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Background: Heparin administration in COVID-19 patients is recommended by expert
consensus, although evidence about dosage, duration and efficacy are limited. We aim to
investigate the association between different dosages of low molecular weight heparin
(LMWH) and mortality among COVID-19 hospitalized patients.

Methods and Results: Retrospective study of 450 laboratory-confirmed COVID-19
patients admitted to Sant’Orsola Bologna Hospital from March 01 to April 10, 2020.
Clinical, laboratory and treatment data were collected and analyzed. The in-hospital
mortality between COVID-19 patients treated with standard prophylactic LMWH dosage
vs. intermediate LMWH dosage was compared. Out of 450 patients, 361 received
standard deep vein thrombosis (DVT) prophylaxis enoxaparin treatment (40-60mg daily)
and 89 patients received intermediate enoxaparin dosage (40–60 mg twice daily) for 7
days. No significant differences in the main demographic characteristics and laboratory
testings at admission were observed in the two heparin regimen subgroups, except for
older age and prevalence of hypertension in the group treated with “standard” prophylaxis
LMWH dosage. The intermediate LMWH administration was associated with a lower in-
hospital all-cause mortality compared to the “standard” prophylactic LMWH dosage
(18.8% vs. 5.8%, p = 0.02). This difference remained significant after adjustment with the
propensity score for variables that differed significantly between the dosage groups (OR=
0.260, 95% CI 0.089–0.758, p=0.014).

Conclusions: Intermediate LMWH dosage seems to be associated with lower incidence
of mortality compared to standard DVT prophylaxys in hospitalized COVID-19 patients.
Our study paves the way to further pathophysiological investigations and controlled
studies of anticoagulation therapy in Covid-19 disease.
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BACKGROUND

Recently, a novel coronavirus (2019-nCoV), officially known as
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
caused a severe pandemic infection worldwide with considerable
morbidity and mortality. The name for the disease resulting from
SARS-CoV-2 infection has also been identified with the acronym
COVID -19 [Co (corona); Vi (virus); D (“disease”) and 19 (the year
of virus identification)]. This is associated with an increase of
systemic inflammation, cytokine storm and diffuse endothelial
injury, resulting in the most severe cases in multi-organ failure
with consequently poor outcomes. Fortunately, the clinical
spectrum appears to be wide, including asymptomatic infection,
mild upper respiratory tract illness and severe viral pneumoniawith
occurrence of respiratory failure (Zhou et al., 2020). Despite virus
lung tropism using the angiotensin-converting enzyme 2 protein of
alveolar cells, COVID-19 could induces cardiovascular
complications too, including acute cardiac injury, ischemic heart
disease, venous thromboembolism, myocarditis, heart failure and
tachyarrhythmias (Driggin et al., 2020). The main clinical
symptoms are fever, dry cough, fatique, ageusia and anosmia. So
far, there is no specific therapy for COVID-19; antiviral therapy
is recommended and chloroquine or hydroxychloroquine has
been suggested as having antiviral activity. As the cytokine storm
appears to be a crucial pathogenetic process in COVID-19 patients,
immunosuppression and immune modulation approaches
have been tried by glucocorticoids, monoclonal antibodies
against IL-6R. Low molecular weight heparin (LMWH)
administration in COVID-19 patients has been recommended by
some expert consensus due to the risk of primary pulmonary
thrombosis, venous thromboembolism and disseminated
intravascular coagulation (World Health Organization; Driggin
et al., 2020; Spyropoulos et al., 2020). However, evidence about
administration dosage and duration is limited and its efficacy on
clinically relevant endpoints being yet to be demonstrated.

To address such unsolved issues, we analyzed data from a single
referral center to investigate the potential association between
different dosages of LMWH enoxaparin administration and
mortality among hospitalized COVID-19 patients.
METHODS

Consecutive patients admitted to Sant’Orsola Bologna University
Hospital with laboratory-confirmed COVID-19 were included in
this retrospective cohort study, which was conducted from
March 01, 2020, to April 10, 2020. The diagnosis of COVID-
19 was established according to World Health Organization
interim guidance and confirmed by RNA detection of the
SARS-CoV-2 in the microbiology laboratory of the hospital
(World Health Organization).
Abbreviations: AKI, acute kidney injury; COVID -19, Corona Virus Disease 19;
CVVH, continuous venovenous hemofiltration; DVT, deep vein thrombosis;
ECMO, extracorporeal membrane oxygenation; ICU: intensive care unit,
LMWH: low molecular weight heparin; SARS-CoV-2, severe acute respiratory
syndrome coronavirus 2; VTE, venous thromboembolism.
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Outcomes between COVID-19 patients treated with standard
prophylactic LMWH enoxaparin dosage (subcutaneous
enoxaparin 40–60 mg daily) or intermediate LMWH enoxaparin
dosage (subcutaneous enoxaparin 40–60 mg twice daily) for 7 days
were compared (Figure 1).

The decision to adopt standard prophylactic or intermediate
LMWH dosage was based on the clinical judgment of the
attending physician.

Exclusion criteria were a bleeding diathesis, hospital stay < 5
days, lack of information about coagulation parameters
and medications, age <18 years and any disease dictating
anticoagulation, such as atrial fibrillation, prosthetic heart valves,
or venous thromboembolic disease.

After discussion with infectious disease specialist and signature
of informed consent by the patient, the majority of patients were
treated with Tocilizumab (8 mg/kg - maximum: 800 mg/dose -
every 12 hours for two doses) and/or hydroxychloroquine (400mg
twice daily on day 1, followed by 400 mg/day in two divided doses,
for a total treatment duration of 5 days), when appropriated (Yao
et al., 2020). Clinical, laboratory, radiological, and treatment data
were collected and analyzed.

Outcome measurements included all-cause-death, severe
respiratory failure requiring admission to the intensive care
unit (ICU) and/or orotracheal intubation and/or renal failure
requiring continuous venovenous hemofiltration (CVVH) and/
or extracorporeal membrane oxygenation (ECMO), acute kidney
injury (AKI), acute myocardial infarction, atrial fibrillation and
heart failure.

Severe COVID‐19 was defined as meeting arterial oxygen
saturation ≤93% at rest or PaO2/FiO2 ≤ 300 mm Hg. We did not
include respiratory rate ≥30 breaths/min according to the
Diagnosis and Treatment Plan of COVID‐19 suggested by
National Health Commission of China due to the considerable
inter-observed variability.

Non evidence-based treatments were administered according
to DL 18, art.17/3/2020 of the National Health Service for the
Emerging Infectious Disease. The need for informed consent was
waived accordingly.

Statistical Analysis
Continuous and categorical variables were presented as median
(IQR) and n (%), respectively. We used the Mann-Whitney U
test, c. test, or Fisher’s exact test to compare the two groups of
heparin dosage, as appropriate. To compare the all-cause in-
hospital mortality between the two groups of heparin dosage,
logistic regression analysis with propensity score adjustment was
used, to control for the imbalance in the group characteristics.
The propensity score, i.e. the conditional probability of being
treated with the intermediate LMWH dosage given the set of
variables that differed significantly between the dosage groups,
was estimated using a multiple logistic regression model.
RESULTS

We evaluated clinical records of 510 consecutive adult patients
with confirmed COVID-19 diagnosis referred to our Hospital.
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Twenty-one treated with warfarin, 13 patients with new oral
anticoagulation and 26 patients taking anticoagulant enoxaparin
dosage (100 mg twice daily) were excluded. A total of 450
hospitalized patients with COVID-19 infection were included
in the final analysis (Figure 1). Three-hundred-sixty-one of them
received standard prophylaxis LMWH treatment compared with
89 patients receiving intermediate LMWH dosage for 7 days. As
reported in Table 1, no significant differences in the
main demographic characteristics and laboratory testing at
admission were observed in the two heparin regimen
subgroups, except for older age and prevalence of hypertension
in the group treated with “standard” prophylaxis LMWH dosage
(p=0.048 and 0.01 respectively). A slightly worse degree of
respiratory failure (PaO2/FIO2 value; p = 0.003) was observe in
the group of standard prophylaxis LMWH, however the
severity of COVID 19 was similar between the two groups.
Patients treated by the intermediate LMWH dosage received
hydroxychloroquine and i.v. Tocilizumab more frequently (p =
0.01 and p = 0.002, respectively). Despite a similar baseline
profile, no differences in ICU admission, orotracheal intubation,
renal failure requiring continuous venovenous hemofiltration
and extracorporeal membrane oxygenation between the groups
were observed. Interestingly, the intermediate LMWH dosage
was associated with a lower in-hospital all-cause mortality
compared to the standard prophylaxis LMWH dosage (18.8%
vs. 5.8%, p = 0.02). This difference remained statically significant
after adjustment with the propensity score for potential
Frontiers in Pharmacology | www.frontiersin.org 3
confounder variables that differed significantly between the
dosage groups (age, hypertension, hemoglobin value, PaO2/
FIO2 value, administration of hydroxychloroquine and
Tocilizumab; OR= 0.260, 95% CI 0.089 - 0.758, p=0.014).

No fatal hemorrhages/bleeding occurred in either treatment
group. Two major bleeding events (both gastro-intestinal
bleedings) in the standard prophylaxis LMWH group and 2 (both
retroperitoneal hematomas) in the intermediate LMWH dosage
group occurred (0.6% vs. 2.2%, respectively; p = 0.13). Moreover,
hemoglobin values remained stable after oneweek of therapy in the
two groups analyzed (12.2 ± 2.1 vs. 12.4 ± 1.7 g/dl; p = 0.3).
DISCUSSION

Our data suggest that the standard prophylaxis LMWH dosage
for DVT may be less effective than the intermediate LMWH
dosage. In fact, in-hospital mortality rate is significant lower in
our cohort of COVID-19 patients treated with intermediate
LMWH dosage and this difference remained significant after
adjustment with the propensity score for variables that differed
significantly between the dosage groups.

Previous report suggested that standard prophylaxis LMWH
dosage is associated with an improve outcomes in COVID-19
patients. Tang et al. demonstrated that LMWH treatment was
associated with better prognosis in severe COVID‐19 patients
meeting “Sepsis-Induced Coagulopathy” (SIC) criteria or with
FIGURE 1 | Flow chart study.
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TABLE 1 | Demographic, clinical, laboratory findings, treatment, and outcomes of COVID-19 patients at admission.

Total
N = 450

Standard Prophylactic LMWH dosage
(40-60 mg daily)

N = 361

Intermediate LMWH dosage
(40-60 mg twice daily)

N = 89

p-value

Age, years, median (IQR) 67 (55-79) 67 (55-79) 60 (54-74) 0.048
Sex, n (%) 0.9
Female
Male

167 (37)
283 (63)

134 (37)
227 (63)

33 (37)
56 (63)

BMI > 30 Kg/m2, median (IQR) 26 (24-30) 26 (24-29.7) 26 (24-29) 0.98
Cardiovascular risk factors
Current/past smoking, n (%) 106 (23.6) 81 (22.4) 25 (28.1) 0.3
Hypertension, n (%) 228 (50.7) 194 (53.7) 34 (38.2) 0.01
Dyslipidemia, n (%) 53/212 (25) 37/155 (23.9) 16/57 (28.1) 0.5
Type-2 diabetes, n (%) 65 (14.4) 52 (14.4) 13 (14.6) 0.9
Medical history
Previous AMI, n (%) 37 (8.2) 32 (8.9) 5 (5.6) 0.3
Chronic obstructive lung disease, n (%) 58 (12.9) 47 (13) 11 (12.4) 0.9
Chronic kidney disease, n (%) 30 (6.7) 25 (6.9) 5 (5.6) 0.6
Active cancer, n (%) 51 (11.3) 45 (12.5) 6 (6.7) 0.1
Clinical presentation
Fever (temperature > 37.3 C°), n (%) 392 (87.1) 313 (86.7) 79 (88.7) 0.6
Cough, n (%) 271 (60.2) 203 (56.2) 68 (76.4) 0.006
Dyspnea, n (%) 169 (37.5) 129 (35.7) 40 (45) 0.2
HR, median (IQR) 81 (72-94) 80 (72-93) 81 (72-94) 0.9
SBP, median (IQR) 120 (110-135) 120 (110-135) 120 (120-130) 0.6
DBP, median (IQR) 70 (70-80) 70 (70-80) 75 (70-80) 0.2
Laboratory parameters
Hemoglobin g/dl, median (IQR) 13.2 (11.7–14.6) 13.2 (11.8–14.6) 13.8 (12.3–14.8) 0.05
White blood cells N/µl, median (IQR) 6205 (4615–8865) 6140 (4455–8455) 5610 (4405–8640) 0.6
Lymphocyte %, median (IQR) 20 (13–28) 21 (15–29) 20 (13–28) 0.3
Platelet count x 109 per L, median (IQR) 194 (151–256) 194 (148–252) 193 (154–248) 0.9
Blood glucose level mg/dl, median (IQR) 108 (95–136) 107 (94–131) 108 (98–131) 0.3
Creatinine, median (IQR) 0.91 (0.74–1.2) 0.92 (0.75–1.16) 0.87 (0.71–1.05) 0.08
C reactive protein mg/dl, median (IQR) 6.3 (2.2–11.4) 5.9 (2.2–11.5) 6.3 (2–11) 0.6
Alanine aminotransferase U/L, mean (SD) 26 (17–42) 27 (16–41) 28 (20–42) 0.5
Aspartate aminotransferase U/L, median (IQR) 34 (24–48) 34 (24–47) 34 (25–47) 0.9
Lactate dehydrogenase U/L, median (IQR) 293 (225–385) 287 (221–377) 288 (228–374) 0.9
Creatine kinase U/L, median (IQR) 84 (53–188) 91 (56–192) 78 (50–152) 0.3
Interleukin-6 pg/mL, median (IQR) 29 (12.6–64) 28.5 (13–64) 30 (12–68) 0.9
D-dimer mg/mL, median (IQR) 0.8 (0.5–1.5) 0.8 (0.5–1.6) 0.7 (0.5–1.2) 0.5
Procalcitonin ng/mL, median (IQR) 0.1 (0.1–0.5) 0.1 (0.1–0.4) 0.1 (0.1–0.4) 0.4
High sensitivity Troponin ng/L, median (IQR) 16.4 (7.6–59.4) 13.8 (7.6–47.5) 23 (5.9–96.5) 0.6
Arterial Blood Gas
SpO2, median (IQR) 96 (94–98) 96 (94–98) 96 (94–98) 0.5
PaO2, median (IQR) 71 (60–82) 69 (60–80) 72 (65–85) 0.01
FiO2, median (IQR) 21 (21–28) 21 (21–28) 21 (21–25) 0.3
PaO2/FiO2 ratio, median (IQR) 310 (233–357) 305 (231–352) 329 (267–371) 0.003
SpO2 ≤ 93% or PaO2/FiO2 ratio ≤ 300, n (%) 202/389 (52) 162/306 (53) 40/83 (48.2) 0.44
Therapy
Hydroxychloroquine, n (%) 363 (80.7) 283 (78.4) 80 (89.9) 0.01
Tocilizumab, n (%) 72 (16) 48 (13.3) 24 (27) 0.002
Outcomes
All-cause Death, n (%) 79 (17.6) 75 (20.8) 4 (4.5) 0.001
ICU admission, n (%) 70 (15.6) 57 (15.8) 13 (14.6) 0.8
Orotracheal intubation, n (%) 62 (13.8) 53 (14.7) 9 (10.1) 0.2
CVVH, n (%) 6/237 (2.5) 5/180 (2.7) 1/57 (1.8) 0.7
ECMO, n (%) 4/237 (1.7) 3/180 (1.7) 1/57 (1.8) 0.4
AKI, n (%) 16/237 (6.8) 12/180 (6.7) 4/57 (7) 0.9
Stroke, n (%) 1/237 (0.4) 1/180 (0.56) 0 (0) 0.5
AMI, n (%) 5/237 (2.1) 4/180 (2.2) 1/57 (1.8) 0.8
Atrial fibrillation, n (%) 13/237 (5.5) 12/180 (6.7) 1/57 (1.8) 0.1
Heart Failure, n (%) 4/237 (1.7) 3/180 (1.7) 1/57 (1.8) 0.9
Hospital length of stay days, median (IQR) 10 (6–14) 10 (6–13) 8 (6–14) 0.4
Frontiers in Pharmacology | www.frontiersin.org
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Continuous variables are presented as median (IQR) while categorical ones as n (%) or n/N (%), where N is the total number of patients with available data.
AMI, acutemyocardial infarction; BMI, bodymax index; PaO2, arterial partial pressure of oxygen; FiO2, fraction of inspired oxygen; HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; ICU,
intensive care unit; CVVH, renal failure requiring continuous venovenous hemofiltration; ECMO, extracorporeal membrane oxygenation; AKI, acute kidney injury.
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markedly elevated D‐dimer (Tang et al., 2020). However, this
study compared heparin vs. no heparin strategy, a quite unusual
procedure in obliged bed rest/bedridden hospitalized patients.
Moreover, Tang et al. selected only severe patients affected by
COVID-19 pneumonia. Conversly, we considered all patients
without a clinical indication to anticoagulation therapy
independently of severe and non severe COVID-19 and we
compared two different LMWH strategies.

Recent guidance document recommends the use of standard-
dose regimens with LMWH in the management of venous
thromboembolism (VTE) in hospitalized COVID-19 patients,
primarly in severe COVID-19 patients, although data on efficacy
and safety of this approach are limited (Spyropoulos et al., 2020).
So far, there are no studies that evaluate the efficacy, safety and
duration of LMWH in non-severe COVID patients.

In the present article, we evaluated the different LMWH regim
dose (“standard” versus intermediate LMWH enoxaparin dosage)
in all hospidalized patients without stritifyng the severity of
COVID-19 infection. The main novelty of our work is that for
the first time we demonstrated that intermediate LMWH
enoxaparin dosage improved the prognosis both in severe and
non-severe COVID-19 patients. However, we do not examine the
exact mechanism of this evidence. The beneficial effect of
intermediate LMWH regimen observed in our study could be
correlated to the prevention of or pulmonary microthrombosis
and/or disseminated intravascular coagulation, which are
considered as possible pathophysiological mechanisms leading to
a worse prognosis in COVID-19 patients (Driggin et al., 2020;
Llitjos et al., 2020; Poissy et al., 2020).

Although in this study we did not assess the thromboembolic
complication, literaturedata demonstrated thatmassivepulmonary
thrombosis/embolism was the cause of death until one third of the
case (Deshpande, 2020;Klok et al., 2020).However, this data should
be confirmed because of the limited number of autopsy studies
available. Pulmonary thrombosis in COVID-19 probably develops
as a consequence of vascular damage produced by virus infection
and the resulting severe inflammation, with the pathogenic role of
platelets and leukocytes, interactingwith the vascularwall (Mcguire
et al., 1982; Schattner, 2017). About this, it seems that heparin exerts
an anti-inflammatory action and endothelial protection
independently of its anticoagulant properties, however these ant-
inflammatory and anti-thrombotic are potentially inter-related.
The cytokines and particularly the interleukin (IL; IL- 1b, IL-6
and IL-8) are known to play an important role in inflammation and
have direct effect on the plasma molecules, on erythrocytes and
platelets, triggering an hypercoagulation state. Hypercoagulability
and compromised fibrinolysis are usually the characteristics of
numerous inflammatory disorders. In particular, patients with
COVID-19 infection had higher levels of IL-6 which induced an
inflammatory condition and aggravate the hypercoagulation status
(Zhou et al., 2020; Huang et al., 2020;Wang et al., 2020).Moreover,
heparin might help other drugs to inhibit the effects on COVID-19
infection through the direct antiviral effect, anticoagulation and the
antinflammatory propretiers (Esko and Lindahl, 2001).

Our findings of significantly less in-hospital mortality rate in
patients treated with intermediate LMWH dosage supported the
Frontiers in Pharmacology | www.frontiersin.org 5
hypothesis that LMWH accomplish simultaneous antithrombotic,
anti-inflammatory and antiviral activity in COVID-19 infection.
These effects seem to be more effective in intermediate
LMWH dosage.

In our study, a significantly higher number of patients in
the intermediate LMWH dosage were treated with both
hydroxychloroquine and tocilizumab. Tocilizumab, which is
the IL-6 receptor antagonist, has been approved for the
treatment COVID-19 patients. Although, the administration
and dosage of tocilizumab for COVID-19 are still being
explored and the risk of serious infection (neutropenia or
thrombocytopenia, and liver damage) must be investigate. In
this patients the association of LMWH might help to reduce
inflammatory burden and consequently the dosage of
tocilizumab. Regarding the role of hydroxychlorochine,
some observational studies have recently demostrated that
administration of hydroxychloroquine did not reduce the risk
of intubation or death in COVID-19 patients and its benefits
remain very weak and conflicting (Geleris et al., 2020; Hernandez
et al., 2020). So far, there is no clinical evidence that chloroquine/
hydroxychloroquine is effective against Covid-19 and only large,
randomized, placebo-controlled clinical trials will show if this
drug is effective and safe to use as a treatment for Sars-CoV-
2 infection.

However, there are substantial limitations of our observation
owing to its retrospective and non-randomized nature, namely
the absence of a formal hypothesis testing and some unbalanced
features of the study subgoups.

In conclusion, although the optimal thromboprophylactic
regimen is not known, our study opens new insights in
heparin therapy for patients hospitalized with COVID-19.
Large clinical trials are needed to define: a) a more precise
dose-range of LMWH to balance the anti-thrombotic action
and potentially severe bleeding complications; b) the more
appropriate disease stage in which LMWH administration
should be started; c) the clinical fingerprint of patients most
likely to benefit from LMWH therapy.
DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation, to any
qualified researcher.
AUTHOR CONTRIBUTIONS

PP, LB, ECD, and MG contributed conception and design of the
study. FD, ST, RP, MBa, and GT organized the database. LB
and MBi performed the statistical analysis. PP wrote the first
draft of the manuscript. PP, LB, and MG wrote sections of the
manuscript. BC, PV, CP, MBi, and NG revised the article.
All authors contributed to the article and approved the
submitted version.
August 2020 | Volume 11 | Article 1124

https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles


Paolisso et al. Heparin Strategy in COVID-19 Patients
Pulmonary Thrombosis or Embolism? Ann. Intern. Med. M20-3255. doi:
10.7326/M20-3255
REFERENCES

Deshpande, C. (2020). Thromboembolic Findings in COVID-19 Autopsies:

Driggin, E., Madhavan, M. V., Bikdeli, B., Chuich, T., Laracy, J., Bondi-Zoccai, G.,
et al. (2020). Cardiovascular Considerations for Patients, Health CareWorkers,
and Health Systems During the Coronavirus Disease 2019 (COVID-19)
Pandemic. J. Am. Coll. Cardiol. 75, 2352–2371. doi: 10.1016/j.jacc.2020.03.031

Esko, J. D., and Lindahl, U. (2001). Molecular diversity of heparan sulfate. J. Clin.
Invest. 108, 169–173. doi: 10.1172/JCI200113530

Geleris, J., Sun, Y., Platt, J., Zucker, J., Baldwin, M., Hripcsak, G., et al. (2020).
Observational Study of Hydroxychloroquine in Hospitalized Patients with
Covid-19. N Engl. J. Med. 382, 2411–2418. doi: 10.1056/NEJMoa2012410

Hernandez, A. V., Roman, Y. M., Pasupuleti, V., Barboza, J. J., and White, C. M.
(2020). Hydroxychloroquine or Chloroquine for Treatment or Prophylaxis of
COVID-19: A Living Systematic Review.Ann. Intern. Med. doi: 10.7326/M20-2496

Huang, C., Wang, Y., Li, X., Ren, L., Zhao, J., Hu, Y., et al. (2020). Clinical features
of patients infected with 2019 novel coronavirus in Wuhan, China. Lancet 395,
497–506. doi: 10.1016/S0140-6736(20)30183-5

Klok, F. A., Kruip, M. J. H. A., van der, M. N. J. M., MS, A., Gommers, DAMPJ,
Kant, K. M., et al. (2020). Incidence of thrombotic complications in critically ill
ICU patients with COVID-19. Thromb. Res. 191, 145–147. doi: 10.1016/
j.thromres.2020.04.013

Llitjos, J., Leclerc, M., Chochois, C., Monsallier, J., Ramakers, M., Auvray, M., et al.
(2020). High incidence of venous thromboembolic events in anticoagulated severe
COVID-19 patients. J. Thromb. Haemost. 18, 1743–1746. doi: 10.1111/jth.14869

Mcguire, W. W., Spragg, R. G., Cohen, A. B., and Cochrane, C. G. (1982). Studies
on the Pathogenesis of the Adult Respiratory Distress Syndrome. J. Clin. Invest.
69, 543–553. doi: 10.1172/JCI110480

Poissy, J., Goutay, J., Caplan, M., Parmentier, E., Duburcq, T., Lassalle, F., et al. (2020).
Pulmonary Embolism in COVID-19 Patients: Awareness of an Increased
Prevalence. Circulation. 142, 184–186. doi: 10.1161/CIRCULATIONA
HA.120.047430

Schattner, M. (2017). Platelet toll-like receptors in thromboinflammation. Front.
Biosci. 22, 1867–1883. doi: 10.2741/4576

Spyropoulos, A. C., Levy, J. H., Ageno, W., Connors, J. M., Hunt, B. J., Iba, T., et al.
(2020). The Subcommittee on Perioperative, Critical Care Thrombosis,
Haemostasis of the Scientific, Standardization Committee of the
Frontiers in Pharmacology | www.frontiersin.org 6
International Society on Thrombosis, Haemostasis+. Scientific and
Standardization Committee Communication: Clinical Guidance on the
Diagnosis, Prevention and Treatment of Venous Thromboembolism in
Hospitalized Patients with COVID-19. J. Thromb. Haemost. doi: 10.1111/
jth.14929

Tang, N., Bai, H., Chen, X., Gong, J., Li, D., and Sun, Z. (2020). Anticoagulant
treatment is associated with decreased mortality in severe coronavirus disease
2019 patients with coagulopathy. J. Thromb. Haemost. 18, 1094–1099. doi:
10.1111/jth.14817

Wang, Z., Yang, B., Li, Q., Wen, L., and Zhang, R. (2020). Clinical Features of 69
Cases With Coronavirus Disease 2019 in Wuhan, China. Clin. Infect. Dis. doi:
10.1093/cid/ciaa272

World Health Organization. (2020). Coronavirus Disease 2019 (COVID-19).
Clinical management of severe acute respiratory infection (SARI) when
COVID-19 disease is suspected.

World Health Organization. (2020). Clinical management of severe acute
respiratory infection when novel coronavirus (2019-nCoV) infection is
suspected: interim guidance. Available at: https://www.who.int/docs/default-
source/coronaviruse/clinical-management-of-novel-cov.pdf.

Yao, X., Ye, F., Zhang, M., Cui, C., Huang, B., Niu, P., et al. (2020). In Vitro Antiviral
Activity and Projection of Optimized Dosing Design of Hydroxychloroquine for
the Treatment of Severe Acute Respiratory SyndromeCoronavirus 2 (SARS-CoV-
2). Clin. Infect. Dis. doi: 10.1093/cid/ciaa237

Zhou, F., Yu, T., Du, R., Fan, G., Liu, Y., Liu, Z., et al. (2020). Clinical course and
risk factors for mortality of adult inpatients with COVID-19 in Wuhan, China:
a retrospective cohort study. Lancet 395, 1054–1062. doi: 10.1016/S0140-6736
(20)30566-3

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Paolisso, Bergamaschi, D’Angelo, Donati, Giannella, Tedeschi,
Pascale, Bartoletti, Tesini, Biffi, Cosmi, Pizzi, Viale and Galie.́ This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
August 2020 | Volume 11 | Article 1124

https://doi.org/10.7326/M20-3255
https://doi.org/10.1016/j.jacc.2020.03.031
https://doi.org/10.1172/JCI200113530
https://doi.org/10.1056/NEJMoa2012410
https://doi.org/10.7326/M20-2496
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1016/j.thromres.2020.04.013
https://doi.org/10.1016/j.thromres.2020.04.013
https://doi.org/10.1111/jth.14869
https://doi.org/10.1172/JCI110480
https://doi.org/10.1161/CIRCULATIONAHA.120.047430
https://doi.org/10.1161/CIRCULATIONAHA.120.047430
https://doi.org/10.2741/4576
https://doi.org/ 10.1111/jth.14929
https://doi.org/ 10.1111/jth.14929
https://doi.org/10.1111/jth.14817
https://doi.org/10.1093/cid/ciaa272
https://doi.org/10.1093/cid/ciaa237
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1016/S0140-6736(20)30566-3
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles

	Preliminary Experience With Low Molecular Weight Heparin Strategy in COVID-19 Patients
	Background
	Methods
	Statistical Analysis

	Results
	Discussion
	Data Availability Statement
	Author Contributions 
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


