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a b s t r a c t 

Background: Vaccine-induced immune thrombotic thrombocytopenia (VITT) is a rare, serious complica- 

tion after adenoviral COVID-19 vaccine administration that can involve various organ systems. We aimed 

to investigate the clinical significance of hepatosplenic thrombosis in patients with VITT. 

Methods: We searched PubMed ePubs, Scopus, Embase, and Web of Science databases for studies pub- 

lished until April 28, 2021, involving patients with VITT after ChAdOx1 nCoV-19 vaccination. Demographic 

and clinical characteristics, including laboratory measurements, were collected and compared. 

Results: Four case series and three case reports involving 48 cases of VITT were included. Hepatosplenic 

thrombosis was present in 8 cases (17%). Patients with hepatosplenic thrombosis had lower platelet 

counts (13,0 0 0 vs. 29,50 0/ μL, p = 0.016) and higher D-dimer levels (140.0 vs. 57.3 times upper limit of 

normal range, p = 0.028). Multiple-site thrombosis was also associated with hepatosplenic thrombosis (88% 

vs. 15%, p < 0.001). 

Conclusions: This is the first study comparing clinical profiles of patients with VITT according to the pres- 

ence of hepatosplenic thrombosis. Patients with hepatosplenic thrombosis had more severe presentations 

with lower platelet counts, higher D-dimer levels, and a higher rate of multiple-site thrombosis. Further 

studies with larger sample sizes are required to establish definitive evidence regarding the significance of 

hepatosplenic thrombosis in VITT. 

© 2021 Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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ntroduction 

Since the first cases were discovered at the end of 2019, the 

ngoing COVID-19 pandemic has significantly altered the lives of 

eople around the world. Vaccines to prevent infection from its 

ausative organism, SARS-CoV-2, were developed by the end of 

020 and have now become humanity’s hope of regaining nor- 

alcy by acquiring protective immunity against COVID-19. How- 

ver, as vaccines against COVID-19 have been distributed globally 

t an unprecedented rate, cases of serious adverse events post- 

accination have been accumulating. Therefore, it is necessary to 

uickly assess, stratify, and evaluate serious adverse reactions of 

OVID-19 vaccines. 

In particular, cases of vaccine-induced immune thrombotic 

hrombocytopenia (VITT) have been reported since February 2021, 

articularly after vaccination with the ChAdOx1 nCoV-19 vaccine, 

ne of the adenovirus vector-based vaccines ( Franchini et al., 2021 ; 

reinacher et al., 2021 ; Mehta et al., 2021 ; Schultz et al., 2021 ;

cully et al., 2021 ; Thaler et al., 2021 ; Tiede et al., 2021 ). VITT is

aused by immunoglobulin G molecules that recognize platelet fac- 

or 4 (PF4) bound to platelets, which eventually causes platelet ac- 

ivation and stimulation of the coagulation system; these antibod- 

es are detectable through PF4 enzyme-linked immunosorbent as- 

ay (ELISA). Although not dependent on heparin or caused by hep- 

rin exposure, the disease process has been noted to be similar 

o heparin-induced thrombocytopenia (HIT) ( Turnes et al., 2008 ). 

owever, the mechanisms by which the components of this vac- 

ine generate new antibodies or stimulate existing antibodies are 

argely unknown. 

The clinical profile of VITT has not been completely eluci- 

ated, but it is reported to involve various organ systems, including 

he cerebral veins, pulmonary arteries, and the portal vein. Previ- 

usly, we conducted a systematic review assessing the severity and 

linical characteristics of people with VITT ( Hwang et al., 2021a , 

021b ). However, the role of hepatosplenic thrombosis in patients 

ith VITT is little understood to date. Because the liver is responsi- 

le for nearly a quarter of the cardiac output, it is an important site 

f thrombosis with significant mortality and morbidity ( Eipel et al., 

010 ; Sharma et al., 2016 ). We aimed to investigate the significance 

f hepatosplenic thrombosis in VITT after ChAdOx1 nCoV-19 vacci- 

ation. 

ethods 

iterature and search strategy 

We adhered to the Preferred Reporting Items for Systematic 

eviews and Meta-Analyses statement (Table S1). To systemati- 

ally review all reported cases of VITT after ChAdOx1 nCoV-19 

accination, we searched PubMed ePubs, Scopus, Embase, and 

eb of Science databases for articles published up to April 28, 

021. We used the following search algorithm: (“COVID-19” OR 

SARS-CoV-2” OR coronavirus OR 2019-nCoV OR “wuhan coro- 

avirus” OR “covid 2019”) AND (“2019-ncov vaccine” OR “sars- 

ov-2 vaccine” OR “covid 19 vaccine” OR “covid-19 vaccine” OR 

covid19 vaccine” OR “human coronavirus 2019 vaccine” OR “sars 

oronavirus 2 vaccine” OR “wuhan coronavirus vaccine”) AND 

“thrombosis” OR thrombosis OR “rethrombosis” OR “sclerothrom- 

osis” OR “thrombo-obliterative disease” OR “thrombo occlusive”

R “thrombo obliterative” OR thrombotic). We did not impose re- 
f Korea. Tel: + 82-2-2228-2050; Fax: + 82-2-393-9118; (ORCID 0 0 0 0-0 0 03-2326- 

820). 

E-mail addresses: ksukorea@yuhs.ac (S.U. Kim), shinji@yuhs.ac (J.I. Shin). 
† Co-first authors 
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trictions on languages or publication date. Detailed search strate- 

ies are presented in Table S2. 

ligibility criteria and study selection 

We included randomized controlled trials, cohort studies, obser- 

ational studies, case series, and case reports involving cases with 

emorrhagic or thrombotic events documented by clinical and ra- 

iologic findings that occurred after vaccination with the ChAdOx1 

CoV-19 vaccine. We included only the studies documenting clin- 

cal cases examined in a hospital setting, excluding reports of au- 

opsies and postmortem examinations. We further excluded cases 

here vaccines other than the ChAdOx1 nCoV-19 vaccine were ad- 

inistered. Review articles, letters to the editors, abstracts, articles 

hat did not contain sufficient information on the patients, includ- 

ng duplicate cases, were also excluded. 

Three investigators (SHP, SBL, and JIS) identified the eligible 

tudies by screening titles and abstracts independently. When the 

itles and abstracts of studies met the inclusion criteria, their full 

exts were reviewed for final selection. Any disagreement was re- 

olved through consensus-based discussion among the authors. 

ata extraction 

Three investigators (SHP, SBL, and JIS) extracted data on de- 

ographic and clinical characteristics such as age, sex, ethnicity, 

re-existing medical conditions, onset of symptoms, type of symp- 

oms, presence of hepatosplenic thrombosis, laboratory data, in- 

luding immunologic and platelet activation assays, the location 

nd the number of sites where thrombosis and/or hemorrhage oc- 

urred, treatment modalities, and mortality. Hepatosplenic throm- 

osis was defined as thrombosis that occurred in the portal vein, 

plenic vein, or any of the intrahepatic vessels. 

nalysis 

Continuous variables were presented as medians with in- 

erquartile ranges (IQRs), whereas categorical variables were ex- 

ressed as frequencies and percentages. Cases were classified into 

wo groups according to the presence or absence of hepatosplenic 

hrombosis. The two groups were compared with each other us- 

ng the Mann-Whitney U test for continuous variables and Fisher’s 

xact test for categorical variables. Differences were deemed statis- 

ically significant when two-tailed p < 0.05. Statistical analyses were 

erformed with R version 4.0.4 (R Core Team, Vienna, Austria). 

esults 

A total of 673 articles were identified through database search 

fter duplicates were removed. Among them, four case series 

nd three case reports involving a total of 48 patients with 

ITT after ChAdOx1 nCoV-19 vaccination were identified ( Figure 1 

nd Table 1 ) ( Franchini et al., 2021 ; Greinacher et al., 2021 ;

ehta et al., 2021 ; Schultz et al., 2021 ; Scully et al., 2021 ;

haler et al., 2021 ; Tiede et al., 2021 ). 

Demographic and clinical characteristics of included cases are 

resented in Table 1 and Table 2 . All included cases were re- 

orted from European countries, predominantly the United King- 

om and Germany. There were more female cases (65%) than male 

ases. Hepatosplenic thrombosis was present in 8 out of 48 pa- 

ients (17%). Neurologic symptoms appeared in 60% of patients 

ithout hepatosplenic thrombosis and 20% of patients with hep- 

tosplenic thrombosis. Patients with hepatosplenic thrombosis had 

ower median platelet counts (13,0 0 0 vs. 29,50 0/ μL, p = 0.016) and

igher median D-dimer levels (140.0 vs. 57.3 times upper limit of 

mailto:ksukorea@yuhs.ac
mailto:shinji@yuhs.ac
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Figure 1. Study selection 

Table 1 

Characteristics of included studies. 

Authors 

No. of 

cases Nation Age 

Gender or 

% female 

Days between 

vaccination and 

symptom onset 

First or 

second 

dose Mortality 

Location of thrombosis 

and/or hemorrhage 

Franchini et al. 1 Italy 50 M 11 First 100% (1/1) CVT, ICH 

Greinacher 

et al. 

11 

Germany, 

Austria 

22–49 81% 5–16 First 54.5% 

(6/11) 

9 CVT, 3 SVT, 3 PE, 4 

Other 

Schultz et al. 5 Norway 32–54 80% ≤ 10 First 60% (3/5) 5 CVT, 1 SVT 

Scully et al. 23 United 

King- 

dom 

46 

(me- 

dian) 

61% 6–24 First 30% (7/23) 14 CVT, 4 PE, 1 DVT, 2 

SVT 

Mehta et al. 2 United 

King- 

dom 

32, 25 M 6–9 First 100% (2/2) 2 CVT 

Thaler et al. 1 Austria 62 F 8 First 0% (0/1) Isolated 

thrombocytopenia 

Tiede et al. 5 

Germany 

41–67 F 5–11 First 0% (0/5) 1 CVT, 2 arterial 

infarction, 1 TIA, 1 SVT 

CVT, cerebral venous thrombosis; ICH, intracerebral hemorrhage; PE, pulmonary embolism; SVT, splanchnic vein thrombosis; TIA, transient ischemic attack. 
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ormal range, p = 0.028) than those without hepatosplenic throm- 

osis. There were no significant differences in age, sex, days be- 

ween vaccination and admission, and laboratory values such as 

rothrombin time, activated partial thromboplastin time, fibrino- 

en, and anti-PF4 antibody levels ( Table 2 ). 

The most common site of thrombosis in patients without hep- 

tosplenic thrombosis was the brain (80%). The brain was also the 

ost common extra-hepatosplenic site of thrombosis in patients 

ith hepatosplenic thrombosis (50%). Two or more sites of throm- 

osis were observed at a higher rate in patients with hepatosplenic 

hrombosis than in those without hepatosplenic thrombosis (88% 

s. 15%, p < 0.001). Cardiovascular or intracardiac thromboses were 

bserved more frequently in patients with hepatosplenic thrombo- 

is than in patients without hepatosplenic thrombosis (25% vs. 0%, 

 = 0.025). Thromboses in medium to large-sized vessels were also 

bserved more frequently in patients with hepatosplenic thrombo- 

is than in those without hepatosplenic thrombosis (38% vs. 8%, 

 = 0.049) ( Table 3 ). 

Applied treatment methods were described in 25 of 48 cases. 

here was no significant difference in treatment methods between 

he two groups. Heparin was administered to 60% of patients 

c

116 
ith hepatosplenic thrombosis and to 45% of patients without 

epatosplenic thrombosis. Corticosteroids were administered in all 

ases except 1. Intravenous immunoglobulin (IVIG) was adminis- 

ered to 40% of cases with hepatosplenic thrombosis and 35% of 

ases without hepatosplenic thrombosis ( Table 4 ). Although not 

tatistically significant, the case fatality rate was higher in patients 

ith hepatosplenic thrombosis (50% vs. 39%, p = 0.697). 

iscussion 

VITT clinically presents as arterial or venous thrombosis with 

oderate or severe thrombocytopenia. Its presentation has been 

escribed to be similar to those seen in severe HIT except for the 

bsence of previous heparin use ( Klok et al., 2021 ; Turnes et al.,

008 ). HIT is caused by PF4-binding antibodies which form an im- 

une complex with the PF4-heparin complex and in turn activates 

c γ RIIA receptors on the platelet surface. This stimulation induces 

ownstream activation of Bruton tyrosine kinase as a critical sig- 

aling pathway for subsequent steps in platelet activation. VITT 

iffers from HIT in that viral proteins and free DNA in the vac- 

ine bind to PF4. This complex acts as a neoantigen to induce the 
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Table 2 

Demographic and clinical characteristics of patients with and without hepatosplenic thrombosis after ChAdOx1 nCoV-19 vaccination. 

Characteristics 

Total (n = 48) 

No hepatosplenic 

thrombosis (n = 40) 

Hepatosplenic 

thrombosis (n = 8) 

Number of patients (%) 

/ Median [IQR] 

Number of patients (%) 

/ Median [IQR] 

Number of patients (%) 

/ Median [IQR] P-value 

Demographic information 

Age 46.0 [32.0–55.0] 44.0 [33.0–57.5] 54.0 [32.0–55.0] 0.894 

Age > 60 years 9/37 (24.3%) 8/32 (25.0%) 1/5 (20.0%) 1.000 

Age > 40 years 21/37 (56.8%) 18/32 (56.2%) 3/5 (60.0%) 1.000 

Female 24/37 (64.9%) 21/32 (65.6%) 3/5 (60.0%) 1.000 

Days between 

vaccination and 

admission � 

10.0 [8.0–13.5] 10.0 [8.0–14.0] 9.5 [6.5–12.0] 0.311 

Clinical presentations 

Systemic 6/25 (24%) 5/20 (25.0%) 1/5 (20.0%) 1.000 

Neurologic 13/25 (52%) 12/20 (60.0%) 1/5 (20.0%) 0.160 

Bleeding 3/25 (12%) 3/20 (15.0%) 0/5 (0.0%) 1.000 

Gastrointestinal 2/25 (8%) 2/20 (10.0%) 0/5 (0.0%) 1.000 

Musculoskeletal 3/25 (12%) 3/20 (15.0%) 0/5 (0.0%) 1.000 

Laboratory findings 

Platelet 

Platelet count 27,000.0 

[16,000.0–62,000.0] 

29,500.0 

[17,000.0–64,000.0] 

12,500.0 

[10,500.0–25,000.0] 

0.02 

Platelet count < 

25 × 10 3 / μL 

21/46 (45.7%) 15/38 (39.5%) 6/8 (75.0%) 0.117 

PT † 

PT INR 1.2 [1.1–1.4] 1.2 [1.1–1.4] 1.2 [1.1–1.3] 0.667 

Prolonged PT † 26/36 (72.2%) 22/30 (73.3%) 4/6 (66.7%) 1.000 

aPTT †† 

aPTT sec 31.0 [25.9–37.4] 29.0 [25.0–36.0] 34.5 [32.7–41.6] 0.233 

Prolonged aPTT †† 14/35 (40.0%) 12/29 (41.4%) 2/6 (33.3%) 1.000 

Fibrinogen 

Fibrinogen (mg/dL) 130.0 [100.0–230.0] 130.0 [105.0–240.0] 120.0 [95.0–201.5] 0.597 

Fibrinogen < 150 

mg/dL 

22/38 (57.9%) 18/31 (58.1%) 4/7 (57.1%) 1.000 

Fibrinogen < 200 

mg/dL 

24/38 (63.2%) 19/31 (61.3%) 5/7 (71.4%) 1.000 

D-dimer 

D-dimer (ratio to 

upper limit of normal 

range) 

74.0 [26.7–140.0] 57.3 [20.3–128.3] 140.0 [96.7–150.4] 0.028 

Elevated D-dimer 

level ( > 500 mg/L, FEU) 

40/40 (100.0%) 33/33 (100.0%) 7/7 (100.0%) - 

HIT ELISA (n = 42) ψ 

HIT ELISA (OD) 2.3 [1.4–3.0] 2.5 [1.6–3.0] 1.3 [1.0–2.8] 0.356 

HIT ELISA positive 40/42 (95.2%) 33/35 (94.3%) 7/7 (100.0%) 1.000 

Positive for 

functional platelet 

activation assay 

18/20 (90.0%) 13/15 (86.7%) 5/5 (100.0%) 1.000 

Mortality 19/47 (40.4%) 15/39 (38.5%) 4/8 (50.0%) 0.697 

aPTT, activated partial thromboplastin time; ELISA, enzyme-linked immunosorbent assay; HIT, heparin-induced thrombocytopenia; IQR, 

interquartile range; PT, Prothrombin time. 
� If days between vaccination and admission were not given, days between vaccination and the onset of symptoms were presented. 
† PT normal range, 10.0–12.0 sec; PT INR normal range, 0.9–1.1 
†† aPTT normal range, 25.0–35.0 sec; aPTT ratio normal range, 0.8–1.2. 
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evelopment of antibodies against PF4 and a mechanism similar to 

hat in HIT proceeds ( Ahmed et al., 2007 ). 

Although VITT is a systemic condition, its clinical manifestation 

nd severity appear to be related to the location of the thrombus. 

linical sequelae resulting from the obstruction of blood flow de- 

end on the importance of the organs involved and the amount 

f blood flow involved. We recently investigated the severity and 

linical characteristics of VITT induced by adenoviral COVID-19 vac- 

ines ( Hwang et al., 2021a , 2021b ) and found that the presence

f intracerebral hemorrhage and cerebral venous thrombosis (CVT) 

as associated with mortality in patients with adenoviral COVID- 

9 vaccine-associated VITT. Likewise, since the liver is directly con- 

ected to the splanchnic vessels, hepatosplenic thrombosis can re- 

ult in a major obstruction in the systemic circulation. Further- 

ore, obstruction in the portal vein could deplete the liver of two- 

hirds of its blood supply ( Simonetto et al., 2020 ). Therefore, the 
117 
linical forms of hepatosplenic thrombosis depend on the specific 

ocation of the thrombus in the hepatosplenic circulation, the de- 

ree of portal vein obstruction, and its extension into the superior 

esenteric or splenic vein. Intestinal ischemia, necrosis, or perfora- 

ion resulting from a disruption in splanchnic blood flow can lead 

o fatal conditions such as systemic infection in association with 

ntestinal microbes ( Kumar et al., 2001 ). 

To our knowledge, this is the first study to compare the clini- 

al profiles of patients with and without hepatosplenic thrombosis 

mong VITT cases. Patients with hepatosplenic thrombosis showed 

ore severe clinical findings than patients without hepatosplenic 

hrombosis, such as lower platelet counts, higher D-dimer levels, 

nd more thrombotic sites. Although it was difficult to evaluate the 

tatistical significance because of the small number of cases, we 

bserved a higher case fatality rate in patients with hepatosplenic 
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Table 3 

Thrombosis and hemorrhage of patients with and without hepatosplenic thrombosis after ChAdOx1 nCoV-19 vaccination. 

Thrombosis/Hemorrhage 

Total (n = 48) No hepatosplenic thrombosis (n = 40) Hepatosplenic thrombosis (n = 8) P- 

value Number of patients (%) Number of patients (%) Number of patients (%) 

Thrombosis 

Presence of thrombosis 46 (95.8%) 38 (95.0%) 8 (100.0%) 1.000 

Two or more sites of thrombosis 13 (27.1%) 6 (15.0%) 7 (87.5%) < 0.001 

Location of thrombosis 

Brain 36 (75.0%) 32 (80.0%) 4 (50.0%) 0.094 

Cerebral venous thrombosis 31 (64.6%) 27 (67.5%) 4 (50.0%) 0.428 

Middle cerebral artery thrombosis 2 (4.2%) 2 (5.0%) 0 (0.0%) 1.000 

Arterial cerebral ischemic attack 3 (6.2%) 3 (7.5%) 0 (0.0%) 1.000 

Heart 2 (4.2%) 0 (0.0%) 2 (25.0%) 0.025 

Myocardial infarction 1 (2.1%) 0 (0.0%) 1 (12.5%) 0.167 

Intraventricular thrombus 1 (2.1%) 0 (0.0%) 1 (12.5%) 0.167 

Pulmonary system 9 (18.8%) 6 (15.0%) 3 (37.5%) 0.159 

Pulmonary embolism 8 (16.7%) 5 (12.5%) 3 (37.5%) 0.116 

Not specified 1 (2.1%) 1 (2.5%) 0 (0.0%) 1.000 

Gastrointestinal system 2 (4.2%) 1 (2.5%) 1 (12.5%) 0.309 

Medium to large-sized vessels 6 (12.5%) 3 (7.5%) 3 (37.5%) 0.049 

Deep vein thrombosis 3 (6.2%) 2 (5.0%) 1 (12.5%) 0.429 

Acute aortic thrombosis 1 (2.1%) 0 (0.0%) 1 (12.5%) 0.167 

Aortoiliac thrombosis 1 (2.1%) 0 (0.0%) 1 (12.5%) 0.167 

Internal jugular vein thrombosis 1 (2.1%) 1 (2.5%) 0 (0.0%) 1.000 

Inferior vena cava thrombosis 1 (2.1%) 0 (0.0%) 1 (12.5%) 0.167 

Others 1 (2.1%) 1 (2.5%) 0 (0.0%) 1.000 

Hemorrhage 

Presence of hemorrhage 12 (25.0%) 11 (27.5%) 1 (12.5%) 0.659 

Location of hemorrhage 

Intracerebral hemorrhage 7 (14.6%) 6 (15.0%) 1 (12.5%) 1.000 

Subarachnoid hemorrhage 3 (6.2%) 3 (7.5%) 0 (0.0%) 1.000 

Adrenal hemorrhage 1 (2.1%) 1 (2.5%) 0 (0.0%) 1.000 

Not specified 1 (2.1%) 1 (2.5%) 0 (0.0%) 1.000 

Table 4 

Treatment modalities in patients with and without hepatosplenic thrombosis after ChAdOx1 nCoV-19 vaccination. 

Treatment 

Total (n = 48) No hepatosplenic thrombosis (n = 40) Hepatosplenic thrombosis (n = 8) P- 

value Number of patients (%) Number of patients (%) Number of patients (%) 

Heparin 12/25 (48.0%) 9/20 (45.0%) 3/5 (60.0%) 0.645 

Unfractionated heparin 7/25 (28.0%) 5/20 (25.0%) 2/5 (40.0%) 0.597 

Low-molecular-weight heparin 5/25 (20.0%) 4/20 (20.0%) 1/5 (20.0%) 1.000 

Corticosteroids 24/25 (96.0%) 19/20 (95.0%) 5/5 (100.0%) 1.000 

Prednisolone 3/25 (12.0%) 2/20 (10.0%) 1/5 (20.0%) 0.504 

Methylprednisolone 2/25 (8.0%) 2/20 (10.0%) 0/5 (0.0%) 1.000 

Dexamethasone 1/25 (4.0%) 1/20 (5.0%) 0/5 (0.0%) 1.000 

Transfusion 

Platelet 6/25 (24.0%) 5/20 (25.0%) 1/5 (20.0%) 1.000 

Red blood cell 1/25 (4.0%) 1/20 (5.0%) 0/5 (0.0%) 1.000 

Fibrinogen concentrate 1/25 (4.0%) 1/20 (5.0%) 0/5 (0.0%) 1.000 

Surgery 

Craniectomy or hemicraniectomy 4/25 (16.0%) 4/20 (20.0%) 0/5 (0.0%) 0.549 

Thrombectomy 1/25 (4.0%) 1/20 (5.0%) 0/5 (0.0%) 1.000 

Intravenous immunoglobulin 9/25 (36.0%) 7/20 (35.0%) 2/5 (40.0%) 1.000 

Tissue plasminogen activator 1/25 (4.0%) 0/20 (0.0%) 1/5 (20.0%) 0.200 

Direct thrombin inhibitor (Argatroban) 4/25 (16.0%) 3/20 (15.0%) 1/5 (20.0%) 1.000 

Eculizumab 2/25 (8.0%) 1/20 (5.0%) 1/5 (20.0%) 0.367 
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hrombosis. Additional studies with higher statistical power may 

etter assess the differences in fatality. 

Diffuse intravascular coagulation (DIC) and inflammatory cy- 

okines induced by vaccination with the ChAdOx1 nCoV-19 vac- 

ine could contribute to the development of PVT ( Cui et al., 2018 ;

wer et al., 2021 ), which may explain the association of hep- 

tosplenic thrombosis with more severe VITT profiles and more 

hrombotic lesions in this study. According to a post-mortem ex- 

mination of two typical cases of VITT, large vessel involvement 

as much more extensive than was detected by imaging. In this 

xamination, microscopic findings revealed vascular thrombotic oc- 

lusion in the microcirculation of multiple organs and increased 

nflammatory infiltrates. In addition, immunohistochemical anal- 

sis showed the expression of vascular or perivascular adhesion 

olecules such as VICAM1 and CD66b + , CD163 + , and CD61 + ac-
118 
ivated inflammatory cells expressing C1r, which suggested that 

ulti-organ microvascular damage in VITT is induced through in- 

ammatory processes involving an activation of the innate immune 

ystem and the complement pathway ( Pomara et al., 2021a ). 

Portal vein thrombosis (PVT) is a rare entity known to be asso- 

iated with a variety of underlying conditions such as liver cirrho- 

is, malignancies, and autoimmune diseases ( Ogren et al., 2006 ). 

cute PVT can progress into intestinal congestion or ischemia with 

bdominal pain, diarrhea, rectal bleeding, abdominal distension, 

omiting, fever, or sepsis. Extensive splanchnic venous thrombo- 

is can further cause ascites and variceal bleeding because of in- 

reased hydrostatic pressure. Persistent obstruction can lead to in- 

estinal perforation, peritonitis, shock, and death from multiorgan 

ailure ( Kumar et al., 2015 ). Although the prognosis of PVT depends 

n the underlying disease, it is known that early intervention can 
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e effective. If acute PVT is detected and treated before progres- 

ion to intestinal infarction, the prognosis can be relatively good. 

n the other hand, in the case of intestinal ischemia and multi- 

rgan failure, the in-hospital mortality rate is about 20% to 50% 

 Kumar et al., 2001 ; Ponziani et al., 2010 ). Therefore, early diagno-

is and intervention may contribute to improving the prognosis of 

epatosplenic thrombosis in VITT. 

To detect hepatosplenic thrombosis, early imaging is required 

or patients with abdominal symptoms and thrombocytopenia 

ithin 5 to 30 days after COVID-19 vaccination. Considering that 

ost of the cases of hepatosplenic thrombosis included in this 

tudy did not present with abdominal pain and that multiple- 

ite thrombosis was more common than in patients without hep- 

tosplenic thrombosis, abdominal imaging may be helpful for pa- 

ients with VITT who show severe thrombocytopenia or high D- 

imer levels with or without abdominal pain. It is also notable that 

4% of VITT cases with hepatosplenic thrombosis in this study did 

ot present with CVT, a more well-known manifestation of VITT. 

nderstanding the full scope of manifestations of VITT, including 

epatosplenic involvement, is important in guiding timely recog- 

ition and proper management. Contrast-enhanced computed to- 

ography of the abdomen and/or pelvis is the preferred modality 

f investigation, which is widely available and highly accurate for 

iagnosing vascular thrombosis and end-organ complications. 

According to this study, there was no significant difference 

n treatment methods between patients with and without hep- 

tosplenic thrombosis, although treatment data were available only 

n 25 out of 48 patients. Based on what is known to date, the 

ritish Society for Haematology has recommended the urgent use 

f IVIG to treat VITT, starting at a dose of 1 g/kg, under close 

linical monitoring, regardless of the severity of thrombocytope- 

ia ( The British society for haematology, 2021 ). IVIG is known to 

nhibit platelet activation by blocking the Fc γ RIIA receptor. De- 

ending on the risk of bleeding, additional doses of IVIG may be 

equired. Corticosteroid therapy can be considered in conjunction 

ith IVIG or independently when IVIG cannot be administered. In 

ddition, non-heparin–based anticoagulation therapy such as di- 

ect oral anticoagulants, fondaparinux, danaparoid, or argatroban 

an be initiated when the platelet count is 30,0 0 0/ μL or higher.

or a very severe or resistant disease, plasmapheresis is a possi- 

le treatment option ( Patriquin et al., 2021 ). Platelet transfusion is 

enerally not recommended, as guidelines for platelet transfusion 

n severe thrombocytopenia with bleeding have not been estab- 

ished ( Rizk et al., 2021 ). Emergent catheter-guided thrombolysis 

r thrombectomy may be required to prevent mortality. 

An important point to note is the causality association be- 

ween vaccination and the reported thrombotic and/or hemor- 

hagic events. We assessed the causality between vaccination and 

ITT through the WHO adverse events following immunization 

AEFI) guidelines, which recommend a four-step determination of 

1) order of incidence, (2) temporal proximity, (3) exclusion of 

ther causes, and (4) published evidence of causal association fol- 

owed by an autopsy to determine the causality between vaccine 

dministration and AEFI ( Pomara et al., 2021b ). In all cases in- 

luded in our study, the first two steps of (1) order of incidence 

nd (2) temporal proximity are established because all throm- 

otic and/or hemorrhagic events occurred after ChAdOx1 nCoV-19 

accine administration, and the interval between vaccination and 

ymptom onset ranged from 5 to 24 days, within the scope of 3 

eeks proposed by the guidelines. We were able to presume the 

hird criterion, (3) the exclusion of other causes, by the absence 

f other causes in the individual clinical reports, but we could not 

erify the third step because the comprehensive medical and vac- 

ination records of each patient were not accessible. Lastly, the 

ourth step of (4) published evidence of causal association is met 

y multiple reports in the literature supporting a causal relation- 
119 
hip ( Butler et al., 2021 ; MacIntyre, 2021 ). However, we were un- 

ble to access autopsy determination of causality through our sys- 

ematic review. Under consideration of all these factors, we could 

onclude that the clinical scenarios in our panel of patients suggest 

 causality between vaccination and VITT, especially with the tem- 

oral association and supporting literature; however, without au- 

opsy confirmation, our evidence does not meet the revised WHO 

EFI guidelines. 

In addition, according to the data from vaccine adverse event 

eporting systems, the frequency and outcome of VITT follow- 

ng ChAdOx1 nCoV-19 vaccination differ depending on the coun- 

ry. By 24 November, 2021, 380 and 47 cases of major throm- 

oembolic events with thrombocytopenia following the first- and 

econd-dose ChAdOx1 nCoV-19 vaccination, respectively, were re- 

orted in the United Kingdom, of which 74 (17%) had a fatal out- 

ome ( European Medicines Agency, 2021 ). In other words, this ad- 

erse event occurs in about 1.5 per 10 0,0 0 0 people after the first

ose and 0.2 per 10 0,0 0 0 people after the second dose. In Aus-

ralia, VITT occurs in about 2 per 10 0,0 0 0 people after the first

ose and 0.3 per 10 0,0 0 0 people after the second dose, with an

verall case fatality rate of as low as 3% ( MacIntyre et al., 2021 ). In

ur study, when comparing the United Kingdom (n = 25) and Ger- 

any/Austria (n = 17), case fatality rates in all VITT were similar at 

6% and 35%, respectively. Hepatosplenic thrombosis was observed 

n 4 out of 25 cases in the United Kingdom (16%) and 3 out of 17

ases (18%) in Germany/Austria, with case fatality rates of 67% and 

0%, respectively. Possible reasons for differences in the incidence 

nd outcome may include differences in demographic character- 

stics, access to health care, the efficiency and capacity of health 

are systems, and early detection and administration of effective 

reatments such as IVIG; however, these differences may have sim- 

ly come from differences in reporting rates between countries. 

urther accumulation of evidence from national surveillance data 

ould shed some light on country-level differences and trends. 

Although our study focuses on the serious adverse effects of 

he COVID-19 vaccine, it is well known that the effectiveness of 

he vaccines against COVID-19 outweighs the risk. In the United 

tates, vaccine campaigns were estimated to be associated with a 

eduction of approximately 140,0 0 0 COVID-19 deaths by May 2021 

 Gupta et al., 2021 ). In Israel, where the vaccines against COVID- 

9 were rapidly disseminated, the effectiveness of the vaccines 

as estimated to be 91.5% for asymptomatic COVID-19, 97.2% for 

OVID-19 hospitalization, and 96.7% for COVID-19 mortality for the 

rst 4 months of the vaccine campaign ( Haas et al., 2021 ). In a

tudy from Poland, more than 98% of patients with COVID-19 who 

ere admitted to hospitals by May 2021 after the introduction 

f the vaccine were not previously vaccinated, and most of those 

reviously vaccinated had received only the first dose less than 

4 days before the onset of COVID-19 symptoms ( Rzymski et al., 

021 ). In a study from Qatar, the estimated effectiveness for the 

rst and second doses of mRNA-1273 against infection with the 

elta (B.1.617.2) variant was 74% and 73%, respectively. The esti- 

ated vaccine effectiveness against severe, critical, or fatal COVID- 

9 from the Delta variant infection was 93% for BNT162b2 or 96% 

or mRNA-1273 after the second dose ( Tang et al., 2021 ). In addi-

ion, it is estimated that 127,500 COVID-19 deaths and 24,144,0 0 0 

ARS-CoV-2 infections have been prevented by September 2021 as 

 result of the COVID-19 vaccine program in the United Kingdom 

 UK Health Security Agency, 2021 ). Therefore, it is important to 

ocument and respond appropriately to COVID-19 vaccine-related 

dverse events, but it is equally important to ensure transparent 

nd timely communication to encourage vaccine uptake in com- 

unities. 

Our study has some limitations. First, because the data for this 

tudy were drawn from a pooled analysis of published articles, 

riginal medical records were unavailable and some clinical in- 
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ormation could not be extracted. For example, although a signif- 

cant number of cases did not report significant previous medi- 

al history, we could not assert an absence of pre-existing condi- 

ions through a review of electronic medical records. Second, the 

ample size of this study was relatively small because of the re- 

ent emergence of VITT and its rare nature. Furthermore, as we 

nly included published cases with documented VITT with strin- 

ent exclusion criteria, this study may have been subject to publi- 

ation bias. Third, the treatment methods applied to cases in this 

tudy were not highly consistent with the currently recommended 

reatment: heparin was administered in about half of the included 

ases, and the administration rate of IVIG was as low as 36%. This 

s likely due to the early occurrences of these case reports, when 

he clinical consensus regarding the VITT was not yet established. 

urther research is warranted to provide more definitive evidence 

egarding the significance of hepatosplenic involvement in VITT. 

ontrolled studies regarding treatment options for VITT could also 

hed light on the relevance of the current guidelines. 

In conclusion, to our knowledge, this is the first study to com- 

are the clinical profiles among patients with VITT according to the 

resence or absence of hepatosplenic thrombosis. Among patients 

ith VITT, lower platelet counts, higher D-dimer levels, and more 

hrombosis sites were found in cases with hepatosplenic thrombo- 

is than in those without hepatosplenic thrombosis, suggesting a 

elatively higher severity of hepatosplenic thrombosis. To improve 

he prognosis of hepatosplenic thrombosis in VITT through timely 

ntervention, follow-up studies with larger sample sizes and more 

omprehensive clinical data are warranted. 
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