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INTRODUCTION

	 Acute respiratory failure caused by COVID-19 
was first reported in Wuhan, China in December 
2019 and spread rapidly, causing the world health 
organization to be declared a pandemic in March 
2020. The disease has caused more than three 
million people to be infected and more than 200,000 
deaths in the world until May, 2020. The first case 
reported in Turkey on March 11. From this date to 
April 30, more than 120,000 people have infected 
and of 3,174 have been passed away.
	 It was reported that the only pathology in the 
respiratory system is not acute respiratory distress 
syndrome (ARDS) in COVID-19. In addition, 
microvascular thrombosis might be responsible for 
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Aggressive thromboprophylaxis improves clinical process 
and decreases the need of Intensive Care Unit in Covid-19 
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ABSTRACT
Background and Objectives: COVID-19 might cause thrombosis in the arterial and venous system 
either directly or via indirect means such as cytokine storm or hypoxia. Enoxaparin might contribute to 
clinical recovery in COVID-19 patients, both by reducing the risk of thrombosis with anticoagulant effect 
and avoiding the cytokine storm with its anti-inflammatory effect. In this study, the clinical results of 
prophylactic enoxaparin usage in COVID-19 patients in our hospital were investigated.
Methods: We retrospectively analyzed the patients who had hospitalized in our hospital with the diagnosis 
of COVID-19 between March 12 and April 17, 2020. Patients were divided into two groups according to 
their clinical status. Patients who were discharged to their home were in Group-I and were transferred 
to intensive care unit (ICU) were in Group-II. Patients’ demographics and laboratory examinations were 
compared between the groups. Then the effect of LMWH treatment in the rate of ICU transfer was evaluated. 
Results: There were 1216 hospitalized patients with COVID-19 in the study period. Increased age, levels 
of D-Dimer and fibrinogen and decreased hemoglobin, platelet, lymphocyte values were found to be 
statistically significantly risk factor for the need of ICU. Transfer rates of ICU were two times more in the 
patients who did not used enoxaparin and readmission after the discharge was higher in the patients who 
did not received enoxaparin in the hospital. 
Conclusion: Enoxaparin treatment in COVID-19 might be effective not only anticoagulant effect but also 
anti-inflammatory effect that decreased the risk cytokine storm. In the patients with COVID-19 disease, 
starting enoxaparin treatment in the earlier stage will decrease the risk of microthrombosis in vital organs 
and might improve the clinical outcomes. 
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the pathogenicity of the virus.1,2 COVID-19 might 
cause thrombosis in the arterial and venous system 
by endothelial damage in the vascular bed directly 
or indirectly caused by infection and hypoxia.1,3 
Inflammatory cytokines secreted during the 
disease might cause thrombosis by activating the 
coagulation cascade in different ways.4 Depending 
on the affected vascular bed, many systems might 
be damaged.
	 Severity of COVID-19 disease is associated with 
lymphopenia, prolonged coagulation tests, and 
increased D-Dimer.5 Abnormal blood clotting 
and thrombosis is a poor prognosis indicator 
in COVID-19.4 Coagulation tests were found to 
be increased and disseminated intravascular 
coagulation (DIC) was detected in most of the 
patients who died due to COVID-19.6 Thrombosis 
prophylaxis might help to prevent progression of 
the disease. In patients with mild symptoms, the 
risk of bleeding caused by thromboprophylaxis 
in the early stage of the disease is better than the 
time consuming until the evaluation of progressed 
disease in the overloaded health system.2 
Therefore, thromboprophylaxis is recommended 
for all hospitalized patients with the suspicion of 
COVID-19.2,7

	 Enoxaparin, mostly preferred for 
thromboprophylaxis, reduces the release of T 
cell mediated cytokines as well as its known anti-
inflammatory effect. It was declared to inhibit 
the release of IL-6 and IL-8 in vitro conditions.8 
Respiratory decompensation caused by micro-
thrombosis and abnormal immune responses might 
develop via activation of IL1B and IL6 in COVID-19.9 
In this clinical status, enoxaparin might improve 
clinical condition both with its anticoagulant effect 
and preventing possible cytokine storm effect. In 
this study, the effects of enoxaparin treatment on 
clinical outcomes in the hospitalized patients with 
the diagnosis of COVID-19 were investigated.

METHODS

	 We retrospectively analyzed the patients who 
had hospitalized with the diagnosis of COVID-19 
infection in our hospital from March 12 to April 
17, 2020. We included all patients who had 
hospitalized with the diagnosis of COVID-19 
infection, in our hospital. Patients who did 
not accept to be hospitalized, hospitalized in 
the intensive care unit (ICU) at the admission 
and younger than 18 years old were excluded. 
Patients who were transferred to the ICU at the 
admission were excluded from the study, since we 

investigated the effects of thromboprophlylaxis 
in the clinical progression of the COVID-19. The 
study was approved by the Institutional Review 
Board and Turkish Ministry of Health. The data 
and laboratory examinations of the patients were 
gained from the medical records. Sepsis-induced 
coagulopathy (SIC) and DIC were calculated with 
the appropriate formula.10

	 The patients were divided into two groups 
according to their clinical course. Those who 
were discharged from the inpatient wards to their 
home constituted Group-I and those who were 
transferred to intensive care Group-II. Demographic 
information and laboratory findings between the 
groups were compared. 
	 All patients with symptoms of infection 
and pulmonary involvement in computerized 
tomography (CT) were hospitalized inpatient 
wards for the treatment. PCR samples were taken 
at the admission. Patients were diagnosed of 
COVID-19 with clinical findings, PCR test and CT 
examination. 
	 Hydroxychloroquine was started routinely in 
the patients with COVID-19. Azithromycin and 
tamiflu were added to the treatment in patients 
with the suspicion of bacterial or influenza 
infection, respectively. Favipravir was started in 
patients whose respiratory distress continued and 
whose oxygen saturation fell below 90 during 
their follow-up. Patients whose oxygen saturation 
decreased below 90 with 2 lt/minute oxygen 
support and those whose respiratory symptoms 
progressed (tachypnea etc.) were transferred to 
the ICU. Patients with severe clinical condition, 
severe respiratory distress or needs to intubation 
were transferred to the ICU from the emergency 
service. Patients’ treatments were administered in 
accordance with the recommendations established 
by Turkey’s ministry of health sciences committee.7 
In the earlier period, anticoagulant therapy was 
not routinely ordered. It was applied only in 
intensive care unit patients and immobile or risky 
patients (atrial fibrillation, history of thrombosis 
of pulmonary embolism) in March. With the 
guidance of updated recommendations of Turkey’s 
ministry of health, we had started to perform 
thromboprophylaxis in all hospitalized patients 
from the beginning of April.7 We designed and 
published an algorithm for thromboprophylaxis 
in our hospital (Fig.1). According to the algorithm, 
prophylactic dosage was increased to treatment 
dosage in the patients with severe clinical condition 
and with the suspicion of the thrombosis. 
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Fig.1: Treatment algorithm of anticoagulation.
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	 We investigated to protect health care 
professionals from the contamination. We 
investigated the effect of our thromboprophylaxis 
strategy, on the rate of ICU transfer and mortality, 
with comparing the patients who had received 
and who had not.
Statistical Methods: In the analysis of the data, 
SPSS (SPSS is free software; you can redistribute 
it and / or modify it under the terms of the GNU 
General Public License as published by the Free 
Software Foundation; either Version-3 of the 
License, or (at your option) any later version) 
and Microsoft Excel computer programs were 
used. Categorical variables are reported as 
frequency and percentage; continuous variables 
are reported appropriately as mean (SD). Chi-
squared test, ANOVA and two sample t-test was 
performed for the evaluation. Logistic regression 
was used for risk analysis. The results were 
evaluated in the 95% confidence interval and p 
<0.05 significance level.

RESULTS

	 A total of 1,251 patients were hospitalized 
with the diagnosis of COVID-19 infection at our 
hospital in the study period. There were 1,152 

patients in Group-I and 99 patients in Group-II. 
Patients transferred to intensive care unit were 
statistically older and their hemoglobin, platelet, 
lymphocyte values were found to be statistically 
significantly decreased, and D-Dimer and 
fibrinogen values were increased (Table-I). 
	 Thromboprophylaxia was performed in 253 
patients during the hospitalization period. 
Demographic and laboratory results were similar 
between the patients who were under the treatment 
of LMWH and were not. Eleven patients were re-
hospitalized after discharge, and only two of them 
had used LMWH at their previous hospitalization. 
During the follow-up period of in-patient wards, 
seven patients transferred to the ICU urgently due 
to sudden respiratory distress. Only one of these 
patients was receiving LMWH treatment. There 
were 35 mortalities in the hospitalization period and 
only 10 of them under the treatment of LMWH. In 
the evaluation of the mortality in terms of LMWH 
treatment, no statistical difference was found (p = 
0.19) (Table-II). In the analysis, it was seen that the 
need for ICU was two times more in patients who 
did not received LMWH. In the follow-up period, 
there was no deep venous thrombosis and bleeding 
complication in any of the patients.

The Effects of Enoxaparin in COVID-19

Table-I: Demographics and laboratory findings of patients.

Group-I (n=1152) Group-II (n=99) p

Age (years) 50.12±15.9 59.63±17.3 <0.0001

Gender (M/F) 611/541 67/32 0.45

Hb (g/dL) 38.99±4.7 36.3±5.6 <0.0001

Htc (%) 13.16±1.7 12.25±2.2 <0.0001

Platelet (103uL) 242.9±84.4 182.6±91.9 <0.0001

Lymphocyte (103uL) 1.87±1.2 1.24±0.87 <0.0001

BUN (mg/dL) 14.99±9.8 30.34±23.7 <0.0001

Creatinin (mg/dL) 0.92±0.6 1.38±1.2 0.003

AST (u/L) 27.21±23.4 29.27±18.1 0.49

ALT (u/L) 28.42±25.8 36.59±28.5 0.03

INR 1.11±0.4 1.63±1.1 0.001

aPTT (sec) 28.98±4.5 29.25±5.8 0.78

D-Dimer (ug/mL) 1.23±3.4 3.38±3.1 <0.0001

Fibrinogen (mg/dL) 541±173.5 807.8±242.1 <0.0001

≥ 5 DIC score (n) 10 (1.4%) 19 (38.8%) 0.0001

≥ 4 SIC score (n) 14 (1.3%) 12 (19%) 0.0001

ALT=Alanine aminotransferase, aPTT= activated prothrombin time, AST=Aspartate aminotransferase, 
BUN=Blood urea nitrogen, DIC=Disseminated intravascular coagulation, F=Female, Hb= Hemoglobin, 
Htc= Hematocrit, INR=International normalized ratio, M=Male, SIC=Sepsis-induced coagulopathy.

https://www.google.com/search?rlz=1C1GCEU_trTR836TR836&sxsrf=ALeKk02nBvvK0vOSACitrDxYbBHHDnBfsw:1589747536368&q=high+levels+of+aPTT+activated+prothrombin+time&spell=1&sa=X&ved=2ahUKEwjV6L-J37vpAhVDyxoKHatEB1QQkeECKAB6BAgNECo


DISCUSSION

	 This study predicts that enoxaparin treatment 
decrease the risk of thrombosis and cytokine storm 
in the infection with COVID-19. We compared the 
clinical outcomes and need of transfer to the ICU of 
the patients who applied enoxaparin with who did 
not. According to our results, enoxaparin treatment 
of the hospitalized patients due to COVID-19 
decreases the need of the ICU. It also decreases the 
risk of re-admission and acute respiratory distress. 
	 It was reported that, in COVID-19, the only pa-
thology in the respiratory system is not ARDS, but 
also endothelial damage and microvascular throm-
bosis are effective.1, 11 Similar to SARS CoV, COV-
ID-19 might cause thrombosis in the pulmonary 
arteries with small or medium diameter. The exact 
reason of hemostatic changes in COVID-19 has not 
been clarified. It might be caused by the direct ef-
fect of the virus or systemic inflammatory response 

syndrome.1, 3 COVID-19 might damage on many 
organs, including the lung, heart, vascular system, 
kidney and intestine via Angiotensin converting en-
zyme-2 (ACE2).1, 3, 5, 12, 13 It might aggravate platelet 
adhesion and aggregation by activating the renin-
angiotensin system (RAS) when bound to ACE-2 
receptors.5 Vascular accumulation of C5b-9, which 
is an important feature of many micro thrombotic 
syndromes such as anti-phospholipid antibody 
syndrome, atypical hemolytic uremic syndrome, 
purpura fulminans has also been found in COV-
ID-19.14 This strengthens the idea that microvascu-
lar damage occurring in COVID-19 might be related 
to cytokine storm. Hydroxychloroquine, which is 
mostly preferred in the treatment of COVID-19, has 
antithrombotic effects by acting against anti-phos-
pholipid antibodies. In addition, early awareness 
of abnormal coagulation parameters or prophylac-
tic thromboprophylaxis at the time of diagnosis is 
important to avoid multiple organ damage.2 In our 
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Table-II: Comparison of demographics and laboratory findings of patients received LMWH.

Patients Received LMWH
(n=253)

Patients not Received LMWH
(n=998) p

Age (years) 51.2±16 50.48±16.2 0.53
Gender (M/F) 125 / 128 553 / 445 0.07
Platelet (103uL) 238.4±92.2 240.08±84.2 0.79
Lymphocyte (103uL) 1.81±0.93 1.84±1.2 0.67
D-Dimer (ug/mL) 1.51±2.95 1.37±3.69 0.67
Fibrinogen (mg/dL) 605±245.9 570.5±190.6 0.22
INR 1.16±0.4 1.14±0.5 0.67
aPTT (sec) 29.78±4.7 28.74±4.6 0.04
≥ 5 DIC score (n) 11 (5.2%) 18 (3.2%) 0.36
≥ 4 SIC score (n) 7 (3%) 19 (2.1) 0.38
Clinical progress
  Discharge to home (n) 222 930

0.008
  Transfer to ICU (n) 21 43
  Mortality 10 25 0.19

aPTT = activated prothrombin time, DIC = Disseminated intravascular coagulation, F = Female, 
LMWH = Low molecular weight heparine, M = Male, ICU = Intensive care unit, 
INR = International normalized ratio, SIC = Sepsis-induced coagulopathy.

Table-III: Evaluation of the effects of LMWH on the need of ICU.

B S.E. Wald df Sig. Exp(B)
95% C.I. for EXP(B)

Lower Upper

Patients w/o treatment of LMWH 0.716 0.277 6.702 1 0.01 2.046 1.19 3.518

LMWH=Low molecular weight heparine, ICU=Intensive care unit.
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country, starting the treatment of hydroxychloro-
quine in all patients, although the symptoms are 
mild and patient will not be hospitalized; and or-
dering the enoxaparin to all the patients we hospi-
talized might be effective factors of our results. 
	 Cytokine storm might play an important role in 
initiating and promoting thrombosis in arteries and 
veins.9 High levels of cytokines were detected in the 
plasma of critically ill patients with COVID-19.1,15 
COVID-19 might lead to microthrombi in small 
vessels in the lung, kidney and heart by activation 
of IL-1B and IL-6 and inhibition of anti-thrombin 
3 and might cause respiratory decompensation by 
abnormal immune response. Therefore, preventing 
cytokine storm through IL1-B and IL-6 might reduce 
the risk of thrombosis and alleviate the progression 
of the disease.9 Enoxaparin, which is used for 
thromboprophylaxis, has anti-inflammatory effect, 
which inhibit cytokine storm that might develop 
via IL6, in addition to its anticoagulant effect.8 
In the fight against to COVID-19 in Turkey, the 
decrease in the number of patients necessitating 
ICU in a short time and the decrease in the number 
of cases earlier in comparison to other European 
countries might be related with starting LMWH 
treatment in all hospitalized patients. 
	 DIC might be developed by damaged monocytes 
and endothelial cells in cytokine storm of sepsis.4,6 
Increased incidence of DIC has been observed 
in patients with COVID-19 infection, and 70% 
of lost patients have been reported to meet the 
DIC criteria.3,6,11 Thromboprophylaxis with 
standard dosage has been reported to prevent 
the development of DIC in the ICU.16 Tang et al.17 
reported that anticoagulant treatment contributed 
positively to the prognosis in patients with high 
SIC scores and increased D-Dimer levels in the 
evaluation of 449 patients. Similarly to the literature, 
DIC and SIC scores were found to be significantly 
higher in our patients who were transferred to ICU.
	 Abnormal coagulation parameters are reported 
in COVID-19.11 In the progression of the pulmonary 
disease, hypercoagulability develops and 
D-Dimer increases. Protrombin time is prolonged, 
fibrinogen and platelets levels are decreased in 
the severe disease. Lymphopenia was detected 
in patients who were referred to ICU.4,15 Mild 
thrombocytopenia, increased levels of D-Dimer 
and fibrin-derivated products (FDP), longer PT 
and activated protrombin time are characterized 
by higher mechanical ventilation rates, need for 
ICU and mortality.5, 6, 18 In addition, it was reported 
that fibrinogen and antithrombin levels decreased 

in the late period of hospitalization in the patients 
necessitating ICU.6 In our study, it was found that 
the lymphocyte and platelet values were decreased 
and INR, D-Dimer and fibrinogen values were 
increased in patients referred to the ICU.
	 Markedly elevated D-Dimer and FDP were 
reported in lost patients who admitted to hospital 
in the late period of the disease. This suggests that 
common coagulation activation, irregular thrombin 
production, impaired natural anticoagulants and 
fibrinolysis might be effective in the pathogenesis.18 
D-dimer levels, higher than 1 mg/L at the 
admission, were shown to be associated with a 
marked increase in mortality risk.5,11 Dipyridamole 
treatment, a phosphodiesterase inhibitor, was 
reported to improve clinical outcome by reducing 
the D-Dimer levels and increasing the platelet and 
lymphocyte levels to normal values.5 According to 
our results, enoxaparin might have similar results 
with its anti-inflammatory effects. 
	 Hospitalized patients have the risk of thrombosis 
due to reduced mobility, response to serious 
inflammation, severity of illness and underlying 
risk factors.3 It has been reported that 40% of 
hospitalized cases with COVID-19 have a risk of 
venous thrombosis.3 In a study conducted in China, 
in which 81 patients in the ICU were evaluated, 
25% of patients developed venous thrombosis.4 
However, prophylaxis was not applied in these 
patients. Thrombosis complication was reported in 
1/3 of the ICU patients (27% in the venous system 
and 3.7% in the arterial system) in the evaluation 
of 184 patients in the Netherlands. Segmental or 
subsegmental pulmonary embolism was detected 
80% of venous thrombosis.16 Therefore, they 
recommended high doses of thromboprophylaxis 
to all patients admitted to ICU. While Tang et 
al17 recommended thromboprophylaxis only in 
patients with high SIC score or D-Dimer level; 
Oudderk et al.1 recommended it all hospitalized 
patients with the diagnosis of COVID-19. 
	 In COVID 19 patients, advanced examination 
such as CT angiography might be restricted due 
to both the risk of contamination and the clinical 
instability of the patient.2 The fact that the disease 
itself causes increased D-Dimer even in patients 
with stable course might delay the diagnosis 
of thrombosis.2 Diagnosis might be supported 
with lower extremity doppler ultrasonography 
or echocardiography at the bedside. However, 
overloaded patient circulation of pandemic 
period might delay this examinations.2 Early 
anticoagulation might prevent clot formation and 
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reduce micro thrombus in COVID-19, thereby 
reducing the risk of major organ damage.2, 13 In case 
of doubt of thrombosis, therapeutic dose might be 
switched to patients who cannot be examined.1 In 
thromboprophylaxis low molecular weight heparin 
is preferred to avoid repetitive aPTT measurement 
of standard heparin (UFH) to protect health 
professionals and decrease the use of protective 
equipment. We perform LMWH treatment with 
enoxaparin, in all patients who are hospitalized; 
and increase to the therapeutic dosage in patients 
with risky for thrombosis or with moderate / 
severe clinical condition
Limitation of the Study: The limitations of our study 
are the missing data which is nature of retrospective 
studies. Due to intense patient circulation during 
the pandemic period, patients were follow-upped 
by different branch physicians in different depart-
ments. Perspective of the different branches is one 
of the reason of the missing data and lack of stand-
ardization of the laboratory examinations. Number 
of examinations, requested in mild patients, might 
be limited to avoid kit restriction in the future, due 
to afraid of sudden load on the health system.
	 In COVID-19, micro-thrombosis that occurs di-
rectly or by endothelial damage induced by cytokine 
storm increase the severity of the disease. Applica-
tion of thromboprophylaxis has started to increase in 
order to prevent thrombosis and its related compli-
cations with the increasing awareness of the disease. 
Enoxaparin might contribute to the mild course of 
the disease by reducing the progression of COV-
ID-19, with anti-inflammatory effect in addition to 
the anicoagulant effect. Enoxaparin treatment period 
might be considered in the earlier stages of COV-
ID-19 to decrease the risk of the progression.
Disclosures Statement: We, authors certify that 
we have no conflicts of interest, including specific 
financial interests and relationships and affiliations 
relevant to the subject matter or materials discussed 
in the manuscript.
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