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Systemic thrombolysis in PE

¡ Superior hemodynamic effects and faster onset of action compared

with heparin alone

¡ Systemic thrombolysis is recommended in patients with high-risk PE

¡ It has remained controversial whether systemic thrombolysis might also

improve the clinical outcome of patients with hemodynamically stable 

PE and particularly those with intermediate high-risk PE
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Background
The role of fibrinolytic therapy in patients with intermediate-risk pulmonary embo-
lism is controversial.
Methods
In a randomized, double-blind trial, we compared tenecteplase plus heparin with 
placebo plus heparin in normotensive patients with intermediate-risk pulmonary 
embolism. Eligible patients had right ventricular dysfunction on echocardiography 
or computed tomography, as well as myocardial injury as indicated by a positive test 
for cardiac troponin I or troponin T. The primary outcome was death or hemody-
namic decompensation (or collapse) within 7 days after randomization. The main 
safety outcomes were major extracranial bleeding and ischemic or hemorrhagic 
stroke within 7 days after randomization.
Results
Of 1006 patients who underwent randomization, 1005 were included in the intention-
to-treat analysis. Death or hemodynamic decompensation occurred in 13 of 506 pa-
tients (2.6%) in the tenecteplase group as compared with 28 of 499 (5.6%) in the 
placebo group (odds ratio, 0.44; 95% confidence interval, 0.23 to 0.87; P = 0.02). Be-
tween randomization and day 7, a total of 6 patients (1.2%) in the tenecteplase group 
and 9 (1.8%) in the placebo group died (P = 0.42). Extracranial bleeding occurred in 
32 patients (6.3%) in the tenecteplase group and 6 patients (1.2%) in the placebo 
group (P<0.001). Stroke occurred in 12 patients (2.4%) in the tenecteplase group and 
was hemorrhagic in 10 patients; 1 patient (0.2%) in the placebo group had a stroke, 
which was hemorrhagic (P = 0.003). By day 30, a total of 12 patients (2.4%) in the ten-
ec teplase group and 16 patients (3.2%) in the placebo group had died (P = 0.42).
Conclusions
In patients with intermediate-risk pulmonary embolism, fibrinolytic therapy prevented 
hemodynamic decompensation but increased the risk of major hemorrhage and stroke. 
(Funded by the Programme Hospitalier de Recherche Clinique in France and others; 
PEITHO EudraCT number, 2006-005328-18; ClinicalTrials.gov number, NCT00639743.)
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Tenecteplase (n=506)
Placebo
(n=499) P value

n (%) n (%)
All-cause mortality             within 7 
days

6 (1.2) 9 (1.8) 0.43

Hemodynamic collapse 
within 7 days

8 (1.6) 25 (5.0) 0.002

Need for CPR 1 5
Hypotension / blood pressure drop 8 18

Catecholamines 3 14
Resulted in death 1 6

ITT population The PEITHO Investigators

PEITHO: Secondary efficacy outcomes



Tenecteplase (n=506)
Placebo
(n=499) P value

n (%) n (%)
Non-intracranial bleeding

Major 32 (6.3) 6 (1.5) <0.001
Minor 165 (32.6) 43 (8.6) <0.001

Strokes by day 7 12 (2.4) 1 (0.2) 0.003
Hemorrhagic 10 1
Ischemic 2 0

ITT population The PEITHO Investigators

PEITHO: Safety outcomes (within 7 days of randomization)



Eur Heart J 2015;36:605-14

Studies including
intermediate risk PE

Odds Ratio (95% CI)

Mortality 0.42 (0.17 – 1.03)

PE mortality 0.17 (0.05 – 0.67)

Death or treatment 
escalation 0.37 (0.20 – 0.69)

PE recurrence 0.25 (0.06 – 1.03)

Efficacy
2057 patients with PE 

included in 15 RCT 

comparing thrombolysis

+ anticoagulant vs 

anticoagulant alone



Eur Heart J 2015;36:605-14

Odds Ratio (95% CI) P-value I2 (%)

Major bleeding 2.91 (1.95 – 4.36) < 0.001 25

Fatal/intracranial bleeding 3.18 (1.25 – 8.11) 0.008 0

Safety
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Recommendations Class Level

Reperfusion treatment
Rescue thrombolytic therapy is recommended for patients with 
haemodynamic deterioration on anticoagulation treatment. I B

As an alternative to rescue thrombolytic therapy, surgical 
embolectomy or percutaneous catheter-directed treatment
should be considered for patients with haemodynamic
deterioration on anticoagulation treatment.

IIa C

Routine use of primary systemic thrombolysis is not
recommended in patients with intermediate- or low-risk PE. III B

2019 ESC Guidelines on the diagnosis and management of acute pulmonary embolism. Eur Heart J 2020;41(4):543-603

Current recommendations for intermediate-risk PE



The concept of low-dose thrombolysis

« Low dose » what is this?

• rtPA: 0.6 mg/kg over 15 min
Sors H. et al. Chest 1994; 106: 712-17

Goldhaber et al Chest 1994; 106: 718-24

• rtPA: 50 mg over 2 hours
Wang C. et al. Chest 2010; 137:254–262

• rtPA: 0.5 mg/kg up to 50 mg: 10 mg bolus + 2h infusion
Sharifi M. et al. Am J cardiol 2013; 111: 273-77



Is low-dose as effective as full-dose?

Goldhaber SZ. et al. Chest 1994; 106: 718-24 

• Double blind multicenter randomized trial
• 87 patients with acute PE (not intermediate-risk)
• rtPA: 100 mg/2h (n = 27)
• rtPA: 0.6 mg/kg/15 min (n = 60)

Perfusion lung scan assessment

-19% -31%



Is low-dose as effective as full-dose?

Goldhaber SZ. et al. Chest 1994; 106: 718-24 



Is low-dose as effective as full-dose?
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tPA 100 mg/2h

tPA 0.6 mg/kg, 15 min

Sors H. et al. Chest 1994; 106: 712-17 

p=0.0007

53 patients with acute PE, obstruction > 50%;  mPAP > 20 mmHg
• rtPA: 100 mg/2h (n = 17)
• rtPA: 0.6 mg/kg/15 min (n = 36)



¡ Randomized open labeled multicenter controlled trial

¡ 118 patients with acute PE

¡ Cardiogenic shock (31%) or proximal PE with RV dysfunction on cardiac imaging (69%)

¡ rtPA 100mg / 2h (n=65) vs rtPA 50 mg / 2h (n=53)

¡ Improvement at D1 and D14 after randomization

¡ RV dysfunction

¡ Pulmonary vascular obstruction on V/Q lung scan or CT

Is low-dose as effective as full-dose?

Wang C. et al. Chest 2010; 137:254–262



→ Similar efficacy…but missing data for the main efficacy outcome in 13%...

→ Trend to less bleeding

Wang C. et al. Chest 2010; 137:254–262

Is low-dose as effective as full-dose?



Is low-dose as effective as full dose?

Zhang Z. et al. Thromb Res 2014; 133: 357-63 

Reduced versus standard dose
A meta-analysis of 3 studies



Is low dose thrombolysis more effective 
than heparin?

Levine M. et al. Chest 1990; 98:1473-79

Double-blind randomized clinical trial
58 haemodynamically stable patients with acute PE (not intermediate-risk)

rtPA 0.6 mg/kg in two minutes + heparin,  n = 33
Placebo + heparin, n = 25

Percentage of patients with > 50% improvement in perfusion defect at 24h:
• 34.4% in the rt-PA patients
• 12% in the placebo group, p = 0.026



Am J Cardiol 2013;111:273-277

¡ 121 patients with « moderate » PE

¡ « safe dose » thrombolysis
¡ rtPA: < 50kg: 0.5 mg/kg - ≥ 50kg: 50 mg
¡ LMWH or UFH

¡ Vs anticoagulant alone
¡ LMWH or UFH

rtPA
n = 58*

Control
n = 56*

p

PH**/recurrent PE
(28 months)

9 (16) 35 (63) < 0.001

Death/recurrent
PE (28 months)

1 (1.6) 6 (10) 0.049

Major bleeding
(hospitalisation)

0 0

**sPAP ≥ 40 mmHg

*7 patients lost to follow-up



Is low dose thrombolysis more effective 
than heparin?

Zhang Z. et al. Thromb Res 2014; 133: 357-63  



What about safety?
Low dose vs standard dose thrombolysis

Low dose thrombolysis vs heparin

Zhang Z. et al. Thromb Res 2014; 133: 357-63  



Summary

• Different doses and regimens
• Heterogeneous populations, a large proportion of patients do not have 

intermediate-high risk PE
• Low number of patients, wide confidence intervals
• One study comparing low dose thrombolysis vs heparin with major biases. 

• Safety looks good when compared to full dose but comparison with 
heparin is limited by the low number of patients

• Safety makes little sense if efficacy is not proven
• Larger reduction in vascular obstruction than heparin
• No significant reduction in mortality or recurrent PE
• No data on haemodynamic decompensation



Pulmonary Embolism International Thrombolysis trial

No EUDRACT : 2018-000816-96 No ClinicalTrials.gov : NCT04430569



PEITHO-3: Design & Hypothesis

¡ Design: Randomised, placebo-controlled, double-blind, multicentre, multinational 
phase III trial with long-term follow-up

¡ Hypothesis: A reduced dosage of thrombolytic treatment combined with heparin 
will be associated with 
• a significant reduction in the risk of haemodynamic decompensation, 

recurrent PE or death (previously observed with the full therapeutic dosage) 
and

• a minor increase in the risk of major bleeding as compared with heparin only. 



The primary outcome is the composite of (1) death from any cause, 
or (2) haemodynamic decompensation, or (3) objectively confirmed recurrent PE at day 30.

Secondary outcomes
• Fatal or GUSTO severe or life-threatening bleeding, defined as either intracranial bleeding or 

bleeding leading to significant hemodynamic compromise requiring treatment,38 within 30 days
• Net clinical benefit, defined as the composite of the primary efficacy outcome and GUSTO severe or 

life-threatening bleeding, within 30 days 
• All-cause mortality within 30 days

• PE-related death within 30 days of randomization
• Hemodynamic decompensation within 30 days 
• Recurrent PE within 30 days
• Need for rescue thrombolysis, catheter-directed treatment, or surgical embolectomy within 30 days
• Ischemic or hemorrhagic stroke within 30 days 
• Serious adverse events within 30 days

PEITHO-3: Outcomes



0.6 mg/kg (max 50 mg)

VD/VG > 1.0
hsTn > upper limit
At least: 
sBP < 110 mmHg
RR > 20/min or SpO2 < 90%
History of chronic heart failure

14/10/2022: 142 patients included/ 650



Conclusion

¡ Various reduced-dose regimens of systemic thrombolysis are being used
in clinical practice but the available evidence is not yet sufficient to 
support the efficacy and safety of any of them.

¡ PEITHO-3 will adress a large unmet need by testing the hypothesis that

reduced dose of alteplase may improve the prognosis of patients with
acute intermediate-high risk PE at an acceptably low risk of major 
bleeding complications.


