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Perspective on fibrinolytic therapy in
COVID-19: the potential of inhalation
therapy against suppressed-fibrinolytic-type
DIC
Hidesaku Asakura1* and Haruhiko Ogawa2

Abstract

A high rate of thrombotic complications, such as pulmonary embolism, has been linked to mortality in COVID-19,
and appropriate treatment of thrombosis is important for lifesaving. Although heparin is frequently used to treat
thrombotic pathology in COVID-19, pulmonary embolism is still seen in severe cases. Although systemic fibrinolytic
therapy is a focus of attention because a thrombotic pathology is the cause of death in severe COVID-19, it should
be kept in mind that fibrinolytic therapy might be harmful at advanced stage of COVID-19 where the status of
disseminated intravascular coagulation (DIC) has been transmitted from suppressed-fibrinolytic to enhanced-
fibrinolytic in disease progression of COVID-19. In this respect, inhalation therapy with fibrinolytic substances might
be a safe and promising treatment.
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Fibrinolytic therapy for pulmonary intravascular
coagulation in coronavirus disease 2019 (COVID-19)
Some articles suggest several treatment options using fi-
brinolytic drugs for acute respiratory distress syndrome
(ARDS) in severe cases of COVID-19 [1–4]. ARDS and
organ dysfunction associated with a cytokine storm have
been identified as causes of death in COVID-19 [5]. In
addition, a high rate of thrombotic complications, such
as pulmonary embolism, has been linked to mortality.
Interestingly, despite the presence of systemic hypercoa-
gulation associated with the strong inflammation in se-
vere COVID-19, the site of thrombosis was the lungs in
the overwhelming majority of cases. These were not only
cases of pulmonary embolism diagnosed by methods
such as contrast computed tomography, but included

microscopic fibrin thrombosis that was frequently seen
at the level of the pulmonary microcirculation in autopsy
investigations [6–8]. The pulmonary thrombosis in se-
vere COVID-19 can be described as macroscopic and
microscopic thrombosis. Although activation of coagula-
tion is linked to a systemic cytokine storm, since the
principal site of thrombus formation is the lungs, it
might also be referred to as pulmonary intravascular co-
agulation [9]. COVID-19 patients with a high D-dimer
level are known to have poor clinical outcomes, and this
is thought to reflect a direct link between the thrombotic
pathology and prognosis [10]. As Whyte et al. noted, ex-
posure of tissue factors (TF) on damaged alveolar endo-
thelial cells and on the surface of leukocytes promotes
fibrin deposition. They also mentioned that significantly
elevated expression of plasminogen activator inhibitor 1
(PAI-1) by lung epithelial and endothelial cells creates a
hypofibrinolytic state [1]. Although heparin is frequently
used to remedy the thrombotic pathology in COVID-19,
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pulmonary embolism is still seen in approximately 20% of
severe cases, and there is disagreement regarding the in-
tensity of anticoagulant therapy. Besides heparin, the
thrombotic condition might be improved by using fibrino-
lytic drugs to degrade pre-existing fibrin in the lung [1–4].
The fibrinolytic drug, tissue-type plasminogen activator
(tPA), has been systemically administered to treat ARDS
in COVID-19 and appeared to be effective in some pa-
tients [2–4]. Since tPA has been reported to show an anti-
inflammatory effect in addition to a fibrinolytic action, this
potential of tPA would be helpful for improving the prog-
nosis of COVID-19 patients [11, 12].

The state of DIC in the advanced-stage of COVID-
19 is apparently different from that of DIC
induced by sepsis
However, great caution is required when systemically ad-
ministering tPA for severe COVID-19 associated with
ARDS. According to a report by Tang et al., levels of fi-
brin/fibrinogen degradation products (FDP) and D-
dimer increased significantly, and fibrinogen increased
due to an inflammatory response following hospital
admission in patients who died [13]. In these patients,
further striking increases in FDP (> 120 μg/mL), accom-
panied by moderate D-dimer elevation (approximately
20 μg/mL), were seen as the patient’s condition
worsened. Consequently, a large divergence was seen be-
tween FDP and D-dimer levels. In addition, the fibrino-
gen level rapidly decreased from approximately 4.5 g/L
(day 7) to 1.0 g/L (day 10) over a period of just 3 days.
The marked increase in FDP, divergence of FDP, and D-
dimer levels and marked decrease in the fibrinogen level
are findings characteristic of enhanced-fibrinolytic-type
DIC and not of DIC associated with sepsis [13, 14]. The
type of DIC appears to change from suppressed-
fibrinolytic to enhanced-fibrinolytic with disease pro-
gression in COVID-19. Plasma tPA levels had been re-
ported to be significantly (p < 0.0001) higher in severe
cases of COVID-19 (ICU) than in mild cases (Non-ICU).
This may indicate that fibrinolysis would be more acti-
vated in the advanced phase of COVID-19 [15].

Adverse effects of systemic thrombolytic therapy
for the treatment of COVID-19-related ARDS
The marked decrease in fibrinogen is extremely danger-
ous if systemic fibrinolytic therapy is administered at the
same time, and it gives rise to concerns about fatal
bleeding, including cerebral hemorrhage. Particularly in
severe cases of COVID-19, the coagulation and fibrinoly-
sis pathology might change greatly over a short period.
In previous reports of coagulation and fibrinolysis test-
ing in COVID-19, the overwhelming focus was on D-
dimer, followed by PT and APTT. However, periodic
testing of fibrinogen and FDP levels is also important. If

the results of these tests indicate the presence of
enhanced-fibrinolytic-type DIC, systemic fibrinolytic
therapy should not be administered.

Advantageous effects of inhaled thrombolytic
therapy beyond systemic therapy
On the other hand, treatment by inhalation of
fibrinolysis-related substances, such as tPA and plas-
minogen, can be administered at any stage of COVID-19
without concerns about bleeding [1, 16]. Administration
of fibrinolysis-related substances by inhalation might im-
prove alveolar ventilation by resolving fibrin-containing
exudates in the pulmonary alveolar space and dissolving
fibrin thrombi at the level of the microcirculation near
the alveoli. Inhalation therapy with tPA has gradually
been reported to be efficacious for various situations of
ARDS or plastic bronchitis [1]. In fact, a phase II clinical
trial of tPA inhalation is currently underway (PLATy-
PuS; alteplase, NCT02315898). Furthermore, random-
ized, controlled trials of plasminogen inhalation
targeting COVID-19 are also ongoing [16].
With systemic fibrinolytic therapy for ARDS in severe

COVID-19, there is concern about massive bleeding if
the disease stage or coagulation and fibrinolysis path-
ology is misjudged. Autopsy investigations showed the
frequency of both thrombosis and bleeding findings to
be the same even if fibrinolytic therapy had not been ad-
ministered [7, 8]. Taken together with the data for pa-
rameters such as FDP, D-dimer, and fibrinogen [13, 14],
this indicates that enhanced-fibrinolytic-type DIC is
present in advanced stage COVID-19 (Fig. 1).
Although systemic fibrinolytic therapy is a focus of at-

tention because a thrombotic pathology is the cause of
death in severe COVID-19, it should be kept in mind
that there are cases in which such therapy might be
harmful. Indeed, five of 62 patients (8%) with DIC
caused by severe meningococcal sepsis had been re-
ported to develop intracerebral hemorrhages after sys-
temic tPA administration [17]. In this respect, inhalation
therapy with fibrinolytic substances might be a safe and
promising treatment [1, 15]. In fact, inhalation of
streptokinase (another fibrinolytic drug) for ARDS dem-
onstrated improvement in the PaO2/FiO2 ratio without
the side effect of bleeding. It is noteworthy that no effect
on PT, APTT, or bleeding time has been shown [18]. In
the murine study, no side effects of bleeding were re-
ported after inhalation of tPA [19].
Inhalation therapy with fibrinolytic substances should

be planned to start at the phase of suppressed-
fibrinolytic-type DIC (slightly elevated levels of D-dimer
and normal range of fibrinogen) (Fig. 1) or without DIC
(normal range of platelet counts) for safety usage. Fur-
ther studies to evaluate plasma levels of tPA both in in-
halation and systemic fibrinolytic therapy would be
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required to confirm the harmlessness of inhalation
therapy.

Conclusion
Despite the fact that the coagulation/fibrinolytic condi-
tion changes in a short period in the DIC of COVID-19,
it is of concern that the DIC in COVID-19 is generally
understood to be hypercoagulable DIC in many papers.
In the absence of appropriate monitoring of the chan-
ging state of DIC, systemic fibrinolytic therapy would be
considered dangerous.
The clinical efficacy and safety of inhalation of fibrino-

lytic agents have not been sufficiently investigated, and it
is also unclear whether they would be evenly distributed
to all alveoli of COVID-19 patients. Moreover, inhal-
ation therapy for patients with COVID-19 may stimulate
the production of deleterious aerosols. Even though clin-
ical research is still required, we believe that this new
therapy would be good news for COVID-19 patients
with ARDS.

Abbreviations
ARDS: Acute respiratory distress syndrome; COVID-19: Coronavirus disease
2019; TF: Tissue factors; PAI-1: Plasminogen activator inhibitor 1; tPA: Tissue-
type plasminogen activator; FDP: Fibrin/fibrinogen degradation products

Acknowledgements
None.

Authors’ contributions
HA and HO wrote the manuscript. The authors read and approved the final
manuscript.

Funding
None.

Availability of data and materials
N/A

Ethics approval and consent to participate
N/A

Consent for publication
N/A

Competing interests
None.

Author details
1Department of Hematology, Kanazawa University Hospital, Takaramachi
13-1, Kanazawa, Ishikawa 920-8640, Japan. 2Department of Environmental
and Preventive Medicine, Kanazawa University, Takaramachi 13-1, Kanazawa,
Ishikawa 920-8640, Japan.

Received: 21 May 2020 Accepted: 10 September 2020

References
1. Whyte CS, Morrow GB, Mitchell JL, Chowdary P, Mutch NJ. Fibrinolytic

abnormalities in acute respiratory distress syndrome (ARDS) and versatility
of thrombolytic drugs to treat COVID-19. J Thromb Haemost. 2020 Apr 23.
https://doi.org/10.1111/jth.14872.

2. Christie DB 3rd, Nemec HM, Scott AM, Buchanan JT, Franklin CM, Ahmed A,
et al. Early outcomes with utilization of tissue plasminogen activator in

Fig. 1 DIC classification. DIC in COVID-19 has previously been discussed exclusively in terms of suppressed-fibrinolytic-type DIC. However,
enhanced fibrinolysis results in fatal bleeding, and it therefore requires the planning of anticoagulant therapy that accurately assesses the
moment by moment changes in coagulation and fibrinolysis abnormalities. TAT, thrombin-antithrombin complex; PIC, plasmin-α2 plasmin
inhibitor complex; PAI, plasminogen activator inhibitor; APL, acute promyelocytic leukemia. This figure was previously published by one of the
authors (Asakura, 2014) [14] and modified for this manuscript

Asakura and Ogawa Journal of Intensive Care            (2020) 8:71 Page 3 of 4

https://doi.org/10.1111/jth.14872


COVID-19 associated respiratory distress: a series of five cases. J Trauma
Acute Care Surg. 2020. https://doi.org/10.1097/TA.0000000000002787.

3. Choudhury R, Barrett CD, Moore HB, Moore EE, McIntyre RC, Moore PK, et al.
Salvage use of tissue plasminogen activator (tPA) in the setting of acute
respiratory distress syndrome (ARDS) due to COVID-19 in the USA: a Markov
decision analysis. World J Emerg Surg. 2020;15:29. https://doi.org/10.1186/
s13017-020-00305-4.

4. Wang J, Hajizadeh N, Moore EE, McIntyre RC, Moore PK, Veress LA, et al.
Tissue plasminogen activator (tPA) treatment for COVID-19 associated acute
respiratory distress syndrome (ARDS): a case series. J Thromb Haemost.
2020. https://doi.org/10.1111/jth.14828.

5. Yang X, Yu Y, Xu J, et al. Clinical course and outcomes of critically ill
patients with SARS-CoV-2 pneumonia in Wuhan, China: a single-centered,
retrospective, observational study. Lancet Respir Med. 2020;8(5):475–81.

6. Wichmann D, Sperhake JP, Lütgehetmann M, et al. Autopsy findings and
venous thromboembolism in patients with COVID-19: a prospective cohort
study. Ann Intern Med. 2020 May 6. https://doi.org/10.7326/M20-2003 [Epub
ahead of print].

7. Carsana L, Sonzogni A, Nasr A, et al. Pulmonary post-mortem findings in a
large series of COVID-19 cases from Northern Italy. medRxiv. Posted April 22,
2020. https://doi.org/10.1101/2020.04.19.20054262.

8. Fox SE, Akmatbekov A, Harbert JL et al. Pulmonary and cardiac pathology in
Covid-19: the first autopsy series from New Orleans. medRxiv. Posted April
10, 2020. doi: https://doi.org/10.1101/2020.04.06.20050575.

9. McGonagle D, Sharif K, O'Regan A, Bridgewood C. The role of cytokines
including interleukin-6 in COVID-19 induced pneumonia and macrophage
activation syndrome-like disease. Autoimmun Rev. 2020 3:102537. https://
doi.org/10.1016/j.autrev.2020.102537.

10. Zhou F, Yu T, Du R, et al. Clinical course and risk factors for mortality of
adult inpatients with COVID-19 in Wuhan, China: a retrospective cohort
study. Lancet. 2020;395(10229):1054–62.

11. Zalfa C, Azmoon P, Mantuano E, Gonias SL. Tissue-type plasminogen
activator neutralizes LPS but not protease-activated receptor-mediated
inflammatory responses to plasmin. J Leukoc Biol. 2019;105(4):729–40.

12. Mantuano E, Azmoon P, Brifault C, Banki MA, Gilder AS, Campana WM, et al.
Tissue-type plasminogen activator regulates macrophage activation and
innate immunity. Blood. 2017;130(11):1364–74.

13. Tang N, Li D, Wang X, Sun Z. Abnormal coagulation parameters are
associated with poor prognosis in patients with novel coronavirus
pneumonia. J Thromb Haemost. 2020 Feb 19. https://doi.org/10.1111/jth.
14768.

14. Asakura H. Classifying types of disseminated intravascular coagulation:
clinical and animal models. J Intensive Care. 2014;2(1):20. https://doi.org/10.
1186/2052-0492-2-20.

15. Nougier C, Benoit R, Simon M, Desmurs-Clavel H, Marcotte G, Argaud L,
et al. Hypofibrinolytic state and high thrombin generation may play a major
role in SARS-COV2 associated thrombosis. J Thromb Haemost. 2020 Jul 15:
https://doi.org/10.1111/jth.15016.

16. Wu Y, Wang T, Guo C, Zhang D, Ge X, Huang Z, et al. Plasminogen
improves lung lesions and hypoxemia in patients with COVID-19. QJM. 2020
Apr 10; hcaa121. https://doi.org/10.1093/qjmed/hcaa121.

17. Zenz W, Zoehrer B, Levin M, Fanconi S, Hatzis TD, Knight G, et al. Use of
recombinant tissue plasminogen activator in children with meningococcal
purpura fulminans: a retrospective study. Crit Care Med. 2004;32(8):1777–80.

18. Abdelaal Ahmed Mahmoud A, Mahmoud HE, Mahran MA, Khaled M.
Streptokinase versus unfractionated heparin nebulization in patients with
severe acute respiratory distress syndrome (ARDS): a randomized controlled
trial with observational controls. J Cardiothorac Vasc Anesth. 2020;34(2):436–
43.

19. Stringer KA, Tobias M, Dunn JS, Campos J, Van Rheen Z, Mosharraf M, et al.
Accelerated dosing frequency of a pulmonary formulation of tissue
plasminogen activator is well-tolerated in mice. Clin Exp Pharmacol Physiol.
2008;35(12):1454–60.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Asakura and Ogawa Journal of Intensive Care            (2020) 8:71 Page 4 of 4

https://doi.org/10.1097/TA.0000000000002787
https://doi.org/10.1186/s13017-020-00305-4
https://doi.org/10.1186/s13017-020-00305-4
https://doi.org/10.1111/jth.14828
https://doi.org/10.7326/M20-2003
https://doi.org/10.1101/2020.04.19.20054262
https://doi.org/10.1101/2020.04.06.20050575
https://doi.org/10.1016/j.autrev.2020.102537
https://doi.org/10.1016/j.autrev.2020.102537
https://doi.org/10.1111/jth.14768
https://doi.org/10.1111/jth.14768
https://doi.org/10.1186/2052-0492-2-20
https://doi.org/10.1186/2052-0492-2-20
https://doi.org/10.1111/jth.15016
https://doi.org/10.1093/qjmed/hcaa121

	Abstract
	Fibrinolytic therapy for pulmonary intravascular coagulation in coronavirus disease 2019 (COVID-19)
	The state of DIC in the advanced-stage of COVID-19 is apparently different from that of DIC induced by sepsis
	Adverse effects of systemic thrombolytic therapy for the treatment of COVID-19-related ARDS
	Advantageous effects of inhaled thrombolytic therapy beyond systemic therapy
	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

