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Abstract
Coronavirus disease 2019 (COVID-19) is associated with abnormal hemostasis, autopsy evidence of systemic microthrom-
bosis, and a high prevalence of venous thromboembolic disease. Tissue plasminogen activator (tPA) has been used in patients 
with critically ill COVID-19 with high clinical suspicion of pulmonary embolism (PE). A retrospective cohort study of 6095 
hospitalized COVID-19 patients at 5 acute care hospitals in New York was conducted. 57 patients received tPA for presumed 
PE during March 10th to April 27th. The mean age was 60.8 ± 10.8 years, and 71.9% (41/57) were male. We defined strongly 
suspected PE among 75.4% (43/57) of patients who had acute worsening of hypoxia and acute hypotension requiring pres-
sors. The findings suggestive of PE included right ventricular (RV) strain in 15.8% (9/57), deep venous thrombosis (DVT) 
in 7.0% (4/57), increased dead space ventilation (Vd) in 31.6% (18/57) of patients, respectively. RV strain and RV thrombus 
were present in 3.5% (2/57), RV strain and DVT in 5.3% (3/57), RV strain and increased Vd in 8.8% (5/57), and DVT and 
increased Vd in 3.5% (2/57) of patients. Chest CT Angiography was not performed in any of the patients. Following tPA infu-
sion, 49.1% (28/57) of patients demonstrated improvement. Six patients (10.5%) survived to discharge, of whom 2 received 
extracorporeal membrane oxygenation and were transferred to other facilities for lung transplant, 2 were discharged home, 
and 2 were discharged to a rehabilitation facility. However, overall mortality was 89.5%. The utility of tPA for critically ill 
patients with COVID-19 and presumed PE warrants further studies.
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Highlights

•	 Coronavirus disease 2019 (COVID-19) has been reported 
to be associated with abnormal hemostasis and a high 
prevalence of venous thromboembolic disease.

•	 Tissue plasminogen activator (tPA) has been generally 
used in clinically unstable patients with presumed PE.

•	 A few case series of successful use of tPA in critically-ill 
hypoxic or hypotensive COVID-19 patients have been 
reported.

•	 The use of tPA for critically ill unstable COVID-19 
patients showed improvement in clinical parameters in 
49.1% in our study cohort.

•	 Overall mortality of patients who received tPA were 
89.5%. The utility of tPA for critically ill unstable 
COVID-19 patients warrants further studies.

Introduction

Coronavirus disease 2019 (COVID-19) is caused by a novel 
coronavirus, severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) [1], which is known to cause severe pneu-
monia and critical illness leading to multiple organ damage. 
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COVID-19 can induce a hypercoagulable state associated 
with elevated D-dimer levels, venous thromboembolism 
(VTE), disseminated intravascular coagulation (DIC) and 
bleeding [2]. The mechanisms involved are multiple and 
include endothelial injury, as evidenced by elevated von 
Willebrand factor and Factor VIII levels [3]. Increase in pro-
inflammatory cytokines secondary to COVID-19 may play 
a direct role in creating a prothrombotic state [4]. Autopsy 
studies of COVID-19 patients have demonstrated fibrin 
thrombi in small vessels and capillaries [5]. Multiple case 
series of intensive care unit (ICU) patients have reported 
high rates of VTE despite prophylactic doses of anticoagu-
lation [6, 7]. There has been a debate in the literature with 
regard to recommending the empirical use of therapeutic 
doses of anticoagulation, using unfractionated heparin 
(UFH) or low molecular weight heparin (LMWH) in criti-
cally ill COVID-19 patients who do not have a firm diagnosis 
of a deep venous thrombosis (DVT) or PE but have evidence 
of sudden respiratory decompensation, or right heart strain 
on echocardiogram suggestive of a possible PE. [8, 9]. The 
specific use of UFH and LMWH has been advocated because 
of the possible beneficial anti-inflammatory effects of these 
anticoagulation therapies [9]. Tissue plasminogen activa-
tor (tPA) has been administered to patients with COVID-
19 and a suspected PE. In one case series, tPA to patients 
with increasingly severe hypoxia on the verge of intubation, 
too unstable for chest computed tomography angiography 
(CTA), was associated with a favorable response. In this 
study, there was neither evidence of right ventricular (RV) 
dilatation, RV hypokinesia by echocardiography nor DVT 
diagnosed [10]. In a second case series, tPA was given to 
patients with presumed PE who were ventilated and had 
physiological evidence of increased dead space ventilation 
(Vd) manifest as an increased arterial partial carbon dioxide 
pressure [11, 12]. The aim of our study was to describe the 
clinical characteristics and outcomes of critically ill COVID-
19 patients who received tPA treatment for a presumed PE.

Materials and methods

We obtained de-identified data from the Mount Sinai Data 
Warehouse (MSDW) an institutional database that contains 
all information related to health encounters at five Mount 
Sinai facilities. From 6095 hospitalized patients admitted 
between March 10th and April 27th 2020 with reverse tran-
scriptase polymerase-chain-reaction (RT-PCR) confirmed 
SARS-CoV-2 infection by nasopharyngeal or oropharyn-
geal swab, we performed a retrospective analysis of data 
from patients who received tPA during hospitalization. The 
Institutional Review Board of Icahn School of Medicine at 
Mount Sinai approved the research project (IRB #2000495) 
and the research was conducted in accordance with the 

principles of the Declaration of Helsinki. The waiver of 
patients’ informed consent was also approved by the insti-
tutional review boards.

We assessed patient’s demographic and clinical char-
acteristics, treatment for COVID-19 including details of 
the management of acute respiratory distress syndrome 
(ARDS), anticoagulation therapies prior to tPA infusion, and 
serum D-dimer values at the time of tPA administration. 
We evaluated evidence supporting a diagnosis of PE, the 
indications for tPA infusion, complications from tPA, and 
mortality outcomes. Anticoagulation therapies prior to the 
administration of tPA included therapeutic anticoagulation 
were the patient received either LMWH (enoxaparin 1 mg/
kg every 12 h or 1.5 mg/kg every 24 h), therapeutic UFH by 
continuous infusion or full dose direct oral anticoagulants 
(DOAC). Prophylactic anticoagulation administered prior to 
tPA included subcutaneous UFH injection 5000 units every 
12 h, or LMWH (enoxaparin 40 mg, every 24 h). Patients 
were evaluated for a possible PE when patients had worsen-
ing hypoxia, there was development of acute hypotension, 
if hypoxia developed despite maximal ventilatory support, 
or hypotension was refractory to vasopressor therapy. A 
presumptive diagnosis of high-risk PE was made based on 
pulmonary embolism response team (PERT) consortium 
guideline [13] if there was echo evidence of right atrial 
or RV thrombus, RV strain, venous duplex evidence of a 
DVT [14], and increased Vd. The presence of RV strain was 
defined by RV dilation (right ventricle/left ventricle ratio 
> 1:1), septal motion abnormality and RV dysfunction [15]. 
The presence of hypercapnia despite adequate minute venti-
lation was deemed to be suggestive of pulmonary embolism 
due to extensive increased Vd [16]. The quantitative assess-
ment of increased dead space ventilation by calculating the 
fraction of dead space ventilation (Vd/Vt) was not performed 
per chart review. Major bleeding complications were defined 
as fatal bleeding, symptomatic bleeding in a critical area 
or organ, such as intracranial, intraspinal, intraocular, ret-
roperitoneal, intra-articular or pericardial, or intramuscular 
with compartment syndrome, or bleeding causing a fall in 
hemoglobin level of 2 g/dl or more, or leading to transfusion 
of two or more units of whole blood or red cells. [17] Abso-
lute contraindications to tPA for PE included prior history 
of intracranial hemorrhage, a cerebral vascular lesion, or 
malignant intracranial neoplasm, ischemic stroke within pre-
ceding 3 months, suspected aortic dissection, active bleeding 
or bleeding diathesis and significant closed-head trauma or 
facial trauma within prior 3 months.

Statistical analysis

Continuous variables are presented as mean ± standard 
deviation or median [interquartile range] depending on 
what is appropriate for the data distribution, and categorical 
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variables were expressed as percentages. All statistical cal-
culations and analyses were performed on R (version 3.6.2, 
R Foundation for Statistical Computing, Vienna, Austria).

Results

A total of 64 patients received tPA during hospitalization. 
Five patients were given tPA for ischemic stroke and 2 
patients for clearance of catheter occlusion, these 7 patients 
were excluded from the study. Among the 57 patients who 
were eligible (0.94% out of 6095 hospitalized patients with 
COVID-19), the mean age was 60.8 ± 10.8 years, 71.9% 
(41/57) of patients were male. The most common comor-
bidity was hypertension 56.1% (32/57), followed by obesity 
54.4% (31/57), (mean body mass index 31.5 ± 7.0 kg/m2), 
diabetes mellitus 40.4% (23/57). With respect to past history 
of respiratory diseases, asthma was reported in 12.3% of 
patients (7/57), chronic obstructive pulmonary disease 5.3% 
(3/57), interstitial lung disease 5.3% (3/57) and obstructive 
sleep apnea 8.8% (5/57), and 7.0% (4/57) of patients were 
current smokers. No patients had a contraindication for tPA 
administration (Table 1). Pharmacological treatment for 
COVID-19 included 77.2% (44/57) received corticoster-
oids, 26.3% (15/57) were treated with tocilizumab. Thera-
peutic doses of anticoagulation were given to 73.4% (42/57) 
of patients and prophylactic doses of chemical prophylaxis 
were administered to 22.8% (13/57) of patients. The man-
agement of ARDS included prone positioning in 57.9% 
(33/57) of patients, and 77.2% (44/57) received neuromuscu-
lar blockade. Trials of pulmonary vasodilator therapy (nitric 
oxide inhalation or epoprostenol inhalation) were reported 
in 35.1% (20/57) of patients. 7% (4/57) of patients received 
extracorporeal membrane oxygenation (ECMO) for respira-
tory and circulatory support (Table 2).

98.2% (56/57) of patients received invasive ventilation 
and 1 patient was on non-invasive positive pressure ventila-
tion (NIPPV). Full dose tPA was given to patients with the 
following single abnormalities: echo evidence of RV strain 
in 15.8% patients (9/57), DVT in 7.0% (4/57), increased Vd 
in 31.6% (18/57) of patients. Patients who received tPA had 
2 abnormal findings that included RV strain and RV throm-
bus in 3.5% (2/57), RV strain and DVT in 5.3% (3/57), RV 
strain and increased Vd in 8.8% (5/57), DVT and increased 
Vd in 3.5% (2/57). 24.6% (14/57) of patients received tPA 
for suspected PE in the clinical context of worsening hypoxia 
and hypotension without information of echocardiographic 
evidence of RV strain, RV thrombus, DVT, or increased 
Vd. The mean serum level of D-dimer before tPA was 10.5 
[3.4–19.2] μg/ml (Table 3).

Chest CTA was not performed in any of the study patients 
due to the patients’ clinical instability secondary to critical 
illness. After tPA infusion, 49.1% (28/57) of patients showed 

initial improvement in either of PaO2/FiO2 ratio, blood pres-
sure or partial arterial pressure of carbon dioxide (PaCO2), 
which led to successful weaning of ventilator settings or 
vasopressors. The duration of ventilator dependence follow-
ing tPA was 5 [1, 11.5] days. Mild hemoptysis was reported 
in 1 patient after tPA. This patient had previously required 
suctioning of blood from the endotracheal tube 1 day before 
tPA infusion, while receiving UFH continuous infusion. The 
hemoglobin level before tPA was 7.8 g/dl which dropped to 
6.6 g/dl 2 days after tPA and required 1 unit of red blood cell 
transfusion. Discontinuation of tPA was not required for any 
of the patients (Table 4).

Table 1   Baseline characteristics of COVID-19 patients who received 
tissue plasminogen activator

Value is shown as mean ± SD or median [Q1, Q3]
SD standard deviation; LOS length of stay

Patient Characteristics Total number of 
patients (n = 57)

Age (yr), mean ± SD 60.8 ± 10.8
Sex, n (%)
 Male 41 (71.9)
 Female 16 (28.1)
Comorbidities, n (%)
 Asthma 7 (12.3)
 Chronic obstructive lung disease 3 (5.3)
 Interstitial lung disease 3 (5.3)
Smoking history
 Current smoker 4 (7.0)
 Former smoker 15 (26.3)
 Never smoker 26 (45.6)
Hypertension 32 (56.1)
Obstructive sleep apnea 5 (8.8)
Obesity 31 (54.4)
Body mass index (kg/m2), mean ± SD 31.5 ± 7.0
Diabetes mellitus 23 (40.4)
Hyperlipidemia 16 (28.1)
Coronary artery disease 9 (15.8)
Chronic kidney disease 1 (1.8)
Human immunodeficiency virus infection 1 (1.8)
Malignancy 2 (3.5)
 Multiple myeloma 1 (1.8)
 Chronic lymphocytic leukemia 1 (1.8)
Hypothyroidism 3 (5.3)
Atrial fibrillation 1 (1.8)
Heart failure with reduced ejection fraction 2 (3.5)
Heart failure with preserved ejection fraction 2 (3.5)
Non-alcoholic fatty liver disease 1 (1.8)
Rheumatoid arthritis 2 (3.5)
Parkinson’s disease 1 (1.8)
Hospital LOS (d), median [IQR] 17 [11, 27.5]
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The overall mortality rate was 89.5% (51/57). Among 
patients who had improvement after tPA infusion, 7.0% 
(4/57) of patients survived and 42.1% (24/57) of patients 
died, and among patients who had no improvement after 
tPA infusion, 3.5% (2/57) of patients survived and 47.4% 
(27/57) of patients eventually died (Table 4). The mortality 
of patients with presumed PE based on clinical, echocar-
diographic or physiological findings suggestive of PE was 
86.0% (37/43) and the mortality of patients who received 
tPA on the assumption that they have PE based on the 
rapid clinical deterioration even without clinical echocar-
diographic or physiological findings suggestive of PE was 
100% (14/14). Of the 6 patients who survived their hos-
pital course, two patients required ECMO and were trans-
ferred to an outside hospital for lung transplant evaluation. 
Two patients were discharged home and two patients were 

discharged to long term care facility and subacute rehabili-
tation facility, respectively. Among 51 deceased patients, 
the causes of death included ARDS and septic shock solely 
due to COVID-19 in 90.2% (46/51). 3 patients died of 
extensive lung fibrosis complicated by multiple pneumo-
thoraces, septic shock and ARDS due to bacteremia, and 
hemorrhagic shock due to unilateral hemothorax unrelated 
to tPA infusion, respectively, even after they survived 
COVID-19 related septic shock and ARDS. As presumed 
contributing causes of death, 1 patient had fungemia and 
RV thrombus, and 1 patient had bacteremia, respectively, 
in addition to COVID-19 related septic shock and ARDS.

Table 2   Treatment for patients with COVID-19 related ARDS

LMWH low molecular weight heparin; UFH unfractionated heparin; 
DOAC direct oral anticoagulant; ARDS acute respiratory distress syn-
drome; ECMO extracorporeal membrane oxygenation

COVID-19 treatment, n (%) Total number of 
patients (n = 57)

Azithromycin 48 (84.2)
Hydroxychloroquine 50 (87.7)
Remdesivir 3 (5.3)
Tocilizumab 15 (26.3)
Sarilumab 2 (3.5)
Anakinra 1 (1.8)
Corticosteroids 44 (77.2)
Convalescent plasma 7 (12.3)
Mesenchymal stem cell therapy 3 (5.3)
Anticoagulation therapies, n (%)
 Therapeutic anticoagulation 42 (73.4)
 LMWH 25 (43.9)
 UFH 16 (28.1)
 DOAC 1 (1.8)
 Preventive anticoagulation 13 (22.8)
 LMWH 6 (10.5)
 UFH 7 (12.3)
 No anticoagulation 2 (3.5)
ARDS treatment, n (%)
 Prone positioning 33 (57.9)
 Neuromuscular blockade 44 (77.2)
 Pulmonary vasodilator 20 (35.1)
Organ support, n (%)
 Invasive Ventilation 57 (100)
 Tracheostomy 12 (21.1)
 Hemodialysis 15 (26.3)
 ECMO 4 (7.0)

Table 3   Tissue plasminogen activator indications for patients with 
presumptive diagnosis of pulmonary embolism in deteriorating 
hypoxia and shock and types of respiratory support when receiving 
tPA

tPA tissue plasminogen activator; RV right ventricle; FOCUS focused 
cardiac ultrasound; DVT deep venous thrombosis; US ultrasound; PE 
pulmonary embolism

tPA indications, n (%) Total number of 
patients (n = 57)

Sole RV strain 9 (21.1%)
RV strain and RV thrombus 2 (3.5%)
RV strain and DVT 3 (5.3%)
RV strain and increased Vd 5 (8.8%)
Sole DVT on US 4 (7.0%)
Sole Increased Vd 18 (31.6%)
DVT and increased Vd 2 (3.5%)
Hypoxia and shock without clear evidence of PE 14 (24.6%)
Respiratory support at tPA, n (%)
 Non-rebreather mask 0 (0%)
 High flow nasal cannula 0 (0%)
 Bilevel positive airway ventilation 1 (1.8%)
 Invasive mechanical ventilator 56 (98.2%)
 D-dimer (μg/ml), median [IQR] 10.5 [3.4–19.2]

Table 4   Improvement with successful weaning of ventilator settings 
and vasopressors, outcomes and complications

tPA tissue plasminogen activator; PE pulmonary embolism; CTA​ 
computed tomography angiography

Outcomes and complications, n (%) Total number of 
patients (n = 57)

Death 51 (89.5%)
Improvement after tPA and survived 4 (7.0%)
Improvement after tPA and died 24 (42.1%)
No improvement after tPA and survived 2 (3.5%)
No improvement after tPA and died 27 (47.4%)
Major bleeding complications due to tPA 0 (0%)



1065The characteristics and outcomes of critically Ill patients with COVID‑19 who received systemic…

1 3

Discussion

To our knowledge, this is the largest retrospective cohort 
study describing the clinical characteristics and outcomes of 
critically ill COVID-19 patients with a presumed PE based 
on worsening hypoxia and, or hypotension who were treated 
with tPA. In contrast to an earlier report describing good 
outcomes in three patients who received tPA for COVID-19 
related severe hypoxia, who had no evidence of RV strain or 
DVT [11], the 89.5% mortality of our patients who received 
tPA was significantly higher. In our study, 47.4% of patients 
after tPA had initial improvement in either P/F ratio, blood 
pressure or hypercarbia. This finding suggests that high-
risk pulmonary thromboembolism may have been the main 
contributing factor responsible for the patients worsening 
clinical status. Thromboembolic complications are highly 
prevalent in hospitalized critically ill patients admitted with 
COVID-19. In a recent systematic review and meta-anal-
ysis describing the incidence of VTE among hospitalized 
patients with COVID-19, the overall estimated pooled inci-
dence of VTE was 17%, with a higher rate of 27.9% in the 
critically ill [18]. In a study comparing VTE incidence in 
patients with non-COVID-19 ARDS, who were propensity 
matched for equivalent severity of illness with patients with 
COVID-19 ARDS, the incidence of VTE in patients with 
COVID-19 was significantly higher [19].

We were not able to confirm the diagnosis of acute PE by 
Chest CTA as our patients were too unstable for transporta-
tion to radiology department. Of note, using bedside point of 
care ultrasound (POCUS), RV strain was detected in 33.3% 
of patients, all of whom had RV dilation with or without 
septal motion abnormality. Although demonstrating RV 
thrombus or new findings of RV strain in hemodynamically 
unstable hypoxic patients may help to support the emergency 
use of thrombolytic therapy for a presumed PE [20], RV 
strain can also be explained by pulmonary hypertension 
due to hypoxic pulmonary vasoconstriction in the setting 
of prolonged period of hypoxia in our critically ill COVID-
19 patients with COVID-19 pneumonia. We used the pres-
ence of Vd to support evidence of PE in 43.9% (25/57) of 
patients, as manifest by hypercapnia and high minute venti-
lation. Normally, hypercapnia from decreased capillary per-
fusion and Vd from a significant PE results in an increase 
in minute ventilation resulting in a normal or low arterial 
PaCO2 [21]. However, hypercapnia can occur in associa-
tion with severe pulmonary emboli [22]. Mauri et al., in a 
small prospective physiologic study of ARDS in COVID-19 
patients, elevated dead space fraction was demonstrated to 
be a specific pathophysiology finding [23], relating to PE as 
a cause of rapid deterioration in COVID-19 patients.

Although we were able to identify 43 patients who 
had clinical and physiological abnormalities supporting 

a diagnosis of PE, the rest of all 14 patients had severe 
hypoxia and hypotension that led providers to consider PE 
as the cause of deterioration but had neither documented 
evidence of RV abnormalities, DVT, RV thrombus nor 
hypercapnia. The overall 89.5% mortality of our cohort 
treated with tPA for presumed PE should first be inter-
preted in the context of prior literature describing mortal-
ity in non-COVID-19 patients receiving tPA, where the 
risk of dying is approximately 70% if cardiopulmonary 
arrest occurs, and mortality is at least 30% if there is shock 
requiring inotropic support [24–26]. The study patients 
who were all presumed to have a significant or high-risk 
PE, also had severe hypoxemia from ARDS secondary 
to COVID-19. The described mortality rate, for patients 
with COVID-19 hypoxic respiratory failure who require 
mechanical ventilation, independent of a concurrently 
diagnosed PE, has been described as over 75%, if patients 
are older and have comorbid conditions [27–29]. The mean 
age of the study cohort was 60 years, and there was a high 
prevalence of comorbid conditions including hypertension, 
obesity, coronary artery disease and diabetes which have 
all been independently associated with worse outcome in 
patients hospitalized with COVID-19 [30, 31]. It should 
be noted that 77.2% of the study patients received steroids 
which have been associated with a reduction in mortality 
in patients receiving mechanical ventilation for COVID-19 
respiratory failure [32].

On analysis of the 6 survivors, 2 patients initially required 
higher level of organ support with ECMO, and 4 patients 
had immediate clinical improvement following tPA infusion. 
Considering the rapid deterioration of these patients at the 
time of tPA, these patients may not have survived without 
tPA.

As of February 28, 2021, the American Society of Hema-
tology (ASH) updated their recommendations on the use of 
chemical prophylaxis in hospitalized patients with COVID-
19 pneumonia, discouraging the empiric use of therapeutic-
intensity UFH or LMWH for patients requiring ICU level 
of care in the absence of an otherwise firm indication for 
therapeutic anticoagulation. This recommendation was made 
after an interim pooled analysis in 3 multiplatform trials 
(REMAP-CAP, ATT​ACC​ and ACTIV-4A) demonstrated 
both the futility of empirical use of therapeutic anticoagu-
lation to reduce the need for organ support over the first 21 
days of hospitalization, and the significant rate of bleeding 
in patients studied [33]. In contrast, for hospitalized patients 
not requiring ICU level of care, the National Institutes of 
Health recommended on January 22, 2021 that therapeu-
tic dose anticoagulation is superior to usual prophylactic 
dose anticoagulation in reducing the need for organ sup-
port and mortality [34]. ASH encourages participation in 
ongoing clinical trials. In our study, tPA was given to 77.2% 
patients for a presumed high-risk PE who were already 



1066	 M. So et al.

1 3

receiving therapeutic anticoagulation. The current recom-
mendations from ASH may result in the decrease both of 
empiric use of therapeutic dose anticoagulation for critically 
ill COVID-19 patients and the use of tPA for a presumed 
PE. A recent position paper from The National Pulmonary 
Embolism Response Team (PERT) Consortium recom-
mends the administration of systemic thrombolytic therapy 
who have imminent or ongoing hemodynamic collapse, and 
a presumed PE, even in the absence of a diagnostic Chest 
CTA, doppler ultrasound of the extremities, or a transtho-
racic echocardiogram demonstrating RV dysfunction. While 
systemic thrombolysis is recommended for patients with-
out COVID-19 and high-risk PE [35], the decision to use 
systemic thrombolysis for critically ill COVID-19 patients 
without confirmed PE should be made after appropriate con-
sultation with an in-hospital PERT, if available [36].

There are certain limitations to our study including its 
retrospective design, and the inclusion of a relatively small 
cohort of patients. We describe patients who received tPA 
for a presumed PE, not a documented PE. All the patients 
described were too unstable for transportation to receive 
a Chest CT Angiogram. There was no control group, and 
we did not evaluate outcomes in patients with critically ill 
COVID-19 and suspected PE who did not receive tPA. The 
study represents patients only from the New York metro-
politan area, however the patients described are from a large 
and diverse population. We rely on data from an electronic 
health record data base and therefore we may be missing 
significant information.

Conclusions

In our cohort of critically ill mechanically ventilated 
COVID-19 patients with acute hypoxic respiratory failure 
treated with tPA for a presumed PE, for worsening hypox-
emia and, or hemodynamic instability, the mortality rate 
was 89.5%. This is despite 47.4% of patients demonstrat-
ing initial improvements in either P/F ratio, blood pressure 
or hypercarbia following tPa. Further studies are required 
to examine the utility of tPA for critically ill COVID-19 
patients with a high clinical suspicion for PE.
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