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In March 2020, the World Health Organization declared COVID‑19 
a pandemic.[1] After millions of cases and deaths worldwide, effective 
curative treatment modalities are still lacking. As of 17 March 2022, 
South Africa (SA) had registered 3  698 803 COVID‑19 cases and 
99 767 deaths.[2] Worldwide the total number of recorded cases 
was 464 593 286, with 6 082 147 deaths.[2] Autopsies and clinical 
studies have described a COVID‑associated coagulopathy, affecting 
all three aspects of Virchow’s triad and leading to thrombosis.[3,4] 
Low‑molecular‑weight heparin (LMWH) is an anticoagulant used in 
the treatment of thromboses, and acts by binding to and activating 
antithrombin III, thereby inhibiting factor Xa.[5] An increase in 
the incidence of thromboembolic events in COVID‑19 patients 
despite the use of LMWH has been demonstrated in numerous 
studies.[6‑9] Arterial events including stroke, myocardial infarction 
and limb ischaemia have also been reported.[10‑12] Currently, studies 
are evaluating the use of higher doses of LMWH in hospitalised 
COVID‑19 patients.[13,14]

Platelet activation has also been described in a thrombo‑
inflammation model of COVID‑19,[15] and platelet hyperactivity 

has been demonstrated in COVID‑associated coagulopathy.[16] 
Antiplatelet therapy prior to admission and early in the disease course 
has previously been hypothesised to be beneficial in preventing 
early intravascular thrombosis formation and disease sequelae.[17,18] 
A  small proof‑of‑concept study[19] of five patients found that triple 
antiplatelet therapy (aspirin, clopidogrel, tirofiban) in combination 
with the LMWH fondaparinux significantly improved the level of 
respiratory support needed in patients with severe COVID‑19‑related 
respiratory failure and features of hypercoagulability. No major 
bleeds were noted over the 30‑day follow‑up period. Combination 
therapy with LMWH and antiplatelet medication could therefore 
potentially mitigate the incidence of both venous and arterial 
thrombotic events. Robust evidence supporting the effectiveness of 
combination therapy with LMWH and antiplatelet therapy to treat 
COVID‑19‑associated coagulopathy is lacking. However, previous 
autopsy findings have also reported that diffuse lung haemorrhage 
and haemorrhagic inflammation have been common findings in 
COVID‑19 patients.[20] The bleeding risk associated with antiplatelet 
therapy could further compound these pathological findings. This 
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risk increases with increasing doses and with the use of dual or triple 
antiplatelet therapy.[21,22] Currently, there are no universal guideline 
recommendations for the use of antiplatelets in COVID‑19 patients 
outside of standard non‑COVID‑19 indications such as primary 
and secondary prevention of ischaemic heart disease and strokes, 
inflammation, and analgesia. The bleeding risk in the setting of 
COVID‑19 and antiplatelet therapy could paradoxically be either 
decreased, due to the purported prothrombotic nature of the disease, 
or increased, due to the concomitant use of LMWH.

We conducted a retrospective study with the primary objective of 
describing the bleeding and thrombosis outcomes in patients with 
COVID‑19 admitted to a tertiary academic hospital (Tygerberg 
Hospital, Cape Town, SA) and on LMWH, with and without 
antiplatelet therapy. Secondary objectives were to identify predictors 
of bleeding and thrombosis outcomes and to explore the dosing 
practices of antiplatelet and LMWH therapies.

Methods
We conducted a cross‑sectional, descriptive study during the first 
COVID‑19 wave in SA. We performed a retrospective file review 
of patients with COVID‑19 admitted to Tygerberg Hospital from 
25 March 2020, the date of the first admission, to 31 July 2020, 
who received the LMWH enoxaparin, the preferred anticoagulant 
for inpatients in our facility for the prevention and treatment of 
venous thromboembolism. To reduce selection bias, a pragmatic 
sample size was used whereby all patients admitted to Tygerberg 
Hospital with COVID‑19 on LMWH were evaluated within the 
study period. Patients were included if they were ≥18 years of age, 
had a nasopharyngeal swab confirming COVID‑19 by reverse 
transcriptase polymerase chain reaction, and were prescribed LMWH 
in prophylactic or therapeutic doses (Fig. 1). Patients were excluded 
if they had missing or incomplete records. Data were collected using 
various databases at Tygerberg Hospital. Demographic data and 
clinical notes were accessed using Enterprise Content Management, 
an electronic data repository system that scans and uploads medical 
records of patients seen at Tygerberg Hospital. The JAC system is 
a database used in Western Cape Province to manage pharmacy 
stock control and dispensing of medication in the various medical 
facilities in the province. The JAC system was used to assess 
antiplatelet exposure by identifying whether antiplatelet therapy had 
been dispensed within the month prior to admission and/or during 
admission. Other medication history, including other anticoagulant 
use, was also captured. The outcome of bleeding or thrombosis was 
identified as an event if stated in the clinical notes, based on high 
clinical suspicion by the attending team or radiological evidence. 
Bleeding was defined as any bleeding event reported by the attending 
team, and included major and minor bleeds. A thrombotic event 
was recorded by the attending team if clinical features, biochemical 
markers and/or radiological evidence indicated thrombosis. A variety 
of other online data systems were used to capture and corroborate 
additional information. These included the Electronic Continuity 
of Care Record, a system used to generate discharge summaries 
at Tygerberg Hospital; the Picture Archiving and Communication 
System, an online system recording all radiological interventions 
during hospital admission of a patient; and the National Health 
Laboratory Service’s national database of laboratory investigations 
performed. Data collected from the medical records included sex, 
age, smoking status, comorbidities, organ impairment, level of oxygen 
therapy required and disease progression. Weight was not reliably 
captured as it could not routinely be accurately measured. Single, 
double or triple antiplatelet exposures were recorded, with the doses 
of each antiplatelet therapy. The dose of LMWH was recorded as 

prophylactic if it was prescribed as a once‑daily dose and therapeutic 
if prescribed as a twice‑daily dose. As per the institutional protocol, 
patients with mild or moderate disease admitted to the general ward 
and requiring no oxygen supplementation, nasal prong oxygen, 
40% face‑mask oxygen or oxygenation via a non‑breather mask 
were prescribed prophylactic LMWH. Patients with severe disease 
admitted to a high‑care unit or intensive care unit (ICU) requiring 
supplemental oxygen via a non‑rebreather mask, high‑flow oxygen 
or intubation were administered therapeutic LMWH. Antiplatelet 
therapy was not administered as directed therapy for COVID‑19 
according to the institutional protocols at the time of the study. 
Laboratory parameters captured included haemoglobin, haematocrit, 
alanine transaminase, the international normalised ratio, lactate 
dehydrogenase, platelet count, C‑reactive protein, highest D‑dimers 
and troponin. All data collected were deidentified and collated 
using REDCap (Research Electronic Data Capture) electronic data 
managing tools hosted at Stellenbosch University. The study received 
ethics approval from the Stellenbosch University Human Research 
Ethics Committee (ref. no. #N20/07/043_COVID‑19) and Tygerberg 
Hospital management.

Statistical analysis
Baseline characteristics and normality testing were analysed using 
GraphPad Prism version 9.0.0 (GraphPad Software Inc., USA). 
Data were imported from REDCap to Stata version 16 (StataCorp, 
USA) for analysis. Baseline characteristics were described using 
percentages and frequencies for binary data or categorical data. 
Continuous data that were non‑normally distributed were reported 
as medians and interquartile ranges (IQRs). If continuous data were 
normally distributed, they were reported as means and standard 
deviations. Proportions of exposure and outcomes were described 
in 2 × 2 tables. Odds ratios (ORs) with 95% confidence intervals 
(CIs) were calculated using χ2 or logistic regression analysis, where 
appropriate. A bivariate analysis was conducted, and significant 
covariates were carried over into a multivariate analysis. Multivariate 
logistic regression analysis was performed if predictors were deemed 
statistically and clinically significant. Statistical significance was set 
at p<0.05.

Results
We included 808 patients in our analysis (Fig. 1). Baseline character‑
istics of the study cohort are described in Table  1. Apart from the 
concomitant use of LMWH and antiplatelet therapy, there were no 
other significant drug interactions that could have influenced either 
the bleeding or the thrombosis outcomes at baseline. Antiplatelet 
therapy was initiated for non‑COVID‑19‑related medical conditions 
during hospitalisation in 62.6% of patients (n=112/179), prior 
to admission in 19.0% (n=34/179), and both prior to and during 
admission in 18.4% (n=33/179). Of the initiations of antiplatelet 
therapy during hospitalisation, 6.3% were for secondary prevention 
due to myocardial infarction and stroke.

Fifteen patients were on therapeutic LMWH and antiplatelet 
therapy at baseline owing to severe COVID‑19 and medical 
co morbidities, respectively. One patient was on warfarin and 
antiplatelet therapy at baseline and three patients were on warfarin 
without antiplatelet therapy, for medical indications.

Bleeding outcomes
The bleeding risk in patients receiving additional antiplatelet 
therapy compared with those who did not receive antiplatelet therapy 
was not statistically significant (p=0.41) (Table 2). Of the 19 patients 
in whom a bleeding episode was recorded, 26.3% (n=5/19) received 
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single antiplatelet therapy (aspirin 150 mg 
daily) and 5.3% (n=1/19) received dual 
antiplatelet therapy (aspirin 150 mg and 
clopidogrel 75 mg daily). Of the patients 
who did not bleed, 20.9% (n=165/789) 
were on single antiplatelet therapy and 1% 
(n=8/789) received dual antiplatelet therapy. 
Fifty‑three percent (n=10/19) of patients 
who bled received either high‑flow oxygen 
or intubation and ventilation compared with 
28.8% (n=27/789) who did not bleed. A 
greater percentage of patients who had a 
bleeding episode were in the ICU at the time 
of bleeding compared with patients who did 
not have a bleeding episode: 52.6% (n=10/19) 
v. 27.1% (n=214/789). No thrombolytics 
were administered prior to the bleeding 
episode in those who bled. The majority of 
bleeds were in the gastrointestinal system 
(31.6%; n=6/19), followed by epistaxis 
(15.8%; n=4/19). The prescribing patterns 
of LMWH and antiplatelet therapy in 
patients who bled v. those who did not are 
summarised in Table 3.

Thrombosis outcomes
Patients on concomitant LMWH and 
antiplatelet therapy were at a significantly 
higher risk of having thrombosis compared 
with those who were not on antiplatelet 
therapy (OR 4.8; 95% CI 2.1 ‑ 10.7) (p=0.002) 
(Table  2). In a subgroup analysis, patients 
with thrombosis on radiological confirmation 
receiving LMWH and antiplatelet therapy 
were not at a higher risk of developing 
thrombosis compared with patients receiving 
LMWH without antiplatelet therapy (OR 1.5; 

95% CI 0.42 ‑ 5.55) (p=0.55). Forty‑six 
percent (n=11/24) of patients who developed 
thrombosis received single antiplatelet 
therapy, compared with 20.3% (n=159/784) 
of patients who did not develop thrombosis. 
Dual antiplatelet therapy was given in 8.3% 
(n=2/24) patients in the thrombosis group 
v. 0.9% (n=7/784) patients in the group 
without thrombosis. Patients who developed 
thrombosis required more intensive oxygen 
support than the group without thrombosis 
(54.17%; n=13/24 v. 28.57%; n=224/784, 
respectively) and had higher D‑dimer values 
(median (IQR) 6.9 (2.0 ‑ 13.66) µg/mL v. 
2.71 (0.8 ‑ 9.6) µg/mL). Fifty‑four percent 
(n=13/24) of patients in the thrombosis 
group required ICU admission compared 
with 26.9% (n=211/784) without thrombosis. 
Only one patient received antiplatelet therapy 
before admission, 37.5% (n=9/24) received 
antiplatelets only during admission, and 
12.5% (n=3/24) received antiplatelets before 
and during admission. Table  3 summarises 
the proportion of patients receiving 
therapeutic v. prophylactic doses of LMWH. 
The thrombi were mainly located in the lungs 
(n=10/24; 41.7%), brain (n=7/24; 29.2%) and 
limbs (n=3/24; 12.5%). Fifty‑eight percent 
(n=14/24) of thrombi were diagnosed based 
on clinical symptoms and signs and 41.7% 
(n=10/24) on radiological findings.

In the multivariate logistic regression 
analysis, prophylactic LMWH dosing was 
found to be independently associated with 
bleeding (OR 0.39; 95% CI 0.15 ‑ 0.99) 
(p=0.049). The other variables carried 
over from the bivariate analysis were not 

found to be statistically significant in the 
multivariate analysis: cardiovascular disease, 
prophylactic LMWH, D‑dimers and platelet 
counts for bleeding; and antiplatelet therapy, 
prophylactic LMWH, use of thrombolytics, 
renal impairment, mechanical ventilation, 
D‑dimers and platelet counts for thrombosis.

Discussion
We found that hospitalised COVID‑19 
patients treated with LMWH and antiplatelet 
therapy had similar bleeding outcomes 
compared with patients who were only 
treated with LMWH. Conversely, patients 
treated with LMWH and antiplatelet therapy 
were more likely to develop thrombosis 
compared with patients who were only 
treated with LMWH.

Our study findings are similar to those 
in a retrospective cohort of 42 critically ill 
patients admitted to an ICU with COVID‑19 
and prescribed intermediate (4 000 IU or 
6 000 IU 12‑hourly) or higher doses (100 IU/
kg 12‑hourly) of LMWH and aspirin 
(100 mg).[23] The investigators found a 65% 
incidence of venous thromboembolism in 
patients receiving high‑dose LMWH and 
aspirin but similar bleeding outcomes to 
patients receiving only LMWH.[23] Some 
retrospective studies reported no significant 
benefit in improving COVID‑19 outcomes 
in patients administered antiplatelet therapy 
for non‑COVID‑19 indications.[24‑27] 
Conversely, Chow et  al.[28] found improved 
mechanical ventilation outcomes in 
COVID‑19 patients who were given aspirin 
up to seven days prior to or within 24 hours 
of hospital admission. However, the sample 
size was small and the comparator group 
more ill.

The incidence of thrombotic events in 
our  cohort on LMWH and antiplatelet 
therapy could be explained by a number of 
reasons. First, the paradoxical observation 
of a higher incidence of thrombosis in those 
receiving antiplatelet therapy may be related 
to the initiation of antiplatelet therapy in 
patients who had more severe disease at 
baseline, rather than a consequence of it. In 
our study, patients on antiplatelet therapy 
had more comorbidities as risk factors for 
developing severe COVID‑19 disease, as well 
as higher oxygen requirements at baseline.[29] 
Second, timing of antiplatelet therapy could 
be an important factor, and the possible 
benefit of prior or earlier antiplatelet therapy 
in the disease course cannot be excluded. 
Antiplatelet therapy was initiated during 
hospitalisation in the majority of our cohort 
(62.6%). Third, the dose of aspirin may 
have been too low for an antithrombotic 
effect. It has been reported previously that 

Patients retrospectively 
reviewed,
N=998 

Included in the analysis,
n=808

Patients without antiplatelet 
exposure analysed,

n=629

Patients with antiplatelet 
exposure analysed,

n=179

Patients excluded, n=190

• Did not meet inclusion criteria, n=90
• No clinical notes available on electronic 
  data repository, n=81
• No prescription chart available on 
  electronic data repository to verify 
  low-molecular-weight heparin use, n=19

Fig. 1. Flow diagram of the study.
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Table 1. Baseline characteristics of the study cohort (N=808)
Characteristics Antiplatelet therapy (n=179) No antiplatelet therapy (n=629)
Age (years), mean (SD) 58.0 (12.4) 51 (13.0)
Sex (male), n (%) 99 (55.3) 301 (47.9)
Current smoker, n (%) 11 (6.2) 28 (4.5)
Comorbidities, n (%)

Hypertension 130 (72.6) 315 (50.1)
Diabetes mellitus 112 (62.6) 249 (39.6)
Obesity 82 (45.8) 323 (51.4)
Cardiac disease 27 (15.1) 28 (4.5)
Chronic pulmonary disease 13 (7.6) 34 (5.4)
Active tuberculosis 3 (1.7) 17 (2.7)
HIV 16 (8.9) 104 (16.5)
Cancer 2 (1.1) 13 (2.1)

LMWH dosing (mg), median (IQR)* 80 (40 ‑ 100) 40 (40 ‑ 80)
Therapeutic, n (%) 100 (55.9) 175 (27.8)
Prophylactic, n (%) 79 (44.1) 454 (72.2)

Antiplatelet therapy, n (%)
Aspirin 170 (95.0) ‑
Aspirin + clopidogrel 9 (5.0) ‑

Antiplatelet initiation, n (%)
Within one month of admission 36 (20.0) ‑
During admission 114 (63.7) ‑
Both 31 (17.3) ‑

Pregnant, n (%) 2 (2.8) 9 (2.8)
Organ impairment, n (%)

Hepatic 11 (6.2) 6 (1.0)
Renal 62 (34.6) 141 (22.4)
CVS 17 (9.5) 22 (3.5)

Oxygen requirements, n (%)
No oxygen 15 (8.4) 89 (14.2)
Nasal prongs oxygen 12 (6.7) 97 (15.4)
High‑flow nasal cannula 38 (21.2) 93 (14.8)
40% oxygen 32 (17.9) 159 (25.3)
Non‑rebreather 36 (20.1) 132 (21.0)
Intubation 46 (25.7) 60 (9.5)

Laboratory parameters (baseline), median (IQR)
Haemoglobin (g/L) 13.3 (11.8 ‑ 14.4) 13.0 (12.0 ‑ 15.0)
Haematocrit (L/L) 0.4 (0.4 ‑ 0.4) 0.4 (0.4 ‑ 0.4)
Lactate dehydrogenase (U/L) 493 (377 ‑ 685) 449 (358 ‑ 590)
C‑reactive protein 152 (83 ‑ 227) 133 (67 ‑ 223)
Highest D‑dimers (µg/mL) 3.3 (0.8 ‑ 9.6) 2.6 (0.9 ‑ 12.0)
Alanine transferase (U/L) 27 (20 ‑ 44) 30 (20 ‑ 50)
INR 1.2 (1.1 ‑ 1.3) 1.2 (1.1 ‑ 1.3)
Troponin (ng/mL) 22.0 (10.0 ‑ 52.5) 19.0 (9.0 ‑ 50.0)
Platelets (× 109/L) 264 (209 ‑ 334) 261 (206 ‑ 338)

eGFR (mL/min/1.73 m2), n (%)
<15 8 (4.5) 22 (3.5)
15 ‑ 29 10 (5.6) 27 (4.3)
30 ‑ 44 16 (9.0) 44 (7.0)
45 ‑ 59 32 (18.0) 61 (9.8)
>60 112 (62.9) 471 (75.4)

Disease progression, n (%)
ICU admission 13 (7.3) 8 (1.3)
Discharged home 91 (50.8) 474 (75.4)
Death 75 (41.9) 147 (23.4)

LMWH = low‑molecular‑weight heparin; IQR = interquartile range; CVS = cardiovascular system; INR = international normalised ratio; eGFR = estimated glomerular filtration rate;  
ICU = intensive care unit.
*Enoxaparin is the LMWH used in our setting. Therapeutic dosing is regarded as twice‑daily dosing, and prophylactic dosing is once‑daily dosing.
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aspirin at low doses of between 75 and 
100 mg is ineffective as an antithrombotic in 
non‑COVID‑19 patients weighing >70 kg,[30] 
while aspirin doses >325 mg reduced cardio‑
vascular events at higher body weights.[30,31] It 
is therefore possible that the median aspirin 
dose of 150 mg administered to patients in the 
present study may have been subtherapeutic 
and that with increasing body weight, higher 
doses are required to achieve adequate 
antithrombotic effects. Last, higher doses of 
LMWH in patients admitted with COVID‑19 
may paradoxically be associated with an 
increased risk of thrombotic events.[32,33] 
Mennuni et al.[33] found an increased trend in 
venous thromboembolism in patients treated 
with higher doses of LMWH compared with 
lower doses, with no statistically significant 
difference in aspirin use between the two 
groups. A large percentage of patients with 
thrombotic events in our study received 
therapeutic doses of LMWH, either with or 
without antiplatelet therapy. Currently there 
are numerous trials evaluating the role and 
adverse effects of a broad range of LMWH 
doses in COVID‑19.[34]

We found no statistically significant 
difference in bleeding outcomes between the 
two groups in our cohort. However, in a 

subgroup analysis, we found that patients 
were more likely to bleed if therapeutic doses 
of LMWH were prescribed with antiplatelet 
therapy, but causality could not be ascertained. 
Our study findings of a higher tendency to 
bleed on therapeutic doses of LMWH are in 
keeping with previous studies.[35,36] Musoke 
et  al.[36] found that patients bled more on 
therapeutic doses of LMWH, and 40% of 
their cohort was on antiplatelet therapy.

Study limitations
Our study has several limitations. Causality 
could not be assessed owing to the cross‑
sectional study design. The higher 
antiplatelet use in patients with thrombosis 
probably reflects confounding by indication. 
This apparent confounding should be further 
explored in larger, randomised and adequately 
powered clinical trials. Arguably, patients with 
a higher risk of thrombosis could have had 
a higher pre‑risk probability of developing 
severe COVID‑19 and COVID‑19‑associated 
coagulopathy due to the risk factors present. 
This could also have been the initial reason 
for being prescribed antiplatelet therapy as 
per standard indications. Patients did not 
have routine weight measurements, which 
made interpretation of weight‑adjusted doses 

of LMWH and antiplatelet therapy difficult. 
To limit COVID‑19 exposure among staff and 
patients, not all patients with clinical evidence 
of COVID‑19‑associated coagulopathy had 
radiological imaging done to aid diagnosis of 
thrombosis or bleeding. Where radiological 
imaging was not possible, the diagnosis of 
bleeding or thrombosis was made on high 
clinical suspicion by the attending team. 
For this reason, we could not eliminate the 
possibility of over‑diagnosing thrombosis in 
our cohort.

Conclusion
We found that the bleeding risk in hospital‑
ised COVID‑19 patients was not significantly 
increased in patients treated with antiplatelet 
therapy in addition to LMWH. We found 
an increased risk of thrombosis in patients 
who received both LMWH and antiplatelet 
therapy. Our finding probably reflects 
confounding by indication, but underdosing 
of antiplatelet therapy, especially in patients 
weighing >70 kg, could not be excluded. 
Randomised clinical trials are needed to 
further assess the role of antiplatelet therapy 
in the management of COVID‑19 patients.
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