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Abstract

New options for treatment escalation in critically ill COVID-19 patients are unmet

need. Five critically ill patients were treated using a low-dose protocol thrombolytic

therapy in the form of intravenous alteplase infusion over 15 min (0.6 mg/kg). This

therapeutic intervention yielded an immediate favorable outcome on follow up and all

five patients were extubated and transferred to the ward. This report suggests that

bedside echocardiography can be a beneficial tool in the urgent assessment of the

right ventricle—to—pulmonary vascular coupling in mechanically ventilated COVID-

19 patients, and thrombolytic therapy may be beneficial in hemodynamically unstable

patients who show echocardiographic criteria of right ventricular strain.
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1 INTRODUCTION

The case-fatality rate of COVID-19 patients characterized clinically

as mild is 0%, while it reaches 50% in those patients who are clinically

characterized as critical [1,2]. These numbers indicate a critical point in

the pathogenesis of COVID-19 against which the current therapeutic

approach proves to be ineffective. Over the past several months, our

understanding of the disease has been changed by multiple landmark

achievements that highlight the role of COVID-induced hypercoag-

ulability in patients’ outcomes [3–6]. Coagulopathy associated with

COVID-19 may be driven by the production of prothrombotic autoan-

tibodies [7] in addition to microthrombogenic responses that occur

when endothelial insult takes place [8]. This reaction is aggravated

causing enhanced platelet activation [9], and the microthrombotic

pathway is maintained by the activation of both the coagulation

factors and the endothelium [6]. Therefore, in situ immune-thrombosis

plays a significant role as a primary mechanism explaining the

micro- and macrothrombotic manifestations of the disease [10].
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Additionally, the COVID-19 patients have additional risk factors

for increased thrombosis such as hypoxia, and immobility in prone

positioning [11–13].

The purpose of this study was to evaluate the clinical effects of

using lysis therapy, to unplug the pulmonary vasculature, adminis-

tered to mechanically ventilated, hemodynamically unstable COVID-

19 patients depending on the noninvasive echocardiographic assess-

ment of the right ventricle-to-pulmonary vascular coupling.

2 METHODS IN BRIEF

Laboratory-confirmed COVID-19 patients who had any of the fol-

lowing were considered in a critical condition: (i) shock, identified by

implementation of vasopressor therapy and elevated lactate levels

(> 2 mmol/L) despite adequate fluid resuscitation, (ii) respiratory

failure requiring mechanical ventilation, or (iii) failure of other organs

necessitating admission to the intensive care unit.
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TABLE 1 Characteristics of COVID-19 patients who received lysis therapy

Patients

1 2 3 4 5

Age 49 40 53 83 70

Sex M M M F M

Weight 81 64 87 78 73

Smoking No No No No No

Comorbid diseases None None DM DM IHD

HTN HTN HTN

Disease presentation ARDS ARDS ARDS ARDS ARDS

MODS MODS MODS MOF MODS

Clinical classification Critical Critical Critical Critical Critical

Treatment

Antivirals None None None None None

Antibiotics Yes Yes Yes Yes Yes

Steroids Dexamethasone Methylprednisolone Dexamethasone Dexamethasone Dexamethasone

Tocilizumab* Yes Yes Yes Yes Yes

Anticoagulant** Yes Yes Yes Yes Yes

Status*** Extubated,

transferred to ward

Extubated,

transferred to ward

Extubated,

transferred to ward

Extubated,

transferred to ward

Extubated,

transferred to ward

Total length of

hospital stay, d

40 62 25 50 58

M, male; F, female, DM, diabetes mellites; HTN, hypertension; ARDS, acute respiratory distress syndrome; MODS, multiorgan dysfunction syndrome; MOF,

multiorgan failure.

*Tocilizumabwas received as a single IV dose of 8mg/kg (max 800mg) within 3 days of hospitalization.

**Anticoagulation therapy was administered in a prophylactic dose.

***All patients continued to receive oxygen therapy at the ward, and Patient 5 was discharged from the hospital on home oxygen.

2.1 Patients

COVID-19patientswereeligible to receive lysis therapy if they fulfilled

the following criteria: (i) had a rapidly progressive severe pneumonia,

(ii) were currently supported bymechanical ventilation, (iii) PaO2/FiO2

ratio < 300 (wherein PaO2 measured in mmHg and FiO2 is the frac-

tionof inspiredoxygenexpressed as a decimal), and (iv) the echocardio-

graphic examination showed one or more criterion of right ventricular

strain.

2.2 Lysis therapy

A low-dose protocol of recombinant tissue-type plasminogen activator

[14] was implemented, wherein Alteplase (Activase®, Genentech) was

intravenously infused over 15 min with a dose of 0.6 mg/kg (the maxi-

mum dose is 50mg) [15].

3 RESULTS

Five patients (age range, 40–83 years; 1 woman) were treated with

lysis therapy. None of whom was a smoker, and three patients had

preexisting medical conditions in the form of diabetes mellitus, hyper-

tension, and ischemic cardiomyopathy. All five patients had received

tocilizumab (within 3 days of hospitalization) and low-dose steroids

without antiviral treatments (Table 1).

All five patients were mechanically ventilated at the time of lysis

therapy administration, all of them were weaned from mechanical

ventilation and extubated postlysis (Table 1). Patient 5 was receiving

ECMO at the time of lysis therapy administration but did not require

ECMO within 6 days postlysis. All patients were transferred to the

ward and eventually discharged from the hospital; length of stay was

40, 62, 25, 50, and 58 days, respectively (Patient 5 discharged on home

oxygen due to pulmonary fibrosis).

3.1 Change in hemodynamics

At the time of lysis therapy administration, all patients were hemo-

dynamically unstable on circulatory support in the form of nore-

pinephrine plus or minus vasopressin. The resultant mean arterial

blood pressure (MAP) ranged from 60 to 70 mmHg. Upon administra-

tion of lysis therapy, all patients were gradually weaned from the circu-

latory support, and theMAP gradually increased over 80mmHgwithin

a time period that ranged from 7 to 12 days (Table 2, Figure 1A).
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F IGURE 1 Temporal changes of mean arterial pressure (MAP), PAO2/FIO2 ratio, SOFA score, and body temperature in patients receiving lysis
therapy.Wherein (A) change inmean arterial blood pressure (lowest value during the day was recorded) from day 0 to day 12 postlysis. (B) Change
in PAO2/FIO2 ratio of the treated patients from day 0 to day 12 after treatment. (C) Represent change in Sequential Organ Failure Assessment
(SOFA) score of the patients during the same duration (range 0–24, with higher scores indicatingmore severe illness). (D) Change in body
temperature of the 5 patients prior to and postlysis

3.2 Change in PaO2/FiO2 values

All five patients were receiving mechanical ventilation at the time

of lysis therapy administration, and all patients were extubated after

receiving the lysis therapy protocol within a time period of 2 weeks.

Patient 5 was receiving ECMO at the time of lysis therapy initiation

but did not require ECMO within 6 days postlysis. Prior to receiv-

ing the lysis therapy, the PaO2/FiO2 values of all patients were below

300 and ranged from 107 to 211. Upon administration of the lysis

therapy, the PaO2/FiO2 values of all patients gradually increased over

350 within a time period that ranged from 7 to 12 days (Table 2,

Figure 1B).

3.3 Change in SOFA score

The SOFA score ranged from+6 to+10 prior to receiving lysis therapy

and decreased to a range of +1 to +5 at the twelfth day (the seventh

day for Patient 1) following administration of lysis therapy (Table 2 and

Figure 1C). The SOFA score is calculated using six systems: respiratory,

coagulation, hepatic, cardiovascular, central nervous system, and kid-

ney; and the worst value on each daywas recorded.

3.4 Change in laboratory markers and body
temperature

All five patients hadhigh-sensitivity cardiac troponin levels that ranged

from 0.35 to 3.3 ng/L at the time of lysis therapy administration. The

values of D-dimmer were significantly high in all five patients prior to

lysis therapy (a value less than 250 ng/ml is considered normal); these

values markedly decreased postlysis within 7 to 12 days, except for

Patient 4 who showed a mild variation. The serum levels of inflamma-

torymarkers such as serum ferritin, lactate dehydrogenase, andprocal-

citonin eventually decreased, but not normalized, within 7 to 12 days

postlysis, except for Patient 4 who showed mild variations (Table 2).

Body temperature ranged from 37.2 to 39.0◦C prior to lysis therapy

and declined to the normal ranges on the third-day postlysis, except for

Patient 2which regained fever by day 2 postlysiswhich then eventually

normalized by the eleventh-day postlysis (Table 2 and Figure 1D).
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TABLE 2 Clinical indices, circulatory support, and laboratory
results of COVID-19 patients before and after lysis therapy

Patients

1 2 3 4 5

Clinical indices

MAP

Day 0 before lysis 63 60 70 61 60

Day 1 postlysis 90 95 83 79 67

Day 3 postlysis 93 94 74 78 96

Day 7 postlysis 84 78 86 70 83

Day 12 postlysis 93 79 81 112

P/F ratio

Day 0 before lysis 182 211 107 179 173

Day 1 postlysis 363 325 162 332 186

Day 3 postlysis 376 282 262 259 337

Day 7 postlysis 388 403 252 353 238

Day 12 postlysis 437 389 370 326

SOFA score

Day 0 before lysis +6 +10 +7 +9 +7

Day 1 postlysis +4 +5 +8 +9 +6

Day 3 postlysis +4 +5 +6 +8 +4

Day 7 postlysis +2 +3 +3 +7 +5

Day 12 postlysis +1 +2 +5 +4

Body temperature (◦C)

Day 0 before lysis 37.2 38.8 39 37 38

Day 1 postlysis 37.6 37.5 38.7 36.5 37.1

Day 3 postlysis 37.1 38.6 36.8 37.3 37.5

Day 7 postlysis 36.7 38 36.9 36.8 36.9

Day 12 postlysis 37.4 37.2 36.9 37

Circulatory support

Norepinephrine (mcg/kg/h)

Day 0 before lysis 0.3 0.18 0.8 0.2 0.5

Day 1 postlysis 0.2 0.1 0.3 0.4 0.15

Day 3 postlysis 0.08 0.02 0.3 0.05 0.05

Day 7 postlysis 0 0.02 0.01 0 0.04

Day 12 postlysis 0 0 0 0

Dobutamine (mcg/kg/min)

Day 0 before lysis – – – – 3

Day 1 postlysis – – – – 3

Day 3 postlysis – – – – 0

Day 7 postlysis – – – – 0

Day 12 postlysis – – – 0

Vasopressin (U/min)

Day 0 before lysis 0.04 0.04 0.04 0.04 –

Day 1 postlysis 0.04 0.04 0.04 0.04 –

Day 3 postlysis 0.04 0 0.04 0 –

(Continues)

TABLE 2 (Continued)

Patients

1 2 3 4 5

Day 7 postlysis 0 0.04 0 0 –

Day 12 postlysis 0 0 0 –

Laboratory results

hs-Cardiac troponin (ng/L)

Day 0 before lysis 0.54 0.35 1.63 0.99 3.3

D-Dimmer (ng/ml)

Day 0 before lysis 3788 5156 7172 1212 4003

Day 1 postlysis 1484 8291 6324 1630 6242

Day 3 postlysis 972 4738 2000 1090 5520

Day 7 postlysis 613 1331 1165 890 3335

Day 12 postlysis 864 682 1036 1100

Serum ferritin (ng/ml)

Day 0 before lysis 619 1006 1265 761 1030

Day 1 postlysis 853 1186 843 1235 4227

Day 3 postlysis 576 791 820 1550 2246

Day 7 postlysis 382 476 360 1443 551

Day 12 postlysis 311 269 996 493

Lactate dehydrogenase (U/L)

Day 0 before lysis 995 1167 795 615 415

Day 1 postlysis 676 1003 798 557 666

Day 3 postlysis 597 830 571 690 679

Day 7 postlysis 626 485 496 583 891

Day 12 postlysis 302 342 601 294

Procalcitonin (ng/ml)

Day 0 before lysis 2.98 1.6 0.6 4.3 3.5

Day 1 postlysis 3.19 1.1 3.18 4.5 4.6

Day 3 postlysis 2.61 1.8 2.16 4.1 4.0

Day 7 postlysis 1.32 1.2 0.7 4.8 2.21

Day 12 postlysis 0.6 0.2 2.4 1.0

MAP, mean arterial pressure; P/F ratio, PaO2/FiO2 ratio; SOFA score,

sequential organ failure assessment score.

3.5 Change in chest imaging

Chest x-rays of these five patients demonstrated severe pneumonia

prior to lysis therapy and showed gradual resolution of pulmonary

lesions after administration of lysis therapy within a time period of

2 weeks (Supplementary figures).

3.6 Safety and adverse effects

The implemented low-dose protocol of alteplase seems to be effective

andwell tolerated.All fivepatients didnot suffer significant sideeffects

or bleeding.
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4 DISCUSSION

In this report, thrombolytic therapy was used to treat five hemody-

namically unstable, mechanically ventilated COVID-19 patients who

showed echocardiographic signs of right ventricular strain. This ther-

apeutic intervention showed a durable result in the form of restoring

hemodynamic stability and increasing the ventilation capacity of the

treated patients. The clinical conditions of these patients improved,

as indicated by restoring circulatory rigor, improved PAO2/FIO2,

decreased SOFA score, body temperature reduction, and chest imag-

ing.All treatedpatients,whohadbeen receivingmechanical ventilation

and ECMO, were no longer in need of respiratory or circulatory sup-

port, and then transferred to thewardwithin days of receiving the lysis

therapy.

The rationale for use of thrombolytic therapy in critical COVID-19

patients is straightforward. Patients diagnosed with COVID-19 infec-

tion are at increased risk for developing thrombotic vascular occlu-

sions and the histopathological examination often reveals fibrin-based

obstructions in the lungs’ small vasculature of patients who succumb

to severe forms of the disease [13, 16]. COVID-19 is a newly emerged

viral infection and studies that implemented lysis therapy in the treat-

ment of the disease are scarce. Multiple case studies, which recruited

hospitalized patients with COVID-19 infection, reported an improve-

ment of patients’ oxygenation after using thrombolytic therapy [17,

18]. A retrospective cohort study of 12 decompensated patients with

severe COVID-19 treated using alteplase concluded that the mortal-

ity rate decreased from 88% to 41.6%, which represents a signifi-

cant improvement in patients requiring advanced respiratory support

[19]. These studies have methodological limitations including unclear

patient selection protocols, lack of reporting for patient baseline char-

acteristics, inadequate duration of follow-up, and partial reporting of

outcomes. Our study improves the methodological limitations in the

previous literature by giving clear indications and inclusion criteria

for patients eligible to receive lysis therapy, reports patients’ baseline

characteristics prior to lysis therapy administration, defines the dos-

ing and therapeutic protocol, and delineates detailed clinical outcome

postlysis therapy with adequate follow-up duration.

All enrolled patients did not receive antiviral agents and the SARS-

CoV-2 virus was still detectable in all 5 patients at the time of extu-

bation. Therefore, the study results highlight the possibility that lysis

therapy has contributed to the observed clinical improvement.

4.1 Recommendations

The main recommendations of this report are the following:

(i) bedside echocardiography can be a beneficial tool in the urgent

assessment of the right ventricle-to-pulmonary vascular coupling

in mechanically ventilated COVID-19 patients and (ii) a low-dose

protocol of lysis therapy may be beneficial in mechanically ven-

tilated, hemodynamically unstable COVID-19 patients who show

echocardiographic criteria of right ventricular strain. The decision of

implementing lysis therapy should weigh the current mortality rate

of this patient subset in the absence of a specific antiviral treatment,

besides the proposed benefits of clinical improvement against the

possible bleeding complication of such intervention.

4.2 Limitations

This study has following limitations: (i) a case series included no con-

trols and (ii) alteplase was administered immediately after fulfilling the

patient inclusion criteria; whether a different timing of administration

would have been associated with different outcomes cannot be deter-

mined.

5 CONCLUSION

In this case-series of five mechanically ventilated, hemodynamically

unstable COVID-19 patients who show echocardiographic criteria

of right ventricular strain, administration of low-dose protocol of

alteplase as a lysis therapy was followed by improvement of the

patients’ clinical parameters. The limited sample size and study design

preclude a definitive statement about the potential effectiveness of

this treatment, and these observations require further evaluation in

clinical trials.

CONFLICT OF INTEREST

The authors declare that the article was prepared in the absence of

any commercial or financial relationships that could be construed as a

potential conflict of interest.

FUNDING

The authors state that this article received no funding.

AUTHOR CONTRIBUTIONS

AM, RT, and NJ performed the therapeutic intervention. EA developed

the theory, designed the study, and wrote the manuscript with support

from AM and RT. HF revised the manuscript and supervised the study.

All authors contributed equally to this work, and all authors have read

and approved themanuscript.

ORCID

EslamAbbas https://orcid.org/0000-0001-8001-328X

REFERENCES

1. Spychalski P, Błażyńska-Spychalska A, Kobiela J. Estimating case fatal-

ity rates of COVID-19. Lancet Infect Dis. 2020;20:774–5.

2. Baud D, Qi X, Nielsen-Saines K, Musso D, Pomar L, Favre G. Real esti-

mates of mortality following COVID-19 infection. Lancet Infect Dis.

2020;20:773.

3. Klok FA, Kruip M, van der Meer NJM, Arbous MS, Gommers D, Kant

KM, et al. Incidence of thrombotic complications in critically ill ICU

patients with COVID-19. Thromb Res. 2020;191:145–7.

https://orcid.org/0000-0001-8001-328X
https://orcid.org/0000-0001-8001-328X


804 MAHDY ET AL.

4. Singhania N, Bansal S, Nimmatoori DP, Ejaz AA, McCullough PA, Sing-

hania G. Current overview on hypercoagulability in COVID-19. Am J

Cardiovasc Drugs. 2020;20:393–403.

5. Malas MB, Naazie IN, Elsayed N, Mathlouthi A, Marmor R, Clary B.

Thromboembolism risk of COVID-19 is high and associated with a

higher risk of mortality: a systematic review and meta-analysis. EClin-

icalMedicine. 2020;29–30:100639.

6. Mondal S, Quintili AL, Karamchandani K, Bose S. Thromboembolic dis-

ease in COVID-19 patients: a brief narrative review. J Intensive Care.

2020;8:1–10.

7. Zuo Y, Estes SK, Ali RA, Gandhi AA, Yalavarthi S, Shi H, et al. Prothrom-

botic autoantibodies in serum frompatients hospitalizedwith COVID-

19. Sci TranslMed. 2020;12:eabd3876.

8. Chang JC. Hemostasis based on a novel ‘two-path unifying theory

and classification of hemostatic disorders. Blood Coagul Fibrinol.

2018;29:573–84.

9. Chang JC. Sepsis and septic shock: endothelial molecular pathogen-

esis associated with vascular microthrombotic disease. Thromb J.

2019;17:10.

10. Nakazawa D, Ishizu A. Immunothrombosis in severe COVID-19.

EBioMedicine. 2020;59:102942.

11. Kollias A, Kyriakoulis KG, Dimakakos E, Poulakou G, Stergiou GS, Syri-

gos K. Thromboembolic risk and anticoagulant therapy in COVID-

19 patients: emerging evidence and call for action. Br J Haematol.

2020;189:846–7.

12. Gupta N, Zhao Y-Y, Evans CE. The stimulation of thrombosis by

hypoxia. Thromb Res. 2019;181:77–83.

13. Yao XH, Li TY, He ZC, Ping YF, Liu HW, Yu SC, et al. A pathological

report of three COVID-19 cases by minimally invasive autopsies. Chi-

nese J Pathol. 2020;49:E009–9.

14. ZhangZ, Zhai Z, Liang L, Liu F, YangY,WangC. Lower dosage of recom-

binant tissue-type plasminogen activator (rt-PA) in the treatment of

acute pulmonary embolism: a systematic review and meta-analysis.

Thromb Res. 2014;133:357–63.

15. Konstantinides SV, Torbicki A, Agnelli G, Danchin N, Fitzmaurice D,

Galiè N, et al. 2014 ESC Guidelines on the diagnosis and management

of acute pulmonary embolism: The Task Force for the Diagnosis and

Management of Acute Pulmonary Embolism of the European Society

of Cardiology (ESC) Endorsed by the European Respiratory Society

(ERS). Eur Heart J. 2014;35:3033–80.

16. AckermannM, Verleden SE, Kuehnel M, Haverich A, Welte T, Laenger

F, et al. Pulmonary vascular endothelialitis, thrombosis, and angiogen-

esis in COVID-19. N Engl JMed. 2020;383:120–8.

17. Goyal A, Saigal S, Niwariya Y, Sharma J, Singh P. Successful use of

tPA for thrombolysis in COVID related ARDS: a case series. J Thromb

Thrombol. 2021;51:293–6.

18. 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 ThrombHaemost. 2020;18:1752–5.

19. Arachchillage DJ, Stacey A, Akor F, Scotz M, Laffan M. Throm-

bolysis restores perfusion in COVID-19 hypoxia. Br J Haematol.

2020;190:e270–4.

SUPPORTING INFORMATION

Additional supporting information may be found in the online version

of the article at the publisher’s website.

How to cite this article: Mahdy A, Abbas E, Tarek R, Jabbour

N, Al-Foudri H. Using lysis therapy to treat 5 Critically Ill

covid-19 patients who show echocardiographic criteria of right

ventricular strain. eJHaem. 2021;2:799–804.

https://doi.org/10.1002/jha2.307

https://doi.org/10.1002/jha2.307

	Using lysis therapy to treat five critically ill COVID-19 patients who show echocardiographic criteria of right ventricular strain
	Abstract
	1 | INTRODUCTION
	2 | METHODS IN BRIEF
	2.1 | Patients
	2.2 | Lysis therapy

	3 | RESULTS
	3.1 | Change in hemodynamics
	3.2 | Change in PaO2/FiO2 values
	3.3 | Change in SOFA score
	3.4 | Change in laboratory markers and body temperature
	3.5 | Change in chest imaging
	3.6 | Safety and adverse effects

	4 | DISCUSSION
	4.1 | Recommendations
	4.2 | Limitations

	5 | CONCLUSION
	CONFLICT OF INTEREST
	FUNDING
	AUTHOR CONTRIBUTIONS
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


