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L E T T E R  T O  T H E  E D I T O R

Post-hospitalization venous thromboembolism in COVID-19 
patients: Evidence against routine post-hospitalization 
prophylactic anticoagulation

Dear Editors,
The association between COVID-19 and an increased risk of venous 
thromboembolic (VTE) events, particularly in the critically ill, has been 
well reported.1 While guidelines exist for thromboprophylaxis during 
hospitalization, the role for thromboprophylaxis post-hospitalization 
remains uncertain and controversial. Current guidelines recommend 
against the blanket use of post-hospitalization thromboprophylaxis 
and suggest that it be considered after individualized assessment of 
bleeding and thrombotic risk.1,2 There is however a paucity of data 
on the post-hospitalization VTE events in COVID-19.3,4 In the ab-
sence of prospective data, the role for prophylactic anticoagulation 
in COVID-19 patients post-hospitalization remains uncertain.

In our prospective study, we had 2 objectives: (a) to study the 
incidence of VTE events post-discharge, which was determined by 
looking at readmissions to our hospital for VTE events or patient-
reported symptoms at follow-up that would suggest a VTE event 
and necessitate admission for further evaluation, (b) to character-
ize the thrombogenicity of recovered COVID-19 by studying he-
mostatic assays, specifically activated partial thromboplastin time 
(aPTT)-based clot waveform analysis (CWA). COVID-19 patients 
admitted to Singapore General Hospital were enrolled upon writ-
ten informed consent. This study was approved by SingHealth 
Centralized Institutional Review board (CIRB no. 2018/3045). All 
patients were given a six- to eight-week follow-up upon discharge. 
We calculated the modified IMPROVE-VTE score for our cohort. The 
International Medical Prevention Registry on Venous thromboem-
bolism (IMPROVE) VTE score is a predictive score designed to assess 
the risk of VTE in hospitalized medical patients.5 It has been used as 
a possible criteria in ongoing trials to decide on the need for post-
hospitalization VTE prophylaxis in COVID-19 patients.6 APTT-based 
CWA were generated during the analysis of the standard aPTT assay 
triggered with Dade Actin FSL reagent (Siemens Healthcare) and 
retrieved from CS2100i automated coagulation analyzers (Sysmex 
Corporation). CWA parameters of interest were min1, min2, and 
max2 denoting the maximum velocity, maximum acceleration, and 
maximum deceleration of the clot formation process, respectively. 
Higher parameters indicate hypercoagulability.7 Coagulation sam-
ples for recovered COVID-19 patients were taken at 2 settings. In 
non-ICU patients, this was at follow-up; in ICU patients, when two 
consecutive COVID-19 testing were negative, indicating recovery. 
Data analysis was performed using SPSS 25.0 (IBM SPSS statistics) 

IBM Corporation) software. t Test was used to compare coagulation 
parameters during illness and at recovery.

Between January 20th and 1st Jul 2020, 115 patients were 
recruited into this study, of which 63 (54.8%) patients attended 
their follow-up visit. Baseline characteristics are shown in Table 1. 
Sixteen (13.9%) patients required oxygen supplementation, a marker 
of severity of illness, among which seven (6.1%) patients required 
intensive care unit (ICU) care. Non-ICU COVID-19 patients did not 
receive prophylactic anticoagulation during hospitalization. Four 
ICU COVID-19 patients received prophylactic anticoagulation only 
during their ICU stay, in accordance with our ICU protocol for VTE 
prophylaxis. The modified IMPROVE-VTE score in both non-ICU and 
ICU COVID-19 patients was <4. Taking into account d-dimer, only 
one patient in the non-ICU group and three patients in the ICU group 
fulfilled the high-risk criteria based on the modified IMPROVE-VTE 
score. No patients received prophylactic anticoagulation post-
hospitalization. We observed no VTE events during hospitaliza-
tions nor readmissions for VTE events post-hospitalization as of 1st 
December 2020. At follow-up, no patient presented with symptoms 
that would suggest a VTE event.

The coagulation profiles and CWA parameters were analyzed. 
Table  2 shows an independent comparison of coagulation profiles 
and CWA parameters of non-ICU COVID-19 patients during hospi-
talization and at follow-up. There was a significant decrease in me-
dian CWA parameters (min1 and min2) at follow-up (min1: 5.37%/s 
vs 4.37%/s, P = .013; min2: 0.79%/s2 vs 0.69%/s2, P = .034) although 
their aPTT were not significantly different. At follow-up, all patients 
had CWA parameters and coagulation parameters within normal 
ranges. Among our study population, five patients had paired CWA 
results—during acute illness and at recovery. Of these, three patients 
exhibited elevated min1 during the acute phase of COVID-19, me-
dian (IQR) 7.31%/s (7.10,8.00), and the subsequent normalization of 
this parameter during recovery, median (IQR) 5.39%/s (5.06,5.68). 
Two of the three patients were ICU COVID-19 patients and were 
the only ICU patients in our study that had paired CWA parameters.

We observed no VTE event during and post-hospitalization 
in our cohort. Studies reporting post-discharge VTE events in 
COVID-19 patients are few. In a retrospective study by Roberts et al, 
post-discharge VTE rate was 4.8 per 1000 discharges.4 The authors 
concluded that the event rate was low and suggested against the use 
of post-discharge thromboprophylaxis. The majority of our patients 
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were young to middle-aged with few comorbidities and had pre-
dominantly mild disease. In addition, the modified IMPROVE-VTE 
score was <4 in all our patients. The cutoffs used to select medically 
ill patients at high risk for VTE events and for the use of extended 
thromboprophylaxis were ≥4 or 2 or 3 with an elevated D-dimer.5 
While majority of patients did not have a D-dimer, in the non-ICU 
group, almost all had a score of 0 or 1. This could account for our 
observation of no VTE event during hospitalization and at follow-up. 
Our additional use of APTT-based CWA parameters, though small 
in sample size, provides further evidence that there is no increased 
hypercoagulability in COVID-19 patients post-hospitalization. In 
fact, patients with elevated min1 during acute phase of illness all 
showed normalization at recovery, signifying a return to normal he-
mostatic functions. Elevated Min1 above upper limit of normal has 
been shown to be a predictor for acute VTE.7 These findings are 
consistent with published data demonstrating hypercoagulability in 
acute COVID-19 detected by various global hemostatic assays and 
normalization of plasmatic factors at convalescence8,9

The highest incidence of thrombotic events occurs in ICU 
COVID-19 patients.1 However, few studies have reported the inci-
dence of post-hospitalization VTE events in this cohort of patients. 
Theoretically, ICU COVID-19 patients are likely at higher risk of VTE 
events post-hospitalization. In our cohort, all seven patients who re-
quired ICU care were followed up. Three patients fulfilled the high-
risk criteria based on the modified IMPROVE-VTE score. There were 
no observed VTE events and no reported symptoms suggestive of 
VTE events at each follow-up visit.

The strength of our study is its prospective nature. The limita-
tions include a small sample size for both clinical and coagulation 
profile data and a relatively high lost-to-follow-up rate. Thus, caution 
is warranted in interpretation of our results. Regardless, our study 
represents one of the few to look at coagulation assays in COVID-19 
patients at follow-up or recovery and despite the small numbers 
has merit in demonstrating the normalization of coagulation profile 
and CWA parameters. Our cohort was also younger with few co-
morbidities and predominantly mild disease and thus may not accu-
rately reflect the true burden of post-hospitalization VTE events in 
COVID-19 patients who required ICU care. Lastly, not all patients in 
our cohort had a post-discharge medical evaluation and we assumed 

TA B L E  1   Clinical characteristics, venous thromboembolic 
events, and follow-ups of COVID-19 patients (n = 115)

Non-ICU 
(n = 108) ICU (n = 7)

Demographics

Age, Median (IQR) 38 (30,50) 65 (64,69)

Gender no.(%)

Male 81 (75) 5 (71.4)

Female 27 (25) 2 (28.6)

Race—no.(%)

Chinese 37 (34.3) 4 (57.1)

Malay 3 (2.8) 0 (0)

Indian 60 (55.6) 2 (28.6)

Others 8 (7.4) 1 (14.3)

Comorbidities no.(%)

Hypertension 22 (20.4) 5 (71.4)

Hyperlipidemia 7 (6.5) 1 (14.3)

Diabetes Mellitus 4 (3.7) 1 (14.3)

Ischemic Heart Disease 4 (3.7) 1 (14.3)

Prior stroke 1 (0.9) 0 (0)

Renal disease 2 (1.9) 0 (0)

Chronic lung disease 10 (9.3) 1 (14.3)

Liver disease 0 (0) 0 (0)

Active malignancy 0 (0) 0 (0)

Anti-thrombotic agents no.(%)

Anti-platelet 4 (3.7) 2 (28.6)

Anti-coagulation 0 (0) 1 (14.3)

Clinical course

Required oxygen 
supplementation—(n/%)

9 (8.3) 7 (100)

Length of stay in ICU, 
Median (IQR)

- 11 (8,11)

Length of stay in hospital, 
Median (IQR)

7 (5,13) 49 (31,72)

D-dimer, Median (IQR) 0.44 (0.30,3.16)a  1.05 
(0.81,13.44)b 

D-dimer level more than 2x 
ULN (n/%)

4 (3.7) 3 (42.8)

Modified IMPROVE-VTE score (n/%)

≤1 105 (97.2) 0 (0)

2 3 (2.8) 0 (0)

3 0 (0) 7 (100)

≥4 0 (0) 0 (0)

Venous thrombotic 
events—(n/%)

0 (0) 0 (0)

Follow-up

Single follow-up—(n/%) 50 (46.3) 1 (14.3)

Multiple follow-up—(n/%) 6 (1.0) 6 (85.7)

Median length to first 
follow-up, d (IQR)

37 (30,48) 44 (35,47)

Non-ICU 
(n = 108) ICU (n = 7)

Mean length to first 
follow-up, d (SD)

42 (19) 43 (9)

Median length to last 
follow-up, d (IQR)

90 (69 128) 172 (89 186)

Mean length to last 
follow-up, d (SD)

94 (31) 152 (51)

Venous thrombotic events 0 (0) 0 (0)

a12 patients had d-dimer values.
b4 patients had d-dimer values.

TA B L E  1   (Continued)

(Continues)
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that those with no record of follow-up or hospital re-admission had 
no VTE event.

The role for post-hospitalization prophylactic anticoagulation 
for COVID-19 patients continues to be an area that requires fur-
ther research. Our study highlights that in otherwise young and 
relatively healthy patients with mild COVID-19, risk of VTE event 
post-hospitalization is very low, and in this group of patients, there is 
likely no role for routine post-discharge prophylactic anticoagulation. 
Further studies will be needed to ascertain the post-hospitalization 
VTE event rate in COVID-19 ICU patients.
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COVID-19, post-hospitalization, prophylactic anticoagulation, 
venous thrombotic events
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Coagulation Tests
Normal 
ranges

During hospitalizationa  
(n = 37)

At follow-up 
(n = 7)

P-valueMedian (IQR) Median (IQR)

APTT, s 25.7-32.9 31.65 (30.70,33.94) 29.50 
(28.10,32.13)

.080

Min1, %/s 3.12- .87 5.37 (4.73,7.07) 4.37 (3.33,4.81) .013

Min2, %/s2 0.51-1.05 0.79 (0.70,1.01) 0.69 (0.50,0.76) .034

Max2, %/s2 0.40-0.91 0.61 (0.52,0.78) 0.57 (0.40,0.63) .07

PT, s 9.9-11.4 10.30 (9.98,10.8) 10.4 
(10.31,11.33)

.385

D-dimer, mg/L FEU 0.19-0.55 0.44 (0.30,3.16)b  0.24 (0.21,0.44) .234

Fibrinogen, g/L 1.80-4.80 3.28 (2.50,3.40)c  2.85 (2.45,3.00) .633

Days since discharge - 45 (34,55) -

aIn patients with multiple coagulation parameters during hospitalization, the highest CWA 
parameter was taken.
b12 patients had d-dimer.
c3 patients had fibrinogen.

TA B L E  2   Unpaired comparison of 
coagulation/CWA parameters during 
hospitalization and at discharge in non-
ICU COVID-19 patients

mailto:﻿
https://orcid.org/0000-0001-5770-4701
https://orcid.org/0000-0002-0355-5832
https://orcid.org/0000-0002-1333-6596


     |  e7LETTER TO THE EDITOR

Correspondence
Jing Yuan Tan, Singhealth Internal Medicine Residency, 

Singapore General Hospital, 20 College Road, Singapore 
169856.

Email: tanjingyuan72@gmail.com

ORCID
Jing Yuan Tan   https://orcid.org/0000-0001-5770-4701 
Wan Hui Wong   https://orcid.org/0000-0002-0355-5832 
May Anne Cheong   https://orcid.org/0000-0002-1333-6596 

R E FE R E N C E S
	1.	 Moores LK, Tritschler T, Brosnahan S, et al. Prevention, diagnosis, and 

treatment of VTE in patients with coronavirus disease 2019: CHEST 
guideline and expert panel report. Chest. 2020;158(3):1143-1163. 
https://doi.org/10.1016/j.chest.2020.05.559

	2.	 Bikdeli B, Madhavan MV, Jimenez D, et al. COVID-19 and throm-
botic or thromboembolic disease: implications for prevention, anti-
thrombotic therapy, and follow-up: JACC state-of-the-art review. J 
Am Coll Cardiol. 2020;75(23):2950-2973. https://doi.org/10.1016/j.
jacc.2020.04.031

	3.	 Patell R, Bogue T, Koshy A, et al. Postdischarge thrombosis and hem-
orrhage in patients with COVID-19. Blood. 2020;136(11):1342-1346. 
https://doi.org/10.1182/blood.20200​07938

	4.	 Roberts LN, Whyte MB, Georgiou L, et al. Postdischarge venous 
thromboembolism following hospital admission with COVID-19. 
Blood. 2020;136(11):1347-1350. https://doi.org/10.1182/blood.​
20200​08086

	5.	 Spyropoulos AC, Lipardi C, Xu J, et al. Modified IMPROVE VTE 
risk score and elevated d-dimer identify a high venous throm-
boembolism risk in acutely Ill medical population for extended 
thromboprophylaxis. TH open. 2020;4(1):e59-e65. https://doi.
org/10.1055/s-0040-1705137

	6.	 Abdelnabi M, Leelaviwat N, Eshak N, Mekraksakit P, Nugent K, Payne 
JD. COVID-19 discharge and follow-up recommendations. Proc (Bayl 
Univ Med Cent). 2021;34(1):73-75. https://doi.org/10.1080/08998​
280.2020.1834341

	7.	 Tan CW, Cheen MHH, Wong WH, et al. Elevated activated partial 
thromboplastin time-based clot waveform analysis markers have 
strong positive association with acute venous thromboembolism. 
Biochemia medica. 2019;29(2):020710. https://doi.org/10.11613/​
BM.2019.020710

	8.	 Tan CW, Tan JY, Wong WH, et al. Clinical and laboratory features of 
hypercoagulability in COVID-19 and other respiratory viral infections 
amongst predominantly younger adults with few comorbidities. Sci 
Rep. 2021;11(1):1793. https://doi.org/10.1038/s4159​8-021-81166​-y

	9.	 Zou Y, Guo H, Zhang Y, et al. Analysis of coagulation parame-
ters in patients with COVID-19 in Shanghai, China. Biosci Trends. 
2020;14(4):285-289. https://doi.org/10.5582/bst.2020.03086

How to cite this article: Tan JY, Tan CW, Wong WH, et al. 
Post-hospitalization venous thromboembolism in COVID-19 
patients: Evidence against routine post-hospitalization 
prophylactic anticoagulation. Int J Lab Hematol. 2022;44:e4–
e7. https://doi.org/10.1111/ijlh.13633

mailto:tanjingyuan72@gmail.com
https://orcid.org/0000-0001-5770-4701
https://orcid.org/0000-0001-5770-4701
https://orcid.org/0000-0002-0355-5832
https://orcid.org/0000-0002-0355-5832
https://orcid.org/0000-0002-1333-6596
https://orcid.org/0000-0002-1333-6596
https://doi.org/10.1016/j.chest.2020.05.559
https://doi.org/10.1016/j.jacc.2020.04.031
https://doi.org/10.1016/j.jacc.2020.04.031
https://doi.org/10.1182/blood.2020007938
https://doi.org/10.1182/blood.2020008086
https://doi.org/10.1182/blood.2020008086
https://doi.org/10.1055/s-0040-1705137
https://doi.org/10.1055/s-0040-1705137
https://doi.org/10.1080/08998280.2020.1834341
https://doi.org/10.1080/08998280.2020.1834341
https://doi.org/10.11613/BM.2019.020710
https://doi.org/10.11613/BM.2019.020710
https://doi.org/10.1038/s41598-021-81166-y
https://doi.org/10.5582/bst.2020.03086
https://doi.org/10.1111/ijlh.13633

