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Abstract
A high incidence of thrombosis in hospitalised patients with COVID-19 was identified early during the pandemic. Accurately 
quantifying thrombotic risk may assist prognosis and guide appropriate thromboprophylaxis. Observational studies have 
estimated the rate of thrombosis in both hospitalised and non-hospitalised patients with COVID-19, and how this corresponds 
to the severity of illness. In this review, we provide an overview of the incidence and prevalence of arterial and venous throm-
botic events in patients with COVID-19 and highlight the limitations in the studies to date. Asymptomatic individuals with 
COVID-19 and those with mild symptoms are at very low risk of thrombotic complications. However, rates of thrombosis are 
substantially increased in hospitalised patients, and are strikingly high in those patients who are critically-ill requiring treat-
ment on the intensive care unit and especially those requiring extracorporeal membrane oxygenation. Clinicians managing 
such patients need to be aware of these risks and take appropriate steps with respect to thromboprophylaxis and heightened 
clinical vigilance. Large prospective observational studies will more accurately quantify thrombotic rate, and randomized 
controlled trials are currently investigating optimal thromboprophylactic strategies.

Keywords COVID-19 · Thrombosis · Arterial thrombosis · Deep venous thrombosis · Thromboembolism

Abbreviations
CTPA  Computed tomography pulmonary 

angiogram
COVID-19  Coronavirus disease 2019
DVT  Deep venous thrombosis
ECMO  Extra-corporeal membrane oxygenation
ICU  Intensive care unit
PE  Pulmonary embolism
VTE  Venous thromboembolism

Highlights

• The rates of arterial and venous thrombotic complica-
tions in COVID-19 are low in non-hospitalised individu-
als with asymptomatic or mild disease.

• Thrombotic risk increases with severity of COVID-19 
illness, with those on intensive care being at greatest risk.

• Limitations in the available research include the reliance 
on retrospective observation studies, variable reporting 
of types of thrombosis, and the variable use of screening.

• Randomized controlled trials currently underway will 
guide us as to the optimal thromboprophylaxis strategy 
to improve outcomes in these patients.

Introduction

Early in the COVID-19 pandemic, it was identified that the 
rate of thrombosis in hospitalised patients with COVID-
19 was relatively high, and attributed to a pro-thrombotic 
state [1, 2]. A number of observational studies, typically 
retrospective cohorts or registries, have been published to 
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document the rates of thrombosis in patients with COVID-
19 [3, 4]. However, trying to apply rates of thrombosis 
between one patient group to another has proven challeng-
ing, in particular given that the rate of thrombosis appears 
to be dependent on the severity of illness, the variability in 
thresholds used to request imaging and the methods used 
to identify thrombosis. This article reviews the literature, 
relating the rates of thrombosis to the severity of COVID-19; 
namely in those patients managed as an outpatient, inpatient 
(non-intensive care), ICU, advanced cardiac ICU, and fol-
lowing discharge from hospital (Fig. 1).

Thrombotic complications of COVID‑19 
in the community

The incidence of a thrombotic event in patients who test 
positive for COVID-19 but suffer from either no or mild 
symptoms or do not require hospitalisation appears to be 
very low. In a large dataset of 6153 patients by Hill et al., 
3405 individuals were identified who had tested positive 

for COVID-19, but did not require hospitalisation [5]. 
Searches for thrombotic events, acquired retrospectively 
from electronic health records, revealed only 3 cases of 
venous thromboembolism (VTE) recorded in this cohort 
(0.09%). Piazza et al. performed a retrospective analysis 
on a cohort of patients who attended a hospital in Boston, 
USA [6]. Their cohort of 1114 patients with COVID-19 
included a non-hospitalized subgroup of 715 patients, in 
whom no major arterial or venous thrombotic episodes 
had been recorded in the 30 days subsequent to enrolment, 
based upon electronic health records. Thrombotic events 
were reported depending on clinical judgement and sub-
sequent investigations, without any formal screening pro-
cess. In this subgroup aged 44.8 ± 16.2 years (mean ± SD), 
COVID-19-related pneumonia was reported in 9.5% of 
patients, and they had a low frequency of comorbidities, 
with the most frequent being hypertension (24.5%) and 
hyperlipidaemia (20.8%).

This suggests that in otherwise well patients who have 
tested positive for COVID-19 but do not require hospi-
talisation, the rate of thrombosis is low. However, there 

Fig. 1  Incidence of thrombotic complications in patients with COVID-19, from selection of described papers
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are a number of issues, particularly related to the inher-
ent biases of observational studies when the outcomes 
are likely to be a low frequency. Firstly, patients may not 
report symptoms, or have treatment for thrombosis man-
aged elsewhere. Secondly, patients may have only had 
mild symptoms of COVID-19, but then develop a throm-
bosis that requires hospitalisation, and as such may not 
be included in the “outpatient” cohorts described above. 
Finally, publication bias may have contributed to fewer 
publications that document a low prevalence of thrombotic 
complications than those reporting unexpectedly high rates 
of such events.

Nonetheless, there are case reports and series of outpa-
tients who have developed thrombotic events in the context 
of COVID-19. Uppuluri et al. report the case of a 32-year-
old man who developed symptoms of pulmonary embolism 
(PE) 12 days following an outpatient diagnosis of COVID-
19, subsequently confirmed on computed tomography 

pulmonary angiogram (CTPA) [7]. Akel et al. report a series 
of six patients who were diagnosed with PE at the point of 
hospitalisation with COVID-19 [8]. However, four were also 
described to have evidence of pulmonary opacities consist-
ent with COVID-19 pneumonia, which suggests that these 
patients may have required hospitalisation even if PE had 
not been identified.

Thrombotic complications of Covid‑19 
amongst hospitalised patients

There are much more abundant data regarding the incidence 
of thrombotic complications in patients who have been hos-
pitalised, with multiple prospective and retrospective studies 
from populations across the world (Fig. 2). In a large cohort 
of 2748 patients hospitalised due to COVID-19, 86 patients 
(3.1%) developed VTE, including deep vein thrombosis 

Fig. 2  Thoracic imaging of patient with COVID-19 pneumonia 
with associated pulmonary emboli. Patient managed for COVID-19 
pneumonia and pulmonary emboli. Images courtesy of Radiology 
Department, East and North Hertfordshire NHS Trust. a Chest X-ray 
showing bilateral peripheral consolidation with mid and lower zone 
predominance, compatible with COVID-19 pneumonia. b CTPA lung 

window showing organising pneumonia pattern typical of COVID-
19 pneumonia with peripheral consolidation in a perilobular pattern. 
c CTPA mediastinal window showing large pulmonary embolism 
within distal right main pulmonary artery (yellow arrow) and small 
left upper lobe pulmonary embolism (white arrow)
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(DVT) (1.5%) and PE (1.3%), as well as 7 arterial thrombo-
ses (0.3%) [5]. Hanif et al. also report on the rates of throm-
bosis in hospitalised patients with COVID-19, subdivided 
into patients who were receiving full anticoagulation prior 
to admission, and those who received prophylactic antico-
agulation [9]. They observed that of 921 patients, 16 patients 
developed VTE (1.7%), 11 ischaemic strokes (1.2%), and 2 
developed limb ischaemia (0.2%). Of the 33 patients who 
already received anticoagulation prior to admission, none 
had a thrombotic event. However, 3 (10%) of these anti-
coagulated patients developed a bleeding event during the 
hospitalisation, compared to 11 (1.7%) of those patients 
receiving thromboprophylaxis.

Drawing upon data from multiple databases, comprising 
28,173 patients with COVID-19 (94% hospitalised), one 
meta-analysis estimated an in-hospital prevalence of VTE 
(PE or DVT) of 14.1% [10]. However, this comprised stud-
ies with varying methods of identification, including some 
that employed routine screening for venous thrombosis. For 
example, Mazzaccaro et al. performed a screening CTPA on 
a group of 32 non-ICU hospitalised patients with COVID-
19 pneumonia, identifying PE in 21 patients (65.6%) [11]. 
Alonso-Fernandez et al. carried out a screening CTPA on 
patients with COVID-19 and an elevated d-dimer > 1 µg/
ml, and identified PE in 50% of these patients [12]. It is 
considered that the rates of VTE in non-screening studies 
are much lower, estimated at 9.5% (95% CI 7.5–11.7%) by 
Nopp et al. [10].

Hospitalised patients can be subdivided into those man-
aged on the ward, compared to those managed on intensive 
care. A recent large meta-analysis comprising 9350 ward 
(non-ICU) patients across 20 studies identified an overall 
VTE incidence of 7.1% (95% CI 4.8–9.8) [13]. A further 
meta-analysis of 20,886 patients in 43 studies reported the 
incidence of VTE to be 7.9% (95% CI 5.1–11.2), includ-
ing 3.5% PE (95% CI 2.2–5.1%) and 4.1% DVT (95% CI 
2.3–6.4%) [10].

Arterial thromboses, including those in the cerebral, 
myocardial, mesenteric beds as well as limb ischaemia 
also warrant consideration, although in general the inci-
dence of arterial thrombotic complications in patients with 
COVID-19 is less well established than that of VTE. In one 
large retrospective observational study of 3556 patients, 32 
(0.9%) developed an ischaemic stroke, 4 occurring without 
any symptoms of COVID-19 prior to the event, and in the 
remainder of cases, stroke developed up to 27 days follow-
ing COVID-19 symptom onset [14]. Two further reports of 
COVID-19 in hospital have identified an incidence of arte-
rial thrombosis in 1.8% of 2021 patients, and 5.6% of 531 
patients [15, 16].

A meta-analysis of 4466 patients (5 articles) reports a 
1.2% pooled incidence of ischaemic stroke in patients with 
COVID-19 [17]. Incidence of cerebral venous thrombosis 

with SARS-CoV-2 infection has been estimated at 0.08% 
[18]. Myocardial injury with associated ST-segment changes 
on the ECG has also been reported in patients with COVID-
19, although how much of this is related to coronary throm-
bosis remains to be determined [19]. The incidence of myo-
cardial infarction in the hospitalised, non-ICU managed 
patients with COVID-19 appears low, Piazza et al. reported 
1 case in 229 admissions (0.5%) [6].

It currently remains uncertain whether other prothrom-
botic comorbidities compound the coagulopathy observed 
with COVID-19. Patell et al. reported thrombosis in COVID-
19 across a population of cancer and non-cancer patients in 
a single centre and identified similar overall incidence of 
thrombotic events between 45 cancer patients and 353 non-
cancer patients [20].

Thrombotic complications of COVID‑19 
on the intensive care setting

The incidence of thrombosis in patients with COVID-19 
requiring care on the ICU appears to be higher than that in 
non-ICU hospitalised patients. Klok et al. reported on 184 
ICU-treated patients with COVID-19, and based on clinical 
suspicion, identified a crude cumulative thrombosis inci-
dence of 57% (95% CI 47–67%), comprising 65 patients 
with a PE, 3 with other venous thromboses, and 7 patients 
with arterial thromboses [1, 21]. Fraisse et al. similarly iden-
tified a high rate of thrombosis, with a 40% rate of thrombo-
sis in 92 patients [22].

In one of the largest cohort studies, Bilaloglu et  al. 
reported on 829 ICU patients with COVID-19, where throm-
bosis diagnosis was made based on clinical suspicion [23]. 
They found an overall 29% incidence of thrombosis, com-
prising of PE (6.2%), DVT (9.4%), stroke (3.7%) and myo-
cardial infarction (13.9%), with an overall mortality rate of 
54%. This compares to an overall incidence of thrombosis 
of 11.5% in 2505 non-ICU hospitalised patients, compris-
ing PE (2.2%), DVT (2.0%), stroke (0.9%) and myocardial 
infarction (7.3%). In a meta-analysis of 2928 patients on ICU 
with COVID-19, our team identified a cumulative throm-
botic incidence of 34% [24].

The incidence of thrombosis is particularly high in the 
ICU patients when systematic screening with ultrasonog-
raphy is performed to identify DVT. Longchamp et al. per-
formed lower limb venous ultrasound in 25 ICU patients, 
confirming DVT in 6 patients (24%) [25]. Another study 
in which lower limb venous ultrasound was routinely per-
formed in 56 ICU patients, identified DVT in 26 patients 
(46%) [26]. Ren et al. screened 48 ICU patients and identi-
fied DVT in 41 patients (85%) [27].
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Thrombotic complications of COVID‑19 
in patients on ECMO

A proportion of the most critically unwell patients with 
COVID-19 require advanced cardiac ICU support includ-
ing extracorporeal membrane oxygenation (ECMO). Patients 
requiring ECMO require anticoagulation to prevent circuit 
thrombosis, and are known to exhibit high rates of both 
thrombotic and bleeding complications [28]. Several stud-
ies have published the incidence of thrombotic complica-
tion in patients with COVID-19 on ECMO, and noted par-
ticularly high rates of thrombosis, often despite therapeutic 
anticoagulation. A small cohort study in which CT scans 
were performed in all patients requiring admission for 
veno-venous ECMO, reported VTE in all 13 patients, with 
3 (23%) developing significant bleeding [29]. These patients 
were compared with a similar group of patients previously 
admitted with influenza (n = 10), and bacterial community 
acquired pneumonia (n = 24), and although the rate of VTE 
was higher in the COVID-19 group, this was not statistically 
significant. A subset of another ICU cohort study comprised 
35 patients on ECMO, and identified at least one episode of 
thrombosis in 22 patients (63%) [30]. Mak et al. performed 
a CTPA in 51 patients with COVID-19 and identified pul-
monary filling defects in 18 (35.3%), with 28 (49%) patients 
demonstrating wedge-shaped low-attenuation areas sugges-
tive of lung ischaemia [31].

The added thrombotic complications related to ECMO 
include that of the extra-corporeal system: central lines, 
the centrifugal pump and the oxygenator. The presence of 
thrombus in the extra-corporeal system can cause complete 
system failure with a high risk of mortality. Beyls et al. 
describe one such event, where a patient with COVID-19 
died of a major oxygenator thrombosis shortly after starting 
veno-venous ECMO [32].

Bemtgen et al. describe a high incidence of circuit throm-
bosis in COVID-19 patients, despite continuous intrave-
nous heparin infusion, adjusted to an APTT of 40–50 s 
[33]. Comparing small groups of patients with COVID-19 
requiring ECMO to those on ECMO without COVID-19, has 
revealed a higher prevalence of thrombotic complications in 
those with COVID-19. In 11 patients with COVID-19, there 
were 9 pump changes, and 4 system changes, representing 
a significantly higher rate of thrombotic complications in 
COVID-19 patients (64%), compared to non-COVID-19 
patients (18%) [33]. A large worldwide registry of patients 
receiving ECMO for COVID-19 has documented the rates 
of circuit change at 15%, membrane lung failure in 8%, can-
nula problems in 6%, and pump failure in 0.8%, although it 
cannot be determined what proportion of these are directly 
attributable to thrombosis [34].

Thrombotic complications of COVID‑19 
following discharge from hospital

The risk of thrombosis is highest in patients with severe 
COVID-19, but the risk of thromboembolism does not cease 
at hospital discharge. Given that some patients will have 
ongoing symptoms for weeks following discharge, and dur-
ing this time may be at a lower functional state with reduced 
mobility than prior to the illness, and given the potential 
ongoing, albeit reduced, inflammatory state post-discharge, 
there remains a risk of increased tendency to thrombosis. 
To date, there are limited studies investigating the risk of 
VTE in patients following hospital discharge. Patell et al. 
reviewed 163 patients with COVID-19 followed for a 
median 30 (IQR 17–46) days following hospital discharge 
[35]. Patients were excluded if they were discharged on pro-
phylactic or therapeutic anticoagulation. During follow-up, 
there was a cumulative incidence of 2.5% (95% CI 0.8 to 
7.6) of thrombotic events, with VTE alone occurring in 0.6% 
(95% CI 0.1–4.6) and 3.7% (95% CI 1.4–9.8) incidence of 
haemorrhage.

Another retrospective analysis compared a large cohort of 
1877 patients discharged following admission with COVID-
19, with a cohort of 18,159 patients discharged from 2019 
following other medical admissions [36]. Amongst patients 
with COVID-19, a rate of 4.8 VTEs per 1000 patients dis-
charged was reported, which was similar to that reported in 
patients discharged the year prior with alternative medical 
diagnoses (3.1 VTEs per 1000 patients, p = 0.2). Finally, 
Hill et al. observed 3 post discharge VTEs in 2075 patients 
(incidence 0.14%) [5].

Discussion

Thrombotic complications, in particular venous thrombosis 
and thromboembolism are highly prevalent in patients with 
COVID-19. From the studies available, it seems evident that 
as the severity of COVID-19 illness increases, requiring 
higher levels of care, so does the rate of thrombosis.

Several guidelines have been produced, in part building 
upon these data to provide advice to clinicians as how to 
interpret this when implementing thromboprophylaxis strat-
egy [37–39]. However, there are differences in the guide-
lines, likely a product of the limitations of the data avail-
able, and lack of prospective interventional studies to guide 
optimal treatment [40].

There are a number of limitations pertaining to the data 
reported here on the prevalence of thrombotic complications. 
The vast majority of studies are retrospective observational 
studies. Secondly, identification of thrombosis is gener-
ally dependent on the clinical suspicion, any conventional 
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clinical features of VTE are frequently absent or difficult to 
recognise especially in those on the ICU. There is also the 
logistical challenge of performing imaging tests in patients 
that may expose a technician to COVID-19, as well as the 
challenge of transporting critically unwell patients to CT 
scanners. Amongst individuals with COVID-19 in the com-
munity, who are either not admitted or discharged home 
without admission, VTE may be missed and under-reported.

In patients with critical illness with COVID-19, espe-
cially towards the end of life, when identification of throm-
bosis may not trigger change in management, VTE may not 
be investigated with confirmatory imaging. Under-reporting 
of VTE in critically-ill patients is supported by autopsy data, 
with one autopsy study identifying DVT in 7 of 12 patients 
(58%) with PE being the direct cause of death in 4 patients 
(33%) [41].

Another important limitation is the variable reporting of 
different types of thrombosis in different studies. Several 
studies only report DVT, whilst others only PE, and few 
reports on arterial thrombosis. Furthermore, given that the 
vast majority of studies in ICU-treated patients indicate that 
standard anticoagulant thromboprophylaxis may be insuf-
ficient, bleeding events have been documented in very few 
studies to date. A recent large meta-analysis of thrombotic 
complications in patients with COVID-19 identified just 5 
articles documenting bleeding events, compared to 44 docu-
menting thrombotic events [13].

Lastly, studies employing routine screening for VTE 
report a higher incidence of thrombotic complications than 
those relying on clinical suspicion. However, whether iden-
tification and subsequent treatment of small and potentially 
asymptomatic thrombotic complications, for example sub-
segmental PEs, will improve outcome, is unclear and as 
such, the role of routine screening remains debatable [42].

This paper demonstrates high rates of thrombosis in 
patients with severe illness related to COVID-19. An impor-
tant hypothesis being considered is whether treating patients 
who are at the highest risk of thrombosis with a higher dose 
of prophylactic anticoagulation will reduce the thrombotic 
burden and improve outcomes. One of the first randomized 
controlled trials to report on this hypothesis is the INSPIRA-
TION trial, which randomised 562 ICU inpatients to either 
an intermediate or standard dose of prophylactic anticoagu-
lation [43]. There was no significant difference between the 
two arms in terms of the primary outcome: a composite of 
thrombosis, treatment with ECMO and all-cause mortal-
ity. There was a statistically significant higher incidence of 
severe thrombocytopenia, and a tendency towards higher 
rates of bleeding in the intermediate dose arm; complica-
tions that may limit the role of anticoagulation in reduc-
ing the thrombotic burden. One observation from this trial 
was that the incidence of venous thrombosis in the control 
arm, at 3.5%, was substantially lower that identified in the 

previously described meta-analysis, and requires further 
assessment in prospective studies [24].

Conclusion

The association of COVID-19 with venous thrombotic com-
plications is undisputed, with the severity of COVID-19 
being directly proportional to the risk of thrombotic compli-
cations. The prevalence of arterial thrombotic events is still 
not well understood. Large prospective observational studies 
are urgently needed to better define thrombosis risk, in vary-
ing cohorts including those with advancing age, diabetes, 
obesity and in Black, Asian and minority ethnic cohorts, 
including in the outpatient and post-discharge period.
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