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Introduction

Infection with severe acute respiratory syndrome coronavirus
(SARS-CoV-2) is often associated with coagulation abnormalities, in-
cluding increased D-dimer and fibrinogen levels, which increase the
risk of thrombotic events [1-3]. The thrombotic risk among COVID-19
patients depends on many factors, including the severity of respirato-
ry failure, the need for supplemental oxygen therapy and high body
mass index (BMI) [4]. Preliminary evidence on the thrombotic risk
encouraged the administration of anticoagulant therapy to COVID-19
patients with severe illness; as the pandemic progressed, heparin
therapy was introduced into the regular practice of hospitalized
COVID-19 patients, irrespective of their severity on admission [5].
Although treatment with heparin, particularly low molecular weight
heparin (LMWH), is considered overall safe, caution needs to be tak-
en to prevent bleeding episodes, which might complicate the clinical
course or be even lethal.

On the other hand, in pro-thrombotic scenarios such as SARS-
CoV-2 infection, regular doses of anticoagulation might not suffice for
preventing thrombotic events [6]. The appropriate trade-off between
the risk of thrombosis and bleeding should be established based on
the regular monitoring of hemostasis parameters, including platelet
count, prothrombin time (PT), activated partial thromboplastin time
(APTT), fibrinogen, and D-dimer levels. The rapid-emerging evidence
accumulated during the first half of 2020 allowed releasing detailed
guidelines for thrombotic risk management and hemostasis mon-
itoring of patients hospitalized because of COVID-19 [4]. However,
physicians treating hospitalized COVID-19 patients during the early
stages of the COVID-19 pandemic had little guidance for addressing
the delicate balance between thrombosis and bleeding, and there was
controversy regarding the optimal therapeutic approach for prevent-
ing thrombotic events [7,8].

The emergency use of heparin before releasing guidelines pro-
vided valuable information regarding the safety margin of LMWH
therapy. Furthermore, preliminary data suggested that non-anticoag-
ulant (primarily anti-inflammatory) properties of LMWH, such as its
effect on interleukin-6 (IL-6) levels, may improve the overall clinical
progression of COVID-19 patients [9]. Therefore, real-world data on
COVID-19 patients during the early stages of the pandemic may pro-
vide information on the potential effect of LMWH therapy on disease
progression. Hepavid study aimed to describe the clinical character-
istics and outcomes of COVID-19 patients treated with LMWH during
the early stages of the pandemic in Spain.

Materials and Methods
Study Design and Patients

Hepavid study was a retrospective analysis of adult (218 years
old) patients admitted to three public hospitals in Spain because of
COVID-19 between March and April 2020, during the first wave of

the COVID-19 outbreak. COVID-19 diagnosis was based on a PCR
test, antigen-detecting rapid diagnostic test, a serological (IgM) test,
or radiologic evidence of infection. To be included in the record, the
COVID-19 episode had to be resolved (either discharged, recovered,
or dead) by the time of data collection, which was performed between
July and September 2020. Main exclusion criteria were other severe
systemic illnesses (including active neoplasia) or concomitant infec-
tions, history of venous thromboembolism, anticoagulation therapy
by the time of hospital admission, admission to intensive care unit
(ICU) or need of invasive mechanical ventilation within the first 24
hours following hospitalization, pregnant women, and missing data
on D-dimer at baseline. Data were handled according to the General
Data Protection Regulation 2016/679 on data protection and privacy
for all individuals within the European Union and the local regulato-
ry framework regarding data protection. The study protocol was ap-
proved by the independent ethics committee of the Hospital Puerta
de Hierro (Madrid, Spain), which waived the need for obtaining in-
formed consent based on the retrospective nature of the study and
adequate anonymization of the collected data.

Variables and Outcomes

The characteristics of patients by the time of hospital admission
(i.e., baseline) included age, sex, height, weight, the presence of co-
morbidities, and the score of the WHO scale for clinical status [10].
The following laboratory parameters were analyzed at baseline, at day
3 of hospitalization and at the end of the COVID-19 episode, irrespec-
tive of the outcome (discharge, recovery or death): D-dimer, fibrin-
ogen, platelet count, activated prothrombin time, and international
normalized ratio. The primary objective of the study was to assess
the clinical progression of hospitalized patients. Clinical progression
was assessed by the sepsis-induced coagulopathy (SIC) score [11],
and the sequential organ failure assessment (SOFA) [12]. The SOFA
score rates the extent of organ function, including the respiratory, car-
diovascular, hepatic, coagulation, renal, and neurological systems; the
final score may range from 0 (function in all systems preserved) to 24
(highest failure rate in all systems).

The SIC score rates the likelihood of sepsis-induced coagulopathy
on a 0 - 6 scale. The WHO score for clinical improvement rates the
progression of the disease based on clinical outcomes on a 0 (no clin-
ical evidence of infection) to 8 (death) scale. Other clinical outcomes
included death, ICU admission, length of hospital stay, and need of
respiratory support. We also recorded medications administered
during hospital stay, including corticosteroids and anticoagulation
therapy with enoxaparin (biosimilar enoxaparin-Hepaxane®/Ghe-
maxan®- was the only anticoagulant therapy used in this study), ad-
ministered using a prophylactic regimen of 40 mg daily (60 mg daily
for patients weighting = 80 Kg), a therapeutic regimen (1.5 mg/Kg/
day or 1 mg/Kg/day every 12 hours) or intermediate (1mg/Kg/day
or 40 mg every 12 hours). Finally, adverse events (AE), related or not
with LMWH therapy, were recorded.
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Statistics

Quantitative variables were described as the mean and standard
deviation (SD) or the median and the interquartile range (IQR, de-
fined as the 25th and 75th percentiles), and categorical variables
were described as the frequency and percentage over available data.
Missing values were not imputed. Analyses were performed for the
overall study sample and according to treatment with enoxaparin. All
patients who were treated with enoxaparin through the first seven
days after admission were classified as enoxaparin treated patients,
irrespective of regimen and treatment duration; and patients who did
not receive enoxaparin (or any other type of anticoagulation therapy)
during the first seven days after admission were classified as enoxa-
parin non-treated patients. The change of laboratory parameters and
clinical scores throughout hospital stay were analyzed using a mixed
linear model, which models means, variances, and covariances of
qualitative and quantitative variables [13]. Between-group differenc-
es were assessed using the Fisher exact test for qualitative variables
and the T-test, ANOVA, or Wilcoxon-Mann-Whitney, as appropriate.
The significance threshold was set at a two-sided alpha value of 0.05.
All analyses were performed on SAS® software, version 9.4.

Results
Patient Characteristics on Admission

During the investigated period, 418 individuals were admitted to
the hospital because of COVID-19; 3 were excluded from the analysis
because of missing data on admission, leading to a study sample of
415 patients. The COVID-19 diagnosis was preliminary established
based on PCR test (n=254, 61.2%), typical clinical and radiological
findings only (n=91, 21.9%), IgM serological test (n=43, 10.4%), and
antigen-detecting rapid diagnostic test (n=27; 6.3%); 386 (93.0%)
patients had at least one radiological test. During the hospital stay,
359 (79.8%) patients received anticoagulant therapy, all of them with
enoxaparin. Of them, 312 (312/359; 86.9%) received a prophylactic
dose, 18 (18/359; 5.0%) therapeutic dose, and 29 (29/359; 8.1%) an
intermediate dose. Patients who were prescribed enoxaparin were
significantly older, more frequently had oxygen saturation < 90%,
had higher median WHO score, and had higher LDH serum levels
(Table 1). No significant differences were found between treated/
non-treated regarding the SOFA and SIC scores. Overall, 105 patients
had thrombocytopenia (platelet count <150 x103/pL) at baseline:
92 (25.9%) of the enoxaparin-treated patients and 13 (23.2%) of the
non-treated. Thirty-one patients had D-dimer levels above 2,500 ng/
mL; of them, 29 were treated with enoxaparin (8.1% of patients in the
enoxaparin group).

Table 1: Characteristics of study participants on hospital admission (baseline).

@verall (n=415) Withm;; E;;:g;aparin Withou(tn I;ngg)xaparin p
Demographic Characteristics

Age (years), mean (SD) 66 (16) 66 (16) 61 (16) 0.028
Sex (male), n (%) 235 (56.6%) 204 (56.8%) 31 (55.4%) 0.837

n=175 n=158 n=17
BMI (Kg/m?), mean (SD) 29.9 (5.4) 29.7 (5.2) 31.1 (6.8) 0.522
BMI =30, n (%) 77 (44.0%) 71 (44.9%) 6 (35.3%) 0.447

Clinical Characteristics
Chronic heart or lung diseases, n (%) 99 (23.9%) 88 (24.5%) 11 (19.6%) 0.427
Diabetes mellitus, n (%) 78 (18.8%) 68 (18.9%) 10 (17.9%) 0.847
Chronic kidney disease, n (%) 18 (4.3%) 15 (4.2%) 3(5.4%) 0.721
Oxygen saturation, mean (SD) 91.4 (8.0) 91.2 (8.4) 93.1 (3.9) 0.08

Oxygen saturation < 90%, n (%) 97 (24.4%) 90 (26.2%) 7 (13.2%) 0.044

n=199 n=166 n=33

SIC score, median (IQR)

2(0-2) 2 (0-2) 1(0-2) 0.603

SOFA score, median (IQR) n208 nol7 n=
1(0-4) 1(0-4) 1(0-3) 0.255
<0.00

WHO score, median (IQR) 4 (3-4) 4 (3-4) 3 (3-4) 1
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Laboratory Parameters
D-dimer (ng/mL), mean (SD) 1647.8 1774.1 827.9
-4747.3 -5071.1 -1097.1 0.169
D-dimer (ng/mL), median (IQR) 599 (354-1135) 611 (346-1237) 503 (388-834)
C-reactive protein (mg/dL), mean (SD) 13.5 (29.6) 13.7 (30.1) 12.6 (26.2) 0.805
C-reactive protein (mg/dL), median (IQR) 7.9 (2.9-14.7) 8.0 (2.9-14.8) 7.5 (3.0-14.2) 3
Lactate dehydogenase (U/L), mean (SD) 395.7 (235.4) 407.5 (239.9) 322.3 (191.6)
Lactate dehydogenase (U/L), median 0.014
(IQR) 315 (234-496) 341 (241-521) 270 (215-351)
Lymphocyte count (103/L), mean (SD) 1.2(1.4) 1.2(1.5) 1.2 (0.5)
Lymphocyte count (103/L), median (IQR) 1.0 (0.7-1.4) 1.0 (0.7-1.3) 1.0 (0.8-1.4) 0.92
Platelet count, mean (SD) 488.4 (5754.7) 532.9 (6190.7) 204.9 (80.5)
Platelet count, median (IQR) 194 (149-245) 194 (148-247) 185 (154-235) 0.692

Clinical Outcomes

Table 2 summarizes the main hospital outcomes of study partic-
ipants. Patients treated with enoxaparin showed significantly larg-
er hospital stays and a more frequent need for respiratory support,
particularly oxygen therapy. Patients treated with enoxaparin also
received corticosteroid therapy more frequently. No significant differ-
ences between groups were observed regarding in-hospital mortality
and rate of ICU admission. Figure 1 summarizes the changes in the

Table 2: Hospital outcomes.

SOFA and SIC scores from baseline to the last measurement. We found
no significant differences between patients treated and non-treated
with enoxaparin regarding the SOFA and SIC scores at any time point.
The mixed model analysis showed no significant changes in the SOFA
score throughout the follow-up in patients treated with enoxaparin (p
=0.077) and those not treated (p = 0.367). The SIC score significantly
decreased in patients receiving enoxaparin (p = 0.011; mixed- model
analysis) but not in those without enoxaparin (p = 0.856).

Overall (n=415) With Enoxaparin (n=359) Without Enoxaparin (n=56) P
In-hospital death, n (%) 53 (12.8%) 50 (13.9%) 3 (5.4%) 0.074
ICU transfer, n (%) 21 (5.1%) 20 (5.6%) 1(1.8%) 0.334
Length of hospital stay (days),
median (IQR) 7.0 (4.0,10.0) 7.0 (5.0, 10.0) 5.0 (4.0,7.0) 0.002
Need for respiratory support 362 (87.2%) 319 (88.9%) 43 (76.8%) 0.012
Type of respiratory support*
Low-flow oxygen therapy 357 (86.0%) 314 (87.5%) 43 (76.8%) 0.039
High-flow oxygen therapy 73 (17.6%) 73 (20.3%) - <0.001
Nasal cannula 336 (81.0%) 294 (81.9%) 42 (75.0%) 0.271
Non-rebreather facemasks 101 (24.3%) 91 (25.3%) 10 (17.9%) 0.246
Non-invasive mechanical
ventilation 18 (4.3%) 17 (4.7%) 1(1.8%) 0.488
Oro-tracheal intubation 17 (4.1%) 17 (4.7%) - 0.145
Invasive mechanical
ventilation 3 (0.7%) 3 (0.8%) - 1
Corticosteroid therapy 149 (35.9%) 142 (39.6%) 7 (12.5%) <0.001
Note: *Each patient may have required more than one type of respiratory support throughout hospital stay.
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Figure 1: Evolution of the mean (+SD) of the scores of clinical progression throughout the follow-up.
A.  Sequential organ failure assessment (SOFA). Changes throughout the study evaluated by mixed-model analysis: enoxaparin group p=0.077,

without enoxaparin group p=0.367.

B.  Sepsis-induced coagulopathy (SIC) score. Changes throughout the study evaluated using a mixed-model analysis: enoxaparin group

p=0.011, without enoxaparin group p=0.856.

Hemostasis Progression and Treatment Safety

Figure 2 summarizes the change in hemostasis parameters recom-
mended for monitoring COVID-19 patients treated with enoxaparin
[4]. We found no significant differences between patients treated and
those not treated with enoxaparin regarding D-dimer levels, platelet
count, INR, and APTT. Patients treated with enoxaparin had lower
fibrinogen levels at all time-points. According to the mixed model,
patients treated with enoxaparin significantly decreased the fibrino-
gen levels throughout the follow-up compared to those non- treated.
Table 3 summarizes the number of thrombotic events and bleeding
episodes observed for the overall population and according to enoxa-
parin treatment. Pulmonary thromboembolism and disseminated in-
travascular coagulopathy were the most frequent thrombotic events.

Of the 31 patients with D-dimer >2,500 ng/mL, two experienced a
pulmonary thromboembolism; one of them was receiving prophylac-
tic doses of enoxaparin and the other one therapeutic doses. Twelve
out of 14 patients in the enoxaparin group who experienced a bleed-
ing event were being treated with LMWH at the time of the event. Of
the 47 patients treated with intermediate or therapeutic enoxaparin
doses, two experienced non-major bleeding events. Bleeding events
were observed in 4 (4.3%) of the 92 patients with thrombocytope-
nia at baseline and treated with enoxaparin (Figure 3); none of them
were major bleedings. Overall, during the hospital stay, 246 (59.3%)
patients experienced at least one AE: 214 (59.6%) of the enoxaparin
-treated patients and 32 (57.1%) of the non-LMWH (p = 0.727). Of the
359 patients treated with enoxaparin, 15 (4.2%) experienced a treat-
ment-related adverse event; of them, only 6 (1.7%) were serious AEs.
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Figure 2: Laboratory parameters associated with hemostasis monitoring.
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Table 3: Thrombotic and bleeding events.

Overall (n=415) With enoxaparin (n=359) Without enoxaparin (n=56)
Thrombotic Events
Any thrombotic event 14 (3.4%) 13 (3.6%) 1(1.8%) 0.7038
Type of thrombotic event
Deep vein thrombosis 1(0.2%) 1(0.3%) - 1
Pulmonary thromboembolism 6 (1.4%) 6 (1.7%) - 1
Arterial thromboembolism 2 (0.5%) 2(0.6%) - 1
Disseminated intravascular coagulation 4 (1.0%) 4 (1.1%) - 1
Other* 2(0.5%) 1(0.3%) 1(1.8%) 0.252
Bleeding Episodes
Any bleeding episode 16 (7.5%) 14 (3.9%) 2(3.6%) 1
Major bleedings 4 (2.6%) 3 (0.8%) 1(1.8%) 0.4413
Bleeding episodes
10%
9%
8% T,7%
7%
6%
5% 4,3%
4% , 39%  a6%
3%
2%
1%
0%

Patients with thrombocytopenia

Total sample

[] Enoxaparin [ | W/O enoxaparin

Figure 3: Percentage of patients presenting any bleeding episode throughout the follow-up, and according to the presence of baseline

thrombocytopenia.

Discussion

Our retrospective analysis of non-critically ill COVID-19 patients
admitted to hospital, within the first wave of the COVID-19 outbreak,
showed that the treatment with enoxaparin resulted in a clinical
improvement despite the poorer clinical status of these patients at
baseline, compared with those who did not receive LMWH. The bet-
ter improvement of enoxaparin-treated patients compared with
non-treated was manifested as a trend towards a reduction of the

SOFA score, and a significant decrease of SIC score, not observed in
patients who did not receive enoxaparin. More importantly, enoxapa-
rin treatment showed a favorable safety profile, despite the limited
guidance at that time and the inclusion of patients with risk factors
for bleeding and thrombotic events, such as high d-dimer levels and
low platelet counts. Based on the risk of thrombosis associated with
high levels of D-dimer, [14,15] it has been suggested that this labo-
ratory parameter should be used to guide antithrombotic therapy in
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COVID-19 patients. However, uncertainty exists regarding the extent
of the influence of this factor on the clinical outcome in this setting
[16], resulting in heterogeneous recommendations in clinical guide-
lines [17].

This heterogeneity was transferred to routine practice, where
most clinicians agreed on the need of measuring D-dimer levels when
prescribing antithrombotic therapy in the COVID-19 setting, although
the cutoffs for elevated levels varied among respondents [18]. In our
cohort, 31 patients had D-dimer values above 2,500 ng/mL; of them,
two experienced a pulmonary thromboembolism despite anticoag-
ulation therapy. Another relevant, albeit heterogeneous, laboratory
parameter for making decisions in anticoagulation therapy is the
platelet count, although guidelines on the management of COVID-19
patients often lack a thrombocytopenia threshold for treatment [17].
In our cohort, 92 patients started antithrombotic therapy despite
platelet counts below 150 x103/uL. Nevertheless, bleeding events
rate remained low (4.3%), similar to the pooled incidence of bleeding
reported for COVID-19 patients not receiving anticoagulation therapy
(4.4%) [19]. In the management of COVID-19 patients, the best dose
of LMWH is not well established.

In fact, in relevant randomized-controlled trials on non-critically
ill COVID-19 patients, the dose of LMWH was left to clinician discre-
tion [20]. In our cohort of real-world patients admitted during the
first wave of the outbreak, more than 85% of the patients treated with
enoxaparin received prophylactic doses. Although the limited number
of patients treated with intermediate or therapeutic doses precluded
powered comparisons in clinical outcomes according to the type of
dose, it was noticeable that only two of the 47 patients treated with
intermediate or therapeutic doses experienced a non-major bleeding
event, which were non-major. The risk of bleeding in COVID-19 pa-
tients treated with LMWH remains a concern for clinicians dealing
with COVID-19 in routine practice [21]. However, our findings show
that treatments with enoxaparin in non- critically ill COVID-19 pa-
tients were overall safe, even during the first wave of the pandem-
ic, when clinicians lacked specific guidance in this regard. Our study
must be read in the context of non-critically ill patients, since those
with critical COVID-19 on admission were excluded from the anal-
ysis. Furthermore, the analysis was limited by the reduced number
of patients not treated with enoxaparin. This unbalance, due to early
guidance recommending LMWH administration to all hospitalized
COVID-19 patients, did not allow powered comparisons between
patients receiving and not receiving antithrombotic prophylaxis or
therapy.

Furthermore, significant differences were observed between the
two groups at baseline, suggesting that enoxaparin was primarily ad-
ministered to individuals with poorer clinical condition on admission.
Differences between the two groups at baseline are likely to explain
the differences in length of stay, use of corticosteroids, or need for
respiratory support. Finally, it is worth mentioning that some of the

questions regarding LMWH dosing strategy in COVID-19 patients have
now been addressed in large randomized-controlled trials [22,23].
Still, our report complements these findings by providing data from a
less controlled environment, such as the real-world setting.

Conclusion

In our cohort, enoxaparin therapy was associated with a signif-
icant clinical improvement, despite the relatively high prevalence
of risk factors in these patients. Hepavid study results indicate that
treatment with enoxaparin in non-critically ill patients hospitalized
due to COVID-19 was safe, even early in the pandemic when evidence
for its clinical efficacy was still limited. Furthermore, in our cohort,
enoxaparin therapy was associated with a significant clinical im-
provement and favorable therapeutic outcomes, despite the relatively
high prevalence of risk factors in these patients. Our findings add to
the cumulative real-world data on thromboprophylaxis and anticoag-
ulation therapy in COVID-19 patients.
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