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Abstract
Controversy persists regarding the safety and efficacy of an accelerated low-dose recombinant tissue-type plasminogen activator
(rt-PA) regimen for reperfusion therapy in acute pulmonary embolism. This study describes the outcomes of an accelerated low-
dose rt-PA regimen for the treatment of acute pulmonary embolism in Vietnamese patients. This was a case series from October
2014 to October 2020 from 9 hospitals across Vietnam. Patients presenting with acute pulmonary embolism with high to inter-
mediate mortality risk were administered alteplase 0.6 mg per kilogram (maximum of 50 mg) over 15 min. The main outcomes
were the proportion who survived to hospital discharge and at 3 months as well as in-hospital hemorrhage (major and minor
according to International Society of Thrombosis and Hemhorrage definitions). A total of 80 patients were enrolled: 48
(60%) with high risk for mortality and 32 patients (40%) with intermediate risk for mortality. A total of 7 (8.8%) died in hospital.
All deaths occurred in the high-risk mortality group. The 73 patients who were discharged alive remained alive at 3 months
follow up. During hospitalization, 1 patient (1.3%) suffered major bleeding, and 7 (8.8%) had minor bleeding. An accelerated
thrombolytic regimen with alteplase 0.6 mg/kg (maximum of 50 mg) over 15 min for acute pulmonary embolism appeared be
effective and safe in a case series of Vietnamese patients.
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Introduction
Thrombolytic therapy is an established treatment for patients
with massive acute pulmonary embolism (PE) and evidence
of hemodynamic or cardiac compromise. Thrombolysis
reduces the embolic burden and improves cardiorespiratory
function.1–5 The US Food and Drug Administration (FDA)
approved a fixed full-dose regimen of 100 mg of recombinant
human tissue-type plasminogen activator (rt-PA) over 2 h for
PE thrombolysis in 1990.1,2

To minimize the risk of catastrophic bleeding associated
with thrombolytic agents, several trials have examined the

1Hanoi Medical University Hospital, Hanoi, Vietnam
2Hanoi Medical University, Hanoi, Vietnam
3Thu Duc District Hospital, Hochiminh city, Vietnam
4The University of Sydney, Sydney Medical School, Sydney, New South Wales,
Australia
5Brigham and Women’s Hospital, Harvard Medical School, Boston,
Massachusetts, USA
6UNSW Medicine & St Vincent’s Clinical School, Sydney, New South Wales,
Australia

Corresponding Author:
Bui Hai Hoang, Hanoi Medical University Hospital, Hanoi Medical University,
No1, Ton That Tung str, Dong Da, Hanoi, Vietnam.
Email: hoangbuihai@hmu.edu.vn

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons
Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use,

reproduction and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and Open Access
page (https://us.sagepub.com/en-us/nam/open-access-at-sage).

Original Manuscript

Clinical and Applied
Thrombosis/Hemostasis
Volume 27: 1-5
© The Author(s) 2021
Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/10760296211037920
journals.sagepub.com/home/cat

https://orcid.org/0000-0002-4012-9066
mailto:hoangbuihai@hmu.edu.vn
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage
https://us.sagepub.com/en-us/nam/open-access-at-sage
https://us.sagepub.com/en-us/journals-permissions
https://doi.org/10.1177/10760296211037920
https://journals.sagepub.com/home/cat


efficacy and safety of reduced dose rt-PA regimens.1,3–5 A
retrospective study of patients with PE using thrombolysis
(both hemodynamically stable and unstable) demonstrated
that patients treated with half-dose alteplase (50 mg) required
less vasopressor administration and invasive mechanical venti-
lation but required escalation of therapy more often than
patients treated with full-dose alteplase (rt-PA, 100 mg).1 In
the moderate pulmonary embolism treated with thrombolysis
(MOPETT) trial, 121 patients were randomly assigned to
receive heparin alone or the combination of lower dose rt-PA
plus heparin. This dose of rt-PA was ≤50% of the standard
dose (100 mg) for patients weighing 50 kg or more and
0.5 mg/kg for those weighing less than 50 kg. Compared with
conventional therapy, this lower dose regimen of rt-PA plus
heparin resulted at 28 months in lower pulmonary artery sys-
tolic pressures (43 ± 6 vs 28 ± 7 mm Hg) and faster resolution
of pulmonary hypertension (50 ± 6 mm Hg vs 51 ± 7 mm Hg
on admission; 43 ± 6 mm Hg vs 28 ± 7 mm Hg at 28 months).6

Another regimen proposed is bolus or accelerated-dose with
0.6 mg of rt-PA per kg body weight (maximum of 50 mg) over
15 min delivered intravenously.2 In a direct comparison study,
no significant differences were detected between the bolus
rt-PA and 2-h rt-PA infusion with respect to bleeding complica-
tions, adverse clinical events, or imaging studies.2 There was
less fibrinogenolysis with the bolus dosing regimen.7 Some
clinical cases had been reported with successful outcomes
using this regimen for PE patients with cardiac arrest.1,8

Therefore, the European Society of Cardiology recommended
2 regimens: full-dose and accelerated-dose rt-PA.2 However,
the comparison of the 2 regimens of alteplase for efficacy and
safety requires further study. Wang et al5 reported a multicenter
randomized controlled trial from China in 118 patients that
found similar efficacy between half dose and full dose throm-
bolysis with reduced major bleeding rate in the subgroup of
older patients. The aim of this study was to examine the out-
comes from using the accelerated regimen with low-dose
rt-PA for treatment of acute pulmonary embolism in a multicen-
ter observational study in Vietnam.

Materials and Methods

Study Design and Participants
This was a cohort study.

This research was carried out from October 2014 to October
2020 in 9 major Vietnam hospitals: Hanoi Medical University
Hospital, Bach Mai Hospital, Thu Duc District Hospital,
Saint Paul Hospital, Hanoi Heart Hospital, Ninh Binh
Provincial General Hospital, Phu Tho Provincial General
Hospital, Ha Nam Provincial General Hospital and 103
Military Hospital.

• Inclusion criteria: All patients aged 18 years and older,
who presented with acute pulmonary embolism confirmed
by computer tomography pulmonary angiogram (CTPA)
and symptom onset within the previous 14 days were

eligible. Additionally, patients had to manifest (1)
shock/persistent hypotension, and (2) be at risk of at
least intermediate-high risk of mortality (Table 1)

• Exclusion criteria
• Absolute: (1) History of hemorrhagic stroke or stroke of
unknown origin, (2) ischaemic stroke in previous 6
months, (3) central nervous system neoplasm, (4)
major trauma, surgery, or head injury in previous 3
weeks, (5) bleeding diathesis, and (6) active bleeding.

• Relative: (7) Transient ischemic attack in previous 6
months, (8) oral anticoagulation, (9) pregnancy or first
post-partum week, (10) noncompressible puncture
sites, (11) traumatic resuscitation, (12) refractory hyper-
tension (systolic blood pressure >180 mm Hg), (13)
advanced liver disease, (14) infective endocarditis,
and (15) active peptic ulcer.

• Patient or delegates did not give consent to thrombolysis
treatment.

All patients received alteplase 0.6 mg per kg of body weight
(maximum 50 mg) intravenously over 15 min. Unfractionated
heparin (initial bolus 80 IU/kg then 18 IIU/kg/hr) was com-
menced 15 min before, and ceased 15 min after the alteplase
administration. An activated partial thromboplastin time
(aPTT) ratio from 1.5 to 2.3 times the control value was targeted.
Any other medication required was at the discretion of the attend-
ing physician. The dosage rate of inotropic or vasoactive drug
was maintained constant during the period of hemodynamic
measurements. The Vasactive-inotropic Score (VIS) was used
to measure the severity level of shock. (VIS = dopamine dose
[µg/kg/min] + dobutamine dose [µg/kg/min] + 1.00 × adrena-
line dose [µg/kg/min] + 100 × noradrenaline dose [µg/kg/min]

Table 1. Indications for Pulmonary Reperfusion with Thrombolysis.

1. Patients at high risk of mortality from PE (PE with shock or
hypotension)
• Systolic blood pressure <90 millimeters of mercury (mm Hg)
and/or 60 mm Hg diastolic blood pressure (without inotropic
or vasoactive drug), need for vasopressors or a decrease in the
systolic blood pressure by ≥ 40 mm Hg from baseline.

• Hypotension lasting 15 min or longer despite resuscitation not
caused by a new-onset arrhythmia, hypovolemia, or septic
shock.

2. Patients in intermediate–high risk PE
• Patients without shock or hypotension
• Simplified Pulmonary Embolism Severity Index (sPESI)≥ 1
• Evidence of right heart dysfunction:
Transthoracic echocardiography: Enlarged right ventricle on
parasternal long axis view or right ventricle/left ventricle≥ 0.9;
pulmonary arterial hypertension (peak systolic gradient at the
tricuspid valve > 30 mm Hg), decreased tricuspid annular plane
systolic excursion measured with M-mode ( < 16 mm), right
heart mobile thrombus detected in right heart cavities.
Marker of myocardial injury (laboratory testing): Elevated
cardiac troponin T≥ 0.1 ng/L (or 14 ng/L for hypersensitive
troponin T), elevated natriuretic peptide concentrations in
plasma N-terminal (NT)-prohormone BNP > 300 pg/mL).
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+ 10 × milrinone dose [µg/kg/min] + 10.000 × vasopressin
dose [U/kg/min]).9

Treatment with rt-PA was followed by oral anticoagulation
as recommended by the European Society of Cardiology for a
period of 3 months. Surviving patients were discharged and
re-examined after 3 to 4 weeks then followed up by trained hos-
pital staff monthly for 3 months. Reasons for failure to return
for follow-up were ascertained where possible. Transthoracic
cardiac Doppler ultrasound was performed to evaluate the
right heart function before and 1 day after treatment with throm-
bolysis, at time of hospital discharge and at 3 months follow up
by a cardiac ultrasound specialist. CTPA was performed before
treatment and taken at the time of discharge to evaluate the
severity index score of PE.10

The main outcomes of our study were the survival rates at
hospital discharge and at 3 months, and in-hospital hemorrhage
(major and minor according to International Society on
Thrombosis and Haemostasis (ISTH) definitions).11 Other
outcome variables collected prospectively included the duration
of mechanical ventilation use, vasopressor use duration, hospi-
tal length of stay, right ventricular diameter, the pulmonary
artery pressure on cardiac Doppler ultrasound and the severity
index score of CTPA.

Statistical Methods
Continuous variables were described as mean and standard
deviation or median and interquartile range (IQR) if variables
were not normally distributed. Categorical data were described
as percentages. Proportions were compared by using the χ2 test
or Fisher’s exact test when expected values in any of the cells

were below 5. The level for statistical significance was set at
P< .05. Data were analyzed with R software version 3.0.1.

Results
In total, 80 patients were enrolled in this study. There were 55
of 80 (68.8%) female patients. The mean age of patients was
61.6 years ± 18.7 (range 18-95 years). There were 45 of 80
(56.3%) patients who were aged 60 years or older.

There were 48 of 80 (60%) patients at high risk of mortality
from their PE and 32 80 patients (40%) at intermediate–high
risk of mortality.

Survival to hospital discharge occurred in 73 of 80 (91.3%).
All deaths occurred in the high-risk mortality PE group. The
details of each death are shown in Table 2. All 73 patients
that were discharged were alive 3 months later.

Clinical Course and Adverse Events
In high-risk mortality PE, 23 of 48 (47.9%) patients manifested
shock requiring inotropic or vasoactive agents. The median
peak of VIS was 34 (interquartile range [IQR] 20-70) most
commonly 3 days post admission (IQR 1-6 days). Invasive ven-
tilation was required in 18 of 48 (37.5%) patients for a median
of 4 days (IQR 3-7days). A total of 7 of these patients (14.6%)
had a cardiac arrest; 5 had return of spontaneous circulation and
4 were discharged without neurological abnormalities. No
patient had thrombectomy or percutaneous catheter-directed
treatment; Tables 3 and 4.

Table 2. Characteristics of Patients who Died In-Hospital.

Patient Sex Age LOS
Cardiac arrest
due to PE Detail

No 1. Female 54 8 Yes Comatose with multiorgan failure following cardiac arrest
No 2. Female 94 18 No Initially improved but developed ventilator-associated pneumonia and septic shock
No 3. Male 69 1 No Hemodynamics did not improve. Patients delegate did not agree to thrombectomy (patient

had pre-existing colon cancer).
No 4. Female 75 2 Yes Comatose after cardiac arrest in spite of returning to spontaneous circulation
No 5. Male 59 1 Yes Refractory shock
No 6. Female 63 1 Yes Cardiac arrest after diagnosis with no return of spontaneous circulation
No 7. Male 74 1 No Lung cancer was found 1 day after using alteplase. Hemodynamics did not improve, and

treatment was withdrawn.

Table 3. In-Hospital Adverse Events.

High-risk mortality PE
group; n = 48

Intermediate–high risk PE
group; n = 32 Total n = 80 P value

Major intracranial bleeding 0 0
Major bleeding or needed blood transfusion 0 1 (blood loss due to

menstrual bleeding)
Minor bleeding (bleeding due to urethral/stomach
catheter placement, bleeding tooth)

2 (4.2%) 5 (15.6%) .086 (Fisher’s
exact test)
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There were 2 of 80 (2.5%) patients who developed chronic
thromboembolic pulmonary hypertension diagnosed at 3
months follow up.

Discussion
This is the first multicentered study to report on the experience
and outcomes of patients treated with an accelerated low-dose
thrombolysis regimen for PE in Vietnam. When implementing
fibrinolytic agents for treatment of PE in Vietnam, a low-dose
regimen was recommended for a number of reasons. First, a
lower risk of bleeding was expected.7,12 Second, Vietnamese
have lower body weights compared to populations where the
original studies were reported. Third, rt-PA is an imported
drug considered expensive relative to the health economic con-
ditions of Vietnam. Therefore, reducing the cost of drug dosing
is a relevant consideration. The low-dose regimen has now been
implemented widely across Vietnam and was recommended by
Vietnam National Heart Association and Vietnam National
Association of Emergency, Intensive Care Medicine, and
Clinical Toxicology.

The survival and major bleeding rates observed in our study
compare favorably with previous reports.5,7,12 The pooled sur-
vival rate in those 3 studies where 1 group received low-dose
regimen group was 96%, with a major bleeding rate of 4%.

There are several limitations to the study. This was a case
series without a control group. In addition, the sample size
was small.

In conclusion, the accelerated regimen with injection of alte-
plase at 0.6 mg per kg of body weight (maximum of 50 mg)
over 15 min was shown to be effective and safe in a case
series of Vietnamese patients with acute high risk and interme-
diate risk PE.
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