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ABSTRACT

Background: Pulmonary embolism (PE) is a lethal clinical condition requiring immediate systemic thrombolysis to decrease mortality.
Reteplase has been extensively used in acute myocardial infarction but studies in massive PE are rare. We have presented here efficacy
and safety of reteplase in patients with high risk PE diagnosed on basis of bedside transthoracic echocardiography. Methods: This
was retrospective study including 20 patients of massive PE undergoing thrombolysis with reteplase. Bedside TTE was used to
evaluate presence of RV dysfunction and thrombi in these patients with hemodynamic compromise. Safety and efficacy outcomes
were analysed till three months of follow up. Results: 12 patients (60%) included in the study were males and mean age was 41
+ 19 years. The dyspnoea, chest pain and haemoptysis improved in all patients after thrombolysis. At discharge, RV dilatation
normalised, systolic pulmonary artery pressure decreased, systolic blood pressure significantly increased and hypoxemia had
completely corrected. Two patients had minor self-limiting bleeding episodes in form of mild haematuria and oral bleeding. During
the follow up period of 3 months all patients were clinically stable and there were no bleeding episodes or death. Moreover, there was
no recurrence of PE and/or DVT. Conclusion: Reteplase is highly efficacious in massive pulmonary embolism and results in rapid
clinical improvement. Moreover, it can be safely used without increased risk of significant bleeding or mortality. Although limited by
retrospective nature, reteplase appears to be an attractive option for massive PE but large prospective studies are further required.
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Introduction chest pain, hemoptysis, and/or poot oxygen saturation. The clinical
classification of acute PE is based on the estimated risk of eatly
Acute pulmonary embolism (PE) is the most serious presentation mortality. The severity of PE is stratified into massive (high risk),

of venous thromboembolism (VTE), which is the third leading  submassive (moderate risk), and nonmassive or low-risk.>* Massive
cause of cardiovascular deaths after myocardial infarction and  PE represents right ventricular dysfunction leading to hemodynamic
stroke.!'”) Prevalence is increasing with ageing population since  compromise being suspected or confirmed in the presence of
the risk of PE doubles with each decade after 40 years of age.”! shock or persistent arterial hypotension. This clinical stratification
PE is clinically suspected usually on the basis of dyspnoea, cough, has important implications both for the diagnostic and therapeutic

strategies. The International Cooperative Pulmonary Embolism
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in patients with massive PE versus 15.1% in submassive PE.1

Received: 30-06-2019 Revised: 22-08-2019 Accepted: 05-09-2019 This is an open access journal, and articles are distributed under the terms of the Creative
Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to
" " " remix, tweak, and build upon the work non-commercially, as long as appropriate credit is

given and the new creations are licensed under the identical terms.
Quick Response Code:

Website:

. For reprints contact: reprints@medknow.com
www.jfmpc.com

How to cite this article: Verma B, Singh AK. Use of reteplase for
DOI: thrombolysis in patients with massive pulmonary embolism diagnosed
10.4103/jfmpc.jfmpc_512_19 by bedside transthoracic echocardiography: A retrospective study of
safety and efficacy. J Family Med Prim Care 2019;8:3155-9.

© 2019 Journal of Family Medicine and Primary Care | Published by Wolters Kluwer - Medknow 3155



Verma and Singh: Reteplase in massive pulmonary embolism

In patients with massive PE, systemic thrombolytic therapy is
associated with lower all-cause mortality, decreases the risk of
chronic thromboembolic pulmonary hypertension (CTEPH),

and improves quality of life.*?37

I Therefore, persistent
hypotension or shock (i.e. a systolic blood pressure <90 mmHg
or a decrease in the systolic blood pressure by 240 mmHg
from baseline) in the setting of acute PE is an emergency and
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requires immediate systemic thrombolysis.
treatment strategies are recommended only in the event of
treatment failure in this subset of patients."'” The eatly and
rapid resolution of pulmonary obstruction compared to
anticoagulation alone leads to prompt reduction of pulmonary
artery pressure and improvement of RV function. More than
90% patients benefit from thrombolysis when treatment is

initiated within 48 h of symptom onset.!

Streptokinase, urokinase, and recombinant tissue plasminogen
activator (rtPA) have been approved for thrombolysis in acute
PE.* Newer thrombolytic drugs (reteplase and tenecteplase) ate
being increasingly used nowadays owing to putative advantages,
such as ease of delivery (bolus dosing) and better fibrin specificity.
Reteplase has an added advantage of weight independent (fixed)
dosing. Moreover, reteplase has been shown to have similar
results in terms of hemodynamic parameters when compared
against rtPA (alteplase) in acute PE.'"J Howevet, none of these
agents are approved for use in PE due to lack of studies. Despite
increasing off-label use of reteplase for massive PE, the available
literature is limited to few case reports and small case series.
Although the effectiveness of reteplase in acute myocardial
infarction is known, few case reports and case studies have
reported its utility in acute massive and submassive PTE.I'*1
Moreover, there is no data on use of reteplase in massive PE
from Indian subcontinent.

In suspected massive acute PE, computed tomographic
pulmonary angiography (CTPA) is recommended for diagnostic
purposes.”) However, use of CTPA is limited by availability,
especially in resource poor third world countries. Suspected
massive PE is a life-threatening situation and requires immediate
diagnosis and treatment. The most useful test in this situation
is bedside transthoracic echocardiography (T'TE), which can
show evidence of RV dysfunction and exclude other causes
like acute valvular dysfunction, tamponade, acute coronary
syndrome (ACS), and aortic dissection. Moreover, in a
hemodynamically compromised patient with suspected PE,
unequivocal signs of RV pressure overload and dysfunction
justify emergency reperfusion treatment for PE if immediate
CT angiography is not feasible (Class IC).>>

In this study, we have reported 20 cases of massive acute PE,
which were diagnosed on the basis of bedside TTE due to
unavailability on-site CTPA. All these cases underwent systemic
thrombolysis using reteplase. To our knowledge, this the largest
study regarding use of reteplase in PE. Moreover, this is the first
study of use of reteplase for thrombolysis in massive PE from
Indian subcontinent.

Journal of Family Medicine and Primary Care

Materials and Methods
Study population

The present study is a retrospective observational study
carried out at a tertiary care hospital from December 2016
to March 2019. All patients admitted with acute massive PE
and thrombolysed with reteplase were included in the study.
Bedside TTE was used in all such suspected cases and systemic
thrombolysis was done on the evidence of RV dysfunction in
setting of hemodynamic compromise.”? CTPA for confirmation
after thrombolysis could be done only in 3 patients. Hospital
records of all patients were reviewed for demographic data,
predisposing factors, clinical presentation, diagnostic studies,
hemodynamic status, and outcomes.

Study protocol

Bedside TTE was done by Esaote Mylab 50 Xvision with a
5-MHz transducer. In addition, in all patient’s ECG, chest X-ray,
ABG, hematological profile, serum troponin I levels, D-dimer,
and hypercoagulability profile were done. Systemic thrombolysis
was done by reteplase 10 units IV bolus over 2 min repeated after
30 min. Low-molecular-weight heparin (LMWH) was used for
anticoagulation, which has greater effectiveness and safety and
lower mortality compared to unfractionated heparin."1 The ACCP
recommends the use of direct-acting anticoagulants over warfarin
for VTE treatment in patients without cancer.' Dabigatran was
started next day of thrombolysis at a dose of 150 mg orally twice
daily with concomitant parenteral anticoagulation for 5 to 10 days.
Among newer novel OACs, only dabigatran has a commercially
available reversal agent, idarucizumab, a monoclonal antibody
that binds dabigatran in the serum.["?” Hospital discharge
was done when the patient had clinically improved and was
hemodynamically stable. The oral anticoagulation was continued
and patients were followed up for at least 3 months.!%!1

Definitions

Patients with PE were classified as high risk (massive) if there
was evidence of hemodynamic compromise (defined as systolic
blood pressure <90 mmHg or a decrease in the systolic blood
pressute by 240 mmHg from baseline).! D-dimer testing was
done using enzyme linked fluorescent assay and any value greater
than 500 ng/ml was considered positive. Troponin I was done
using electrochemiluminescence method and a value greater
than 0.03 was considered abnormal. Echocardiographic criteria
of RV dysfunction include RV dilation and/or an increased
end-diastolic RV-LV diameter ratio (>0.9), hypokinesia of the
free RV wall, increased velocity of the tricuspid regurgitation jet;
ot combinations of these.” Pulmonary hypettension was defined
as pulmonary artery systolic pressures >40 mmHg.

Statistical analysis

The data were analyzed using GraphPad Prism 7, version 7.04
(GraphPad Software, Inc.). Baseline and follow-up information
were summarized with descriptive statistics. Continuous variables
were presented as means and SDs and categorical variables
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Table 1: Baseline patient characteristics (n=20)

Table 2: ECG findings (n=20)

Age (years), meantSD 41£19
Male sex 12 (60)
Elevated troponin 1 15 (75)
Elevated D-dimer 19 (95)
Clinical presentation
Dyspnoca 20 (100)
Cough 14 (70)
Chest pain 12 (60)
Hemoptysis 6 (30)
Presyncope/syncope 7 (35)
Signs of DVT 6 (30)
Poor oxygen saturation 18 (90)
Tachycardia 20 (100)
Tachypnoea 19 (95)
Raised JVP 11 (55)
Risk factors
Previous PE/DVT 3 (15)
Surgery/Immobilisation 5 (25)
Cancer 1(5)
Smoking 9 (45)
Diabetes mellitus 6 (30)
Hypertension 7 (35)
OCP/HRT 3 (15)
Hypercoagulable state 4 (20)
No obvious risk factors 5(25)

Values shown represent numbers (percentages), except where otherwise noted. SD=standard deviation,
JVP=jugular venous pressure, PE=pulmonary embolism, DVT=deep vein thrombosis, OCP=oral
contraceptive pills, HRT=hormone replacement therapy

were expressed as frequencies and percentages. The P value
for comparing two independent continuous variables was from
unpaired student’s #test and for comparing two proportions
was from the Chi-square test or Fisher exact test. All tests were
two-sided, and statistical significance was at P < 0.05.

Results

Patient characteristics

Baseline patient characteristics are presented in Table 1. Out
of 20 patients included in the study, 12 (60%) were males and
mean age was 41 £ 19 years. The most frequent presenting
symptom was dyspnoea seen in all patients followed by cough
in 14 (70%), chest pain in 12 (60%), ptesyncope/syncope in
7 (35%), and hemoptysis in 6 patients (30%). The most common
clinical sign was tachycardia (100%) followed by tachypnoea
in 95% and poor oxygen saturation in 90% patients. Six
patients (30%) had signs of DVT, and 11 patients (55%) had
raised jugular venous pressure suggesting right heart failure.
Overall, one or more risk factors of PE could be identified
in 15 patients (75%) and in rest 5 patients (25%) no obvious
cause was found. The risk factors seen were smoking (45%),
hypertension (35%), diabetes mellitus (30%), prior surgery/
immobilization (25%), hypercoagulable state (20%) and OCP/
HRT use in 3 patients (15%). Elevated serum troponin I levels
were seen in 15 patients (75%) and D-dimer was elevated in
19 patients (95%).
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Sinus tachycardia 20 (100)
New-onset atrial arrhythmias 5(35)
New RBBB (complete or incomplete) 13 (65)
Right axis deviation 7 (35)
QR pattern in V1 6 (30)
P pulmonale 5 (25)
S1Q3T3 12 (60)
T wave inversion in V1 through V4 14 (70)
T inversion in inferior and right precordial leads 7 (35)
ST segment changes 9 (45)
Clockwise rotation 2 (10)
Normal ECG excluding tachycardia 3(15)

Values shown represent numbers (percentages), except where otherwise noted. ECG=electrocardiography,
RBBB=tight bundle-branch

ECG findings

Sinus tachycardia in ECG was seen in all patients. After
excluding tachycardia, ECG appeared to be essentially normal
in 3 patients (15%). The most frequent ECG abnormalities
were T inversion in V1-V4 in 14 patients (70%), followed by
new complete/incomplete RBBB in 65%, S1Q3T3 in 60%,
and ST-T changes in 45% patients. Other findings were atrial
arrhythmias (35%), right axis deviation (35%), QR pattern in
V1 (30%), P-pulmonale (25%), and clockwise rotation 10%
patients. ECG findings are depicted in Table 2.

Echocardiography findings

The most frequent echocardiography finding was RV dilatation
(suggestive of RV dysfunction) seen in 18 patients (90%). Other
common findings were McConnell’s sign (65%), pulmonary
hypertension (60%), paradoxical septal motion (65%), septal
flattening (60%), and loss of respirophasic IVC collapse (60%).
Less common features were tricuspid annulus plane systolic
excursion (TAPSE) <17 mm in 40% patients, pulmonary
ejection acceleration time <80 ms in 25% patients, and 60/60
sign in 20% patients. Pulmonary artery thrombi were seen in
3 patients (15%). Echocardiography findings are depicted in
Table 3.

Outcome of therapy: Efficacy

The efficacy outcomes of reteplase therapy are shown in
Table 4. The dyspnoea, chest pain, and hemoptysis improved
in all patients after thrombolysis. At discharge, the RV dilatation
normalized in all patients and systolic pulmonary artery pressure
decreased from 56 £ 16 to 28 £ 12 mm of Hg (P < 0.01) and
63.9 + 21.6 mmHg to 34.4 £ 19.8 mmHg (P = 0.02). The
heart rate and respiration rate also decreased significantly till
discharge. Moreover, the systolic blood pressure significantly
increased from 79 £ 10 to 111 £ 18 mm of Hg. Hypoxemia
rapidly improved with a significant increase in PaO, (62 £ 17 to
82 £ 11 mm of Hg) and 520, (83 + 13% to 97 * 2%). RBBB
completely improved in all patients after reteplase therapy.
However, the resolution of PE on CTPA was documented in
only 3 patients.
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Table 3: Echocardiography findings (n=20)

RV dilatation (RV diameter/LV diameter >0.9) 18 (90)
RV free wall hypokinesis with apical sparing (McConnell’s sign) 13 (65)
60/60 sign* 4 (20)
Pulmonary ejection acceleration time <80 msec 5(25)
Paradoxical leftward septal motion 13 (65)
Interventricular septal flattening 12 (60)
Presence of PH* 12 (60)
Loss of respirophasic IVC collapse 12 (60)
Tricuspid annulus plane systolic excursion (TAPSE) <17 mm 8 (40)
Right heart thrombi 0 (0)

Pulmonary artery thrombi 3 (15)

Values shown represent numbers (percentages), except where otherwise noted. RV=right ventricle, LV=left
ventricle, TR=tricuspid regurgitation, PH=pulmonary hypertension, IVC=inferior vena cava. # RV
acceleration time of <or=60 ms in presence of tricuspid regurgitation pressure gradient <or=60 mm Hg.
*Defined as pulmonary artery systolic pressure >40 mm of Hg

Table 4: Outcome of thrombolysis with reteplase in
massive acute PE (n=20)

At presentation At discharge P
Dyspnoea 20 (100) 0 <0.01
Chest pain 6 (30) 0 <0.01
Hemoptysis 12 (60) 0 <0.01
Heart rate (min)* 125%21 79+11 <0.01

Respiration rate (min)* 26t5 19£6 <0.01
PaO, (mm of Hg) * 62£17 82+11 <0.01
Sa0, (%) * 83£13 97+2 <0.01
RV dilatation 14 (70) 0 <0.01
Systolic PAP (mm of Hg) * 56£16 28+12 <0.01
SBP (mm of Hg) * 79£10 111+18 <0.01
Patients with RBBB 13 (65) 0 <0.01

Values shown represent numbers (percentages), except where otherwise noted. * Mean+SD. PE=pulmonary
embolism, RV=right ventricle, PAP=pulmonary artery pressure, SBP=systolic blood pressure, RBBB=right
bundle branch block

Outcome of therapy: Safety

There were no major bleeding events defined as bleeding
requiring hospitalization, blood transfusion, intracranial
hemorrhage, or fatal bleeding during the study period. Two
patients had minor bleeding episodes in form of mild hematutia
and oral bleeding. No other clinically relevant events were
observed during thrombolytic treatment. During the follow-up
period of 3 months, all patients were clinically stable and there
were no bleeding episodes or death. Moreover, there was
no recurrent PE or deep-vein thrombosis (DVT) during the
3 months follow-up.

Discussion

Massive PE presenting with hemodynamic compromise is an
emergency, leading to up to 60% mortality within 3 months.!
The early and rapid resolution of pulmonary obstruction by
systemic thrombolysis had been shown to decrease mortality
and improve quality of life.”’
recommended the use of thrombolytics in high-risk patients

I Accordingly, the current guidelines
with massive PE.*"l Reteplase is being increasingly used for
thrombolysis in varied indications owing to lower bleeding,

higher efficacy, greater fibrin specificity, bolus dosing, and weight
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independent dosing. However, its use in massive PE is limited to
case reports. In this study, we have reported largest case series
of use of reteplase for systemic thrombolysis in massive PE.

We have reported 20 cases of massive PE treated successfully with
reteplase. All patients improved clinically along with improvement
in hemodynamic and echocardiographic parameters. Liu and
Wang reported that reteplase significantly relieved symptoms and
hemodynamic state in a case seties of 18 patients.'” Similarly
clinical improvement with reteplase had been reported in few
recent studies.''®! Furthermore, all these studies including ours
have shown rapid and significant improvement in hemodynamic
and echocardiographic parameters.*!>14

Moreover, reteplase had excellent safety profile with no major
bleeding. During 3-month follow-up, all patients were clinically
stable, there were no bleeding episodes, recurrent PE or DVT.
Only two patients in our study had minor self-limited bleeding in
the form of mild hematuria and oral bleeding. Reteplase has been
shown to have similar safety and efficacy to alteplase in massive
PE.!" Similatly, bleeding complication of reteplase has been very
infrequent in other case series.1>1¢
study during hospitalization and up to 3 months of follow-up.
Similarly, in a case series of 10 patients of PE with intermediate

I No mortality was seen in our

risk there was no mortality.¥l However, in another case series of
18 patients with massive PE, there was 27.5% mortality. But in
their study, clinical improvement was seen in only 66% patients
and additionally one patient died due to cerebral hemorrhage.

Implications for primary care/healthcare
professionals

From this retrospective study and earlier case reports, there is
clear suggestion that reteplase is highly effective in massive PE
with excellent safety profile. All patients in this study improved
clinically with no mortality and major bleeding. This study adds
to evidence base of current increasing off-label use of reteplase
for thrombolysis. Reteplase appears to be suitable treatment
alternative to first generation thrombolytics in massive PE. This
view is further supported by the clear advantage of reteplase in
other clinical settings like acute myocardial infarction. There is
clear need for future research in the form of large prospective
and randomized studies.

Study limitations

The major strengths of this study include the largest number
of patients studied in context to reteplase till date and relatively
longer duration of follow-up. This series adds to the current
evidence supporting use of reteplase for thrombolysis in massive
PE. However, there are significant limitation too. First, this was
a retrospective study from a single center. Second, sensitivity
and specificity of echocardiography for the diagnosis are limited
compared with CTPA. Third, the sample size of patients with
massive in this study is small. Finally, the findings of this study
are subject to confounding and bias that are inherent to the
observational studies.
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Conclusion

Massive PE is a life-threatening condition requiring immediate
systemic thrombolysis. In the present study, we have shown that
reteplase is highly efficacious in this context and results in rapid
clinical improvement. Moreover, it can be safely used without
increased risk of significant bleeding or mortality. Although
limited by retrospective nature, reteplase appears to be an
attractive option for massive PE but large prospective studies
are further required.
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