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Hospitalisation with COVID-19 infection has been associated with
an increased incidence of thrombosis, particularly in the critical care
setting. Our two centres have previously described the early in-patient
incidence of venous thromboembolism (VTE) at the peak of the COVID-
19 outbreak in the United Kingdom [1,2]. The cohort from Cambridge
showed 6 patients out of a total of 63 who developed VTE with a
median follow-up of 8 days whereas London showed 10 patients of 66
had VTE with a median follow-up of 30 days. The risk of hospital-as-
sociated VTE (HAT) for patients has been shown to extend from ad-
mission to 90 days following discharge with an early peak within the
first weeks of this period [3]. However, it has not yet been established
whether the risk of VTE following COVID-19 pneumonia also persists to
90 days.

We conducted an observational study of our previous cohorts with a
minimum of 90 days follow-up from their critical care admission at our
centres. Our methods have previously been described and approval was
obtained from the Research and Development departments at both
Trusts [1,2]. The composite endpoint was image-proven pulmonary
embolism (PE) and deep vein thrombosis (DVT) including catheter-as-
sociated thrombi. The index date was admission to critical and cen-
sorship data was 17th July 2020. We assessed the D-dimer levels at the
time of imaging in those with and without thrombosis, which we and
others have previous shown to be significantly higher in those devel-
oping VTE [2]. Cumulative incidence was adjusted for the competing
risk of death but not for hospital discharge although the majority of
patients had been discharged in this study [4].

In total, 129 patients with COVID-19 infection confirmed by poly-
merase chain reaction on nasopharyngeal swab or bronchoalveolar la-
vage were included. Both centres performed VTE risk assessments using
the Department of Health tool [5]. Our guidance for thromboprophy-
laxis was based originally on NICE guidance for medical patients using
dalteparin that was prescribed according to weight and renal function
unless contraindicated in all patients. Post-discharge (i.e. extended
thromboprophylaxis) was not used. The demographics of these patients
are described fully in the previous articles. To summarise, there was
predominance of males in both cohorts (69% Cambridge and 73%
London), high rates of mechanical ventilation use (83% and 79%) and
the mean ages was 62 and 56 years, respectively.

https://doi.org/10.1016/j.thromres.2020.10.007

The median number of days of follow-up was 113 (range
96-138 days) for those who were alive at review. The median duration
of critical care admission was 13.5 days (range 1-130 days). At the
censorship date, 40/129 patients had died (31%), 6/129 patients (5%)
remained in critical care, 7/129 (5%) were in-patients but had been
discharged from critical care, 3/129 (2%) were transferred to their local
hospitals and 73/129 (57%) were alive and discharged from hospital.
48/73 (66%) of the patients discharged alive at follow-up had a hos-
pital discharge duration of =90 days.

24/129 (19%) patients developed 26 VTE events. The estimated
cumulative incidence of VTE over a minimum of 90 days following
critical care admission was 18.6% shown in Fig. 1(a) (95% confidence
interval 12.4-25.8). When segmental/sub-segmental pulmonary em-
bolism was excluded, the cumulative incidence of VTE was 4.1% (95%
CI 1.5-8.8%), which is displayed in Fig. 1(b). All VTE events occurred
during the initial hospitalisation with COVID-19 infection with no VTE
events occurring as an out-patient or further rehospitalisation. The
median time from ICU admission to VTE diagnosis was 9.5 days (range
0-60 days). 17/129 (13%) had PE of which the most proximal vessels
were: 1 main pulmonary artery, 4 lobar, 8 segmental and 4 subseg-
mental. 12/17 (71%) could therefore be considered as small-vessel
pulmonary thrombi (‘immunothrombosis’). 9/129 (7%) patients had
DVT, all of which were related to indwelling lines: 3 proximal lower
limb, 4 proximal upper limb and 3 neck. Two patients had both PE and
DVT and one patient had two DVT. One patient developed a further
DVT at an indwelling line site following the diagnosis of a PE although
the patient had major bleeding, so anticoagulation was not given.

Overall, 15 ultrasound Doppler scans or computer tomography (CT)
were performed to assess for DVT with 60% being positive; and 35 CT
pulmonary angiography scans were performed with 49% being positive
for a PE. 5/9 DVTs and 3/17 PEs were incidental findings. D-dimers
performed at the time of imaging in those diagnosed with VTE had a
median level of 5.9 FEU mg/L (range 0.7-80.0, interquartile range
2.4-9.3) in comparison to a median of 0.8 FEU mg/L without VTE
(range 0.0-5.4, interquartile range 0.51-0.97, p < 0.001). There was
no statistical difference in Clauss fibrinogen levels at the time of ima-
ging in those with and without VTE. 47/50 (94%) of imaging was
performed during the initial in-patient admission.
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Fig. 1. a. Cumulative incidence of all VTE (the composite endpoint) with point estimate shown as solid line with dashed line the 95% confidence interval. b.
Cumulative incidence of VTE when segmental/subsegmental pulmonary embolism are excluded with the point estimate shown as solid line with dashed line the 95%

confidence interval. Abbreviation: VTE - venous thromboembolism.

All VTE events occurred in hospital, mainly within the first few days
of admission to critical care. The site was predominantly catheter-as-
sociated thrombosis or small segmental/subsegmental changes on
CTPA, which are increasingly recognised as immunothrombosis [2].
10% of our initial cohorts remained in hospital after 90 days of ad-
mission.

Rates of critical care in-patient hospital-associated VTE have been
reported to be between 17-27% at other centres with a significantly
higher rate if routine screening Doppler scans are used [6-8]. Our
prolonged follow-up shows that although some patients remained
hospitalised after 90 days, there are minimal rates of further VTE in
hospital and following discharge. Our data is in line with Roberts et al
who have described HAT in 9/1877 (0.5%) in all hospitalisation dis-
charges with COVID-19 infection of varying disease severity with up to
42 days follow-up [9].

Due to the concerns of an extended prothrombotic risk with COVID-
19, particularly in those with severe disease, the use of extended
thromboprophylaxis has been considered although there is no clinical
trial data yet. In a meta-analysis in medically unwell patients who did
not have COVID-19 infection, extended chemical thromboprophylaxis
compared to standard duration thromboprophylaxis resulted in no
overall change in mortality rates but a 32% relative risk reduction in
VTE and a 104% relative risk increase in major haemorrhage [10]. At
present, we feel that this data however cannot be extrapolated to the
setting of patients with COVID-19. The International Society on
Thrombosis and Haemostasis (ISTH) and American College of Chest
Physicians (ACCP) in their expert-led guidance advocated the use of
low molecular weight heparin during hospitalisation with COVID-19
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infection and ISTH advocated consideration of using extended throm-
boprophylaxis while ACCP did not [11,12].

Our results are limited by the inclusion of only two centres.
Additionally, the diagnosis of VTE was based principally upon symp-
tomatic presentation unless incidental VTE were found. HAT is defined
by the development of VTE 90 days following discharge and in those
10% with continued hospitalisation, we were unable to assess their full
period of possible HAT.

Given the absence of VTE following discharge, our data does not
support the use of extended thromboprophylaxis post-hospitalisation
for patients with COVID-19 following critical care admission. Further
larger studies are required.
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