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Abstract 

Background Studies have indicated that hospitalized COVID-19 patients benefit from anticoagulation therapy in 
terms of survival; however, there is an ongoing controversy over the optimum anticoagulant dosage. This study aimed 
to compare clinical outcomes between patients who received prophylactic anticoagulation and those who received 
therapeutic anticoagulation.

Methods A multi-center retrospective cohort study was conducted to determine the impact of anticoagulation 
dosage in hospitalized COVID-19 patients in Ethiopia. The primary outcome measure was in-hospital mortality, and it 
was assessed using multivariable binary logistic regression and covariate-adjusted Cox Proportional Hazard model. For 
critical and severe COVID-19 patients, subgroup analyses were performed using multivariable binary logistic regres-
sion model and multivariable Cox regression models.

Result A total of 472 hospitalized COVID-19 patients were included in this study, of whom 235 (49.8%) received 
therapeutic anticoagulation and 237 (50.2%) received prophylactic dose. The demographic and baseline clinical 
characteristics were roughly similar between the groups. After adjustment for several confounders, in critical COVID-
19 subgroup, therapeutic dose of anticoagulation was significantly associated with a higher inpatient mortality (AOR 
2.27, 95% CI, 1.18—4.35, p = 0.013), whereas in severe COVID-19 subgroup, anticoagulation dosage was not associ-
ated with inpatient mortality (OR, 1.02, 95% CI, 0.45 – 2.33, p = 0.958). In severe COVID-19 patient group however, the 
incidence of thrombosis was slightly lower in the therapeutic group as compared with prophylactic group although 
the difference was not statistically significant (AOR 0.15, 95% CI, 0.02 – 1.20, p = 0.073). Although there were only six 
major bleeding events in this study, all these were recorded from patients in the therapeutic subgroup, making the 
difference statistically significant (p = 0.013).

Conclusion Although this study is limited by its observational design, our results are not consistent with current 
recommendations on anti-coagulation dose for hospitalized patients with COVID-19, necessitating the need for RCT 
in resource limited settings.
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Background
Several studies [1–5] have established that COVID-19 
patients are at increased risk of developing thrombotic 
complications; however, the optimal dose of pharmaco-
prophylaxis to administer to hospitalized patients is still 
a topic of controversy due to the ongoing emergence of 
conflicting evidence [6–9].

One of the earliest pieces of evidence on the benefit of 
anticoagulation for COVID-19 patients was from a ret-
rospective study conducted in Tongji Hospital in Wuhan, 
China which showed that the 28-day mortality was sig-
nificantly lower in heparin-users as compared to non-
users [10]. This finding was further supported by other 
studies [11, 12], and as a result standard dose thrombo-
prophylaxis was adopted as part of routine clinical care 
for COVID-19 patients who require inpatient care [7, 13]. 
Despite the use of low-dose anticoagulation however, in 
some studies [14], a high proportion of patients were still 
developing life-threatening thrombotic complications 
suggesting a need for more aggressive anticoagulation 
in hospitalized COVID-19 patients, especially in critical 
patients [15].

This prompted several observational and randomized 
controlled trial (RCT) studies comparing high-dose 
(therapeutic) anticoagulation and low-dose (prophy-
lactic) anticoagulation in the outcome of hospitalized 
COVID-19 patients. Some studies came out supporting 
therapeutic anticoagulation while others revealed contra-
dictory findings, indicating the possibility that adminis-
tering high-dose anticoagulation without documented 
evidence of thrombosis provided no additional benefit 
[16–18].

The ACTION trial reported, in patients hospitalized 
with COVID-19 with elevated D-dimer concentration, 
therapeutic anticoagulation did not improve clinical 
outcomes and increased bleeding [6]. On the other end, 
the HEP-COVID RCT demonstrated significant reduc-
tion in thrombosis and mortality in patient who were 
provided with high-dose anticoagulation [8]. The find-
ing of this trial was partly supported by a recent meta-
analysis done on three randomized trials (REMAP-CAP, 
ACTIV-4a, and ATT ACC ), reporting superior outcomes 
in therapeutic patient groups for non-critical COVID-19 
patients [19] and inferior outcomes for critical COVID-
19 patients who received therapeutic anticoagulation as 
compared to those who received prophylactic anticoagu-
lation [20, 21].

All this evidence and recommendations however are 
from studies done in high-income nations and require 

patient stratification based on laboratory tests like 
D-dimer, which are typically unavailable in most low- and 
middle-income settings. A pragmatic recommendation 
for low- and middle-income countries (LMICs) indicated 
administration of prophylactic anticoagulation for all 
hospitalized COVID-19 patients if there are no contrain-
dications [7]. It recommended against empiric therapeu-
tic anticoagulation in the absence of clinical suspicion for 
venous thromboembolism (VTE).

In the Ethiopian context, the current national COVID-
19 treatment guideline, which was last updated in Sep-
tember 2020, recommends the use of therapeutic dose 
for critical and prophylactic dose for severe COVID-19 
disease [13]. With the emergence of more recent evi-
dence from RCTs recommending the opposite, there has 
been inconsistency in the dosage of anticoagulant usage 
in the country [19–21]. While some centers have changed 
the practice in accordance to the results of these RCTs, 
others are still adhering to the national guideline recom-
mendation. As such, there is a need for a contextual study 
and update as there is no evidence on dosage and efficacy 
of anticoagulation, nor any studies on thrombotic com-
plications of COVID-19 in Ethiopia. This study aims to 
provide insight into the effect of anticoagulation dose on 
clinical outcomes of hospitalized COVID-19 patients in 
Ethiopia.

Methods
Study design and setting
A health facility based retrospective multi-center cohort 
study comparing clinical outcomes in patients who 
received prophylactic anticoagulation and therapeutic 
anticoagulation was conducted by reviewing patients’ 
charts in the three largest COVID-19 treatment facili-
ties in Addis Ababa, Ethiopia. The facilities included 
Eka-Kotebe General Hospital (EKGH), Millennium 
COVID-19 Care Center (MCCC) and Bulbula COVID-
19 Field Hospital under St. Peter’s Specialized Hospital 
(BFH). The data were obtained from the medical records 
of patients admitted at the study sites from April  15th 
2020 to January  15th 2022.

Sampling procedure and eligibility criteria
A study conducted in an Ethiopian hospital with a set-
ting similar to ours reported a mortality rate of 28.6% 
among hospitalized COVID-19 patient [22]. Assuming 
a mortality rate of 25–30%, equal numbers of patients 
given therapeutic and prophylactic anticoagulation, 
a power of 0.8, and a 10–15% difference between the 
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groups, we calculated a required sample size of 234–252 
patients per group. Based on the total case load since the 
onset of COVID on each study site, a 2:2:1 proportion 
(EKGH: MCCC: BFH) was used to determine the sam-
ple size at each respective study site. In selection of the 
study patients, a simple random sampling technique was 
applied using the HMIS (Health Management Informa-
tion System) at each study site as a sampling frame.

In all included patients, COVID-19 was confirmed by 
a positive polymerase chain reaction (PCR) test. In addi-
tion, all included patients were above 18 years of age by 
the time they were admitted to the hospital. On the day 
of hospital admission, all patients received either thera-
peutic or prophylactic dose pharmacological throm-
boprophylaxis, and the same regimen was followed for 
at least 7  days. The anticoagulation medications used 
were mainly unfractionated heparin (UFH) and the low 
molecular weight heparin (LMWH), enoxaparin. Other 
anticoagulants used were rivaroxaban and warfarin. The 
decision to put patients on which anticoagulant regi-
men was primarily based on local hospital guidelines 
and judgement of attending physicians, which varied fre-
quently throughout the course of the period. We excluded 
patients who had any contraindication for anticoagula-
tion, patients who were receiving anticoagulation therapy 
prior to the diagnosis of COVID-19 for other medical 
indication, patients who were diagnosed with thrombo-
sis during or prior to hospitalization, or patients who did 
not have complete medical charts, including documented 
history, physical examination, investigation and manage-
ment recorded throughout their hospital stay.

Data collection and quality assurance
The data were collected using a pre-tested data collection 
tool guided by the reports of the ACTION randomized 
trial [6]. The tool was modified and commented by expe-
rienced pulmonologist and internal medicine specialists 
to ensure convenience in the setting. A pilot study was 
conducted on 25 patients from May 01, 2022—May 31, 
2022, and modified appropriately including removal of 
unnecessary variables. The final data collection tool had 
four parts. The first part included demographics (age, 
gender, occupation) and hospital number. In the second 
part, patients’ baseline and admission characteristics 
were recorded, including variables such as vaccination 
status, presence of chronic co-morbid conditions (hyper-
tension, diabetes, ischemic heart disease, heart failure, 
stroke, asthma, chronic kidney disease, chronic liver dis-
ease, HIV/AIDS, malignancies, and smoking), risk fac-
tors for thrombosis (based on the Well’s score), patients’ 
symptoms, physical findings, investigation results and 
management initiated at admission. In the third part, 
any significant changes that occurred during patients’ 

hospital stay including development of new symptoms, 
new physical findings, pertinent investigation findings, 
new diagnoses, new treatment initiated were recorded. In 
the final part, outcome of the patients and patients’ sta-
tus on the day of the outcome were recorded. All-cause 
in-hospital mortality was the primary outcome variable, 
and length of hospital stay and thrombotic events were 
secondary outcome variables. As a safety outcome, we 
included bleeding complications.

In Ethiopia, different types of COVID-19 vaccines with 
differing schedules were administered, including Pfizer/
BioNTech, AstraZeneca (Oxford), Janssen (Johnson & 
Johnson), and the Sinopharm vaccine. Although vac-
cination status was recorded upon admission and most 
patients specified the number of doses they took, they 
were mostly unaware of the specific vaccine type they 
received, making it challenging to determine the com-
plete vaccination status of our study subjects. Hence, 
we resorted to categorizing patients as those who took 
at least one dose of vaccine and those who didn’t receive 
any.

Eight experienced and trained data collectors (all gen-
eral practitioners working as clinicians in the study sites) 
collected the data from April 2022—July 2022. We uti-
lized REDCap software for on-site electronic data collec-
tion, cleaning and management of the collected database. 
The data collectors were trained about the entire process 
of data collection including quality control measures 
such as: completeness, correctness, consistency, and syn-
chronizing and archiving data with REDCap. Regular 
supervision and follow-up were made by the principal 
investigator throughout the data collection period. Com-
pleteness, correctness and consistency of the reviewed 
data were checked on a daily basis by supervisors. The 
overall activities and entire process of data collection 
were led by the principal investigator. The data collection 
process followed the standard national infection preven-
tion and control protocol for COVID-19.

Operational definitions
The definition and classification of COVID-19 was pri-
marily based on the third edition of the national compre-
hensive COVID-19 clinical management handbook for 
Ethiopia with some modifications [13].

Confirmed COVID-19 case: A person with a laboratory 
confirmation of COVID-19 infection using a real-time 
polymerase chain reaction test (RT PCR test), irrespec-
tive of clinical signs and symptoms.

Severe COVID 19 illness: Confirmed COVID-19 
patients receiving oxygen supplementation with either 
nasal cannula or simple face-mask but not requiring face-
mask with reservoir.
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Critical COVID 19 illness: Confirmed COVID-19 
patients requiring oxygen supplementation with reser-
voir face-mask or mechanical ventilation or patients with 
respiratory failure, septic shock, and/or multiple organ 
dysfunctions (MOD) or failure (MOF) and needing inva-
sive or special management.

Thrombotic complications (events): include the devel-
opment of either arterial (acute myocardial infarction, 
acute limb ischemia, mesenteric ischemia, cerebral 
infarction, aortic thrombosis) or venous (pulmonary 
thromboembolism, deep vein thrombosis) thrombotic 
disorder [6]. Unless otherwise specified, thrombotic 
events refer to patients where the diagnosis of thrombo-
sis was supported by definitive investigation modalities 
(i.e., definitive thrombosis).

Clinically diagnosed thrombosis: diagnosis of throm-
botic complication evidenced by patient’s clinical pres-
entation but not necessarily confirmed by definitive 
investigation modality.

Definitively diagnosed thrombosis: diagnosis of throm-
botic complication confirmed by definitive investigation 
modality.

Prophylactic anticoagulation dosage: include either of 
the following anticoagulation regimens:

For patients with body mass index (BMI) < 40  kg/
m2 → LMWH: (Enoxaparin 40 mg SC daily) or UFH 
5000 IU SC (subcutaneously) TID (three times a day) 
or UFH 7500 IU SC BID (twice a day),
For patients with BMI > 40  kg/m2 → Enoxaparin 
40 mg SC BID,
For patients with BMI ≥ 50  kg/m2 → Enoxaparin 
60 mg SC BID and.
For patients with creatinine clearance < 30  mL/
min → Enoxaparin 30 mg SC daily.

Therapeutic anticoagulation dosage: include either of 
the following anticoagulation regimens:

Enoxaparin 1  mg/kg SC BID (60  mg SC BID) for 
45  days or UFH 5000  IU IV/SC bolus and then 
17,500  IU SC BID until patient discharge with sub-
sequent prescribed shift to oral anticoagulants, rivar-
oxaban 15  mg PO BID for 21  days, then 20  mg PO 
daily, or warfarin (three days overlap) dose adjusted 
to INR 2–3 for a total of 42 days.

Major or minor clinically significant bleeding [23].
(Adopted from International Society on Thrombosis 

and Hemostasis (ISTH) Definition).
Include one of the following: Fatal bleeding and/or 

Symptomatic bleeding in a critical area or organ, such 
as intracranial, intraspinal, intraocular, retroperito-
neal, intraarticular or pericardial, or intramuscular with 

compartment syndrome or Bleeding causing a fall in 
hemoglobin level of 2  g/dL (1.24  mmol/L) or more, or 
leading to transfusion of two or more units of whole 
blood or red cells.

Statistical analysis
All statistical analyses were performed using IBM Statis-
tical Package for Social Sciences (SPSS) version 26 (IBM 
Corporation, Armonk, NY, USA). Continuous variables 
were analyzed using Mann Whitney U test and findings 
were reported as medians and interquartile ranges (IQR). 
Categorical variables were compared using Chi square 
for variables with high expected values and Fisher’s exact 
test for those with low expected values. Our primary out-
come variable was all-cause in-hospital mortality. We 
used multivariable binary regression model to calculate 
the adjusted odds ratio. Additionally, a Cox proportional 
hazard model was used to see the effect of how differ-
ent covariates impacted the time to death. Findings were 
reported as adjusted hazard ratio (AHR) with 95% con-
fidence interval (CI). A Cox regression survival plot was 
also done stratified by COVID-19 severity at admission. 
Again, we used the Cox proportional hazard model to 
compare length of hospital stay, censoring patients who 
were transferred to another health facility and those who 
died in hospital. A p-value of less than 0.05 was consid-
ered statistically significant and all values were reported 
with a 95% CI.

Results
Socio‑demographic and baseline clinical characteristics
In this study, a total of 472 patients diagnosed with 
COVID-19 were included. Among the study partici-
pants, 50.2% (237 patients) received a prophylactic dose 
of anticoagulation and 49.8% (235 patients) received a 
therapeutic dose of anticoagulation. The median age of 
the study subjects in the prophylactic and therapeutic 
groups was 59  years (IQR = 45.5 – 67.0) and 60  years 
(IQR = 48.0 – 67.0) respectively. There was a uniform 
distribution of underlying comorbidities in both groups 
with no statistically significant difference. The five com-
monest comorbidities included hypertension, diabetes, 
HIV/AIDS, asthma and stroke. Forty-six per cent (217 
patients) required mechanical ventilation at some point 
during their hospital stay. In terms of COVID-19 severity, 
there was no statistically significant difference between 
the two cohort groups (p = 0.261). In addition, there was 
no statistically significant difference in vital signs at pres-
entation, with the exception of respiratory rate, which 
was higher for the therapeutic arm (p < 0.001). Regard-
ing baseline laboratory measurements, the only value 
which had statistically significant difference between the 
two groups was blood urea level [median = 32.50, IQR 
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Table 1 Demography, baseline characteristics and clinical variables of hospitalized COVID-19 patients in Ethiopia

Prophylactic 
anticoagulation (n = 237)

Therapeutic 
anticoagulation (n = 235)

p‑value

Hospital Eka-Kotebe General Hospital 83 (35.0%) 91 (38.7%) 0.648

Millennium COVID-19 Care Center 99 (41.8%) 96 (40.9%)

COVID-19 St. Peter’s Field Hospital 55 (23.2%) 48 (20.4%)

Age in years, median (IQR) 59.00 (45.5 – 67.0) 60.00 (48.0 – 67.0) 0.711

Gender Male, n (%) 154 (65.0%) 135 (57.4%) 0.108

Female, n (%) 83 (35.0%) 100 (42.6%)

Comorbidity, n (%)
 Hypertension 85 (35.9%) 83 (35.3%) 0.924

 Diabetes Mellitus 76 (32.1%) 74 (31.5%) 0.921

 HIV/AIDS 11 (4.6%) 12 (5.1%) 0.834

 Asthma 10 (4.2%) 13 (5.5%) 0.508

 Stroke 7 (3.0%) 5 (2.1%) 0.772

 Malignancy 2 (0.84%) 5 (2.1%) 0.284

 Ischemic Heart Disease 3 (1.3%) 4 (1.7%) 0.724

 Prior history of Tuberculosis 2 (0.8%) 5 (2.1%) 0.284

 Chronic Kidney Disease 4 (1.69%) 1 (0.43%) 0.372

 Chronic Liver Disease 2 (0.8%) 1 (0.43%) 1.000

 Schizophrenia 0 (0.0%) 3 (1.3%) 0.123

Smoking, n (%) 3 (1.3%) 6 (2.6%) 0.337

COVID‑19 Severity at admission, n (%)
 Severe 147 (62.0%) 133 (56.6%) 0.261

 Critical 90 (38.0%) 102 (43.4%)

Type of Oxygen therapy used at admission, n (%) 0.021

 Nasal cannula 107 (45.1%) 80 (34.0%)

 Simple Face mask 40 (16.9%) 53 (22.6%)

 Face mask with reservoir 28 (11.8%) 41 (17.4%)

 Non-invasive ventilation 53 (22.4%) 44 (18.7%)

 Invasive ventilation 9 (3.8%) 17 (7.2%)

Vital Sign, median (IQR)
 Heart rate, bpm 94.00 (86.0 – 106.0) 94.00 (83.0 – 105.0) 0.221

 Respiratory rate, rate/min 28.00 (24.0 – 32.0) 31.00 (26.0 – 36.0)  < 0.001

 Diastolic blood pressure, mm Hg 75.00 (67.0 – 83.5) 72.00 (65.0 – 80.0) 0.095

 Systolic blood pressure, mm Hg 126.00 (111.5 – 145.0) 129.00 (112.0 – 142.0) 0.958

Laboratory values, median (IQR)
 Hemoglobin, g/dL 14.10 (13.0 – 15.5) 14.05 (13.0 – 15.3) 0881

 Hematocrit, % 41.60 (38.4 – 45.2) 42.00 (38.5 – 45.0) 0.553

 Total WBC count, ×  103 /mL 9.60 (6.4 – 11.9) 8.94 (6.4 – 13.1) 0.831

 Neutrophil, % 87.50 (81.0 – 92.0) 89.85 (81.5 – 92.4) 0.144

 Lymphocyte, % 6.35 (3.7 – 10.4) 6.30 (3.9 – 10.6) 0.745

 Platelet count,  109/L 244.50 (175.8 – 315.0) 234.00 (167.5 – 310.8) 0.622

 Alanine aminotransferase, U/L 40.60 (25.6 – 65.1) 31.95 (22.8 – 62.5) 0.479

 Aspartate aminotransferase, U/L 40.95 (29.1 – 62.2) 38.00 (27.1 – 60.1) 0.887

 Creatinine, mg/dL 0.72 (0.62 – 0.90) 0.80 (0.60 – 1.0) 0.112

 Urea, mg/dL 32.50 (21.3 – 46.5) 24.30 (16.1 – 37.1) 0.001

 Sodium, mmol/L 138.00 (134.0 – 140.0) 137.00 (133.0 – 140.0) 0.456

 Potassium, mmol/L 4.26 (3.90 – 4.70) 4.10 (3.70 – 4.60) 0.055
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(21.3 – 46.5) in the prophylactic group vs [24.30, IQR 
(16.1 – 37.1) in the therapeutic group; p = 0.001]. Table 1 
summarizes the demographic and baseline clinical char-
acteristics of the study participants.

In‑hospital mortality in hospitalized COVID‑19 patients
Among the 472 patients included in this study, 154 
(32.6%) of them died during their hospital stay. All-cause 
in-hospital mortality was higher in the therapeutic cohort 
(37%, n = 88) as compared to the prophylactic cohort 
(28%, n = 66) (RR 1.35, 95% CI, 1.03—1.75, p = 0.027).

We used a multivariable binary logistic regression 
model to control for the contribution of several clini-
cal and demographic variables. Among these, those 
which showed an association with in-hospital mor-
tality (p < 0.25) in a univariate analysis were older age 
(> 60  years), not receiving at least one dose of COVID-
19 vaccine, presence of hypertension, history of stroke, 
presence of malignancy, a higher level of severity of 
COVID-19 at admission and receiving therapeutic dos-
age of anticoagulation. After adjusting for these potential 
confounding variables, therapeutic dose of anticoagula-
tion was still significantly associated with a higher inpa-
tient mortality (AOR 1.70, 95% CI, 1.02 – 2.84, p = 0.042). 
Other factors which remained significantly associated 
with a higher inpatient mortality after multivariable logis-
tic regression analysis included: older age (> 60  years), 
not receiving at least one dose of COVID-19 vaccine, 
presence of malignancy, and a higher level of COVID-19 
severity (p < 0.05). Table  2 below displays the outcome 
of the binary logistic regression model with odds ratio 
for in-hospital mortality before and after adjustment for 

potential confounders (only variables with p < 0.25 in uni-
variate analysis are shown in the table).

We did a subgroup analysis using multivariable binary 
logistic regression for in-hospital mortality to further 
account for the severity of COVID-19. In severe COVID-
19 patients, there was no statistically significant differ-
ence between in-hospital mortality and anticoagulation 
dosage, where the odds of inpatient mortality in the ther-
apeutic cohort was 1.02 (95% CI, 0.45 – 2.33); p = 0.958. 
On the other hand, on the critical COVID-19 subgroup, 
therapeutic anticoagulation was significantly associated 
with a higher inpatient mortality (AOR 2.27, 95% CI, 
1.18 – 4.35, p = 0.013), when compared to prophylactic 
anticoagulation.

To further control confounders and see the effect of 
anticoagulation dosage on the time to death, we utilized 
a multivariable Cox regression analysis model. In the uni-
variate Cox regression model, the potential predictors 
of mortality (p < 0.25) included: older age, not receiving 
at least one dose of COVID-19 vaccine, hypertension, 
a higher level of severity of COVID-19 at admission, a 
higher demand of oxygen supplementation at admis-
sion and receiving therapeutic dosage of anticoagulation. 
After adjusting for these confounding variables, patients 
who received therapeutic dose of anticoagulation had 
significantly higher risk of death compared to prophylac-
tically anticoagulated patients (AHR 1.41, 95% CI, 1.01 
– 1.96, p = 0.042) in multivariable Cox regression model. 
This effect was found to be more pronounced in a sub-
group analysis done among critical COVID-19 patients 
(AHR 1.57, 95% CI, 1.09—2.27, p = 0.015). However, 
there was no significant difference between the groups in 

Table 2 Binary logistic regression analysis with odds ratio for in-hospital mortality

Inpatient 
mortality, n 
(%)

Total Crude OR (95% CI) p‑value Adjusted OR (95% CI) p‑value

Age  < 60 yrs 66 (24.1%) 274

 > 60 yrs 88 (44.4%) 198 2.52 (1.70–3.74)  < 0.001 2.74 (1.60–4.69)  < 0.001

Vaccine status Not received 149 (33.7%) 442

Received at least 1 dose 5 (16.7%) 30 0.39 (0.15–1.05) 0.062 0.23 (0.07–0.84) 0.025

Hypertension No 89 (27.4%) 304

Yes 65 (38.0%) 168 1.52 (1.03–2.27) 0.037 1.52 (0.87–2.65) 0.139

History of Stroke No 148 (32.2%) 460

Yes 6 (50.0%) 12 2.11 (0.67–6.65) 0.203 2.44 (0.47–12.52) 0.286

Malignancy No 148 (31.8%) 465

Yes 6 (85.7%) 7 12.85 (1.53–107.71) 0.019 19.70 (1.52–255.44) 0.023

COVID‑19 Severity Severe 25 (8.9%) 280

Critical 129 (67.2%) 192 20.56 (12.55–34.76)  < 0.001 23.37 (13.45–40.62)  < 0.001

Anticoagulation dosage Prophylactic 66 (27.8%) 237

Therapeutic 88 (37.4%) 235 1.55 (1.05–2.29) 0.027 1.70 (1.02–2.84) 0.042
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the severe COVID-19 subset of patients, (HR 0.86, 95% 
CI 0.38—1.92, p = 0.711). Cox regression analyses done 
for in-hospital mortality is summarized in Table  3 and 
Fig 1.

Length of hospital stay among survivors
Among the 472 patients enrolled in this study, 300 
patients (63.6%) were discharged improved, 154 patients 
(32.6%) were deceased in the hospital and the remain-
ing 18 patients (3.8%) were transferred to another health 
facility. To evaluate the length of stay among survivors, 
we again used a multivariable Cox regression analysis 
model, censoring deceased patients and those transferred 
to another health facility.

On univariate Cox regression analysis, variables asso-
ciated with a longer hospital stay (p < 0.25) included: 
older age, male sex, not receiving at least one dose of 
COVID-19 vaccine, history of stroke, a higher admis-
sion respiratory rate, a higher level of COVID-19 sever-
ity at admission, a higher oxygen demand at admission, 
and receiving therapeutic dosage of anticoagulation. 
After correction for these variables, the multivariable 
Cox regression analysis model indicated that therapeu-
tic dose of anticoagulation was independently associated 
with a longer hospital stay as compared to prophylactic 

dose of anticoagulation (AHR 0.70, 95% CI, 0.55—0.91; 
p = 0.006).

After stratification of patients based on COVID-19 
severity, this effect was more prominent among the 
severe subgroup of patients (AHR 0.76, 95% CI, 0.59—
0.98, p = 0.033) and was lost for the critical subgroup (HR 
0.61, 95% CI, 0.36 – 1.04, p = 0.069). The following tables 
displays the Cox regression analysis summary of factors 
affecting the length of hospital stay in severe and critical 
COVID-19 patients (Table 4).

Thrombotic and bleeding complications in hospitalized 
COVID‑19 patients
Forty-two patients (8.90%) were clinically diagnosed 
with thrombosis during their hospital stay. Of these, 26 
(62%) received a prophylactic dose of anticoagulation 
and 16 (38%) received a therapeutic dose. One patient 
was diagnosed with both pulmonary thrombo-embolism 
(PTE) and deep vein thrombosis (DVT). Two patients 
were diagnosed with both PTE and myocardial infarc-
tion (MI). One patient was diagnosed with PTE and 
acute limb ischemia. Confirmed diagnosis of thrombo-
sis using definitive investigation modalities was achieved 
on only 13 patients (5.49%) of patients in the prophy-
lactic group and 5 patients (2.13%) in the therapeutic 
group. The majority of these (two thirds) were venous 

Table 3 Cox proportional hazard model for in-hospital mortality

a Hazard ratios of in-hospital mortality before and after adjusting for potential confounders given (only variables with p < 0.25 in univariate analysis are included)
b All independent variables are categorical except age which is continuous

Crude HR (95% CI)a p‑value Adjusted HR (95% CI)a p‑value

Ageb 1.03 (1.02—1.04)  < 0.001 1.03 (1.02—1.04)  < 0.001

Vaccination Status 0.52 (0.21—1.26) 0.145 0.43 (0.17—1.06) 0.067

Hypertension 1.48 (1.07 – 2.04) 0.017 1.25 (0.90—1.75) 0.188

COVID-19 Severity 6.63 (4.31 – 10.10)  < 0.001 9.03 (4.30 – 18.99)  < 0.001

Anticoagulation dosage 1.23 (0.89 – 1.69) 0.215 1.41 (1.01 – 1.96) 0.042

Fig. 1 Coxproportional hazard cumulative survival plot. Left: survival plot severe COVID-19 patientsreceiving prophylactic vs therapeutic dose 
anticoagulation after adjusting forthe listed confounders; Right: a survival plot for the critical subgroups
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thromboembolism (i.e., PTE and DVT). Therapeutic 
anticoagulation modestly decreased the incidence of 
definitive thrombosis in comparison with prophylactic 
anticoagulation (RR 0.39, 95% CI, 0.14—1.07, p = 0.07); 
however, this association reached only borderline statisti-
cal significance. The difference in the incidence of throm-
bosis for severe subgroup of patients was relatively more 
pronounced (8 thrombosis in the prophylactic group vs. 
1 in the therapeutic group; p = 0.038), although this dif-
ference was lost in further multivariable binary logis-
tic regression analysis (AOR 0.15, 95% CI, 0.02 – 1.20, 
p = 0.073). However, this might have some clinical value 
despite it being statistically non-significant. For critical 
subgroup, 5 patients (2.1%) from the prophylactic cohort 
developed thrombotic events as compared to 4 patients 
(1.7%) from the therapeutic cohort (OR 0.69, 95% CI, 
0.18 – 2.67, p = 0.595).

The overall proportion of patients with bleeding events 
were 2.97% (n = 14). Among these only 43% (n = 6) were 
major or minor and clinically significant which resulted 
in either temporary or permanent discontinuation of 
anticoagulant. Comparing the two groups, patients who 
received therapeutic dose of anticoagulation had sig-
nificantly higher bleeding risk as compared to prophy-
lactic dose of anticoagulation [6 patients vs. 0 patient; 
p = 0.015].

Discussion
This multi-center retrospective cohort study compared 
the effects of prophylactic anticoagulation with therapeu-
tic anticoagulation on the clinical outcomes of hospital-
ized COVID-19 patients with varying degrees of disease 
severity. Our key observations include: [1] The use of 
therapeutic dosage of anticoagulation did not improve 
survival among hospitalized COVID-19 patients; in fact, 
it may even have increased the risk of mortality, par-
ticularly among critical COVID-19 patients; [2] Severe 
COVID-19 patients who received therapeutic dose of 
anticoagulation had longer hospital stay than those who 
received prophylactic dose; [3] The incidence of throm-
bosis did not differ significantly between the therapeu-
tic and prophylactic cohort groups, although in severe 

COVID-19 subgroup of patients therapeutic anticoagula-
tion showed some protection against thrombosis (despite 
it being not statistically significant); [4] Patients who 
received therapeutic anticoagulation had significantly 
higher risk of major bleeding than those who received 
prophylactic anticoagulation.

There are several possible explanations for the higher 
in-hospital mortality observed among critical COVID-19 
patients who received therapeutic dose of anticoagula-
tion in our study. Compared to the prophylactic cohort 
group, the therapeutic cohort patients had a higher base-
line respiratory rate, a higher demand for oxygen supple-
mentation and a longer hospital stay, all of which may be 
indicative of more severe disease and may explain why 
the therapeutic groups had a higher inpatient mortality. 
Furthermore, since the decision to put which patients on 
high-dose anticoagulation was largely based on the clini-
cal judgment of treating physicians, patients with more 
severe disease may be more likely to be put on higher 
dose of anticoagulation. We attempted to control for all 
these differences using multivariable models that took 
into account various variables that could reflect disease 
severity; however, we cannot rule out the possibility of 
an unaccounted for variable which could explain the dif-
ferences in outcome apart from anti-coagulation dosage. 
Another obvious contributing factor is the occurrence of 
major bleeding in those patients who were provided with 
a therapeutic dose of anticoagulation. Although the num-
ber of bleeding events was small in this study, there was 
in fact a significant difference in the incidence of major 
bleeding between the two cohort groups. However, this 
cannot entirely explain the observed difference in mortal-
ity. Because of the restricted diagnostic capacity in all of 
our study centers, some bleedings may have been missed, 
possibly rendering the observed bleeding events in our 
study an under-representative. More studies—preferably 
randomized control trials—with larger sample sizes so 
that increased numbers of bleeding events can be identi-
fied, are required to substantiate this.

The clinical outcomes which were impacted by anti-
coagulation dosage were notably dependent on the level 
of COVID-19 severity at baseline. Among our critical 

Table 4 Cox regression analysis for length of hospital stay

Left: subgroup analysis for severe patients, Right: subgroup analysis for critical patients. (Variables with p < 0.25 in univariate analysis are included)

Covariates Severe Covariates Critical

Adjusted HR (95% CI) p‑value HR (95% CI) p‑value

Anticoagulation dosage 0.76 (0.59 – 0.98) 0.033 Anticoagulation 
dosage

0.61 (0.36 – 1.04) 0.069

Age 0.99 (0.98 – 1.00) 0.047
Gender (male sex) 1.21 (0.93 – 1.58) 0.151

Stroke 0.32 (0.12 – 0.88) 0.027
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COVID-19 patients (patients who required at least face-
mask with reservoir at admission), our study indicates 
that there was clearly a higher prevalence of in-hospi-
tal mortality in patients who were in the therapeutic 
group. There was also a higher incidence of major bleed-
ing events among these groups. Moreover, there was 
no significant difference in the incidence of thrombosis 
between the two cohort groups. Although the explana-
tion for the occurrence of higher mortality could be any 
of those mentioned above, these finding make us ques-
tion the use of therapeutic dosage in critical COVID-19 
patients. On the other hand, on our severe COVID-19 
sub-group of patients, there was no significant differ-
ence in the prevalence of in-hospital mortality between 
our two cohort groups. However, this finding may be 
impacted by the overall lower mortality in severe groups 
and might require a higher sample size to detect a dif-
ference. In terms of thrombotic events, in the severe 
COVID-19 subgroup, there was a lower incidence of 
proven thrombosis among patients who received thera-
peutic anticoagulation (8/237 in prophylactic vs 1/235 in 
therapeutic; AOR 0.15, 95% CI, 0.02 – 1.20, p = 0.073), 
although this difference is not statistically significant. 
This finding, however, is severely limited by the paucity of 
diagnostic modalities to confirm suspected thrombosis, 
which considerably underrepresents the overall incidence 
of thrombotic events. In addition, the small number of 
events detected in this study might require a bigger study 
to further substantiate or refute this finding. Despite this 
however, among severe patients, therapeutic anticoagula-
tion resulted in a significantly longer hospital stay and a 
slightly higher risk of bleeding as compared to prophy-
lactic anticoagulation. This raises a concern whether the 
benefit of therapeutic doses of anticoagulation in severe 
COVID-19 patients subgroup outweighs the risk of 
longer hospital stay and higher bleeding events.

Our findings are consistent with a similar retrospec-
tive cohort study conducted on 311 COVID-19 patients 
admitted to Stony Brook University Hospital, which 
reported a possibility of higher inpatient mortality with 
the usage of high-dose anticoagulation. However, their 
study subjects included exclusively critical patients, and 
the majority of them were White population, which var-
ied from ours [24]. Additionally, a large randomized clini-
cal trial which included 615 patients concluded that the 
use of therapeutic anticoagulation should be avoided 
without evidence of other indication. They found no dif-
ference in their primary outcome measures (hierarchical 
analysis of time to death, duration of hospitalization, and 
duration of supplemental oxygen to day 30) between the 
groups, but found a significantly higher risk of bleeding 
with therapeutic anticoagulation. This study is however 
different from ours in it is a randomized clinical trial, 

included mainly moderate COVID-19 patients, the anti-
coagulant used was primarily rivaroxaban and the set-
ting is in Brazil [6]. On the other hand, the analysis from 
the three RCTs (REMAP-CAP, ACTIV-4a, and ATT ACC 
) found supporting evidence to the use of therapeutic 
anticoagulation particularly for non-critical COVID-19 
patients and it was found to be non-beneficial for criti-
cal COVID-19 subgroup of patients [8, 9]. Our study 
found a similar result with these trials for the critical 
subgroup of patients where therapeutic anticoagulation 
had no survival benefit, but for the severe subgroup of 
patients (in their case “non-critical”), we found no statis-
tically significant survival advantage unlike the report of 
the trials. This different result in the severe COVID-19 
subgroup may be due to smaller sample size of our study, 
the difference in the study population (where our defini-
tion of severe COVID-19 included relatively more severe 
patients as compared to their “non-critical” patients), 
the difference in setting, and the difference in the study 
design. Although our study is merely an observational 
one, it is pertinent to our context because there is no 
available research on this controversial topic in Africa. 
The evidence we found from our data for critical COVID-
19 patients in particular is in contrary to the recom-
mendation of the current national COVID-19 treatment 
guideline. Although the practice has been changed in 
some centers following the result of recent RCTs, there is 
still inconsistency in practice from one treatment facility 
to another, highlighting the need for special attention and 
more investigation into this subject. Therefore, in addi-
tion to its practical clinical value, the study contributes to 
the advancement of scientific knowledge in our country.

This study has several limitations. To begin with, as 
the study is observational by its nature, we cannot make 
cause and effect conclusions, despite our attempts to 
control for residual confounding. Moreover, misclassifi-
cation bias in distributing and selecting covariates leads 
to incomplete correction for confounding. To minimize 
these, we employed multivariable models with several 
covariates; however, to maximize the control for resid-
ual variables and for making a definitive conclusion, a 
randomized control trial will be needed. Second, a lack 
of diagnostic modalities such as spiral chest CT-scan, 
D-dimer, and doppler ultrasonography in some treat-
ment facilities causes a large proportion of thrombotic 
complications to be left  suspected and, in some cases, 
treated empirically. This has had an effect on our throm-
bosis incidence results. Third, due to the retrospective 
nature of the study and the unavailability of viral stain 
confirmation studies, we weren’t able to account for 
the different viral strain types. Finally, the retrospective 
nature of the research design introduces unintentional 
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patient selection bias, which is one of the reasons why 
randomized clinical trials are regarded so critically.

Conclusion
Overall, our findings are consistent with the possibility, in 
critical COVID-19 patients, therapeutic anticoagulation 
may provide no survival benefit, pose a higher risk of in-
hospital mortality, have no additional protection against 
thrombotic complications, and pose a greater bleeding 
risk when compared to prophylactic anticoagulation. In 
severe COVID-19 subgroup, patients who received ther-
apeutic anticoagulation were observed to have a longer 
hospital stay and did not seem to have improved survival, 
although there was a slight protection against thrombo-
sis observed as compared to prophylactic group. As a 
result of these findings, we conclude that the benefit of 
therapeutic anticoagulation for hospitalized COVID-19 
patients in Ethiopia should be addressed in future stud-
ies, and we emphasize the critical need for a randomized 
control trial in our setup to substantiate our findings.
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