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Abstract
Introduction: Patients with severe coronavirus disease 2019 (COVID-19) pneumonia often have the
complications of coagulopathy and thrombotic phenomena, which lead to high mortality. Whether
administering systematic anticoagulant therapy is bene�cial remains unclear. We report our experience
using systemic anticoagulation with unfractionated heparin to treat severe COVID-19.

Methods: We conducted a retrospective historical control study of severe COVID-19 patients requiring
mechanical ventilation who received prophylactic-dose anticoagulation (April 1–May 20) or therapeutic-
dose anticoagulation (May 21–August 20) in the intensive care unit (ICU) of the tertiary emergency
critical care medical center in Japan. The primary endpoints were in-hospital mortality and
anticoagulation therapy-related adverse events. The secondary endpoints included the administration of
veno-venous extracorporeal membrane oxygenation (ECMO), ventilator-free days (VFD), ICU-free days,
and the development of multiple organ dysfunction syndrome.

Results: Twenty-one patients were in the prophylactic-dose group and 26 patients were in the therapeutic-
dose group. Background characteristics between the groups were not signi�cantly different, although the
therapeutic-dose group had a lower in-hospital mortality rate [0 (0.0%) patients vs. 4 (19.0%) patients; p =
0.063] and signi�cantly longer ICU-free days (median [interquartile range (IQR)]: 15 days [13-18] vs. 5
days [0-13]; p = 0.014). Hemorrhagic events did not occur during the study period. Compared to the
prophylactic-dose group, the therapeutic-dose group tended to have a longer VFD, were not treated with
ECMO, and did not experience multiple organ dysfunction syndrome; however, the difference was not
statistically signi�cant.

Conclusions: Therapeutic-dose anticoagulation may be bene�cial for patients with severe COVID-19
pneumonia requiring mechanical ventilation.

Introduction
The novel coronavirus disease 2019 (COVID-19) is an emerging disease that has increased rapidly since
�rst being identi�ed in China in December 2019 [1, 2]. COVID-19 induces a cytokine storm that activates
the coagulation cascade, thereby resulting in coagulopathy and thrombotic phenomena, which lead to
multiple organ dysfunction and high mortality [3]. COVID-19-related deaths could be largely attributed to
hypoxemia secondary to acute respiratory distress syndrome; however, a growing suspicion is that
thromboembolic events could also affect clinical outcomes [4]. Patients with severe COVID-19
pneumonia often have coagulopathy that is similar to other systemic coagulation abnormalities
associated with severe infections such as disseminated intravascular coagulation or thrombotic
microangiopathy; however, the mechanism of COVID-19-related coagulopathy has different features [5].

A previous statement on the management of COVID-19 -related coagulopathy suggested the use of
heparin at a prophylactic dose for all COVID-19 patients [6]. Expert recommendations for the use of
anticoagulants for patients with high thrombotic risk exist [7–9]. Furthermore, a recent large cohort study
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[10] reported that the use of anticoagulation at treatment doses may be associated with a reduced risk of
mortality among hospitalized patients with COVID-19, regardless of the route of administration. However,
no data have supported therapeutic-dose anticoagulation for all patients with severe COVID-19
pneumonia [11]. Based on this background, we hypothesized that the administration of therapeutic-dose
anticoagulant therapy in the early phase of intensive care unit (ICU) admission would be bene�cial for
patients with severe COVID-19.

Methods

Study design and setting
This study was a single-center retrospective historical control study conducted at the ICU of the tertiary
emergency critical care medical center (Tokyo, Japan). The medical records of COVID-19 patients with
severe pneumonia who were admitted between April 1, 2020 and August 20, 2020 were reviewed. In the
hospital, the therapeutic strategy for anticoagulation was changed on May 20, 2020, at which point the
dose of heparin was altered from the prophylactic dose to a therapeutic dose. The clinical outcomes of
patients who received prophylactic or therapeutic doses of heparin were compared. The study was
approved by the institutional review board of our hospital (approval number: M2020-130). The board
waived the need for written informed consent because this study was retrospective.

Patient population
Consecutive severe COVID-19 patients requiring mechanical ventilation who were admitted to the ICU of
Tokyo Medical and Dental University Hospital of Medicine (Tokyo, Japan) were included. A diagnosis of
COVID-19 was determined for all patients, based on �ndings of the nasopharyngeal swab test for SARS-
CoV-2 by using real-time reverse transcriptase polymerase chain reaction. All included patients received
prophylactic-dose anticoagulation or therapeutic-dose anticoagulation during their ICU stay. We excluded
patients with ‘do not attempt resuscitation’ orders [including ventilation, veno-venous extracorporeal
membrane oxygenation (ECMO), and renal replacement therapy (RRT)] and patients who had missing or
insu�cient data regarding study variables. Patients whose anticoagulation therapy strategy was
changed (e.g., from prophylactic dose to a dose to maintain ECMO or RRT circuit) within the �rst 48 hours
after administration of mechanical ventilation were also excluded because the aim of this study was to
evaluate the effect of the early administration of therapeutic-dose anticoagulation.

Patient management
COVID-19 patients underwent mechanical ventilation if they could not maintain an arterial oxygen partial
pressure to fractional inspired oxygen (PaO2/FiO2) ratio of less than 200 after oxygen therapy. We divided
the enrolled patients into two groups: the prophylactic-dose group (from April 1, 2020 to May 20, 2020)
and therapeutic-dose group (from May 21, 2020 to August 7, 2020). Patients in the prophylactic-dose
group received low-molecular-weight heparin (LMWH) within the �rst 6 hours after ICU admission and
doses of 40 mg (i.e., 4000 U) of enoxaparin twice daily. Patients in the therapeutic-dose group received
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unfractionated heparin (UFH) within the �rst 6 hours after ICU admission, and their activated partial
thromboplastin time was monitored and maintained at 1.5 to 2.5 times as the control.

Data collection
The following data were collected retrospectively from medical records: age; sex; the day from illness
onset to the administration of mechanical ventilation; history of taking anticoagulant and/or antiplatelet
therapy; smoking history; Charlson Comorbidity Index score [12]; the administration of ECMO; the
administration of favipiravir, tocilizumab, and/or nafamostat mesylate as a treatment option for COVID-
19; and status on hospital discharge (i.e., dead or alive). The date of disease onset was de�ned as the
day when symptoms were noticed. The length of ventilation and ICU stay of each patient were also
recorded. Furthermore, we collected laboratory results such as D-dimer level, �brin-�brinogen degradation
products, and C-reactive protein levels. All blood samples were obtained after the use of mechanical
ventilation and before receiving anticoagulation therapy. For all included patients, the worst values of the
Sequential Organ Failure Assessment (SOFA) and the Acute Physiology and Chronic Health Evaluation
(APACHE) II scores were assessed within the �rst 24 hours of intubation.

De�nitions and outcome measures
We de�ned the primary e�cacy endpoint as in-hospital mortality. Furthermore, the primary safety
endpoints included anticoagulation therapy-related adverse events, which were any of the following
events: (1) hemoglobin level < 7 g/dL and any red blood cell transfusion within 48 hours, (2) at least two
units of red blood cell transfusion within 48 hours, or (3) a clinical diagnosis of major bleeding. We
de�ned the secondary endpoints as the administration of ECMO, ventilator-free days (VFD) 28 days after
admission, ICU-free days of 28 days after admission, and the development of multiple organ dysfunction
syndrome (MODS). MODS was de�ned as a SOFA score of ≥ 2 points in ≥ 2 organ systems [13]. Severe
COVID-19 pneumonia was de�ned as an acute need for invasive mechanical ventilation.

Statistical analysis
In univariate analysis, continuous variables were compared using the Student’s t-test or Mann–Whitney U
test. Categorical variables were compared using the χ2 test or Fisher’s exact test, as appropriate. All
statistical analyses were conducted using R software (version 3.4.1; R Foundation for Statistical
Computing, Vienna, Austria). Two-sided p values < 0.05 were statistically signi�cant.

Results
The patient selection diagram is shown in Fig. 1. One hundred �fty-one patients with COVID-19 were
identi�ed, among whom 61 patients with severe pneumonia were admitted to the ICU. Fourteen of these
patients were excluded, based on the exclusion criteria. The remaining 47 patients were analyzed. Among
these 47 patients, 26 (55.3%) patients were treated with heparin at a therapeutic dose. The main clinical
characteristics, the laboratory data at ICU admission, the worst clinical scores during the �rst 24 hours
after intubation, and the administered drugs are summarized in Table 1. The patients’ severity scores
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were not signi�cantly different between the two groups, although the severity scores tended to be higher
in the therapeutic-dose group. Favipiravir was administered to all patients. Table 2 presents the results of
the univariate analysis for the study endpoints between the prophylactic and therapeutic-dose groups. A
trend toward decreased in-hospital mortality occurred in the therapeutic-dose group, compared to the
prophylactic-dose group, although the difference was not statistically signi�cant [0 (0.0%) patients vs. 4
(19.0%) patients; p = 0.067]. We did not observe any hemorrhagic events. Compared to the prophylactic-
dose group, the therapeutic-dose group had signi�cantly more ICU-free days (median [interquartile range
(IQR)]: 5 days [0–13] vs. 15 days [13–18]; p = 0.014). Compared to the prophylactic-dose group, the
therapeutic-dose group tended to have more VFD and lower rates of ECMO therapy and developing
MODS; however, the difference was not statistically signi�cant.
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Table1: Comparison of characteristics and laboratory data between the prophylactic and therapeutic-
dose groups at ICU admission

Characteristic

  All
patients
(n=47)

Prophylactic-dose
group (n= 21)

Therapeutic-dose
group (n=26)

p
value

  Age (y), median [IQR] 57 [52-72] 55 [52-65] 62 [54-74] 0.466

  Male, n (%) 45 (95.7) 21 (100.0) 24 (92.3) 1

  Charlson Comorbidity Index
score, median [IQR]

3 [3-4] 3 [2-4] 3 [2-4] 0.453

  History of smoking, n (%) 22 (46.8) 11 (52.3) 11 (42.3) 0.595

  History of anticoagulant and/or
antiplatelet therapy, n (%)

12 (25.5) 5 (23.8) 7 (26.9) 1

Laboratory data

  D-dimer level, median [IQR] 2.5 [1.2-
6.4]

2.1 [1.3-6.1] 3.7 [2.4-7.5] 0.118

  Fibrin-�brinogen degradation
products, median [IQR]

6.6 [5.8-
9.1]

6.0 [4.3-8.3] 7.2 [6.1-10.5] 0.261

  C-reactive protein level, median
[IQR]

10.8 [5.9-
20.0]

9.1 [5.9-13.5] 14.3 [7.3-20.4] 0.370

Clinical scores

  SOFA score, median [IQR] 5 [3-5] 4 [3-5] 5 [3-5] 0.318

  APACHE II score, median [IQR] 14 [11-15] 12 [11-15] 15 [12-15] 0.558

Treatment option

  Favipiravir, n (%) 47
(100.0)

21 (100.0) 26(100.0) 1

  Tocilizumab, n (%) 18 (38.3) 8 (38.0) 10 (38.5) 0.328

  Nafamostat mesylate, n (%) 13 (27.7) 6 (28.6) 7 (26.9) 0.314

ICU, intensive care unit; IQR, interquartile range; SOFA, Sequential Organ Failure Assessment; APACHE,
Acute Physiology and Chronic Health Evaluation
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Table 2: The treatment outcomes of both groups

  All patients
(n=47)

Prophylactic-dose
group (n=21)

Therapeutic-dose
group (n=26)

p
value

Primary outcome

  In-hospital mortality, n
(%)

4 (8.5) 4 (19.0) 0 (0) 0.063

  Adverse events, n (%) 0 (0) 0 (0) 0 (0) 1

Secondary outcomes

  ECMO, n (%) 6 (12.8) 5 (23.8) 1 (3.8) 0.093

  VFD, median days
[IQR]

18 [9-20] 14 [0-20] 18 [17-21] 0.120

  ICU-free days, median
days [IQR]

15 [0-17] 5 [0-13] 15 [13-18] 0.014

  MODS, n (%) 10 (21.3) 7 (33.3) 3 (11.5) 0.131

IQR, interquartile range; ECMO, extracorporeal membrane oxygenation; VFD, ventilator-free days; ICU,
intensive care unit; MODS, multiple organ dysfunction syndrome

 

Discussion
In this retrospective historical control study, we evaluated the effects of anticoagulation therapy using a
therapeutic dose of UFH on the outcomes in 47 patients with COVID-19 pneumonia requiring mechanical
ventilation. We found no signi�cant difference for any outcome, except for ICU-free days, although we
found a lower in-hospital mortality and greater number of VFD and ICU-free days in the therapeutic-dose
group than in the prophylactic-dose group.

Approximately 5–15% of patients with COVID-19 pneumonia require intensive care and ventilatory
support [14]. The outcome of severe patients with COVID-19 requiring mechanical ventilation has been
reported as extremely poor. For instance, 88% of these patients in the United States [15] and 53% of these
patients in Germany [16] died. In contrast to the �ndings of previous reports [15, 16], although all patients
in our cohort were mechanically ventilated, we demonstrated lower mortality rates among the reviewed
patients (8.5%, 4/47). Of note, all patients treated with a therapeutic dose of heparin survived.

In addition to the known primary anticoagulant properties of heparin, it has therapeutic value in patients
with severe lung in�ammation and impaired pulmonary gas exchange [17, 18]. Anticoagulation therapy
using heparin may have positive effects on the outcomes of patients with severe COVID-19 from the
perspective of the effect of abnormalities in coagulation and in�ammation. A previous pathological study
[19] reported a high incidence of pulmonary microthrombosis in patients with COVID-19 pneumonia.
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Furthermore, small pulmonary arterial thrombi were reported to be nine times more prevalent than
patients with in�uenza [20]. In addition, despite the use of standard prophylactic anticoagulation therapy,
a high incidence of thrombotic complications such as pulmonary thromboembolism (PE) [21] or arterial
thrombosis [7] in patients with COVID-19 infection have been reported. UFH and LMWH inactivate several
coagulation enzymes by binding to antithrombin (AT), although LMWH has a lower a�nity for binding to
proteins other than AT [22]. Given the clinical and pathological �ndings of widespread pulmonary
microvascular thrombosis and thrombotic events, prophylactic dose anticoagulation using LMWH may
be insu�cient for patients with severe COVID-19 pneumonia and a hypercoagulable state. This emerging
hypothesis has major therapeutic implications for patients with COVID-19. The possible explanation for
the relatively favorable outcome in the therapeutic anticoagulation group in the present study may be
related to the effect of UFH itself, in addition to the dose of heparin.

Another interesting therapeutic characteristic of heparin is its antiviral effect. Heparin inhibits infection in
experimental vero cells injected with sputum from patients with severe acute respiratory syndrome
coronavirus 1 (SARS-CoV-1) infection [23]. However, the mechanism and the affecting point of heparin in
patients with COVID-19 remains unclear. Further basic studies are needed to reveal the role of heparin in
patients with severe COVID-19.

Several limitations should be considered when interpreting our results. First, this study was retrospective
with a limited sample size; thus, the risks of residual confounding and type II error exist. Additional work
is necessary to provide more de�nitive data, including large-scale studies adjusted by covariates. Second,
treatment group allocation was not based on a randomized assignment. The design of the historical
cohort study was prone to potential biases, owing to the possible improvements in the management skills
of severe COVID-19 pneumonia due to an increase in the experience of medical staff. Third, all patients
reviewed in this study were Japanese, which limited the generalizability of the results. Race and ethnicity
have major effects on coagulability and thrombotic risk [24]. Finally, patients who had already received
anticoagulant and/or antiplatelet therapy were excluded from this study. The proportions were similar
between the two groups in our study, although these agents could in�uence the coagulable state and
heparin sensitivity.

Despite these limitations, we initially showed an association between the administration of a therapeutic
dose of heparin and the trend of favorable outcomes in patients with severe COVID-19 requiring
mechanical ventilation. This �nding implicated the previous view of a potentially effective strategy in
treating these patients.

Conclusion
The results of this study suggested that anticoagulant therapy using UFH at therapeutic doses may be
bene�cial for patients with severe COVID-19 pneumonia requiring mechanical ventilation. Further large
studies are necessary to validate our results.
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VFD:ventilator-free day; IQR:interquartile range; RRT:renal replacement therapy; LMWF:low-molecular-
weight heparin; UFH:unfractionated heparin; SOFA:Sequential Organ Failure Assessment; MODS:multiple
organ dysfunction syndrome.

Declarations
Ethics approval and consent to participate

This study was approved by the institutional review board of Tokyo Medical and Dental University. This
study complied with the principles of the 1964 Declaration of Helsinki in reviewing and publishing
information from the patient’s medical record.

Consent for publication

Written informed consent was obtained from the patients for the publication.

Availability of data and material

The datasets analyzed in this study are not publicly available due to privacy issues, but are available
from the corresponding author upon reasonable request.

Competing interests

The authors declare that they have no competing interests.

Funding

Not applicable.

Authors’ contributions

Wataru Takayama, Akira Endo, and Yasuhiro Otomo participated in the study conception and design, data
collection, and drafting of the manuscript. All the authors have read the manuscript and approved this
submission.

Acknowledgements: The authors thank all patients and their families, physicians, nurses, and all staff.

References
1. Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, et al. Epidemiological and clinical characteristics of 99

cases of 2019 novel coronavirus pneumonia in Wuhan, China: a descriptive study. Lancet.



Page 10/12

2020;395:507-13.

2. Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, et al. Clinical characteristics of 138 hospitalized patients
with 2019 novel coronavirus-infected pneumonia in Wuhan, China. JAMA. 2020;323:1061-9.

3. Mehta P, McAuley DF, Brown M, Sanchez E, Tattersall RS, Manson JJ, HLH Across Speciality
Collaboration, UK. COVID-19: consider cytokine storm syndromes and immunosuppression. Lancet.
2020;395:1033-4.

4. Cui S, Chen S, Li X, Liu S, Wang F. Prevalence of venous thromboembolism in patients with severe
novel coronavirus pneumonia. J Thromb Haemost. 2020;18:1421-4. Epub 2020 Apr 9. doi:
10.1111/jth.14830

5. Parry AH, Wani AH. Segmental pulmonary vascular changes in COVID-19 pneumonia. Am J
Roentgenol. 2020 May 8;W1. doi: 10.2214/AJR.20.23443

�. Thachil J, Tang N, Gando S, Falanga A, Cattaneo M, Levi M, et al. ISTH interim guidance on
recognition and management of coagulopathy in COVID-19. J Thromb Haemost. 2020;18:1023-6.

7. Klok FA, Kruip MJHA, van der Meer NJM, Arbous MS, Gommers DAMPJ, Kant KM, et al. Incidence of
thrombotic complications in critically ill ICU patients with COVID-19. Thromb Res. 2020;191:145-47.
Epub 2020 Apr 10; S0049384820301201. doi: 10.1016/j.thromres.2020.04.013

�. Lin L, Lu L, Cao W, Li T. Hypothesis for potential pathogenesis of SARS-CoV-2 infection–a review of
immune changes in patients with viral pneumonia. Emerg Microbes Infect. 2020;9:727-32. doi:
10.1080/22221751.2020.1746199

9. Atallah B, Mallah SI, AlMahmeed W. Anticoagulation in COVID- 19. Eur Heart J Cardiovasc
Pharmacother. 2020;6:260-1. doi: 10.1093/ehjcvp/pvaa036

10. Paranjpe I, Fuster V, Lala A, Russak AJ, Glicksberg BS, Levin AM, et al. Association of treatment dose
anticoagulation with in-hospital survival among hospitalized patients with COVID-19. J Am Coll
Cardiol. 2020;76:122-4. doi: 10.1016/j.jacc.2020.05.001

11. Connors JM, Levy JH. COVID-19 and its implications for thrombosis and anticoagulation. Blood.
2020;135:2033-40. Epub 2020 Apr 27. doi: 10.1182/blood.2020006000

12. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying prognostic comorbidity
in longitudinal studies: development and validation. J Chronic Dis. 1987;40:373-83.

13. Marshall JC. The multiple organ dysfunction syndrome. In: Holzheimer RG, Mannick JA, editors.
Surgical treatment: evidence based and problem oriented. Munich: Zuckschwerdt Verlag, 2001. p.
780-5.

14. Möhlenkamp S, Thiele H. Ventilation of COVID-19 patients in intensive care units [Beatmung von
COVID-19-Patienten auf Intensivstatione]. Herz. 2020;45:329-31. Epub 2020 Apr 20. doi:
10.1007/s00059-020-04923-1

15. Richardson S, Hirsch JS, Narasimhan M, Crawford JM, McGinn T, Davidson KW, et al. Presenting
characteristics, comorbidities, and outcomes among 5700 patients hospitalized with COVID-19 in the
New York City area. JAMA. 2020; e206775.



Page 11/12

1�. German Interdisciplinary Association of Critical Care and Emergency Medicine (DIVI) [Internet].
COVID-19: high mortality in hospital patients. [cited 2020 Aug 6]. Available from: https://healthcare-
in-europe.com/en/news/covid-19-high-mortality-in-hospital-patients.html

17. Poterucha TJ, Libby P, Goldhaber SZ. More than an anticoagulant: do heparins have direct anti-
in�ammatory effects? Thromb Haemost. 2017;117:437-44.

1�. Young, E. The anti-in�ammatory effects of heparin and related compounds. Thromb Res.
2008;122:743-52.

19. Wichmann D, Sperhake JP, Lütgehetmann M, Steurer S, Edler C, Heinemann A, et al. Autopsy �ndings
and venous thromboembolism in patients with COVID-19: a prospective cohort study. Ann Intern
Med. 2020; M20-2003. doi: 10.7326/M20-2003

20. Ackermann M, Verleden SE, Kuehnel M, Haverich A, Welte T, Laenger F, et al. Pulmonary vascular
endothelialitis, thrombosis, and angiogenesis in COVID-19. N Engl J Med. 2020;383:120-8. Epub
2020 May 21.

21. Al-Ani F, Chehade S, Lazo-Langner A. Thrombosis risk associated with COVID-19 infection. A scoping
review. Thrombosis Res. 2020;192:152-60. Epub 2020 May 27. doi: 10.1016/j.thromres.2020.05.039

22. Hirsh J, Warkentin TE, Shaughnessy SG, Granger C, Ohman EM, Dalen JE, et al. Heparin and low-
molecular-weight heparin: mechanisms of action, pharmacokinetics, dosing, monitoring, e�cacy,
and safety. Chest. 2001;119(1 Suppl):64S-94S. doi: 10.1378/chest.119.1_suppl.64s.

23. Vicenzi E, Canducci F, Pinna D, Mancini N, Carletti S, Lazzarin A, et al. Coronaviridae and SARS-
associated coronavirus strain HSR1. Emerg Infect Dis. 2004;10:413-8.

24. Marta CB, Laura BH, Christopher K. Environmental and genetic risk factors associated with venous
thromboembolism. Semin Thromb Hemost. 2016;42:808-20.

Figures



Page 12/12

Figure 1

ICU, intensive care unit, DNR, do not attempt resuscitation


