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ABSTRACT 
 

Background: The World Health Organization (WHO) declared Coronavirus disease 2019 (COVID-
19), as a pandemic in January 2020. The morbidity and mortality associated with the disease are 
enormous COVID-19, with a multi-systemic pathology, exhibits thrombosis as a common 
manifestation. Disseminated intravascular coagulation (DIC) and thrombotic lesions have been 
reported in >70% and >30% of patients, respectively, who have died due to the COVID-19 and 
therefore, heparin is included in the treatment of moderate to severe cases. This retrospective 
study was undertaken to check the effectiveness of prophylactic therapy with heparin at reducing 
mortality in critically ill COVID-19 patients. 
Methodology: The study included retrospective data from case records of 169 critically ill COVID-
19 patients with or without comorbidities and an anticoagulant regimen. The data were thoroughly 
studied for demographic profile, comorbidities, type and dosage of anticoagulants, length of 
intensive care unit stay, and mortality rates. 
Results: The male to female ratio of the study subjects was 125/44 (76%/24%). Patients with 
comorbidities were critically ill as compared to those with none (140/29), and diabetes mellitus was 
the most common comorbidity, found in 99 patients. Mortality rate was significantly higher in 
patients who had not received any anticoagulant (p = 0.015) and in patients who had received 
unfractionated heparin (p =0.036) as compared to those who received low molecular weight 
heparin (LMWH). 
Conclusion: The prophylactic administration of heparin improves the survival rate of the critically ill 
covid 19 patients is more when compared with the patients who do not receive heparin. LMWH is 
very effective in reducing thrombotic complications and mortality in critically ill COVID-19 patients. 
 

 

Keywords: Thrombosis; low molecular weight heparin; COVID-19; coagulopathy. 
 

1. INTRODUCTION 
 
The World Health Organization (WHO) declared 
Coronavirus disease 2019 (COVID-19), as a 
pandemic in January 2020. The morbidity and 
mortality associated with the disease are 
enormous, with a profound, global, and 
devastating impact on every aspect of human 
life, with healthcare facilities and workers being 
affected the most. 

 
The presentation of COVID-19 patients varies 
from being asymptomatic to succumbing to 
sudden death. Almost all the organs in the body 
are affected to varying magnitudes, with 
respiratory compromise being the most common 
manifestation of this disease. The basic 
pathogenesis behind multisystemic involvement 
rests on the occurrence of coagulation disorders. 
High levels of circulating D-dimer levels are 
associated with higher mortality rates [1,2]. 
Autopsy of COVID-19 patients has confirmed 
the presence of fibrin thrombi within small 
vessels and capillaries with large amount of 
extracellular fibrin deposition [3]. Coagulopathy 
observed in COVID-19 patients shows an 
inconsistent pattern, varying from bleeding 
diathesis to thrombotic consequences. 
Disseminated intravascular coagulation (DIC) 
and thrombotic lesions have been reported in 

>70% and >30% of patients, respectively, who 
have died due to the COVID-19 [4]. Abnormal 
laboratory tests of coagulation also seem to vary 
with the severity of illness and the clinical 
predictors of risk of bleeding or thrombosis [5]. A 
prolonged prothrombin time (PT) and an elevated 
D-dimer have been shown to increase mortality 
and thereby heighten the need for critical care 
[4,6]. Radiological diagnosis of thromboembolism 
(TE) using computed tomography and 
ultrasonography has been very challenging in 
this pandemic era due to the lack of 
infrastructure to deal with this massive surge 
of infective patients and other logistic issues. 
High incidence of TE has paved the way for 
empiric escalation of anticoagulants by some 
investigators; however, consensus has not been 
reached on whether prophylactic or escalated 
dose is required to prevent these thrombotic 
events [7]. Various doses of low molecular 
weight heparin (LMWH) and unfractionated 
heparin (UFH) have been recommended for 
anticoagulation therapy in COVID-19 patients  
[8]. 
 
This retrospective study was undertaken to 
analyze the importance of empirical use of 
anticoagulants in the survival rate of critically ill 
COVID-19 patients in a tertiary healthcare  
center. 
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2. METHODOLOGY 
 

A total of 169 adult patients of age >18 years, 
with a positive COVID-19 report and admitted in 
the Intensive Care Unit (ICU) of our hospital, 
between May 2020 to November 2020, were 
included in the study. 
 

Data were obtained retrospectively by a manual 
review of the patient case records from the 
department of medical record maintenance of 
the hospital. Patient data collected were the 
demographic details; relevant comorbidities, if 
present, like preexisting diabetes mellitus, 
hypertension, ischemic heart disease, chronic 
lung disease, and chronic kidney disease; 
anticoagulants administered, if any, along with 
the type, dose, and frequency as decided by the 
healthcare center depending upon the status of 
renal function and D-dimer values; length of ICU 
stay; and mortality. The outcome of the patients 
in the form of survival or mortality was compared 
among the ones who received no anticoagulants 
with the ones who received anticoagulants once 
or twice daily with the help of Chi square test. 
Furthermore, survival outcomes were compared 
among the patients who received LMWH 40 mg 
OD and BD, 60 mg OD and BD, and UFH, with 
the help of Fisher exact test. 
 

The demographic details of the 169 COVID-19 
patients included in the study are summarized in 
Table 1, and the incidence of various 
comorbidities recorded in the patients are 
summarized in Table 2. Of the 169 patients, 
comorbidities were present in 140 patients,             
with diabetes mellitus being the most common 

(58.6%) of all the comorbidities evident. Of the 
169 patients included in the study, 14 patients 
did not receive any anticoagulant, and 131 and 
24 patients received anticoagulant dose              
once and twice daily, respectively, and there was 
a significant difference in the survival rates 
among all the groups of patients. The best 
survival outcome was seen in patients who 
received once daily dose of anticoagulants  
(Table 3). 
 
When the survival rates were compared among 
the patients receiving 40 mg or 60 mg LMWH, 
once or twice daily, no significant difference 
was found in the survival rates, thus, the 
survival not being significantly affected by the 
dose or frequency of LMWH. However, there 
was a significant difference in the improvement 
of survival yielded by LMWH and UFH, with 
better chances of survival being offered by 
LMWH (Table 4). Conclusively, it was found that 
the patients who received anti-coagulants 
showed 3.28 times better survival as compared 
to those who did not receive anticoagulants 
(Table 5). 
 
Table 1. Demographic details of the COVID-19 

patients 
 

Variable Category Mean ± SD / n (%) 

Age -- 58.25 ± 15.56 
Gender Male 125 (74%) 

Female 44 (26%) 
Co morbidities Yes 140 (82.8%) 

No 29 (17.2%) 
Average ICU 
stay (in days) 

-- 7.17 ± 3.88 

 

Table 2. Comorbidities in the COVID-19 patients 
 

Variable Category N (%) 

Diabetes mellitus Yes 99 (58.6%) 
No 70 (41.4%) 

Hypertension Yes 85 (50.3%) 
No 84 (49.7%) 

Ischemic heart disease Yes 32 (18.9%) 
No 137 (81.1%) 

Chronic lung disease Yes 10 (5.9%) 
No 159 (94.1%) 

Chronic kidney disease Yes 16 (9.5%) 
No 153 (90.5%) 

 

Table 3. Effect of anticoagulant administration in the patients 

 
Anticoagulants N Survived N (%) Dead N (%) χ2 value P value 

No anticoagulant 14 4 (4.3%) 10 (13%)  
 
 
8.371 

 
 
 
0.015* 

Once daily anticoagulation dose 131 79 (85.9%) 52 (67.5%) 
Twice daily anticoagulation dose 24 9 (9.8%) 15 (19.5%) 
Total 169 92 (100%) 77 (100%) 

Chi-square test; * indicates significant difference at p ≤ 0.05 
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Table 4. Comparison of the survival and mortality rates using different dosage of LMWX and 
unfractionated heparin 

 
Heparin Mortality χ2 value p value 

Survived Dead Total 

LMWX 40 OD 16 (69.6%) 7 (30.4%) 23 (100%) 0.264 0.800 (NS) 
LMWX 40 BD 42 (63.6%) 24 (36.4%) 66 (100%) 
LMWX 60 OD 3 (60%) 2 (40%) 5 (100%) 0.012 1.000 (NS) 
LMWX 60 BD 8 (57.1%) 6 (42.9%) 14 (100%) 
LMWX 69 (63.9%) 39 (36.1%) 108 (100%) 4.825 0.036* 
UFH 9 (39.1%) 14 (60.9%) 23 (100%) 

Fisher exact test; NS: non-significant; *indicates significant difference at p ≤ 0.05 

 
Table 5. Association of mortality status with administration of anticoagulants 

 
Factors OR 95% Confidence Interval 

  Lower Upper 

Anti-coagulants/ No anti-coagulants 3.284 0.987 10.927 

 

3. RESULTS AND DISCUSSION 
 
The pathophysiology of COVID-19 infection on 
human organ system is still not fully understood 
due to its varied clinical presentation and 
severity. However, numerous studies have 
confirmed an underlying coagulopathy as the 
main causative factor for the several systemic 
manifestations and multiorgan dysfunction 
syndrome, with a resultant hypercoagulable 
state, resulting in micro and macro circulatory 
thrombotic events like pulmonary embolism, 
deep vein thrombosis, arterial thrombosis, and 
DIC. Additionally, Tang et al observed DIC as a 
cause of mortality in 71.4% of the patients [4]. 
Elevated D-dimer level is a strong and 
independent risk factor for mortality in the 
COVID-19 patient [1]. Thrombosis occurs most 
frequently in the lungs, despite a systemic 
immunoinflammatory response, hence, often 
called as “pulmonary intravascular 
coagulopathy.” As pathological confirmation of 
such condition is not possible in a living person, 
the presence of high levels of D-dimer helps by 
indicating the presence of microthrombosis in 
vast areas of the lungs [9]. As a prognostic 
indicator, it is recommended that all patients with 
confirmed COVID-19 should undergo serial 
coagulation analysis, particularly D-dimer levels, 
prothrombin time, and platelet count [10]. 
 

Severe form of COVID-19 with coagulopathy is 
associated with higher mortality when compared 
to survivors [11]. Daughety et al observed 
27.6% higher mortality in patients with TE, 
possibly due to the endothelial injury and 
hypercoagulability induced by the generalized 
inflammation. According to the authors, in 
patients with severe disease, escalated dose 

thromboprophylaxis, i.e., with 0.5 mg/kg of 
enoxaparin twice daily or heparin infusion titrated 
to anti factor Xa levels of 0.3–0.5 U/ml, was 
found to reduce the rate of inpatient venous TE 
in renal failure patients [12]. Likewise, Barnes et 
al recommended 40 mg or 0.5 mg/kg 
subcutaneous twice-daily dose of enoxaparin or 
7,500 U subcutaneous thrice-daily dose of UFH 
[13]. 
 

In our study, although different dose and 
frequency of L MWH had no significant 
difference in survival advantage offered, there 
was a significant difference in the outcome with 
the use of LMWH and UFH, with LMWH showing 
better survival outcome than the UFH. Thachil et 
al, witnessing a decreased mortality rate with the 
use of anticoagulants in all patients and 
specifically in patients with sepsis-induced 
coagulopathy score of >3, strongly suggested 
the use of prophylactic dose of anticoagulants, 
preferably of LMWH, unless contraindicated, 
such as in acute kidney injury where UFH can 
be used [14]. Likewise, as per the guidelines and 
expert panel report issued by Moores et al, 
LMWH or fundoparinox is recommended as 
against UFH for all critically ill COVID-19 
patients, the advantage being lower risk of 
heparin-induced thrombocytopenia and 
decreased risk of exposure to the nursing staff 
in view of single dose delivery [15]. In Japan, a 
combination of UFH (LMWH being approved by 
the insurance system only for proven DIC and 
hemodialysis) and nafamostat (a serine protease 
inhibitor) is used and has shown promising 
results.[9] 
 
The effect of systemic anticoagulants to prevent 
the pathological changes is unclear. The 
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postulated theory for the benefit of heparin usage 
includes the anti-inflammatory properties of 
heparin, which can block thrombin formation, 
and the anti-viral property, which inhibits viral 
attachment by binding on SARS-CoV-2 surface 
receptor binding protein [16]. A case series 
demonstrating beneficial use of tissue 
plasminogen activator in refractory hypoxia has 
also been reported [17]. Our study clinically 
supports the effectiveness of anticoagulants in 
improving the survival of critically ill COVID-19 
patients, with 3.28 times better survival seen in 
patients under anticoagulants as against those 
who did not receive any anticoagulant. 
 

In our study, although there was a lack of 
freedom to choose the dose and drug for 
thromboprophylaxis due to the retrospective 
study design, based on available literature and 
initial experience of COVID-19 patients, the 
chosen regimens were accepted with rational 
justifications and the patients were included in 
the study. 
 

Despite prophylactic initiation of anticoagulants, 
radiological evidence of venous TE was 
observed by Lax et al in 60% of ICU patients 
when compared to 10% of ward patients, and 
autopsy revealed microscopic thrombi in the 
small–middle sized arteries of the lungs in all the 
11 cases in their study [18]. Carsana et al 
observed  pulmonary  microthrombi  and  
alveolar  hemorrhage in autopsied lungs of 
patients with anticoagulant therapy, 
coincidentally both occurring with a frequency of 
87%.[19] 
 

4. CONCLUSION 
 
This retrospective analysis of critically ill COVID-
19 patients suggests that prophylactic 
administration of heparin improves survival rate 
when compared to patients who do not receive 
heparin. Furthermore, LMWH was found to be a 
better alternative to UFH in terms of reduced 
mortality rate. 
 

5. LIMITATIONS OF THE STUDY 
 

1. Coagulopathies, as diagnosed clinically or 
by laboratory parameters, were not 
included in the study. 

2. Correlation between anticoagulants, 
comorbidities, and mortality was not 
attempted. 

3. Morbidity or complications due to various 
types and dosage of heparin was not 
included. 
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