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ABSTRACT Objective: Current guidelines recommend thrombop-
rophylaxis with low molecular weight heparin (LMWH) in patients
with coronavirus disease-2019 (COVID-19). However, there is no cur-
rent consensus on the routine application of thromboprophylaxis. This
study aimed to evaluate the effect of routine application of LMWH on
clinical outcomes including mortality and the need for intensive care
unit (ICU) admission in hospitalized COVID-19 patients. Material and
Methods: All confirmed patients with COVID-19 hospitalized in
COVID-19 dedicated wards, from March 15 to May 15, 2020, were in-
cluded in this retrospective cohort study. Two groups of patients were
established, according to the non-routine and routine application of
LMWH with therapeutic, weight-based, anticoagulation dosing. Clini-
cal, laboratory and treatment data were collected, analyzed, and com-
pared between the two groups. The initial and extreme values of the
laboratory tests were used for analysis. A logistic regression model was
developed to assess the factors related to in-hospital adverse outcomes.
Results: A total of 1,511 patients (797 men, median age 59.0 years)
were retrospectively analyzed [group non-routine LMWH (n=828);
group routine LMWH (n=683)]. Multivariate logistic regression analy-
sis showed routine use of LMWH, favipiravir administration, extreme
values of white blood cell count, neutrophil lymphocyte ratio, and tro-
ponin I as factors independently associated with in-hospital adverse
outcomes (odds ratio=0.25, 95% confidence interval: 0.83-0.91;
p<0.001 for routine use of LMWH). Conclusion: In hospitalized
COVID-19 patients routine treatment with therapeutic LMWH dosage
was associated with a 75% decrease in mortality and need for ICU ad-
mission compared with the non-routine administration when adjusted
for other variables in this study.

Keywords: COVID-19; venous thrombosis; thrombosis; heparin;
low molecular weight heparin

OZET Amag: Mevcut kilavuzlar, koronaviriis hastaligi-2019’Iu [coro-
navirus disease-2019 (COVID-19)] hastalarda diisiik molekiiler agirlikli
heparin (DMAH) ile tromboprofilaksi yapilmasint 6nermektedir. Ancak
tromboprofilaksinin rutin uygulanmasi konusunda giincel bir fikir
birligi yoktur. Bu ¢alismada, hastanede yatan COVID-19 hastalarinda
rutin DMAH uygulamasinin, mortalite ve yogun bakim initesine
(YBU) kabul ihtiyact dahil klinik sonuglar iizerindeki etkisini
degerlendirmeyi amagladik. Gere¢ ve Yontemler: 15 Mart 2020-15
Mayis 2020 tarihleri arasinda dogrulanmig COVID-19 tanis1 olan tim
hastalar bu retrospektif ¢alismaya dahil edildi. Terapétik, kilo bazli, an-
tikoagiilasyon dozlamasi ile LMWH nin rutin olmayan ve rutin olan
uygulamasina gore 2 grup hasta olusturuldu. Klinik, laboratuvar ve te-
davi verileri toplandi, analiz edildi ve 2 grup karsilastirildi. Analiz i¢in
laboratuvar testlerinin baslangi¢ ve ug degerleri kullanilmistir. Hastane
ici olumsuz sonuglarla ilgili faktorleri degerlendirmek igin bir lojistik
regresyon modeli gelistirildi. Bulgular: Toplam 1.511 hasta (797 erkek,
medyan yas 59,0 yil) geriye doniik olarak analiz edildi [rutin olmayan
DMAH grubu (n=828); grup rutin DMAH (n=683)]. Yaptigimiz ¢ok
degiskenli lojistik regresyon analizi, DMAH’nin rutin kullanimini,
favipiravir uygulamasini, 16kosit sayimimin u¢ degerini, nétrofil/lenfosit
oranini ve troponin I degerini hastane i¢i olumsuz sonuglarla iligkili
bagimsiz faktorler oldugunu gosterdi (odds oran1=0,25, %95 giiven
araligi: 0,83-0,91; p<0,001 DMAH’nin rutin kullanimt1 i¢in). Sonug:
Hastaneye yatmasi gereken COVID-19 hastalarinda, DMAH dozu ile
rutin tedavi, bu ¢caligmada diger degiskenler i¢in ayarlandiginda rutin ol-
mayan uygulamaya kiyasla mortalite ve YBU’ye yatis ihtiyacinda %75
azalma ile iliskilendirilmistir.
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Coronavirus disease-2019 (COVID-19) is a sys-
temic illness that affects many organs.! Different re-
ports demonstrated that coagulation abnormalities
such as disseminated intravascular coagulation (DIC)
and microvascular thrombosis complicate COVID-
19 and significantly affect mortality.>? According to
recent studies, 71% of the patients who died from
COVID-19 suffered from DIC.*¢

Acute respiratory distress syndrome (ARDS)
and pulmonary thrombosis may further complicate
the course of the disease. The complex mechanism
of ARDS and pulmonary thrombosis can partly be
explained by hyperactivation of the immune system,
endothelial dysfunction, and the hypercoagulative
state.

Thromboprophylaxis using low molecular
weight heparin (LMWH) is recommended in the
guidelines to reduce the adverse effects of hyperco-
agulation on patients with COVID-19.” However,
there is no current consensus on the routine applica-
tion of thromboprpphylaxis.®

In this retrospective study, we highlight the ef-
fect of LMWH prophylaxis on COVID-19 patients.
In addition, we aimed to provide real-world evidence
derived from one of our country’s most crowded pan-
demic state hospitals to support future guidelines.

I MATERIAL AND METHODS

All patients (a total of 1,511 cases) diagnosed with
COVID-19 between March 2020 and May 2020 in
our pandemic state hospital were included in this ret-
rospective study. A change in the treatment regimen
of the COVID-19 patients in our hospital determined
the two groups. At the beginning of the outbreak, rou-
tine anticoagulation with LMWH was not adminis-
trated unless severe COVID-19 infection or a
documented indication such as venous thromboem-
bolism (VTE) or atrial fibrillation (AF) were present.
Those patients who did not receive a routine LMWH
comprised the first group. Beginning April 13, 2020,
according to our institutional guidelines, all hospital-
ized COVID-19 patients received a routine thrombo-
prophylaxis with LMWH according to their body
mass index (BMI) (enoxaparin 4,000 UI if BMI<35
or 6,000 UI, if BMI>35, subcutaneously twice a day)
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in the absence of any contraindication. Patients who
received a routine LMWH prophylaxis comprised the
second group.

Patients with no outcome data in their records or
under 18 years of age were also excluded from the
study.

Diagnosis of COVID-19 made according to
World Health Organization (WHO) interim guidance
and confirmed by detection of severe acute respira-
tory syndrome-coronavirus-2 RNA using reverse
transcriptase-polymerase chain reaction of patient na-
sopharyngeal or oropharyngeal swabs.

Data were gathered from our institutional med-
ical database. The clinical outcomes were followed
until the last follow-up date, June 15, 2020. The co-
morbidities included coronary artery disease (CAD),
chronic kidney disease (CKD), hypertension (HTN),
diabetes mellitus (DM), peripheral arterial disease,
chronic obstructive pulmonary disease (COPD), and
cancer. All parameters and outcomes were compared
between the two groups.

The initial and extreme values of the laboratory
tests were used for analysis. The initial value was the
result of the first test after admission. The extreme
value referred to the maximum or minimum value of
laboratory tests during hospitalization. The absolute
neutrophil count was divided by the absolute lym-
phocyte count to obtain the neutrophil-to-lymphocyte
ratio (NLR).

Mild COVID-19 was defined as a symptomatic
disease with no radiographic evidence of pneumonia.
During the clinical assessment, moderate COVID-19
disease was defined as evidence of lower respiratory
tract disease with SpO, >94% without oxygen sup-
plementation. The presence of any of the following
was defined as severe COVID-19: SpO, <94; respi-
ratory rate with >30 breaths per minute; the ratio of
partial arterial oxygen pressure (PaO, in mmHg) to
fractional inspired oxygen (FiO;) <300 mmHg;
>50% lesion showed by the chest computerized to-
mography scan; respiratory failure necessitating me-
chanical ventilation or intensive care unit (ICU)
monitoring. In-hospital mortality and a need for ICU
admission were defined as the adverse clinical end-
points.
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This study complies with the 1975 Declaration
of Helsinki and was approved by our institution’s
ethics committee (Sisli Etfal Training and Research
Hospital Clinical Research Ethics Committee, date:
May 5, 2020, no. 2763), which waived the need for
informed consent.

STATISTICAL ANALYSIS

Categorical variables were defined as numbers and
percentages. Continuous variables were presented as
meanstandard deviation or median and interquartile
range based on the distribution pattern, which was as-
sessed using Kolmogorov-Smirnov test. Either t-test
or Mann-Whitney U test was used to compare con-
tinuous variables between the two groups. Categori-
cal variables were compared using the chi-square test.
To evaluate the factors related to adverse clinical end-
points, we developed a logistic regression model in
which age, gender, routine use of LMWH, CKD,
COPD, favipiravir administration, maximum leuco-
cyte count, maximum NLR, and maximum troponin

were included as covariates. When constructing the
multivariate model, covariates with statistical signif-
icance or clinical significance in univariate analysis
were included. Model fit was evaluated using C sta-
tistics. Statistical significance was defined with a
two-tailed p value of <0.05. Data analysis was per-
formed using SPSS version 20.0 software (SPSS Inc,
Chicago, Illinois).

I RESULTS

A total of 1,511 consecutive patients were diagnosed
with COVID-19 and hospitalized in the general
COVID-19 dedicated wards with a median age of
59.0 (47.0-71.0) years, including 717 (47.3%) fe-
males and 797 (52.7%) males were included in the
study. According to the grouping criteria mentioned
above, there were 828 non-routine LMWH cases and
683 routine LMWH cases. Characteristics of patients
in both groups are listed in Table 1. Patients in the
group in which LMWH thromboprophylaxis was

TABLE 1: Clinical and demographic features of study population according to application strategy of LMWH prophylaxis.
Non-routine LMWH (n=828) Routine LMWH (n=683) p value
Age (years) 56 (46-69) 61 (48-73) <0.001
Gender
Female 368 (44.4%) 346 (50.7%) 0.016
Male 460 (55.6%) 337 (49.3%)
Comorbidities
Hypertension 269 (32.5%) 297 (43.5%) <0.001
CAD 75 (9.1%) 136 (19.9%) <0.001
COPD 82 (9.9%) 105 (15.4%) <0.001
Smoker 34 (4.1%) 47 (6.9%) 0.017
Diabetes mellitus 175 (21.1%) 185 (27.1%) 0.007
Chronic kidney disease 28 (3.4%) 47 (6.9%) 0.002
Malignancy 27 (3.3%) 34 (5.0%) 0.091
Peripheral arterial disease 11(1.3%) 10 (1.5%) 0.823
In-hospital medications
LMWH 291 (35.1%) 591 (86.5%) <0.001
Hydroxychloroquine 769 (92.9%) 621 (90.9%) 0.164
Favipiravir 82 (9.9%) 95 (13.9%) 0.016
Azithromycin 261 (31.5%) 217 (31.8%) 0.917
Oseltamivir
In-hospital outcomes 18 (2.2%) 2 (0.3%) 0.001
Length of hospital stay (days) 7 (5-10) 7 (5-10) 0.794
ICU admission 69 (8.3%) 32 (4.7%) 0.005
In-hospital mortality 29 (3.5%) 9 (1.3%) 0.007

LMWH: Low molecular weight heparin; CAD: Coronary artery disease; COPD: Chronic obstructive pulmonary disease; ICU: Intensive care unit.
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routinely administered were elderly with a higher in-
cidence of HTN, CAD, COPD (p<0.001 for all), DM
(p=0.007), and CKD (p=0.002) history.

Two hundred and nighty-one (35.1%) and 591
(86.5%) patients received LMWH in non-routine
LMWH and routine LMWH groups, respectively
(p<0.001). While 82 (9.9%) patients received favipi-
ravir and 18 (2.2%) received oseltamivir in the non-
routine group, 95 (13.9%) received favipiravir and 2
(0.3%) received oseltamivir in the routine group
(p=0.016 and p=0.001 respectively). No significant
difference was observed between the two groups in
terms of azithromycin and hydroxychloroquine use.

Figure 1 and Figure 2 shows the comparison of
the initial laboratory values of D-dimer level, and
NLR within both groups according to whether
LMWH was used or not. All values were statistically
significant in the non-routine LMWH group (p<0.001
for all), whereas the difference was not significant in
the routine LMWH group (p=0.078 and p=0.245, re-
spectively).

Figure 3 displays the rates of adverse events
among the groups. The non-routine LMWH group
had a significantly higher prevalence of hospital mor-
tality and need for ICU admission than the routine
LMWH group (3.15% vs. 1.3%, p=0.007 and 8.3%
vs. 4.7%, p=0.005 respectively).

While initial laboratory values including white
blood cell (WBC) count, neutrophil count, platelet
count, activated partial thromboplastin time (aPTT),
international normalized ratio (INR), troponin I
(p<0.001, for all), prothrombin time (PT) (p=0.018),
and creatinine level (p=0.024) were higher in routine
LMWH group, lymphocyte count (p=0.003), PT
(p=0.018), and creatinine level (p=0.024) were lower.
In the extreme laboratory values, while WBC, aPTT,
PT, INR, urea (p<0.001, for all), neutrophyl count
(p=0.012), lymphocyte count (p=0.034), NLR
(p=0.027), D-dimer (p=0.003), and troponin I
(p=0.008) levels were higher in routine LMWH
group, hemoglobin, ferritin and urea levels (p<0.001,
for all) were lower (Table 2).

Table 3 shows the results of univariate and mul-
tivariate logistic regression analysis. The univariate
analysis showed that the age, gender, routine LMWH
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FIGURE 1: A paired bar chart showing the comparison of initial D-dimer va-
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TABLE 2: Laboratory findings of study population according to application strategy of LMWH prophylaxis.

Admission laboratory findings

White blood cell count (x109/L) 5.9 (4.6-7.6)
Neutrophil (x109/L) 3.9 (2.8-5.5)
Lymphocyte (x109/L) 1.32 (0.97-1.76)
NLR 2.85(1.88-4.73)
Hemoglobin (g/dL) 13.2 (12.0-14.4)
Platelet count (x109/L) 193 (158-248)
D-dimer (uglL) 600 (383-999)
aPTT (sec) 24.7 (23.2-26.5)
PT (sec) 12.4 (11.6-13.6)
INR 1.06 (0.99-1.14)
Ferritin (pg/L) 180 (87-368)
Fibrinogen (mg/dL) 367 (311-417)
Troponin | (ng/dL) 4.7 (2.8-10.2)
CRP (mglL) 52 (16-105)
Urea (mg/dL) 30 (23-41)
Creatinine (mg/dL) 0.82 (0.69-0.98)
Extreme laboratory findings*
White blood cell count (x109/L) 7.6 (6.0-9.8)
Neutrophil (x109/L) 4.1(2.9-5.6)

Lymphocyte (x109/L) 1.04 (0.72-1.48)
NLR 4.15 (2.57-7.53)
Hemoglobin (g/dL) 13.8 (12.6-14.9)
Platelet count (x109/L) 275 (212-360)
D-dimer (uglL) 759 (475-1,620)
aPTT (sec) 25.2(23.7-27.4)
PT (sec) 12.8 (11.8-14.0)
INR 1.08 (1.01-1.19)
Ferritin (pg/L) 212 (99-506)
Fibrinogen (mg/dL) 373 (321-426)
Troponin | (ng/dL) 5.6 (3.1-14.5)
CRP (mglL) 58 (17-123)
Urea (mg/dL) 36 (28-51)
Creatinine (mg/dL) 0.91(0.76-1.11)

Non-routine LMWH (n=828)

Routine LMWH (n=683) p value
6.7 (5.0-9.1) <0.001
4.3 (3.0-6.6) <0.001

1.43(0.99-2.01) 0.003
2.93(1.92-5.18) 0.295
12.7 (11.2-14.0) <0.001
211 (172-261) <0.001
659 (411-1,185) 0.053
25.3(23.6-27.7) <0.001
12.6 (11.8-13.9) 0.018
1.08 (1.01-1.18) <0.001
126 (54-290) <0.001
367 (305-426) 0.710
5.9 (3.1-14.72) <0.001
39 (11-106) 0.199
34 (25-52) <0.001
0.85 (0.68-1.09) 0.024
8.37 (6.4-11.6) <0.001
4.2(3.1-6.4) 0.012
1.09 (0.75-1.63) 0.034
449 (2.68-9.11) 0.027
13.3(11.9-14.6) <0.001
274 (213-349) 0.858
922 (527-1,890) 0.003
26.0 (24.1-28.8) <0.001
13.1 (12.1-14.6) <0.001
1.12 (1.03-1.23) <0.001
156 (64-386) <0.001
367 (302-417) 0.030
6.8 (3.6-19.1) 0.008
40 (11-113) 0.080
40 (30-65) <0.001
0.92 (0.74-1.21) 0.362

*All extreme values are maximum, while that of lymphocytes is minimum; LMWH: Low molecular weight heparin; NLR: Neutrophil lymphocyte ratio; aPTT: Activated partial thrombo-
plastin time; PT: Prothrombin time; INR: International normalized ratio; CRP: C-reactive protein.

usage, CKD, favipiravir administration, and extreme
laboratory values including D-dimer, ferritin, fib-
rinogen, C-reactive protein, and troponin I levels,
NLR, and WBC and lymphocyte counts were associ-
ated with adverse events including in-hospital mor-
tality and need for ICU admission. Subsequently, by
adding COPD to all the above parameters with sta-
tistical significance in the univariate analysis, in-
cluding age, gender, routine use of LMWH, CKD,
COPD, favipiravir administration, extreme values of
WBC count, NLR, and troponin I level were incor-
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porated into a multivariate logistic regression
model for in-depth analysis. Among these vari-
ables, routine use of LMWH, favipiravir adminis-
tration, and extreme values of WBC count, NLR,
and troponin I were identified as independent pre-
dictors of adverse clinical endpoints. The predic-
tive capability of our model was assessed using C
statistic and found to have an excellent discrimina-
tive capacity in predicting the adverse events (area
under the curve: 0.87, 95% confidence interval 0.83
to 0.91; p<0.001).
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TABLE 3: Univariate and multivariate predictors of intensive care unit admission and in-hospital mortality.

Univariate
Odds ratio (95% Cl)
Routine LMWH 0.53 (0.34-0.81)
Age 1.02 (1.01-1.04)
Male gender 1.95 (1.27-3.00)
Diabetes mellitus 1.10 (0.69-1.74)
Hypertension 1.40 (0.93-2.10)
Smoker 1.11(0.47-2.61)
Coronary artery disease 0.89 (0.49-1.63)
Chronic kidney disease 2.84 (1.48-5.47)
COPD 0.94 (0.50-1.75)
Malignancy 1.84 (0.81-4.17)
PAD 1.46 (0.33-6.37)
Favipiravir 4.90 (3.15-7.63)

D-dimer (max)
Ferritin (max)
Fibrinogen (max)

1.001 (1.001-1.002)
1.001 (1.001-1.002)
158 (1.28-1.95)

WBC count (max) 1.21 (1.17-1.25)
Lymphocyte (min) 0.02 (0.01-0.05)
NLR (max) 1.11(1.09-1.13)
CRP (max) 1.008 (1.005-1.011)

Troponin | (max) 1.001 (1.001-1.002)

Multivariate
p value Odds ratio (95% Cl) p value
0.004 0.25 (0.14-0.44) <0.001
<0.001 1.001 (0.98-1.02) 0.87
0.002 1.17 (0.69-2.00) 0.54
0.68
0.10
0.80
0.71
0.002 1.76 (0.76-4.10) 0.18
0.84 1.08 (0.51-2.28) 0.83
0.13
0.61
<0.001 342 (1.97-5.93) <0.001
<0.001
<0.001
<0.001
<0.001 1.13(1.08-1.18) <0.001
<0.001
<0.001 1.05 (1.03-1.07) <0.001
<0.001
<0.001 1.001 (1.001-1.002) 0.01

Cl: Confidence interval; LMWH: Low molecular weight heparin; COPD: Chronic obstructive pulmonary disease; PAD: Peripheral arterial disease; WBC: White blood cell; NLR: Neu-

trophil lymphocyte ratio; CRP: C-reactive protein.

I DISCUSSION

In this article, we evaluated the effect of routine an-
ticoagulation with LMWH in all hospitalized patients
without stratifying the severity of COVID-19 disease.
Given the marked decrease in in-hospital adverse
events, our clinical pathway suggested that all hospi-
talized COVID-19 patients with a low risk of bleed-
ing should receive thromboprophylaxis with LMWH.

The management of coagulation disorders asso-
ciated with COVID-19 is very challenging and still
needs close monitoring, according to the growing
clinical experience.’ A hypercoagulable state predis-
posing to arterial thrombosis and VTE (especially
pulmonary embolism) has been described in the early
clinical reports of COVID-19 infection.'® In patients
that develop ARDS, the prevalence of a coagulation
disorder may be as high as 25%. It may lead to higher
complication rates and poor outcomes, including the
need for ICU admission, the necessity of mechanical
ventilation, and death.''> COVID-19 related coagu-
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lopathy is assumed to occur due to the interactions of
the coagulation system with the inflammatory and
immune systems, revealing a cytokine increase called
a “cytokine storm” related with hyper inflammation,
coagulation, and platelet activation.!* On admission,
elevated D-dimer levels are significantly correlated
with a roughly fivefold increase in mortality com-
pared to normal levels in COVID-19 patients.'*
Therefore, anticoagulant strategies to prevent or treat
VTE in outpatients and hospitalized patients with
proven COVID-19 infection still receive considerable
attention. Thromboprophylaxis using subcutaneous
LMWH or unfractionated heparin is recommended
for hospitalized patients in current guidelines.'>!® Due
to the high rates of VTE events under the well-known
standard prophylactic dose therapy, interest in higher-
dose prophylaxis or therapeutic-dose anticoagulation
has increased among COVID-19 patients.!”-!8

COVID-19 infection causes a systemic inflam-
matory response with elevated levels of proinflam-
matory cytokines and endothelial dysfunction."
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Endothelial injury activated by the binding of the
virus to the angiotensin-2 receptor of the endothelial
cells combined with the resultant increased systemic
inflammation leads to a prothrombotic endothelial
dysfunction.?” This thromboinflammation in the set-
ting of COVID-19 is strongly related to mortal-
ity.?!?2{Rentsch, 2021 #1488} {Rentsch, 2021 #1554}
Finding of microvascular thrombosis in the pul-
monary vessels, as well as preliminary evidence of
improved survival in severe patients receiving anti-
coagulants, shifted the attention of researchers to the
role of thrombosis in the pathogenesis and treatment
of COVID-19.%

Given the thrombotic burden of COVID-19,
thromboprophylaxis using LMWH is considered a
therapeutic primacy and is recommended by several
guidelines from international scientific communi-
ties.'>> However, these studies have had various re-
sults. Variations in reported associations likely derive
from the form, dosage, and timing of anticoagulation.
Additionally, it is also a matter of debate whether the
patient population to be anticoagulated is severe and
critical or all COVID-19 patients. In an expert con-
sensus statement, LMWH thromboprophylaxis was
recommended in severe COVID-19 patients and
mild/moderate COVID-19 patients having a high or
moderate thromboembolism risk.?> In a study,
LMWH treatment was shown to be associated with
better prognosis in severe COVID-19 patients with a
sepsis-induced coagulopathy score >4 or markedly
elevated D-dimmer levels. Conversely, no difference
was found in 28-day mortality for the general
COVID-19 patients on heparin therapy.’ However,
this study was conducted at the beginning of the
COVID-19 breakdown and did not analyze other
variables. Moreover, they compared LMWH vs. no-
LMWH strategy and included only the severely ill
COVID-19 patients.

The WHO interim guidance statement recom-
mends using prophylactic anticoagulation rather than
therapeutic dosing in hospitalized patients with
COVID-19, without a proven indication for a higher
anticoagulation dose.” However, consistently re-
ported thromboembolic complications occurring de-
spite using a prophylactic dose of LMWH had led
many centers to reassess thromboprophylaxis and in-

255

crease the dose from prophylactic to therapeutic in-
tensity anticoagulation individually, taking into ac-
count D-dimer and fibrinogen levels and other risk
factors as well as BMIL.? Canoglu and Saylan retro-
spectively investigated the relationship between the
prophylactic dose and therapeutic dose of LMWH
and verified that the using a therapeutic dose reduces
mortality in severe COVID-19 patients.?® Paolisso et
al. evaluated the different dose regimens of LMWH
therapy in both severe and non-severe hospitalized
COVID-19 patients and demonstrated that interme-
diate LMWH dosage (enoxaparin 40-60 mg, subcu-
taneously every 12h) improved the prognosis both in
both groups.?’” Gavioli et al. recommend placing all
hospitalized COVID-19 patients on LMWH or he-
parin during admission. Moreover, if a patient was
on oral anticoagulation therapy before the onset of
COVID-19 (for a different indication, i.e., AF) must
be switched to LMWH for its anti-inflammatory
properties.?® So far, no studies assess the efficacy and
safety of routine anticoagulation using a therapeutic
dose of LMWH therapy in all patients hospitalized
with COVID-19 disease.

In patients diagnosed with COVID-19, D-dimer
level and NLR are commonly elevated and correlated
with the severity of the disease.?** The indications
for LMWH application were different from each
other in the two groups. Therefore, we compared the
baseline laboratory values of D-dimer level and NLR
within the groups to demonstrate this distinction. We
found that NLR and D-dimer values of patients who
received LMWH were significantly elevated in the
non-routine group than in those who did not take
LMWH, while no difference was found in the routine
group.

The mortality and ICU admission rates were
lower in patients with the routine administration of
LMWH even though their mean age and rate of co-
morbid diseases were higher at the time of diagnosis
than in the other group. Similarly, the multiple logis-
tic regression model showed that routine treatment of
patients with therapeutic LMWH dose was related to
a 75% decrease in mortality and need for ICU ad-
mission compared with the non-routine administra-
tion when adjusted for other variables in this study.
Pulmonary micro thrombosis and disseminated inter-
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vascular coagulation are possible pathophysiological
events leading to a poor prognosis in COVID-19 pa-
tients.!”*1*2 Therefore, the observed protective asso-
ciation between LMWH and mortality in our study
could be related to the preventive effect of LMWH
on those conditions. In addition, this beneficial ef-
fect might also be attributable to LMWH’s anti-in-
flammatory and anti-viral effects.’** Moreover,
anti-inflammatory effects of heparin in the airway
and vasculature are well known, which could ben-
eficially impact inflammation related to COVID-
19.

This study has several limitations. First, this is
a single-center, retrospective, observational study.
Second, a potential cause of bias exists due to the
hospitalization of mild, moderate, and severe
COVID-19 positive cases at the beginning of the
study, while only moderate and severe patients were
hospitalized due to the overload in the health system
in the following period. Nonetheless, as this study in-
cluded a large patient population, we believe that our
results have particular clinical significance.

I CONCLUSION

In conclusion, our study demonstrated that mortality
and the need for ICU admission might be reduced by
implementing routine therapeutic-dose anticoagula-
tion using LMWH among hospitalized COVID-19
patients. Upcoming research should focus on the val-
idation of these results in randomized controlled tri-
als.
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