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ABSTRACT
OBJECTIVES: Low molecular weight heparin (LMWH) may provide benefi cial effects on outcomes 
of COVID-19. We aimed to examine the impact of LMWH treatment on clinical outcomes (duration of 
hospitalization, admission to intensive care unit, the requirement for mechanical ventilation, and death) of 
COVID-19 patients with normal D-dimer levels at admission.
BACKGROUND: Coronavirus disease-2019 (COVID-19) predisposes patients to arterial and venous 
thrombosis. 
METHODS: In this retrospective, multicentre and observational study we analysed the data of 308 confi rmed 
COVID-19 patients with normal D-dimer levels at initial admission. After propensity score matching (PSM) 
patients were grouped; Group 1; patients who received LMWH with D-dimer ≤0.5 mg/L, Group 2; patients 
who received LMWH after D-dimer levels exceeded 0.5 mg/L, and Group 3; patients who did not receive 
LMWH.
RESULTS: After PSM, each group comprised 40 patients. The patients in Group1 had the best clinical outcomes 
compared to the other groups. Group 3 had the worst clinical outcomes (p<0.005). The benefi t of LMWH 
increased with early prophylactic therapy especially when started while the D-dimer levels were ≤0.5 mg/L. 
CONCLUSION: Our results strongly suggest that proactive LMWH therapy improves clinical outcomes in 
hospitalized COVID-19 patients even with normal D-dimer levels (≤ 0.5 mg/L) (Tab. 3, Fig. 2, Ref. 34). Text in 
PDF www.elis.sk
KEY WORDS: COVID-19; SARS-CoV-2; thrombosis; antithrombotic therapy; low-molecular-weight heparin; 
D-dimer; enoxaparin.
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Introduction

The coronavirus disease-2019 (COVID-19) pandemic ini-
tially emerged as an outbreak of pneumonia with an unknown 
aetiology in Wuhan, China, in late December 2019. The Chinese 
scientists identifi ed the causative agent in January 2020, a new 
enveloped ribonucleic acid betacoronavirus which is genetically 
similar to severe acute respiratory syndrome (SARS)-like co-
rona viruses originated in bats and called 2019-nCov (1, 2). The 
World Health Organization (WHO) designated the virus as se-
vere acute respiratory syndrome corona virus-2 (SARS-CoV-2) 
and the associated disease as COVID-19, declared the pandemic 
that spread to all continents shortly after it appeared in China. 
The SARS-CoV-2 infection, with its particularly pulmonary and 
other systemic involvement, is associated with signifi cant mor-
bidity and mortality, leading to hundreds of thousands of deaths 
worldwide (3, 4).

Although the exact mechanism is unknown, recent studies 
have reported that patients with severe COVID-19 requiring me-
chanical ventilation (MV), intensive care unit (ICU) admission, 
or experiencing death were at the same time patients who had the 
highest thrombotic events and haemostatic abnormalities from 
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mild thrombocytopenia to increased D-dimer, fi brinogen, and fi brin 
degradation products (FDPs) levels (5-12). Of note, COVID-19 
may predispose to both venous and arterial thromboembolism due 
to excessive vascular and systemic infl ammation, endothelial dys-
function, cytokine storm, hypoxia, and immobilization (13, 14). 
Thrombosis is frequently seen in the majority of patients having 
obesity, cardiovascular diseases, and common medical comorbidi-
ties such as hypertension and diabetes mellitus (15, 16).

The International Society on Thrombosis and Haemostasis 
(ISTH) recommended a prophylactic dose of low-molecular-weight 
heparin (LMWH) to all hospitalized patients with COVID-19, un-
less it is contraindicated (17). Furthermore, individualized anticoa-
gulant therapy is encouraged in patients with COVID-19 (17). 
Thus, clinicians depending on their individual experience use 
various prophylactic, intermediate or therapeutic anticoagulant 
doses based on the patient’s clinical situation. However, no exact 
protocol of anticoagulant therapy and optimal regimen has been 
established yet, for the majority of COVID-19 patients.

In the present study, we hypothesized that early prophylac-
tic administration of LMWH therapy might have positive effects 
on clinical and prognostic laboratory parameters in COVID-19 
patients without a bleeding risk, even in the presence of normal 
D-dimer levels (< 0.5 mg/L) at the time of initial admission. We, 
therefore, aimed to evaluate the impact of LMWH therapy on 
cli nical outcomes in COVID-19 described as duration of hospi-
talization, admission to ICU, requirement for MV, and death. We 
have also assessed the effect of LMWH therapy started at different 
levels of D-dimer i.e., normal (< 0.5 mg/L) and increased levels 
(> 0.5 mg/L) on recently defi ned prognostic laboratory parameters 
including D-dimer, ferritin, C-reactive protein (CRP), neutrophil-
to-lymphocyte ratio (NLR) and platelet count.

Materials and methods

Study design and study population
This retrospective, multi-centre, observational study was con-

ducted at four hospitals of Acibadem Healthcare Group (Istanbul, 
Turkey). This study was designed to assess whether early prophy-
lactic administration of LMWH therapy might have positive ef-
fects on COVID-19 outcomes. Inclusion criteria were as follows: 
age ≥ 18 years, having COVID-19-associated respiratory tract 
infection (pneumonia), having plasma D-dimer levels ≤ 0.5 mg/L 
at the time of initial admission, and presence of dyspnoea and/or 
decreased oxygen saturation. Exclusion criteria were as follows: 
age < 18 years, missing medical data, having elevated plasma 
D-dimer levels (> 0.5 mg/L) at the time of initial admission, being 
pregnanant or active bleeding. The diagnosis of COVID-19 was 
made according to the WHO interim guidance (18) and confi rmed 
by RT-PCR detection of the SARS-CoV-2 in the Republic of Tur-
key, Ministry of Health clinical laboratory. After fulfi lling inclusion 
and exclusion criteria a total of 308 adult patients with confi rmed 
COVID-19 and plasma D-dimer levels ≤ 0.5 mg/L at the time of 
initial admission were retrospectively screened. 

To investigate the effect of LMWH therapy on COVID-19 
clinical outcomes we sub-grouped 308 COVID-19 patients ac-
cording to LMWH therapy. Group 1 consisted of patients who 
received LMWH treatment at normal D-dimer levels (≤ 0.5 mg/L), 
(n = 64) during hospitalization (LMWH with low D-dimer). Group 
2 consisted of patients who received LMWH treatment at eleva-
ted D-dimer levels (> 0.5 mg/L), (n = 87) during hospitalization 
(LMWH with elevated D-dimer). Finally, Group 3 consisted of 
patients who did not receive LMWH treatment at all regardless 
of their D-dimer levels (n = 157), (No LMWH).

Fig. 1. Summary of the study design.
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To minimize the effects of confounding factors, propensity 
score-matching (PSM) analyses were done, and three groups were 
created as described above. Figure 1 summarizes the study design 
and grouping of patients.

Group 1 and Group 2 patients received enoxaparin as the only 
available LMWH in the local market. The dosage was calculated 
according to the bodyweight of each individual patient. The patients 
with D-dimer levels between 0.5 and 3 mg/L received 1 mg/kg
once daily, while the patients with D-dimer levels of >3 mg/L 
received 1 mg/kg twice daily.

In the present study, tachypnoea (respiratory rate >30/mi-
nutes), SpO2 <90 % or <7 0 mmHg (in room air without response 
to nasal oxygen up to 12 L/minutes with reservoir), progressive 
dyspnoea and increased work of breathing, lactate levels of >2 
mmol/L, hypotension (systolic blood pressure < 90 mmHg, >40 
mmHg drop from initial blood pressure, mean arterial pressure 
<65 mmHg), organ dysfunction (confusion, renal failure, liver 
dysfunction, elevated troponin I) were accepted as criteria for 
therapy in intensive care unit.

The study protocol was approved by the institutional Ethics 
Committee (ATADEK-2020-09/3) and local government health 
authority (2020-05-11T12_01_54). The study was conducted in 
accordance with the principles of the Declaration of Helsinki.

Data collection 
Demographic and clinical characteristics of the patients includ-

ing age and sex, medical history, cigarette use, current medications, 
comorbidities such as hypertension, diabetes mellitus, coronary 
artery disease (CAD), chronic respiratory disease (CRD) or chronic 
kidney disease (CKD), clinical symptoms such as fever, cough, 
dyspnoea or sore throat, laboratory parameters such as haemoglo-
bin, platelet count, CRP, ferritin, D-dimer and creatinine, imaging 
study fi ndings including chest X-ray or thoracic computed tomo-
graphy (CT) were collected and analysed in a common electronic 
medical system designed for all participating centres. Data includ-
ing clinical outcomes were obtained from the electronic database 
system and confi rmed by chest diseases and infectious diseases 
departments. The duration of hospitalization, admission to the 
ICU, requirement for MV, and clinical events (i.e., thrombotic or 
haemorrhagic) were recorded. Bleeding was classifi ed according 
to the ISTH criteria (19). 

Laboratory assays and interventions
Blood samples were collected within 24 h after admission 

to perform routine laboratory tests including complete blood 
count, coagulation tests and serum biochemical tests in the hos-
pital setting. The D-dimer levels were measured using the Sys-
mex CA660 (Sysmex Corp., IL, USA) by the immune turbidi-
metric assay via the Siemens Innovance D-dimer kits (Siemens 
Healthineers, PA, USA). Inter and intra-day variability coeffi -
cients were calculated as 3.41 % and 4.22 %, respectively. The 
laboratory normal reference range for D-dimer was 0 to 0.5
mg/mL. The D-dimer levels were expressed in μg/mL FEU (i.e., 
fi brinogen equivalent unit). Serum electrolyte levels, ferritin, 
CRP, and troponin I measurements were done using standar-

dized methods. All measurements were carried out within 2 h after 
blood sampling. 

Propensity score-matched analysis
PSM analysis venture to compare outcomes of treatment be-

tween patients’ subgroups which have a similar distribution of 
all the measured covariates. Bias is inevitable in observational 
research, leading to raggedly distributed confounding factors be-
tween study groups. PSM analysis is the probability analysis of 
the condition of assignment to a particular treatment given a set of 
observed covariates (20, 21). Therefore, PSM was utilized in our 
research to minimize selection bias and imbalanced distributions 
of the confounding factors.

In our study, a one-to-one nearest neighbour propensity score 
matching algorithm with ±1% caliper was applied to a multinomial 
logistic regression model for LMWH therapy group propensity in 
order to identify a sample of clinically-similar patients with balan-
ced confounding covariates across the three groups. 

For calculation of the propensity score, baseline covariates 
were included as confounders in a multivariable logistic regression
model to predict the treatment of interest without including the 
outcome.  The cofounders included were age, gender, symptoms 
of COVID-19 (fever, cough, dyspnoea), comorbidities (diabe-
tes mellitus, hypertension, hyperlipidaemia, CRD, CKD, CAD, 
obesity and history of cancer), and basal laboratory parameters 
(D-Dimer, CRP, Ferritin, NLR, and Troponin I). 

To this end, the total sample size of PSM for each group was 
as follows: 40 patients in Group 1 (LMWH with low D-dimer), 
40 patients in Group 2 (LMWH with elevated D-dimer) and 40 
patients in Group 3 (No LMWH). 

Statistical analysis
Statistical analysis was performed using the Statistical Package 

for the Social Sciences (SPSS) version 25.0 statistical software 
(IBM Corp., Armonk, NY, USA). PSM analysis was performed 
using SAS version 9.4 (SAS Institute Inc., Cary, NC). All fi gures 
were generated using the GraphPad Prism version 8.0 (GraphPad 
Software Inc., San Diego, CA, USA). Descriptive data were ex-
pressed as mean ± standard deviation (SD), median (min–max) 
or number and frequency, where applicable. Student’s t-test and 
Mann–Whitney U test were used to compare two groups with 
regards to normal and non-normal distributed quantitative vari-
ables, respectively. Categorical variables were compared using 
the chi-square (χ2) test. One-way analysis of variance (ANOVA) 
(and post-hoc Bonferroni tests) and Kruskal–Wallis nonparametric 
ANOVA were used to compare the groups with regards to normal 
and non-normal distributed quantitative variables, respectively. 
Logistic regression was then used to compare binary categori-
cal outcomes between propensity matched groups.  A p value of 
<0.05 was considered statistically signifi cant. 

Results 

Of all the study population, 114 were females and 194 were 
males with a median age of 51 (range: 71, 18 to 89) years. The most 
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common symptoms were fever and cough (84 % and 
79.8 %, respectively). One hundred fi fteen (44.7 %) 
patients had one or more chronic underlying diseases 
including hypertension, diabetes mellitus, CAD, obe-
sity, cancer, and CRD.

We divided our study population into three 
groups according to LMWH therapy; Group 1:  pa-
tients received LMWH treatment when D-dimer 
levels were ≤ 0.5 mg/L during the hospital stay (n 
= 65), Group 2: patients received LMWH treatment 
when D-dimer levels exceeded 0.5 mg/L during the 
hospital stay (n = 87), and Group 3: patients did not 
receive LMWH treatment regardless of  their D-dimer 
levels (n = 157).

After applying our groups in PSM for appropri-
ately balancing confounding covariates across and 
each group was comprised of 40 patients (Table 1,
“After Propensity Matching” all respective p > 
0.1). Despite the signifi cant differences in certain 
variables (such as age, sex, basal laboratory para-
meters), no signifi cant differences were observed in 
age (p = 0.404), sex (p = 0.563), D-Dimer level (p =
0.946), ferritin level (p = 0.703), CRP level (p = 
0.719) and NLR (p = 0.458) after propensity score 
matching (Tab. 1).

From the PSM groups, medications in-hospital 
treatment, the clinical outcomes and prognostic labo-
ratory parameters in the three groups are presented 
in Tables 2 and 3.

Three groups were similarly distributed in terms 
of antiviral drugs, and antibiotics which were given 
for COVID-19 treatment during their hospital stay. 
Also, there was no signifi cant difference among the 
groups regarding antithrombotic medications that the 
patients were already receiving (Tab. 2). 

Furthermore,  the clinical outcomes and prog-
nostic laboratory parameters of the propensity score 
matched groups are summarized in Table 3. Accord-
ingly, one patient in each group experienced venous 
thromboembolism (VTE), while one patient in Group 
2 and one patient in Group 3 had minor bleeding 
(epistaxis and haemoptysis) according to the ISTH 
criteria (19). 

We observed signifi cant differences in the prog-
nostic laboratory parameters, length of hospital stays, 
length of ICU therapy and requirement for MV 
among the groups (p <0.05 for all). The COVID-19 
patie nts who were not receiving LMWH therapy 
(Group 3) required more MV (55 %) and admission 
to ICU (60 %) compared to other matched groups 
(p < 0.05 respectively) (Fig. 2).

A total of three patients (one in each subgroup) 
died from COVID-19, indicating no statistically sig-
nifi cant difference in the mortality rate among the 
groups.Va
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There were statistically signifi cant differences in terms of 
peak serum levels of D-dimer, ferritin, CRP, and NLR among the 
matched groups (p <0.05 respectively). The median peak D-Dimer 
levels were 1.4 mg/L (0.27–2.68) in Group 1, while the median 
peak D-Dimer levels were 3.87 mg/L (1.19–8.4) in Group 2 and 
it was 8.1 mg/L (2.31–1.72) in Group 3. The peak serum levels of 

ferritin, CRP, and NLR were also statistically signifi cant among 
the propensity score matched groups (Tab. 3).

Our results showed that LMWH therapy may improve clinical 
progress and reduce the need for therapy in the ICU and require-
ment for MV, particularly when started before D-dimer levels in-
creased and exceeded 0.5 mg/L (Group 1).

Discussion

In the present study, we determined that COVID-19 patients 
who were treated with LMWH, as soon as possible after hospita-
lization and especially before D-dimer levels were increased and 
exceeded 0.5 mg/L, had the best clinical outcomes and favourable 
prognostic laboratory parameter levels, compared to those who 
received the LMWH therapy when D-dimer levels increased and 
exceeded the threshold of 0.5 mg/L during hospitalization and 
also patients who never received LMWH. The latter COVID-19 
patients had the worst clinical outcomes. Our results indicate that 
the benefi t from therapy appears to be increased with the early 
administration of LMWH therapy, before D-dimer levels exceed 
the threshold of 0.5 mg/L.

 Variable  Group 1
(n=40)

 Group2
(n=40)

Group 3
(n=40) p

Use of co-medications
Acetylsalicylic acid 7 11 5 0.60
Clopidogrel 0 1 1 0.57

 In-hospital treatment 
Azithromycin 14 16 22 0.577
Hydroxychloroquine 32 38 40 0.565
Oseltamivir 18 26 32 0.08

Group 1: patients with D-dimer levels of ≤0.5 mg/L during the hospital stay who 
received LMWH treatment, Group 2: patients with increased D-dimer levels ex-
ceeding 0.5 mg/L during hospital stay who received LMWH treatment, Group 3: 
Patients not on LMWH therapy regardless of their D-dimer levels. The values are 
calculated using the chi-square test and the data are given in percentages. Statistical 
signifi cance at p < 0.05.

Tab. 2. Medi cations in-hospital treatment.

 Variable Group 1
 (n=40)

Group 2
(n=40)

Group 3
(n=40) p

Clinical outcomes

ΨLength of hospital stay (days) 7 (1–40) 15 (7–45) 21 (16–55)
 ɣ0.001
˟0.001
˚0.006

ΨLength of ICU stay (days) 1 (0–30) 2 (0–45) 17 (5–50)
ˠ0.421
˟0.001
˚0.009

ΩAdmission to ICU 10 (25) 18 (45) 24 (60) 0.001
ΩRequirement for MV 4 (10) 16 (40) 22 (55) 0.003
ΩDeath 1 (2.5) 1 (2.5) 1 (2.5) 0.996
ΩIn-hospital thromboembolic event 1 (33.3) 1 (33.3) 1 (33.3) 0.946
ΩMinor bleeding 0 (0 1 (1.9) 1 (1.4) 0.964
ΩMajor bleeding 0 (0) 0 (0) 0 (0) –
Prognostic Laboratory Parameters
Normal Range

ΨPeak D-dimer (mg/L) <0.5 1.4 (0.27–2.68) 3.87 (1.19–8.4) 8.1 (2.31–21.72)
ˠ0.039
˟0.001
˚0.001

ΨPeak ferritin (ng/mL) 22–322 529 (8–1891) 1090 (124–3881) 1808 (1117–3444)
ˠ0.019
˟0.001
˚0.045

ΨPeak NLR <3.13 2.63 (1.14–8.50) 8.29 (2.21–11.00) 12.85 (1.68–24)
ˠ0.012
˟0.001
˚0.004

Ψ Peak CRP (mg/L) <0.5 5.56 (1.5–10.72) 12.38 (4–29.84) 17.92 (9.54–31.64)
ˠ0.001
˟0.001
˚0.005

ΨPeak troponin I (ng/mL) <0.04 0.006 (0.005–0.091) 0.006 (0.006–0.092) 0.009 (0.006–0.986) 0.113
Group 1: patients with D-dimer levels of ≤0.5 mg/L during the hospital stay receiving LMWH treatment, Group 2: patients with increased D-dimer levels exceeding 0.5 
mg/L during hospital stay receiving LMWH treatment, Group 3: Patients not on LMWH therapy regardless of their D-dimer levels. NLR: neutrophil-to-lymphocyte ratio, 
CRP: C-reactive protein, ICU: intensive care unit, MV: mechanical ventilation, LMWH: low-molecular-weight-heparin. Ω: The values are calculated using the chi-square 
test and the data are given in percentages n (%). Ψ: The values are calculated using one-way ANOVA test and Kruskal–Wallis test. Ψ: The data are given median (min–max) 
ˠ: p-value for Group 1vs.Group 2˟: p-value for Group 1vs.Group 3˚: p-value for Group 2vs.Group 3. Statistical signifi cance at p < 0.05.

Tab. 3. Clinical outcomes and prognostic laboratory parameters of the patients.
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Recent studies established the presence of a thrombotic and 
infl ammatory state in patients with SARS-CoV-2 infection, par-
ticularly in those who are clinically classifi ed as severe or criti-
cally ill (22). The underlying mechanisms of this thrombotic state 
include excessive infl ammation, platelet activation, endothelial 
dysfunction, and stasis (12). The COVID-19-associated coagula-
tion abnormalities comprise elevated D-dimer levels, modestly 
decreased platelet counts, prolonged prothrombin time, and dis-
seminated intravascular coagulation (DIC). Thrombotic clinical 
events including venous and/or arterial thrombosis and peripheral 
thrombotic microangiopathy-associated skin lesions are very com-
mon (17, 23–26). However, it still remains unclear whether throm-
boembolic events depend on the infection itself or infl ammation-
driven cytokine storm. Increased D-dimer levels are frequently 
reported in patients with COVID-19 and are strongly associated 
with prognosis (27). In a recent study, the deceased and survived 
COVID-19 patients were compared and a 3.5-fold increase in 
D-dimer and 1.9-fold increase in the FDPs were observed (23). 
In addition, 71.4 % of non-survivors had DIC compared to 0.6 % 
among survivors (23). Another study suggested that patients with 
COVID-19 who had increased D-dimer levels might benefi t from 
anticoagulant treatment (14). In our study, all the patients included 
had D-dimer levels < 0.5 mg/L at the time of initial admission. 
Among them, the patients who never received LMWH developed 
more severe clinical disease and required more admissions to ICU 
and MV. However, we observed no statistically signifi cant differ-
ence in terms of mortality among the groups. Since the association 
between thrombosis and COVID-19 prognosis was not understood 
well at the beginning of the pandemic, there was no recommenda-
tion for anticoagulant therapy and therefore patients in Group 3 
did not receive LMWH therapy regardless of their D-dimer levels.

Local thrombosis in pulmonary vessels but not embolism 
appears to be associated with poor prognosis in COVID-19. For 
instance, venous thrombosis is frequently reported in patients 

with COVID-19. A recent autopsy study of COVID-19 patients 
established thrombotic lesions in small- and mid-sized pulmonary 
arteries in various degrees in all 11 patients and was reported to be 
associated with infarction in eight patients and bronchopneumonia 
in six patients (28). Based on these fi ndings, the authors proposed 
thrombotic pulmonary lesions as the main cause of death and, 
more importantly, they concluded that the lesions were caused by 
thrombosis rather than by thromboembolism, since they observed 
that most vessels were completely occluded by a thrombus and 
small arteries (< 1 mm in diameter) were involved (28). These 
data support the association between thrombosis and COVID-19 
prognosis. Another recent study performed thromboelastography 
in 24 COVID-19 patients who were under treatment in the ICU 
and reported a state of hypercoagulability, but not DIC (29). In 
this study, the authors documented that there was a hypercoagul-
able and severe infl ammatory state which might explain venous 
thromboembolic events. Assessment of VTE by complete Duplex 
ultrasound in 26 anticoagulated COVID-19 patients treated in the 
ICU indicated an overall incidence of VTE of 69 %, despite the 
administration of prophylactic or therapeutic doses of anticoagu-
lants (30). In our study, we evaluated clinically the presence of 
thrombotic events and we found that three patients had venous 
thrombosis (two upper extremity peripheral venous thrombosis 
and one lower extremity deep vein thrombosis). 

In COVID-19, there is also an increased risk of arterial throm-
bosis. Peripheral arterial thrombosis was reported in critically ill 
COVID-19 patients (31). Furthermore, in some cases, myocardial 
infarction was reported, while troponin levels were frequently 
found to increase due to myocarditis (32). In our study, none of 
the patients developed clinically prominent arterial thrombosis and 
no ST elevation myocardial infarction or dynamic electrocardio-
graphic changes were observed.

In the present study, we found better clinical outcomes among 
patients who received LMWH therapy with a D-dimer levels of 
<0.5 mg/L (Group 1). Recent studies reported controversial results 
and recommendations on anticoagulation doses. A retrospective, 
observational cohort study showed that treatment-dose systemic 
anticoagulation improved the mortality rates among COVID-19 
patients requiring mechanical ventilation (29.1 % vs 62.7 %, mor-
tality rates of anticoagulated and non-anticoagulated patients, re-
spectively) (33). However, in the overall comparison, the authors 
reported no statistically signifi cant difference in the mortality 
rates among patients who received anticoagulation and who did 
not (22.5 % vs 22.8 %, respectively) (33). The use of therapeutic 
doses of anticoagulants, rather than prophylactic doses, is con-
troversial, since there is no prospective, randomized-controlled 
study yet. Nonetheless, some of the experts suggest that high-dose 
heparin in COVID-19 may not only be ineffective, but it may be 
also dangerous. Anticoagulation with higher doses of heparin may 
contribute to the haemorrhagic component of microangiopathy, 
since there is some evidence indicating an increased incidence of 
major and fatal bleeding with high-dose LMWH therapy in CO-
VID-19 patients (34).

In our study, COVID-19 patients who did not receive LMWH 
therapy were at an increased risk of poor clinical outcomes such 

Fig. 2. Admission to ICU and requirement for MV of  the study groups. 
Group 1: Patients wi th D-dimer levels of ≤ 0.5 mg/L during the hospi-
tal stay receiving LMWH treatment, Group 2: Patients with increased 
D-dimer levels exceeding 0.5 mg/L during hospital stay receiving 
LMWH treatment, Group 3: Patients not on LMWH therapy regard-
less of their D-dimer levels. Abbreviations: ICU: Intensive care unit, 
MV: Mechanical ventilation.
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as prolonged hospitalization, increased ICU admission, and more 
MV. However, we found no signifi cant increase in thromboem-
bolic events and mortality in patients who never received LMWH, 
compared to those in the other matched groups. 

Nonetheless, this study has some limitations. In our opinion, 
if we could evaluate all the patients with imaging modalities, thus 
more asymptomatic thrombotic events might have been detected, 
particularly in Group 3. The presence of asymptomatic thrombotic 
events could explain, in part, why clinical outcomes were better in 
Group 1 and 2 than in patients who were not receiving LMWH at 
all, despite no shown difference in terms of clinical thromboem-
bolic events. We think that this hypothesis can be further assessed 
in another study with prospective design. 

Our study has a retrospective design with a relatively small 
sample size which may have caused a bias in the results. Therefore, 
we recommend further large-scale, prospective studies to draw a 
defi nitive conclusion. On the other hand, to the best of our knowl-
edge, our study is the fi rst study which showed the benefi cial effects 
of prophylactic LMWH therapy in hospitalized COVID-19 patients 
with normal initial D-dimer levels. Our fi ndings provide evidence 
to clinical practice and support the recommendations of the ISTH, 
in terms of LMWH therapy in all hospitalized patients, even in 
non-critically ill patients and at least at the prophylactic doses (17).

Learning points

• The patients who received low-molecular-weight heparin 
(LMWH) before D-dimer levels exceeded 0.5 mg/L had better 
clinical outcomes compared to patients who received LMWH 
after D-dimer levels exceeded 0.5 mg/L and patients who did 
not receive LMWH at all during in hospital treatment. 

• Early and proactive administration of LMWH therapy improved 
clinical outcomes even in patients with normal D-dimer levels 
at initial admission to the hospital.

• COVID-19 patients who never received LMWH therapy re-
quired prolonged hospitalization, experienced worst clinical 
outcomes including more intensive care unit admission, and 
mechanical ventilation.

Conclusions

In conclusion, our study showed that clinical outcomes in CO-
VID-19 patients were strongly associated with markers of throm-
bosis (i.e., D-dimer) and proactive administration of LMWH at 
appropriate doses when the D-dimer levels were < 0.5 mg/L im-
proved clinical outcomes. In addition, COVID-19 patients who 
did not receive antithrombotic therapy were at an increased risk 
of poor clinical outcomes. Based on these results, in hospitalized 
COVID-19 patients, even with normal D-dimer levels, proactive 
LMWH therapy can provide clinical benefi t and should be con-
sidered. We believe that the possible mechanisms leading to in-
creased thrombosis should be investigated further and randomized, 
prospective, and controlled clinical trials are needed to establish 
the optimal timing and dosing of antithrombotic therapy and also 
to exclude all bias and confounders.
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