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Abstract 
Introduction: Arterial and venous thrombotic events in COVID-19 cause significant morbidity and mortality. For optimal thromboprophylaxis 
treatment for hospitalized patients, especially those with severe COVID-19 symptoms, it is still unclear whether to use full- or therapeutic-dose 
versus prophylactic-dose anticoagulation therapy. The study aim was to evaluate the efficacy and safety of unfractionated heparin (UFH) for 
thromboprophylaxis in severe degree of COVID-19. 
Methodology: In this cross-sectional study, the medical records of 160 COVID-19 patients at the COVID-19 Emergency Hospital Wisma Atlet, 
Jakarta, from March to August 2021, were collected. The predetermined inclusion criteria for patients were severe COVID-19 infection; age > 
18 years; positive D-dimer level > 400 ng/mL; high-flow nasal cannula (HFNC) oxygenation; IMPROVE bleeding risk score < 7; and 
willingness to participate in the study. The primary outcome was activated partial thromboplastin time (APTT) target achievement, oxygenation 
changed to nasal cannula or ended with room air, mortality rate, and the principal safety criterion was presence of bleeding. 
Results: Of 160 subjects, 63.8% were male and 45.6% were aged 45-59 years old. Obesity was the most common comorbidity at 45.6% Among 
all subjects, 9.4% experienced bleeding, with hematuria being the most frequent type at 66.7%. All subjects released HFNC, and no deaths 
were reported. 
Conclusions: It can be concluded that administration of therapeutic doses of heparin in patients with severe COVID-19 had a low risk of 
bleeding and no patients were reported to have died. However, further investigation is needed to determine the long-term effects of therapeutic 
doses of anticoagulants. 
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Introduction 

COVID-19, a disease caused by the SARS-CoV-2 
virus, was declared a global pandemic by the World 
Health Organization (WHO) on March 11, 2020. The 
immune response to SARS-CoV-2 involves Toll-like 
receptors (TLRs) binding to RNA as antigens, initiating 
a signaling cascade that leads to systemic inflammatory 
reactions and stimulates endothelial dysfunction. This 

mechanism reduces the production of natural 
anticoagulants, such as antithrombin III (AT III), 
protein C, and protein S, promoting hypercoagulability 
and thrombus formation in the veins causing 
complications that include deep-vein thrombosis 
(DVT) and microvascular occlusion. The occlusion 
results in acute respiratory distress syndrome (ARDS) 
and respiratory failure [1-4]. 
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D-dimer is a biomarker of activated coagulation and 
fibrinolysis. Elevated levels  ≥ 500 ng/mL correlate 
positively with disease severity and mortality in 
COVID-19 patients. In a retrospective study conducted 
in India by Soni et al., out of 483 of COVID-19 
hospitalized patients, 80.1% exhibited increased D-

dimer levels (≥ 500 ng/mL). High D-dimer levels (≥ 
500 ng/mL) were observed in 96% of deaths, with an 
average of 6340 ng/mL, compared to 940 ng/mL in 
survivors [5]. A higher proportion of deaths occurred in 
patients with co-morbidities (89.0%), where the most 
common disease was diabetes mellitus (66%). High 

Figure 1. Clinical practice guideline for anticoagulant therapy at COVID-19 Emergency Hospital, Wisma Atlet Jakarta. 
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median D-dimer values were significantly found in 
those with obesity (980 ng/mL) and diabetes mellitus 
(1,680 ng/mL) [6,7]. This corresponds to another study 
by Buwono et al., which found that elevated D-dimer 
level correlates to higher prevalence of pneumonia in 
COVID-19 patients [8].  

According to the National COVID-19 Therapy 
Guideline established by the Indonesian Ministry of 
Health, severe-degree COVID-19 patient criteria 
include clinical signs of pneumonia with one of the 
following: respiratory rate more than 30 bpm, severe 
respiratory distress or oxygen saturation (SpO2) less 
than 93% in room air or patient requires a non-
rebreathing mask (NRM) or high-flow nasal cannula 
(HFNC) oxygen [7]. 

Based on guidelines, successful evaluation for 
COVID-19 patients given standard treatments, 
including anticoagulant therapy, involves assessing 
clinical improvement in symptoms such as shortness of 
breath, oxygen saturation, and heart rate (HR). Once a 
reduction in shortness of breath is observed, oxygen 
saturation exceeds 95%, and HR is below 23 bpm, 
transitioning from HFNC to nasal cannula oxygenation 
therapy is considered. This assessment is repeated 2–3 
days later, and when oxygen saturation remains above 
95% and HR is below 23 bpm, the patient can be taken 
off oxygen therapy [7].  

At Wisma Atlet COVID-19 Emergency Hospital, 
the choice of anticoagulants administered was 
determined by the type of oxygen therapy provided to 
the patient. All severe-degree COVID-19 patients were 
given a therapeutic dose of anticoagulant, which is a 
bolus UFH 80 units/kg body weight (BW), followed by 
a drip of 18 units/kg BW/hour. The activated Partial 
Thromboplastin Time (APTT) examinations are 
conducted every 12 hours, with a target range of 46-70 
seconds. UFH dose adjustments are made based on 
APTT results. When APTT falls within the target range, 
periodic APTT examinations are continued every 12 
hours to maintain the appropriate dosage. Another 
option for anticoagulant therapy in COVID-19 patients 
receiving NRM or HFNC oxygenation therapy was 
low-molecular weight heparin (LMWH) enoxaparin at 
a dosage of 1 mg/kg/12 hours. The response to 
enoxaparin therapy was monitored through D-dimer 
testing every 3 or 4 days, aiming for a D-dimer level 
below two times the highest normal value [8]. 

At the beginning of the COVID-19 pandemic, 
providing anticoagulant therapy at referred hospitals in 
Indonesia was based on D-dimer level. The IMPROVE 
bleeding risk score is designed to estimate the risk of 
bleeding in acutely ill hospitalized patients in whom 

anticoagulation treatment is being considered. The 
IMPROVE score was based on the patient’s sex, age, 
history of having renal failure, rheumatic disease, liver 
insufficiency, thrombocytopenia, gastrointestinal ulcer, 
and cancer. An IMPROVE score below 7 indicates a 
low risk of bleeding, in which case anticoagulant 
therapy is initiated [7] (Figure 1). 

Initially, the management of heparin administration 
in patients with severe COVID-19 primarily focused on 
prophylactic and intermediate doses due to concerns 
about increased bleeding risk associated with 
therapeutic doses [9]. However, studies done by 
Canoglu & Saylan, the REMAP-CAP meta-analysis, 
Spyropoulos, RAPID meta-analysis, and D’Ardes et al., 
showed that therapeutic-dose heparin carried minimal 
bleeding risk, shortened ICU stays, and reduced the risk 
of death compared with prophylactic doses [9-13]. A 
case study conducted at Diponegoro National Hospital 
involving patients suffering from severe COVID-19 
with ARDS and hypertension demonstrated that 
administering therapeutic doses of UFH for 12 days 
improved their clinical conditions, as indicated by a 
significant increase in the PaO2/FiO2 ratio [14]. A 
retrospective cohort study of 19 severely ill patients in 
a Japanese hospital reported shorter ICU stays for those 
who received therapeutic-dose heparin and there were 
no reports of thromboembolism or organ failure [15]. 
Furthermore, Shi et al. examined 449 severe cases in 
China and found lower mortality rates (32.8% vs 
52.4%, p = 0.017) among those with D-dimer levels > 
6 times the normal value who had received therapeutic 
low-molecular-weight heparin (LMWH) compared to 
their untreated counterparts [16]. 

Considering the disparities between existing 
guidelines and several reported results concerning 
heparin administration in severe COVID-19 patients, 
this study aimed to determine the efficacy and safety of 
administering full-dose therapeutic UFH anticoagulants 
for thromboprophylaxis in severe-degree COVID-19 
patients at The National COVID-19 Emergency 
Hospital Wisma Atlet Kemayoran Jakarta, Indonesia. 
 
Methodology 
Study design and participant 

A cross-sectional design was employed in this study 
of 160 COVID-19 patients whose data were collected 
from Intensive Care Unit (ICU) medical records of The 
National COVID-19 Emergency Hospital Wisma Atlet 
Kemayoran Jakarta, Indonesia from April to July 2021. 
All patients met the following inclusion criteria: severe 
COVID-19 infection and receiving HFNC oxygenation, 
age > 18 years, D-dimer level > 400 ng/ml, IMPROVE 
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bleeding risk score < 7, and willingness to participate in 
this study. Those with incomplete data or using 
oxygenation methods other than HFNC were excluded. 
Routine laboratory analysis for clotting disorders 
started with platelet count, prothrombin time (PT), and 
APTT.  

All subjects who met inclusion criteria directly 
received a therapeutic dose of UFH 80 units/kg body 
weight (BW), followed by a drip of 18 units/kg 
BW/hour, and their condition was monitored. 

The usage of therapeutic-dose UFH was similar in 
all patients, with success being the achievement of an 
APTT target 1.5-2.5× that of the APTT control. UFH 
dose adjustments were made based on APTT results and 
for geriatric patients. When the APTT fell within the 
target range, periodic APTT examinations were 
continued every 12 hours to maintain the appropriate 
dosage. 

The main side-effect of heparin is bleeding. The 
most common types of bleeding were hematuria (red-
colored urine), hematoma (a solid swelling of clotted 
blood under the skin), epistaxis (nasal bleeding), 
hematemesis (blood vomiting) and melena (coffee-
ground-colored stools). 

In this study, the initial condition of subjects was 
analyzed as primary data, with data taken on completed 
treatment being analyzed as secondary data.  

The primary efficacy outcome was APTT target 
achievement, oxygenation being changed to nasal 
cannula or switching to room air, and mortality rate, and 
the principal safety outcome was presence of bleeding. 

The collected data comprised various variables such 
as gender, age, D-dimer values, risk factors or 
comorbidities, length of stay, and incidence and forms 
of bleeding. 
 
Ethics considerations 

The study protocol was accepted by the Health 
Research Ethics Committee Wisma Atlet COVID-19 
Emergency Hospital Jakarta, Indonesia, with registry 
number 039/KERSDCWA/2021. All methods were 
carried out in accordance with relevant guidelines and 
regulations in the Declaration of Helsinki. Informed 
consent was acquired from each subject before 
completing the questionnaire. All data obtained and 
used in this study will be kept confidential. 
 
Statistical analysis 

Data were analyzed to assess the efficacy of 
administering therapeutic heparin doses on the 
incidence of bleeding and patient mortality rates. The 
characteristics and comorbidities of the respondents, as 
well as the proportion of successful therapeutic doses of 
UFH administration and the incidence of bleeding, were 
presented in tabular form with frequency values (%). 
 
Results 
Characteristics of subjects 

As shown in Table 1, there was a total of 160 
subjects, 102 male (63.8%) and 58 female (36.3%). The 
mode age group was 45-59 years old, accounting for 73 
(45.6%) subjects, and the mean age was 48 years. 
Elderly patients or subjects > 60 years old were 29 

Table 1. Characteristics of subjects. 
Characteristic N % 
Gender   
Male 102 63.8 
Female 58 36.3 
Age (years)   
18-29 10 6.3 
30-44 48 30.0 
45-59 73 45.6 
60 and above 29 18.1 
Baseline D-dimer level   
< 400 ng/mL 23 14.3 
≥ 400 ng/mL 137 85.6 
Comorbidity   
Obesity 73 45.6 
Heart disease and hypertension 56 35.0 
Diabetes mellitus 34 21.3 
Chronic kidney disease (CKD), stage III 1 0.6 
CVD stroke 6 3.8 
Lung disease (asthma or COPD) 3 1.9 
Dyslipidemia 1 0.6 
 



Hendarto et al. – Therapeutic-dose heparin in severe COVID-19     J Infect Dev Ctries 2024; 18(7):1002-1009. 

1006 

(18.1 %). All subjects were admitted as severe COVID-
19 patients and all of them received the same oxygen 
supplementation (HFNC). The cut off D-dimer level for 
severe COVID-19 in the hospital was 400 ng/ml. 

The majority of patients included have D-dimer 
score ≥ 400 ng/mL, accounting for 137 (85.6%) 
subjects. The average D-dimer level was 9512 ng/mL, 
while there were two patients with D-dimer score of 
540,800 ng/mL and 760,988 ng/mL, but median D-
dimer was 840 ng/ml.  

In this study, all subjects who received heparin 
therapy had IMPROVE bleeding risk scores less than 7. 
Heparin was not given if platelet counts were < 
25,000/µl. Patients with platelet counts of 25,000-
50,000/µl were given heparin provided they had an 
IMPROVE score less than 7, but otherwise there was 
no incident of bleeding that led to death. 

Among the various risk factors analyzed, obesity 
was the most prevalent, affecting 73 subjects (45.6%), 
followed by hypertension (56 subjects, 35%) and 
diabetes (34 subjects, 21.3%) (Table 1). There were 55 
subjects having two comorbidities, 11 had three 
comorbidities and two had four comorbidities.  

All subjects had APTT target achievement, were 
released from HFNC and changed to nasal cannula or 
room air. The average length of stay was 10 days. 
 

Bleeding incidence 
Figure 2 shows the incidence of bleeding in 15 out 

of 160 subjects (9.4%), with the most common bleeding 
being hematuria in 10 (66.7%) subjects. Other types of 
bleeding were epistaxis, hematoma, and hematemesis.  
 
Patient comorbidities and bleeding rate 

As shown in Table 2, patients with one comorbidity 
had the highest incidence of bleeding complications, 
accounting for 9 out of 15 (60%) subjects. There was no 
reported death from severe COVID-19 patients who 
received therapeutic-dose heparin among the different 
groups of co-morbidities. 
 
Discussion 

The demographic profile of subjects was similar to 
other studies, such as REMAP-CAP with 72% male 
with an average D-dimer level of 823 ng/mL [10]. The 
mean of the subjects in this study were aged 48 years, 
this finding is different from other studies in which the 
mean of critically ill COVID-19 patients were aged 60 
or above; the age difference in this study corresponds to 
the lower mortality rate compared to other studies [1]. 
The high prevalence of male patients with severe 
COVID-19 can be affected by the process of 
downregulation of the ACE2 enzyme, which is more 
prevalent in females. In females, the hormone estrogen 

Figure 2. Bleeding incidences and types of bleeding after administering therapeutic doses heparin. 

Table 2. Bleeding incidence by number of comorbidities. 

No. comorbidities Incidence of bleeding 
n % 

None 3 20.00 
One 9 60.00 
Two 1 6.70 
Three 2 13.30 
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acts as an anti-inflammatory agent and causes increased 
expression of ACE2 enzymes, which may lead to a 
better prognosis in female COVID-19 patients than 
males [16]. In addition, patients with severe-degree 
COVID-19 experience a coagulopathy process caused 
by excess inflammation which is characterized by 
increased levels of D-dimer [3]. 

Patients with comorbidities such as obesity, 
hypertension, or diabetes mellitus often experience 
chronic coagulopathy due to systemic inflammation. 
Prolonged inflammatory processes can activate 
prothrombotic signal pathways, stimulating the 
coagulation cascade. Additionally, patients with 
comorbidities have higher levels of plasminogen 
activator inhibitor-1 (PAI-1), an inhibitor of 
fibrinolysis. Excessive PAI-1 can increase fibrin 
deposition in blood vessels, leading to occlusion. These 
risk factors contribute to the exacerbation of 
coagulopathy in COVID-19-related inflammation [2,3]. 
However, there was no difference in the type of 
bleeding between the three comorbidities. 

Our study showed that obesity was the most 
prevalent comorbidity. Obesity is associated with low-
grade inflammation, atherosclerosis, immobility, and 
stasis, which may all potentially lead to thrombosis. 
Additionally, support for a biological link between 
obesity and coagulation arises from observational 
studies showing higher levels of procoagulant factors 
with increasing body weight. Obesity is associated with 
higher levels of coagulation factors VII, VIII, IX and 
XII and von Willebrand factor (VWF), higher levels of 
fibrinogen and plasminogen activator inhibitor-1 (PAI-
1) activity, and inversely associated with tissue 
plasminogen activator (t-PA) activity and the activated 
protein C (APC) ratio [17]. 

In this study, patients with heart disease and 
hypertension exhibited the highest incidence of 
bleeding complications, accounting for 40% of 
bleeding complications, followed by diabetes and 
obesity. This could be attributed to the potential of 
anticoagulant administration to amplify the risk of 
rupture and bleeding in individuals with chronic heart 
disease who have blood vessel aneurysms. 

Hypertension and diabetes mellitus are closely 
associated with bleeding risk in patients, especially in 
those receiving anticoagulant therapy. Bleeding refers 
to a common and severe complication of anticoagulant 
therapy with a reported incidence of bleeding events 
between 1 and 7.4% per year [18]. 

As a form of coagulopathy management in patients 
with severe COVID-19 cases, heparin therapeutic doses 
at 80 units/kg BW and a continuous drip at 18 units/kg 

BW/hour were administered, with monitoring bleeding 
risk. Bleeding occurred in 15 out of 160 patients (9.4%) 
who received the therapeutic doses, with hematuria 
being the most common form of bleeding, in 10 
individuals (67%). These results aligned with a study by 
Nugroho et al. which reported a low incidence of 
bleeding after administering therapeutic doses of 
anticoagulants [14]. Sardu et al.  also showed that 
SARS-CoV-2 affects different organs and leads to 
multi-organ damage and failure [2]. Bozorgmehr et al. 
reported that acute kidney injury (AKI) occurred among 
almost 6% of the patients with COVID-19. However, 
the exact mechanism leading to kidney injury is still 
unknown [19]. Hematuria and proteinuria are the most 
common signs of AKI among patients infected with 
SARS-CoV-2 virus [20]. This bleeding complication 
may occur not only because of the microvascular 
damage associated with the infection but also because 
of the anticoagulation treatment, especially at 
therapeutic doses [19, 20]. Bleeding risk must be 
evaluated on a case-by-case basis. Fibrinogen may be a 
useful biomarker for early detection risk of bleeding 
risk [20,21].  

Our study was consistent with a randomized 
controlled trial conducted by the RAPID team on 465 
severe COVID-19 patients in 2020-2021 [12]. 
Furthermore, Sholzberg et al., found lower major 
bleeding incidence in a group that received UFH 
therapeutic doses (0.9%) compared to those that 
received prophylactic doses (1.7%) (odds ratio = 0.52; 
95% CI = 0.09 to 2.85; p = 0.69) [12]. 

The number of comorbidities in this study did not 
correlate with the incidence of bleeding. Although age, 
use of antithrombotic drugs, and medication history 
might influence the incidence of bleeding. For example, 
in patients with heart problems, patients have the 
possibility of taking an antithrombotic for a long period 
of time [21]. 

In this study, the average length of stay was 10 days. 
This was similar to the results of a study by D’Ardes et 
al., who found reduced length of stay between patients 
receiving anticoagulant and patients not receiving 
anticoagulant during their hospital admission [13]. At 
the end of the treatment period, there was no reported 
death among severe grade COVID-19 individuals 
receiving UFH therapeutic doses. These results were 
consistent with a randomized controlled trial conducted 
by the RAPID team on 465 severe COVID-19 patients 
in 2020-2021, which reported a lower percentage of 
patient deaths in the group receiving therapeutic 
anticoagulant doses (1.8%) compared to those receiving 
prophylactic doses (7.6%) [12]. These results indicated 
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that the mortality rate was lower in individuals who 
received therapeutic doses of anticoagulants compared 
to prophylactic doses [9-13]. Li et al., examined 42 
COVID-19 patients in Huazhong, China, and 
discovered that besides improving coagulation 
function, heparin exerts anti-inflammatory effects by 
the reducing levels and activity of IL-6, a 
proinflammatory cytokine involved in 
hyperinflammatory reactions triggered by SARS-CoV-
2 infection. This occurs because heparin binds to IL-6, 
preventing its interaction with the surface IL-6 receptor 
(SIL-6R) on host cells. The inhibition of IL-6 signal 
transduction in host cells subsequently mitigates the 
degree of inflammation [22]. 

This study is limited to the description result of 
UFH administration without analyzing the correlation 
of patient comorbidities with UFH and their efficacy, 
complication and safety. 
 
Conclusions 

In summary, a total of 160 subjects participated in 
this study, and obesity was the most common 
comorbidity among them. Among all patients, 9.4% 
experienced bleeding, with hematuria being the most 
frequent type. Subjects with heart disease and 
hypertension had the highest incidence of bleeding, 
accounting for 40% of cases. Recent management of 
anticoagulant administration in patients with severe 
COVID-19 primarily focused on prophylactic and 
intermediate doses due to concerns about increased 
bleeding risk associated with therapeutic doses. 
However, this study showed the administration of 
therapeutic doses of UFH in severe COVID-19 patients 
with HFNC oxygen therapy upon hospitalization had a 
low risk of bleeding and no patient reported death. 
Further investigation is needed to determine efficacy 
and safety following the administration of therapeutic 
doses of anticoagulants. 
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