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ABSTRACT

Background COVID-19 is a respiratory disease that
results in a prothrombotic state manifesting as thrombotic,
microthrombotic and thromboembolic events. As a result,
several antithrombotic modalities have been implicated in
the treatment of this disease. This study aimed to identify
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Key questions
What is already known about this subject?
►► COVID-19 infection is associated with several com-

plex coagulation disorders resulting in thrombotic, microthrombotic and thromboembolic events.
Currently, prophylactic dose anticoagulation is considered the standard of care antithrombotic regimen
in hospitalised patients with COVID-19. However,
high-quality data about the subject is unavailable.

What does this study add?
►► This is the first adequately sized study in the liter-

ature to dwell on the antithrombotic strategy consisting of combination anticoagulant and antiplatelet
therapy in the treatment of COVID-19 induced hypercoagulable state. Furthermore, it also challenges the currently recommended prophylactic dosing
of anticoagulation used in the treatment of those
patients.

How might this impact on clinical practice?
►► Our data suggest for the first time that concur-

rent use of anticoagulant and antiplatelet therapy
is associated with a superior clinical outcome as
compared with prophylactic anticoagulation (PAC)
used alone. Furthermore, it solidifies the emerging
evidence that therapeutic anticoagulation is linked
to better clinical results than PAC.

INTRODUCTION
SARS-
CoV-
2 has infected over 184 million
people and caused over 3.9 million deaths
worldwide according to the latest report on
5 July by the WHO.1 Although the respiratory
symptoms are the primary clinical manifestations of the disease, patients may experience thrombotic complications associated
with increased mortality.2–4 COVID-
19 also
increases cardiovascular disease (CVD),
such as myocardial injury, acute coronary
syndrome, in addition to venous and arterial
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Combined anticoagulant and
antiplatelet therapy is associated with
an improved outcome in hospitalised
patients with COVID-19: a propensity
matched cohort study
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Flowchart of study participants.

coagulopathy that manifests as microvascular, venous and
arterial thrombosis.17–19
Different treatment modalities have been implicated
in the treatment of COVID-
19 hypercoagulable state
with the best agent still undefined. Current guidelines
recommend the use of prophylactic dose anticoagulation in all patients hospitalised with COVID-19 infection.20 21 However, these recommendations are based on
low certainty evidence.
Ongoing clinical trials aim to evaluate the effect of
prophylactic and therapeutic anticoagulation (TAC)
therapy on survival and adverse events.22 Preliminary data
on anticoagulant therapy shows that it appears to be associated with better outcomes and reduced mortality.23 24
Furthermore, the role of aspirin was also investigated in
patients with COVID-19 in a retrospective observational
cohort study of adult patients. It was found to be associated with decreased risk of mechanical ventilation, intensive care unit (ICU) admissions and in-hospital mortality
after adjusting for confounders.25 26
In this study, we evaluated whether the combination
of anticoagulation and antiplatelet therapy or TAC in
hospitalised patients with COVID-19 is associated with
an improved clinical outcome compared with the standard prophylactic anticoagulation (PAC) therapy alone
as currently recommended by the guidelines.27
METHODS
Study settings and population
Patients with the diagnosis of SARS-
CoV-
2 infection,
admitted to the Lebanese American University-
Rizk
Hospital between April 2020 and 31 January 2021, and
hospitalised in medical wards or ICU, were included in
the study. Patients were included if they were aged 18
years and older with confirmed laboratory diagnosis for
COVID-19. In accordance with WHO criteria, confirmed
cases of SARS-CoV-2 infections were determined by positive results from real-time reverse transcriptase-PCR that
amplifies DNA sequences specific to the virus from either
combination of nasal and pharyngeal swabs or lower
respiratory tract aspirates.1 Patients on dual antiplatelet
therapy, with an acute venous thromboembolism (VTE)
defined as DVT or PE, acute cardiovascular event, acute
stroke (ischaemic or haemorrhagic) all within the prior 3
months, or with an active major bleeding, severe thrombocytopenia (<25 000/mm3), were excluded from this
study.
Data collection
All data were collected and screened by local investigators
with access to electronic medical records. The patients’
baseline information included demographic characteristics, comorbidities, any known allergies and chronic
medications. Anticoagulation and antiplatelet therapy
on admission was collected, as well as its respective indication. Laboratory results and vital signs were recorded
on admission. Clinical parameters, including the type of
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thromboembolic events, such as pulmonary embolism
(PE), deep venous thrombosis (DVT), arterial thrombosis, catheter thrombosis and disseminated intravascular coagulopathy.5–10
Evidence of hypercoagulability has been observed in
markers of coagulation found in patients with COVID-19
such as elevated D-dimer and fibrinogen concentration.11
Coagulation in the human body is a complex cascade that
involves the interaction between endothelial cells, platelets and coagulation factors.12 Under normal conditions,
platelets circulate in the bloodstream without adhering
to the intact and inactive endothelium and most of the
clotting factors circulate in an inactive form.13 However,
COVID-19 infection was shown to be highly associated
with endothelial dysfunction favouring a proinflammatory and procoagulant state.14 Infection with this virus
leads to subsequent endothelial activation and dysfunction due to disruption of the vascular integrity, leading
to endothelial cell apoptosis. This exposes the thrombogenic basement membrane into the circulation and activates the clotting cascade by displaying Von Willebrand
Factor, P-selectin and fibrinogen, onto which activated
platelets bind and play their primary role in thrombosis.15
In addition to the platelet clotting activation, the coagulation cascade is also activated in COVID-19 infected
patients.16 This can occur via two mechanisms.15 The first
mechanism is through the activated platelets that produce
vascular endothelial growth factor, which induces endothelial cells to express tissue factor, the main activator
of the coagulation cascade. The second mechanism
of activation occurs as a direct result of virus induced
vessel injury. This is translated clinically into heightened

Special populations

oxygen therapy were recorded from admission and up
until discharge. Data on complications during the hospital
stay, COVID-19 specific pharmacological therapies and
clinical outcome were collected during hospitalisation.
The data collection sheet was designed in accordance
with the toolkit for the collection of thrombosis-related
data elements in COVID-
19 clinical studies.28 Major
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bleeding and clinically relevant non-major bleeding were
defined as per the International Society of Thrombosis
and Haemostasis (ISTH) and Scientific and Standardization Committee. Major bleeding was bleeding that led
to a haemoglobin drop of more than 20 g/L, required
more than 2 units of packed red blood cell transfusion,
lead to death, intracranial bleeding, retroperitoneal
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Figure 2 Survival function for (A) invasive mechanical ventilation (B) all-cause mortality. Patients are stratified according to
antithrombotic regimen used. (A) PACAP was associated with a decreased hazard for receiving invasive mechanical ventilation
(aHR=0.070; 95% CI 0.014 to 0.351). (B) TACAP and TAC were associated with less in-hospital all-cause mortality with an
aHR of 0.113 (95% CI 0.028 to 0.449) and 0.126 (95% CI 0.028 to 0.528), respectively. aHR, adjusted HR, PAC, prophylactic
anticoagulation; PACAP, prophylactic anticoagulation +antiplatelet; TAC, therapeutic anticoagulation; TACAP, therapeutic
anticoagulation +antiplatelet.
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Variables

Prophylactic
anticoagulation
n=51

Therapeutic
anticoagulation
n=31

Prophylactic
anticoagulation +
antiplatelet therapy
n=95

Therapeutic
anticoagulation +
antiplatelet therapy
n= 65

P value

Age, years, mean (SD)

59.69 (17.04)

62.55 (15.80)

66.22 (13.83)

62.66 (14.73)

0.09

Males, n (%)

30 (58.8)

21 (67.7)

64 (67.4)

52 (80.0)

0.1

Females, n (%)

21 (41.2)

10 (32.3)

31 (32.6)

13 (20.0)

Weight (kg), mean (SD)

78.58 (18.66)

84.26 (23.91)

82.02 (17.01)

88.11 (16.03)

0.04

Smokers, n (%)

14 (27.5)

9 (29.0)

9 (9.5)

21 (32.3)

0.002

Hypertension, n (%)

20 (39.2)

14 (45.2)

55 (57.9)

33 (50.8)

0.17

Dyslipidemia, n (%)

12 (23.5)

8 (25.8)

44 (46.3)

23 (35.4)

0.03

Congestive heart failure, n (%)

2 (3.9)

1 (3.2)

3 (3.2)

6 (9.2)

0.32

Cancer, n (%)

7 (13.7)

5 (16.1)

8 (8.4)

3 (4.6)

0.21

Diabetes mellitus, n (%)

10 (19.6)

8 (25.8)

32 (33.7)

16 (24.6)

0.29

Bleeding disorder, n (%)

1 (2.0)

0 (0)

0 (0)

1 (1.5)

0.52

Liver disease, n (%)

0 (0)

1 (3.2)

1 (1.1)

1 (1.5)

0.63

Kidney disease, n (%)

3 (5.9)

1 (3.2)

2 (2.1)

5 (7.7)

0.37

COPD, n (%)

0 (0)

1 (3.2)

4 (4.2)

2 (3.1)

0.55

CAD, n (%)

1 (2.0)

5 (16.1)

10 (10.5)

10 (15.4)

0.09

Others, n (%)

18 (35.3)

15 (48.4)

34 (35.8)

21 (32.3)

Home anticoagulation, n (%)

3 (5.9)

9 (29.0)

3 (3.2)

5 (7.7)

<0.001

0.49

1 (2.0)

6 (19.4)

1 (1.1)

3 (4.6)

0.004

Indication for anticoagulant use
Atrial fibrillation, n (%)
Venous thromboembolism, n (%)

1 (2.0)

1 (3.2)

1 (1.1)

1 (1.5)

Home antiplatelet, n (%)

2 (3.9)

1 (3.2)

25 (26.3)

16 (24.6)

0.001

1 (2.0)

1 (32)

2 (3.2)

4 (6.2)

0.06

Post coronary artery bypass grafting, 0 (0)
n (%)

0 (0)

5 (5.3)

2 (3.1)

Others n (%)

1 (2.0)

0 (0)

15 (15.8)

7 (10.8)

ACEi/ARB, n (%)

8 (15.7)

9 (29.0)

29 (30.5)

20 (30.8)

Indication for antiplatelet use
Acute coronary syndrome, n (%)

0.22

Beta blocker, n (%)

13 (25.5)

8 (25.8)

23 (24.2)

19 (29.2)

0.92

Corticosteroids, n (%)

3 (5.9)

1 (3.2)

1 (1.1)

0 (0)

0.13

Antibiotics, n (%)

1 (2.0)

0 (0)

2 (2.1)

2 (3.1)

0.81

Immunosuppressant, n (%)

2 (3.9)

5 (16.1)

6 (6.3)

1 (1.5)

0.04
0.61

Dyspnea, n (%)

18 (35.3)

12 (38.7)

47 (49.5)

28 (43.1)

Fever, n (%)

13 (25.5)

5 (16.1)

15 (15.8)

11 (16.9)

Cough, n (%)

5 (9.8)

3 (9.7)

6 (6.3)

5 (7.7)

Desaturation, n (%)

5 (9.8)

5 (16.1)

7 (7.4)

11 (16.9)

Vomiting, n (%)

2 (3.9)

2 (6.7)

0 (0)

2 (3.1)

Chest Pain, n (%)

2 (3.9)

1 (3.2)

1 (1.1)

2 (3.1)

Diarrhea, n (%)

1 (2.0)

1 (3.2)

4 (4.2)

1 (1.5)

Fatigue, n (%)

3 (5.9)

1 (3.2)

2 (2.1)

1 (1.5)

Chills, n (%)

0 (0)

1 (3.2)

1 (1.1)

0 (0)

Myalgia, n (%)

0 (0)

0 (0)

2 (2.1)

0 (0)

Others, n (%)

2 (3.9)

2 (6.5)

6 (6.3)

4 (6.2)

Days of symptoms, mean (SD)

4.92 (4.79)

4.63 (4.43)

3.98 (3.82)

4.19 (3.65)

0.58

Oxygen on presentation
Continued

4

Matli K, et al. Open Heart 2021;8:e001785. doi:10.1136/openhrt-2021-001785

Open Heart: first published as 10.1136/openhrt-2021-001785 on 5 October 2021. Downloaded from http://openheart.bmj.com/ on January 9, 2023 by guest. Protected by copyright.

Table 1 Baseline characteristics and outcomes by antithrombotic treatment exposure status

Special populations

Variables

Prophylactic
anticoagulation
n=51

Therapeutic
anticoagulation
n=31

Prophylactic
anticoagulation +
antiplatelet therapy
n=95

Therapeutic
anticoagulation +
antiplatelet therapy
n= 65

Nasal canula, n (%)

18 (35.3)

10 (32.3)

29 (30.5)

16(24.6)

0.65

Face mask, n (%)

2 (3.9)

4 (12.9)

2 (2.1

6 (9.2)

0.07

Non-rebreather, n (%)

2 (3.9)

3 (9.7)

4 (4.2)

13 (20.0)

0.003

Heart rate, mean (SD)

90.63 (15.07)

64.97 (17.28)

89.56 (13.52)

92.86 (15.03)

0.26

Temperature, mean (SD)

37.70 (1.12)

38.07 (0.99)

37.50 (0.90)

37.74 (1.10)

0.05

Oxygen saturation, mean (SD)*

94.61 (3.20)

89.74 (10.69)

93.25 (5.91)

88.37 (12.73)

0.001

P value

Vitals on admission

Admissions labs
Platelet count, mean (SD)

265996 (104433)

262129 (122690)

239052 (111562)

227861 (103930)

0.22

PT, mean (SD)

17.13 (19.16)

16.08 (5.13)

14.06 (2.26)

14.47 (2.66)

0.33

PTT, mean (SD)

31.81 (16.24)

30.19 (4.46)

29.03 (5.45)

32.96 (15.12)

D-dimers, mean (SD)

1.06 (0.81)

4.60 (7.28)

.90 (0.61)

1.32 (1.47)

Fibrinogen, mean (SD)*

484 (141.45)

524 (214.64)

511 (131.50)

532. (171.48)

Troponin, mean (SD)

13.06 (16.34)

32.69 (49.63)

25.52 (64.03)

58.25 (313.92)

0.59

BNP, mean (SD)

391.79 (827.93)

3467.43 (7642.4)

2078.66 (6510.8)

1399.73 (3691.12)

0.48

CRP, mean (SD)

7.24 (6.01)

14.92 (9.01)

6.72 (5.84)

10.69 (9.56)

<0.001

WBC, mean (SD)*

11951 (34879)

8648 (5384)

6630 (2816)

7875 (3428)

0.11

Lymphocyte, mean (SD)

946 (977.27)

884 (632.13)

941 (1186.50)

662 (380.87)

0.24

Interluekin-6 Levels, mean (SD)

85.33 (208.08)

114.80 (96.301)

62.07(85.48)

277.53 (713.05)

0.03

Padua score >4, n (%)

9 (17.6)

10 (32.3)

13 (13.7)

8 (12.3)

0.07

Padau score < 4, n (%)

42 (82.4)

21 (67.7)

82 (86.3)

57 (87.7)

0.28
<0.001

Admissions labs
0.42

VTE Risk (Padua score)

Bleeding risk (IMPROVE bleeding risk score)
Score < 7, n (%)

50 (98.0)

29 (93.5)

92 (96.8)

62 (95.4)

Score >7, n (%)

1 (2.0)

2 (6.5)

3 (3.2)

3 (4.6)

31 (100)

86 (90.5)

64 (98.5)

0.73

COVID-19 hospital administered medications
Steroids, n (%)

42 (82.4)

0.004

Tofacitinib, n (%)

2 (3.9)

6 (19.4)

3 (3.2)

12 (18.5)

0.001

Remdesivir, n (%)

12 (23.5)

12 (38.7)

19 (20.0)

32 (49.2)

0.004

Barcitinib, n (%)

0 (0)

1 (3.2)

3 (3.2)

1 (1.5)

0.59

Favipiravir, n (%)

7 (13.7)

2 (6.5)

18 (18.9)

6 (9.2)

0.2

Lopinavir-ritonavir, n (%)

0 (0)

1 (3.2)

1 (0.9)

0 (0)

0.08

Tocilizumab, n (%)

2 (3.9)

3 (9.7)

4 (4.2)

9 (13.8)

0.09

Ivermectin, n (%)

1 (2.0)

2 (6.5)

1 (1.1)

0 (0)

0.13

Vitamin C, n (%)

49 (96.1)

29 (93.5)

94 (98.9)

64 (98.5)

0.32

Vitamin D, n (%)

30 (58.8)

21 (67.7)

62 (65.3)

44 (67.7)

0.76

Zinc, n (%)

48 (94.1)

29 (93.5)

92 (96.8)

63 (96.9)

0.75

Azithromycin, n (%)

9 (17.6)

15 (48.4)

43 (45.3)

39 (60.0)

<0.001

47 (92.2)

26 (83.9)

77 (81.1)

55 (84.6)

0.36
0.77

Anticoagulant used
LMWH, n (%)
UFH, n (%)

3 (5.9)

1 (3.2)

3 (3.2)

4 (6.2)

Fondaparinux, n (%)

0 (0)

2 (6.5)

12 (12.6)

7 (10.8)

0.03

DOACs, n (%)

0 (0)

2 (6.5)

3 (3.2)

0 (0)

0.11
Continued
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Prophylactic
anticoagulation
n=51

Therapeutic
anticoagulation
n=31

Prophylactic
anticoagulation +
antiplatelet therapy
n=95

Therapeutic
anticoagulation +
antiplatelet therapy
n= 65

Aspirin, n (%)

0 (0)

0 (0)

93 (97.9)

62 (95.4)

< 0.001

Clopidogrel, n (%)

0 (0)

0 (0)

2 (2.1)

5 (7.7)

0.05

Variables

P value

Antiplatelet used

Outcomes
Composite, n (%)*

8 (15.7)

9 (29.0)

12 (12.6)

34 (52.3)

<0.001

Mortality, n (%)

5 (9.8)

7 (22.6)

6 (6.3)

16 (24.6)

0.004

ICU admission, n (%)

7 (13.7)

8 (25.8)

12 (12.6)

32 (49.2)

<0.001

Invasive ventilation, n (%)

4 (ca)

6 (19.4)

5 (5.3)

19 (29.2)

<0.001

Major bleeding, n (%)

2 (3.9)

2 (6.5)

0 (0)

6 (9.2)

0.17

Clinically relevant non-major bleeds,
n (%)

2 (3.9)

1 (3.2)

0 (0)

6 (9.2)

0.29

Minor bleeds, n (%)

1 (2.0)

0 (0)

3 (3.2)

4 (6.2)

0.39

Any thromboembolic event, n (%)

5 (9.8)

9 (38.7)

7 (7.4)

15 (32.3)

DVT, n (%)

0 (0)

0 (0)

0 (0)

0 (0)

0.002
-

PE, n (%)

0 (0)

3 (9.7)

0 (0)

1 (1.5)

0.002

MI, n (%)

0 (0)

0 (0)

2 (2.1)

4 (6.2)

0.12

Ischemic stroke, n (%)

0 (0)

0 (0)

0 (0)

1 (1.5)

0.43

*Composite comprised of either mortality, ICU admissions, or mechanical ventilation.
ACEi/ARB, angiotensin converting enzyme inhibitor/ angiotensin receptor blocker; BNP, brain natriuretic peptide; CAD, coronary artery
disease; COPD, chronic obstructive pulmonary disease; CRP, c-reactive protein; DOAC, direct oral anticoagulant; DVT, deep vein
thrombosis; HFNC, high flow nasal canula; ICU, intensive care unit; LMWH, low molecular weight heparin; MI, myocardial infarction;
PE, pulmonary embolism; PT, prothrombin time; PTT, partial thromboplastin time; TIA, transient ischemic attack; UFH, unfractionated
heparin; VTE, venous thromboembolism; WBC, white blood cells.

bleeding, intraocular bleeding, intra-articular bleeding,
pericardial bleeding, spinal bleeding or intramuscular
with compartment syndrome. Clinically relevant non-
major bleeding was defined as any sign or symptom of
bleeding that does not fit the criteria for the ISTH definition of major bleeding but does meet at least one of
the following criteria: (1) requiring medical intervention
by a healthcare professional; (2) leading to hospitalisation or increased level of care; (3) prompting a face to
face evaluation.29 30 Minor bleeding was defined as any
bleeding sign or symptom of haemorrhage that does not
fit the definitions of major bleed and clinically relevant
non-major bleed requiring just telephone or electronic
communication without needing to see the physician.
Criteria for ICU admission was defined as per the Food
and Drug Administration as having respiratory failure
necessitating invasive or non-invasive mechanical ventilation, shock or multiorgan dysfunction/failure in critically ill COVID-19.31 Other recorded outcomes related to
thrombosis were DVT, PE, stroke, myocardial infarction,
and peripheral arterial and other arterial thromboses.
Antithrombotic use definition
At our centre, the use of antithrombotic therapy in
patients with COVID-19 was based on international and
institution specific guidelines.27 PAC was the standard of
6

care. Agents used were low molecular weight heparin,
unfractionated heparin, fondaparinux or direct oral anticoagulants. Patient with on oral vitamin K antagonists
were switched to one of the aforementioned medications
to decrease drug–drug interaction risk. Therapeutic dose
anticoagulation was chosen when there was an alternative indication for TAC or when the patient was considered at high risk/suspicion of thrombosis without documented evidence due to the limited testing as a result of
the COVID-19 situation. D-dimer more than three times
the upper limit of normal, worsening oxygen requirements and sudden deterioration were also used as surrogate markers for the use of TAC. Antiplatelet therapy,
which consisted of either aspirin or clopidogrel, was
added to anticoagulation when the patient was considered at higher risk for CAD based on past medical and
social history, age and clinical presentation or was already
taking it at home for an alternative indication.
As such, antithrombotic therapy was divided into four
subgroups: TAC, PAC +antiplatelet (PACAP), TAC +antiplatelet (TACAP) and PAC which was used as the reference for comparison with the other subgroups.
Outcomes
The time from diagnosis to in-hospital mortality, ICU
admission or the need for invasive mechanical ventilation
Matli K, et al. Open Heart 2021;8:e001785. doi:10.1136/openhrt-2021-001785
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Table 1 Continued

Special populations

95.0% CI for aHR
aHR

Lower

Upper

Composite of ICU admission, invasive mechanical ventilation, and death
Prophylactic anticoagulation

P value
0.033

Therapeutic anticoagulation

0.84

0.302

2.336

0.738

Prophylactic anticoagulation + antiplatelet therapy

0.505

0.197

1.296

0.155

Therapeutic anticoagulation + antiplatelet therapy

1.434

0.615

3.344

0.404

Hypertension

2.568

1.429

4.617

0.002

Tocilizumab

2.132

1.071

4.244

0.031

Admission oxygen saturation

0.954

0.936

0.973

0

Interlukin-6

1

1

1.001

0.026

Predicted probability anticoagulant prescription

0.528

0.06

4.648

0.565

Predicted probability antiplatelt prescription

1.195

0.282

5.071

0.809

Therapeutic anticoagulation

0.831

0.28

2.466

0.739

Prophylactic anticoagulation + antiplatelet therapy

0.566

0.212

1.515

0.257

Therapeutic anticoagulation + antiplatelet therapy

1.569

0.644

3.821

0.321

Hypertension

2.331

1.284

4.232

0.005

Tocilizumab

2.308

1.154

4.619

0.018

Admission oxygen saturation

0.953

0.934

0.971

0

Interlukin-6

1

1

1.001

0.031

Predicted probability anticoagulant prescription

0.226

0.021

2.386

0.216

Predicted probability antiplatelt prescription

1.412

0.32

6.236

0.649

ICU admission
Prophylactic anticoagulation

0.035

Invasive mechanical ventilation
Prophylactic anticoagulation

0.005

Therapeutic anticoagulation

0.629

0.15

2.628

0.525

Prophylactic anticoagulation + antiplatelet therapy

0.07

0.014

0.351

0.001

Therapeutic anticoagulation + antiplatelet therapy

0.359

0.099

1.309

0.121

Gender

5.02

1.911

13.182

0.001

Hypertension

3.343

1.259

8.876

0.015

Steroids

439943.283

0

.

0.978

Admission oxygen saturation

0.888

0.858

0.919

0

Predicted probability anticoagulant prescription

0.005

0

0.177

9.004

Predicted probability antiplatelt prescription

135.695

7.786

2365.045

0.001

D-dimers

1.136

0.994

1.297

0.061

Interlukin-6

1.001

1

1.001

0.001

In hospital all cause mortality
Prophylactic anticoagulation

0.014

Therapeutic anticoagulation

0.126

0.028

0.573

0.007

Prophylactic anticoagulation + antiplatelet therapy

0.41

0.103

1.634

0.206

Therapeutic anticoagulation + antiplatelet therapy

0.113

0.028

0.449

0.002

Weight
Hypertension

0.974
3.684

0.949
1.211

1
11.209

0.048
0.022
Continued
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Table 2 Multivariable Cox regression analysis according to the different antithombotic regimens to define (A) the composite
endpoint of ICU admission, invasive mechanical ventilation, and death (B) ICU admission (C) invasive mechanical ventilation
(D) in-hospital all cause mortality

Open Heart

95.0% CI for aHR
aHR

Lower

Upper

P value

Steroids

73168.344

0

.

0.982

Tofacitinib

2.516

0.872

7.263

0.088

Anticoagulation admission

3.716

1.099

12.571

0.035

Admission oxygen saturation

0.965

0.937

0.994

0.017

Predicted probability anticoagulant prescription

0.947

0.058

15.533

0.97

Predicted probability antiplatelt prescription
Interlukin-6

6.004
1

0.641
0.999

56.244
1.001

0.116
0.877

This Cox regression analysis is adjusted on anticoagulation and antiplatelet regimen, age, smoker, weight, gender, hypertension,
dyslipidemia, diabetes, coronary artery disease, steroids, tofacitinib, anticoagulation on admission, immunosuppressant, antiplatelet use on
admission, inpatient prescription of any of the following medication, azithromycin, fondaparinux, remdesivir, tocilizumab, oxygen saturation
on admission, D-dimers, CRP and interleukin 6, in addition to propensity scores predicted probability of anticoagulant or antiplatelet
prescription.
aHR, adjusted hazard ratio; ICU, intensive care unit.

(invasive mechanical ventilation with an endotracheal or
tracheostomy tube) were used as the composite primary
outcome. The secondary outcomes consisted of the individual events: in-
hospital mortality, the need for ICU
admissions and the need for invasive mechanical ventilation. The outcomes were collected from the patient’s
medical records.
Minimal sample size calculation
Given an alpha of 5% and 80% power with nine independent variables in the Cox-
proportional hazards
model, a minimum of 226 patients would be necessary
to fit a parsimonious model adjusting for confounding
variables; this minimal sample size was calculated using
the G*Power software.
Statistical analysis
Data analysis was performed using SPSS. Bivariate analysis
statistics were conducted among treatment subgroups,
using Student’s t-test (or Mann-Whitney in case of non-
normality or non-homogeneous variances) to compare
continuous variables between two subgroups, or Kruskal-
Wallis test between three subgroups or more, while the
χ2 test (or Fischer’s exact if expected count was lower
than 5) was used for categorical variables. In all cases, a
p value lower than 0.05 was considered significant. Imputation of missing variables for c-reactive protein (CRP),
D-dimers and interleukin 6 (IL-6) was used based on the
mean. Furthermore, stratification by critical status was
not possible, given the small sample size of subgroups.
Survival analysis
Survival analysis was performed to compare the incidence
of the composite outcome and individual outcomes
between different treatment exposure subgroups,
using the Cox regression modelling. For the purpose
of survival analysis, the start of the study was taken as
admission to the hospital. The endpoint was defined as
the composite outcome, the death of the patient during
8

the hospitalisation, being placed on invasive mechanical ventilation, being admitted to the ICU or being
discharged alive from the hospital. Patients still hospitalised as of December 2020 were not included for data
collection; only patients who were discharged from the
hospital or who died during the study period were considered until the end of the study. Survival time in days was
calculated as the difference between the date of hospital
admission and the date of event occurrence (ICU admission, in-hospital death, mechanical ventilation, composite
outcome or discharge from the hospital). Log–log plots
and Schoenfeld residuals tested the proportional hazards
assumption; there were no violations of the proportionality of hazards assumption.
For the composite and each individual outcome, Cox
regressions using a backward method. The model variables were selected on the basis of biological plausibility,
previously established in the literature and variables
with a p value of 0.2 or less in the bivariate analysis. It
included the following variables within the analysis,
varying according to the model: anticoagulation and
antiplatelet regimen, age, smoker, weight, gender,
hypertension, dyslipidaemia, diabetes, coronary artery
disease, anticoagulation on admission, immunosuppressant, antiplatelet use on admission, inpatient prescription of any of the following medication, azithromycin,
fondaparinux, remdesivir, tocilizumab, steroids, tofacitinib oxygen saturation on admission, D-dimers, CRP
and IL-6, in addition to propensity scores (described
later). The Enter method was used to force both propensity scores within the models, in case they were removed
by the backward analysis. The regression was then used
to estimate adjusted HRs (aHRs and their 95% CIs) for
associations between treatment exposure status and the
composite outcome and each individual outcome in
separate models.
Matli K, et al. Open Heart 2021;8:e001785. doi:10.1136/openhrt-2021-001785
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Table 2 Continued

Special populations

RESULTS
Patients characteristics and outcomes
Out of 363 patients with COVID-19 admitted since April
2020, and after applying eligibility criteria and excluding
participants with missing information, a total of 242
patients were included for analysis(figure 1). Demographic and clinical characteristics by treatment exposure status are outlined in table 1. All patients received
anticoagulation therapy, with more than half being on
PAC therapy versus almost 40% on TAC. Antiplatelet
therapy was administered to 66.1% of patients, of those,
59.4% were on PACAP and 40.6% were on TACAP.
On presentation, 43.4% of patients had dyspnoea as
a primary symptom. A significant difference between
treatment exposure subgroups was detected by oxygen
level saturation (p<0.001) with the lowest oxygen saturation being among patients in the TACAP subgroup.
Weight was significantly different among the treatment
exposure subgroups, with the average weight being
highest in the TACAP subgroup (p=0.039). Moreover,
dimer, CRP and IL-
6
laboratory tests encompassing D-
levels differed between treatment exposure subgroups
(p<0.001, p<0.001, p=0.033, respectively), with D-dimer
and CRP levels being highest in the TAC subgroup, while
IL-6 levels being highest in the TACAP subgroup. During
their hospital stay, 92.1% of the patients were placed on
steroids, 97.5% on vitamin C, 64.9% on vitamin D and
95.9% received zinc. Days of oxygen requirement were
significantly (p<0.001) different among treatment exposure subgroups with a median of 2, 9, 10 and 14 days for
the PAC, TAC, PACAP, respectively.
As seen in table 1, composite endpoint that combines
mortality, admission to ICU or need for invasive ventilation was reached in 26% of the sample among which
12.7%, 14.3%, 19.1% and 53.9% were in the PAC, TAC,
PACAP and TACAP treatment exposure subgroups,
Matli K, et al. Open Heart 2021;8:e001785. doi:10.1136/openhrt-2021-001785

respectively. The individual clinical outcomes of
mortality, ICU admission, and mechanical ventilation
occurred in 14.1%, 24.4% and 14.1%, respectively of the
sample. There was no difference in the rates of bleeding
observed in the study. Major bleeding occurred in 10
out 242 patients (4.1%) of the study population with
no significant difference across the subgroups (p=0.17).
Clinically relevant non-major bleeds occurred in 9 out of
242 patients (3.7%) of the study with no significant difference across the treatment subgroups (p=0.39). Thirty-five
patients (14.4%) experienced thrombosis during the
study period. There was a significant (p=0.002) difference in the occurrence of thrombosis across the study
subgroups, PAC 4 out of 51 patients (7.8%), TAC, 9 out of
31 patients (29.0%), PACAP 7 out of 95 patients (7.4%)
and TACAP 15 out of 65 patients (23.1%).
Propensity matched multivariable Cox regression analysis
results
Results of the multivariable Cox regression analysis
showed no significant difference among the three
antithrombotic regimens as compared with prophylactic
dose with respect to the composite outcome. Higher
oxygen saturation on admission showed to be protective. For every 1 unit increase in oxygen saturation on
admission patients had a 4.6% decrease in the risk of
the composite. Hypertension or being prescribed tocilizumab were significantly associated with an increased
risk of experiencing the composite outcome. Elevated
IL-6 levels were also associated with a mild but statistically
significant increase in the composite (aHR)=1, (95% CI
1.000 to 1.001, p=0.026) (table 2a).
Patients on PACAP had a 93% decreased risk of experiencing invasive mechanical ventilation (aHR=0.070;
95% CI 0.014 to 0.351, p=0.001).(figure 2) For every
unit increase in oxygen saturation on admission the risk
of invasive mechanical ventilation decreased by 11.2%
6 levels were also associated
(table 2c). Elevated IL-
with a statistically very mild increase in the composite
(aHR=1.001, 95% CI 1.000 to 1.001, p=0.001). Hypertension and the female sex were associated with threefold to
fivefold increase in the risk of invasive mechanical ventilation, respectively (table 2c).
TAC regimens with or without concurrent antiplatelet
use was associated with an 87.4% and 88.7% of decreased
risk of mortality, respectively(figure 2). The calculated
number needed to treat in both subgroups was 11
(table 2d). However, when TACAP was compared with
TAC alone, there was no statistically significant difference
in the rates of mortality (16 (24.6%) vs 7 (22.6%), respectively, p=0.809) (online supplemental material).
Higher bodyweight also showed to be protective. For
every 1 kg of bodyweight, patients’ risk of mortality
decreased by 2.6%. Every 1 unit increase of oxygen
on admission was associated with a 2.6% decrease in
mortality. Both hypertension and prior anticoagulation
use on presentation were associated with around a 3.7-
fold increase in mortality (table 2d)
9
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Propensity scales calculation
To consider factors driving physicians to prescribe anticoagulants and antiplatelet agents in an observational
study setting, propensity scales to predict the prescription patterns for both drugs were calculated. The
following variables were selected based on known risk
factors affecting patient outcomes affecting antithrombotic therapy in accordance with input from the physicians prescribing the treatment strategies: age, gender,
smoking status, body weight, admission heart rate, admission temperature, oxygen saturation on admission, hypertension, dyslipidaemia, congestive heart failure, diabetes,
history of bleeding, liver disease, kidney disease, chronic
obstructive pulmonary disease, coronary artery disease,
previous VTE, platelet count, D-dimer, CRP, troponin,
fibrinogen, IL-
6 and chronic anticoagulation prior to
admission were included in a backward stepwise logistic
regression. The probability of prescription, automatically
generated by the software, was used as the propensity
score (online supplemental material).

Open Heart

DISCUSSION
In our retrospective study, a propensity matched multivariable Cox regression model demonstrated that the
use of concurrent TAC and antiplatelet therapy or TAC
alone was associated with improved outcomes in patients
hospitalised for COVID-
19 infection when compared
with patients receiving the standard of care as per current
guidelines which is prophylactic dose anticoagulation. A
statistically significant reduction in the rate of all-cause
in-hospital mortality with no increased rates of major or
minor bleeds was found. Furthermore, we demonstrated
that PAC plus antiplatelet therapy significantly reduced
the rates of invasive mechanical ventilation compared
with PAC alone. Importantly, this is the first adequately
sized study that clearly dwells on the use of combined
anticoagulation and antiplatelet therapy for the treatment of the COVID-19 induced hypercoagulable state.
COVID-19 has been associated with an increased risk of
arterial, venous and microvascular thrombosis secondary
to endothelial dysfunction with reported cases of heparin
resistance.15 As such, it was no surprise that we observed
in our study that therapeutic anticoagulation with or
without concurrent antiplatelet use was associated with
decreased all-cause mortality when compared with PAC
alone. However, after comparing in this study we were
unable to discern a difference between TAC to TAC
plus antiplatelet. Our results are in line with existing
literature. Roomi et al conducted a retrospective cohort
consisting of 176 patients admitted to the hospital for
COVID-19 infection and reported that TAC was associated with a lower rate of in-hospital mortality compared
with PAC (OR 3.05, 95% CI 1.15 to 8.10, p=0.04).32
Preprint publications by the multiplatform collaborative
clinical trial (ACTIV-
4a (NCT04505774), REMAP-
CAP
(NCT02735707), ATTACC (NCT04372589)) that
aimed to assess the benefit of full dose anticoagulation
to treat non-critically ill or critically ill adults hospitalised for COVID-19, compared with prophylactic dosing
showed that TAC had a trend toward less mortality in
non-critically ill patients.33 Moreover, therapeutic dose
anticoagulation has also been shown to reduce endothelial cell lesion (p=0.02) which could also reduce the
thromboembolic risk of COVID-19, suggesting another
therapeutic target for anticoagulants.34 Our results are
not in line with those of Chocron et al who reported no
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association between various doses of anticoagulation
during hospitalisation for COVID-19 infection with an
improved outcome.35 Nevertheless, in the multivariable
analysis they performed, they did not account for the
use for inpatient treatment agents that have been proven
to modify outcomes in patients with COVID-19 such as
steroids, remdesivir and tocilizumab.36–38 IL-6 levels and
D-dimer,39 markers predictive of outcomes in COVID-19,
were also not accounted for. As such, this increases the
risk of a bias in their analysis of association between anticoagulation and clinical outcome.
PAC plus antiplatelet, mainly aspirin, was found to
be associated with a statistically significant reduction
in the need for mechanical ventilation when compared
with PAC. This observed benefit is probably due to
aspirin’s established role in decreasing inflammation,
reducing platelet-
neutrophil aggregates in the lungs
and increasing lipoxin formation which restores pulmonary endothelial function.40 Chow et al demonstrated
in a retrospective cohort study that when patients
were given aspirin within 24 hours of hospital admission for COVID-19 infection, they had decreased rates
of mechanical ventilation (aHR: 0.56; 95% CI 0.37 to
0.85; p=0.007), ICU admission (aHR: 0.57; 95% CI
0.38 to 0.85; p=0.005) and in-hospital mortality (aHR:
0.53; 95% CI 0.31 to 0.90; p=0.02) without increase in
major bleeding (p=0.69) or overt thrombosis (p=0.82)
in comparison to those who did not receive aspirin.41
Furthermore, a meta-analysis by Panka et al showed that
aspirin is effective in preventing and treating acute respiratory distress syndrome.40 Our results are in line with a
small case–control study where five COVID-19 infected
patients were placed on fondaparinux and an antiplatelet therapy regimen (aspirin and/or clopidogrel
and a continuous infusion of tirofiban), while controls
received prophylactic or therapeutic heparin infusion.
Treatment in the combination arm hinted towards
improved gas exchange, increase in arterial oxygenation
and A-a O2 difference in COVID-19 infected patients.42
Yet, TAC plus antiplatelet use was not associated with
a decrease in mechanical ventilation. This is probably
attributed to the fact that the patients with more severe
presentations were selected to be given TAC which
would falsely hide the benefit of aspirin in lieu of their
disease severity. Paranjpe et al reported an increased
rate of mechanical ventilation among patients with
COVID-
19 receiving TAC and attributed this finding
to the fact that TAC is reserved for the sicker patients.
To note that after adjusting for mechanical ventilation,
they found an improved survival in those patients.24
We hypothesise that the combined effect of antiplatelet
and anticoagulant therapy on COVID-19 induced platelet
thrombosis and hypercoagulability, respectively, may
result in a synergistic and superior outcome than using
either agent alone. Especially since the thrombotic manifestations of COVID-
19 are heterogenous and arising
from different hypercoagulable mechanisms occurring
independently or simultaneously.
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The results showed no significant difference among
the three antithrombotic regimens as compared with
prophylactic dose with respect to the ICU admission
rate. Higher oxygen saturation on admission showed to
be protective decreasing the risk of ICU admission by
4.7% for every unit of oxygen. Hypertension or being
prescribed tocilizumab during hospitalisation were
significantly associated with around twice the risk of ICU
admission. Elevated IL-6 levels were also associated with a
statistically very mild increase in the composite (aHR=1,
95% CI 1.000 to 1.001, p=0.031) (table 2b).
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