of reporting was unsatisfactory in some studies, 
which potentially influences the reliability of our results. 
Finally, the statistical significance of anticoagulant therapy 
for survival benefits disappeared in multivariate analyses, 
which made it less convincing. However, given the rarity 
of SVT, it should be very difficult to organize a sufficiently 
powered study with adequate sample size, anticoagulant 
users, and death events in SVT patients with COVID-19 or 
having received COVID-19 vaccines.

In conclusion, based on our systematic review and 
meta-analysis, SVT is a rare complication in COVID-19 
patients. Development of SVT predicts poor outcomes in 
both patients with COVID-19 and subjects who received 
COVID-19 vaccines, but likely benefits from anticoagulant 
therapy in terms of clinical symptoms and survival.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s11239- 022- 02732-3.
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