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a b s t r a c t

Objective: Reteplase (recombinant plasminogen activator) is a mutant of alteplase. It has a longer half-life
than its parent molecule and has shown better vessel patency rates in acute myocardial infarction. In this
study, we analyzed the efficacy and safety of reteplase in acute pulmonary embolism (PE).
Methods: This observational study included patients with high- and intermediate-risk acute PE,
presenting within 14 days of symptom onset. The patients were treated with reteplase, which was
given in two bolus doses of 10 U each, 30 min apart, along with intravenous heparin. Patients
with hemodynamic compromise (high-risk or massive PE) and normotensive patients with evi-
dence of right ventricular (RV) dysfunction (intermediate-risk or submassive PE) on echocardi-
ography or computed tomography were included in the study. The efficacy outcomes assessed
were in-hospital death and improvement of RV function by echocardiography. The safety out-
comes were major bleeding, minor bleeding, and ischemic or hemorrhagic stroke during
hospitalization.
Results: Of the 40 patients included, 25% were classified as high risk with hemodynamic compromise
and 75% were classified as intermediate risk. RV dysfunction was present in all the patients (100%).
Concomitant lower extremity deep vein thrombosis was present in 55% of the patients. The mortality
rate was 5%. There was significant improvement in RV function and reduction in pulmonary artery
systolic pressure and tricuspid regurgitation severity. There was no major bleeding event or stroke, and
7.5% patients had minor extracranial bleeding.
Conclusions: Double-bolus reteplase given with heparin is effective in the treatment of high- and in-
termediate-risk PE, with minimal risk of bleeding.
© 2019 Cardiological Society of India. Published by Elsevier B.V. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Thrombolytic therapy is an established treatment modality in
acute high-risk (or massive) pulmonary embolism (PE) with he-
modynamic instability.1 It effectively resolves thromboembolic
obstruction and promptly reduces pulmonary artery pressure and
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resistance with an increase in cardiac output. It has also shown to
be superior compared with anticoagulation in intermediate-risk (or
submassive) PE.2e6 Thrombolytic agents that have been shown to
be of proven efficacy include streptokinase, urokinase, alteplase,
and tenecteplase.1,7e10

Reteplase is a third-generation fibrin-specific recombinant tis-
sue plasminogen activator that lacks the finger, epidermal growth
factor, and kringle 1 domains.11 The slower clearance resulting from
these changes in the molecular structure allows reteplase to be
given as a nonweight-adjusted bolus.12 In patients with acute
myocardial infarction (MI), reteplase achievedmore rapid andmore
complete thrombolysis of the infarct-related artery than alteplase,
with no difference in bleeding rates.13e15

Although the efficacy of reteplase in acuteMI is known, only few
case reports and case series have reported its utility in high- and
intermediate-risk PE.16,17 In this study, we examine the efficacy and
safety of reteplase in acute PE.
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2. Methods

2.1. Study design and patients

This was a prospective observational study conducted at a ter-
tiary cardiac care center in India between January 2017 and March
2018.

Patients were included in the study if they met the following
criteria: an age of 18 years or older, objectively confirmed acute PE
with a symptom duration of 14 days or less, and right ventricular
(RV) dysfunction confirmed by two-dimensional transthoracic
echocardiography (TTE) or computed tomography (CT) of the chest.
The diagnosis of PE was confirmed by CT of the chest.

Patients were excluded from the study if they had one or more
of the following characteristics: prior intracranial hemorrhage,
known cerebrovascular lesion, intracranial neoplasm, ischemic
stroke within 3 months, active bleeding (except menses), known
bleeding disorder, major surgery or major trauma within the pre-
ceding 3 weeks, gastrointestinal bleeding within the preceding 1
month, uncontrolled hypertension, current therapy with an oral
anticoagulant, current pregnancy, or lactation.

Written informed consent was obtained from all patients before
thrombolysis.

The choice of the thrombolytic agent was at the discretion of the
treating physicians. The study protocol was approved by the local
ethics committee.
Table 1
Baseline characteristics of the study patients.

Characteristics

Sex, no. (%)
Male 29 (72.5)
Female 11 (27.5)

Mean age, yrs 39.3 ± 12.6
Symptoms, no. (%)
Dyspnea 38 (95)
Syncope 5 (12.5)
Fatigue 3 (7.5)
2.2. Drug regimen

Patients diagnosed to have acute PE received an intravenous
bolus of 5000 U of unfractionated heparin and two bolus doses of
10 U of reteplase given 30 min apart. Intravenous heparin infusion
or subcutaneous enoxaparinwas started 6 h after administration of
the second bolus dose of reteplase. The heparin infusion rate was
1000 U per hour, and the rate was subsequently adjusted to
maintain the activated partial thromboplastin time (aPTT) at 2.0 to
2.5 times the upper limit of normal. aPTT measurements were
taken at 6-hour intervals. Enoxaparin was administered subcuta-
neously at a dose of 1 mg/kg twice daily. Overlapping oral antico-
agulant therapy with warfarin was initiated on day 2 after
thrombolysis, and the dosage was adjusted to maintain an inter-
national normalized ratio of 2.0e3.0.
Chest pain 6 (15)
Window period, no. (%)
< 3 days 17 (42.5)
3e10 days 15 (37.5)
>10 days 8 (20.0)

Blood pressure, no. (%)
< 90 mm Hg 10 (25)
>90 mm Hg 30 (75)

Lower extremity DVT, no. (%) 22 (55)
RV systolic dysfunction, no. (%) 40 (100)
Mean PASP, mm Hg 64.5 ± 12.9
Severity of tricuspid regurgitation, no. (%)
Mild 11 (27.5)
Moderate 25 (62.5)
Severe 4 (10)

Risk stratification,a no. (%)
High 10 (25)
Intermediate 30 (75)

PESI score, mean ± SD
High-risk patient group 132.2 ± 22.5
Intermediate-risk patient group 81.4 ± 24.5

DVT: deep vein thrombosis; PASP: pulmonary artery systolic pressure; RV: right
ventricular; PESI: Pulmonary Embolism Severity Index; SD: standard deviation; ESC:
European Society of Cardiology.

a ESC definition of clinical risk.20
2.3. Outcome assessment

After thrombolysis, the patients were evaluated upto the end of
hospital stay and earlier if any clinical deterioration occurred. TTE
was performed to assess RV function and pulmonary artery systolic
pressure (PASP) 12e24 h after administration of reteplase and
before discharge and earlier in case if any clinical deterioration.
Efficacy of thrombolysis was assessed in terms of in-hospital death
and persistent RV dysfunctionwith elevated PASP at discharge. The
tricuspid annular plane systolic excursion (TAPSE) value of <17 mm
measured by M-mode was considered RV systolic dysfunction.18

PASP estimated by the tricuspid regurgitation (TR) jet of >40 mm
Hg was considered elevated.

Bleeding complications were classified as intracranial and
extracranial. Extracranial bleeding was classified as major as per
the criteria of International Society on Thrombosis and Hemostasis
(ISTH)19 if it resulted in hemodynamic compromise, required
transfusion or symptomatic bleeding in the critical area. The
remainder of the bleeding was classified as minor.
2.4. Statistical analysis

Descriptive and inferential statistical analyses have been used in
this study. The results of continuous measurements are presented
as mean ± standard deviation (minimumemaximum), and the re-
sults of categorical measurements are presented as number (%).
Significance was assessed at a level of 5%. The Student t-test (two-
tailed, independent) was used to find the significance of improve-
ment in study parameters before and after thrombolysis. The chi-
square/Fisher Exact test was used to find the significance of study
parameters on the categorical scale between the different groups.
The Fisher Exact test was used when cell samples were very small.
A p value of <0.05 was considered significant. Data were analyzed
using statistical software SPSS 18.0 and R environment version
3.2.2.
3. Results

3.1. Patient data

A total of 40 patients received reteplase for acute PE during the
study period. The baseline characteristics of the patients are sum-
marized in Table 1. The mean age of the patients was 39.3 ± 12.6
years; the oldest patient was 71 years. Dyspnea was the most
common symptom at presentation present in 95% patients. The
time interval between symptom onset and thrombolysis (window
period) was fewer than 3 days in 42.5%, 3e10 days in 37.5%, and
more than 10 days in 20% of the patients. Concomitant lower ex-
tremity deep vein thrombosis confirmed by venous Doppler was
seen in 55% patients. Therewas an identifiable provocation factor in
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only 17.5% of the patients (postpartum: 7.5%, recent surgery/
immobilization: 10%). Detailed hypercoagulable workup could not
be performed in the remainder of the patients owing to financial
constraints. Twenty-five percent of the patients were classified as
high risk and the remaining 75% were classified as intermediate
risk based on the European Society of Cardiology definition for the
level of clinical risk.20 All the patients included in the study had RV
systolic dysfunction before thrombolysis. The mean PASP estimated
from the TR jet velocity by TTE was 64.5 ± 12.9 mm Hg. TR was
severe in 10% patients, moderate in 62.5%, and mild in 27.5%. After
thrombolysis, enoxaparin was administered to 55% of the patients,
and the remaining received unfractionated heparin, followed by
overlapping oral anticoagulant therapy.

3.2. Efficacy outcomes

The efficacy outcomes are summarized in Tables 2 and 3. The
mortality rate in the study was 5% (n ¼ 2). Both patients had he-
modynamic compromise at presentation and died within 12 h
owing to cardiogenic shock. There was no mortality in the inter-
mediate-risk patients. RV systolic function assessed by TTE
normalized in 80% patients (p < 0.001). The TAPSE improved from a
baseline mean of 12.3 ± 1.6 mm to 20.3 ± 2.8 mm. The mean PASP
reduced from a baseline of 64.5 ± 12.9 mm Hg to 37.1 ± 15
(p < 0.001). TR severity improved by at least one grade in 90% pa-
tients (p < 0.001). Of the 6 patients with persistent RV dysfunction
with high PASP, 1 patient underwent emergency surgical pulmo-
nary embolectomy in view of persistent hypotension and 2 (5%)
patients received repeat thrombolysis with streptokinase 48 h after
the reteplase dose. RV dysfunction persisted after repeat throm-
bolysis in both patients, and they were advised surgical embolec-
tomy on follow- up.

3.3. Safety outcomes

None of the patients had intracranial bleeding or stroke. No
major bleeding (as per ISTH criteria) was seen. Minor extracranial
Table 2
Efficacy and safety outcomes.

Outcomes No. (%)

Death from any cause 2 (5)
Normalization of RV function 32 (80)
Improvement of TR severity 36 (90)
Repeat thrombolysis 2 (5)
Surgical embolectomy 1 (2.5)
Bleeding
Intracranial 0 (0)
Major extracranial 0 (0)
Minor extracranial 3 (7.5)

RV: right ventricular; TR: tricuspid regurgitation.

Table 3
RV function, PASP, and TR: before and after fibrinolysis.

Parameter assessed Before fibrinolysis After fibrinolysis p value

RV dysfunction, no (%) 40 (100) 8 (20) <0.001a

PASP mean, mm Hg 64.5 ± 12.9 37.1 ± 15 <0.001b

Tricuspid regurgitation, no (%)
Mild 11 (27.5) 34 (85) <0.001a

Moderate 25 (62.5) 4 (10)
Severe 4 (10) 2 (5)

RV: right ventricular; PASP: pulmonary artery systolic pressure; TR: tricuspid
regurgitation.

a Paired proportion test.
b Student t-test.
bleeding occurred in 3 (7.5%) patients. The safety outcomes are
summarized in Table 2.

4. Discussion

PE remains a common disease with a case fatality rate in the
acute phase ranging from 7% to 11% despite thrombolytic
therapy.21e23 Thrombolysis rapidly dissolves and reduces thrombus
burden, thereby improving hemodynamics, gas exchange, and
overall survival. Various thrombolytic agents have been tried
including streptokinase, urokinase, alteplase, and tenecteplase. The
first three need to be given as an infusion, whereas only ten-
ecteplase can be given as a weight-adjusted bolus. Reteplase also
has the advantage of bolus administration and does not need
weight adjustment, thereby further simplifying its usage. Unlike
tenecteplase, reteplase has been shown to have greater infarct-
related patency in patients with acute MI than alteplase, although
this did not transform into a mortality benefit.24 With the avail-
ability of generic reteplase in India, its usage for ST elevation
myocardial infarction has increased. We sought to evaluate the role
of reteplase in intermediate-high risk PE. Before our study, one
small randomized trial and few case studies have evaluated the
efficacy of reteplase for PE.

In a randomized trial of 36 patients (23, reteplase and 13, alte-
plase), Tebbe et al17 demonstrated that reteplase led to greater and
more rapid improvement in total pulmonary resistance, mean
pulmonary artery pressure, and the cardiac index compared with
alteplase. However, there was no difference at 24 h between the
two groups. A thrombolytic therapy that leads to a more rapid
reduction in pulmonary resistance could lead to faster hemody-
namic improvement and potentially greater mortality reduction.
The present study also noted a significant improvement in RV
function, TR severity, and reduction of PASP. The RV systolic func-
tion normalized in 80% of cases. There was no significant difference
between the high-risk and intermediate-risk patients in terms of
improvement of aforementioned parameters. However, a higher
mortality was observed in patients with high-risk PE, persistent RV
dysfunction, and high PASP owing to hemodynamic instability,
which lead to rapid clinical deterioration.

The mortality rate in the study was 5%, which included both
high-risk and intermediate-risk PE. No patients with intermediate-
risk PE in our study died. A review of randomized trials with other
thrombolytic agents showed a mortality of 9.4% for high-risk PE9

and 2.2% for intermediate-risk PE.6 A recent case series by Gho-
badi et al25 reported successful thrombolysis of massive (high-risk)
PE with the use of reteplase in 5 patients, with no mortality. A
meta-analysis of intermediate-risk PE reported a clinical deterio-
ration rate of 4.1% in patients receiving thrombolytic agents and
14.1% in the anticoagulant group.6 In our study, 7.5% of the patients
had clinical deterioration, needing escalation of therapy in the form
of repeat thrombolysis and surgical embolectomy.

Thrombolytic treatment is known to carry a risk of major
bleeding, including intracranial hemorrhage. The reported inci-
dence of major bleeding with thrombolytic therapy in PE ranges
from 8.1% to 9.9%.1,6 In the present study, there was no major
bleeding event, and minor bleeding occurred in 7.5% patients,
which included bleeding gums, hemoptysis, and worsening of
menstrual bleed. In the study by Tebbe et al,17 there was no stroke
or intracranial bleeding reported with the use of reteplase. The low
bleeding risk in our study may be due to the relatively low mean
age of the patient population compared with other studies. The
bleeding risk with the use of reteplase is not significantly different
from other fibrin-specific agents.1,6,13 In the GUSTO III trial with the
use of reteplase for acute MI, the rate of serious life-threatening
bleeding was 0.95% and moderate bleeding was 6.9%.13
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Our study has a number of limitations, themost important being
the absence of a comparator arm. Although, this was a prospective
study, patients receiving reteplase constituted only a minority of
patients who were chosen for thrombolytic therapy. For economic
reasons, the default thrombolytic agent in our institute is strepto-
kinase. The decision to administer reteplase was at the discretion of
the treating physician, which could bias the study results. It is
possible that patients who received reteplase may have been cho-
sen on the basis of a higher perceived risk. The third limitation is
the relatively fewer number of patients. Yet the present study
represents the largest experience until date with the use of rete-
plase in the treatment of PE.

5. Conclusion

In conclusion, our study indicates that reteplase given with
heparin is effective in the treatment of intermediate- and high-risk
PE with only a minor bleeding risk. The ease of nonweight-based
bolus administration and the lower cost compared with other
fibrin-specific agents makes it a good therapeutic option for
thrombolysis in acute PE.
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