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P: In patient with submassive pulmonary embolism 
I:  Does early administration of thrombolytics in the ED 
C:  Compared to standard anticoagulation 
O: Results in improved patient outcomes? 
 
Clinical Scenario:  Rounding with the ICU team, you are presenting a 44yo obese white female who, shortly upon returning from a trip to Florida, presented to the 
ED with SOB, hypoxia and tachycardia.  Rapidly diagnosed with large bilateral pulmonary emboli, she was started on heparin in the ED.  Despite requiring 2L NC 
of oxygen to maintain sats above 95%, the patient, at no point, had been hemodynamically unstable.  The CCM attending interrupts your presentation to ask why 
in the world the ED physicians didn’t administer thrombolytics.  Confused, you wonder if he missed the part about the patient being hemodynamically stable.  
After a 20 minute dissertation on benefits of thrombolytics in patients with submassive PE, the attending, confident that he has effectively changed your ED 
practice, allows you to continue your presentation.  But in the back of your mind, you think, “What’s a submassive PE and do I really have to give patients 
thrombolytics in the ED for it?” 
 
Submassive Pulmonary Embolism:  PE in a hemodynamically stable patient with evidence of right ventricular strain, as seen on ECG or echocardiography.  
Studies suggestion that these patients may be at increased risk for morbidity and mortality. (Goldfaber) 
 
Right Ventricular Dysfunction:   

• Defined on echo as RV hypokinesis, RV dilatation (RV:LV>1), pulmonary artery systolic pressure >30 mmHg, tricuspid regurgitation > 2.8 m/s, 
or pulmonary artery mean pressure >20mmHg 

• Embolus +/- vasoconstriction (2° vasomediator release)  increased pulmonary vasculature resistance  increase in RV afterload  increases 
RV wall tension  RV dilatation and RV systolic dysfunction  intraventricular septum deviation  and decreased LV preload  decreased LV 
output  circulatory collapse, myocardial ischemia 

• Approximately 80% of patients presenting with PE are normotensive, a significant proportion of these (27-55%) have evidence of RV dysfunction 
on echo.   

 
An excellent “Critically Appraised Topic” by Worster et al. in this month’s Annals of Emergency Medicine addresses this topic almost perfectly.  I have taken the 
liberty of including their conclusions here, rather than re-inventing the wheel.  I have also added two more recent articles worth thinking about before 
administering thrombolytics to an otherwise stable patient. 
 
 
 



 
Study Population Outcomes Key Results Limitations 

Konstantinides et al. 
2002 
“Heparin plus 
Ateplase Compared 
with Heparin Alone 
in Patients with 
Submassive 
Pulmonary.” 
Embolism.  NEJM. 

256 patients (mean age 
60, 48% male) in 
Germany with 
submassive PE by ECG 
or echo 
 
Randomized, double-
blind, multi-center 
 
Heparin +/- ateplase 

In-hospital death or 
clinical deterioration 
requiring escalation of 
treatment; recurrent PE, 
major bleeding or stroke 

Death RR (95% CI) 
1.56 (0.36-6.83) 
 
Recurrent PE RR (95% CI) 
1.17 (0.30-4.57) 
 
Major Bleed RR (95% CI) 
0.23 (0.03-1.97) 

Death & recurrent PE RRs near 1 
 
Only 80 pts with submassive PE 
identified by echo, remainder identified 
by ECG (compl/incompl  RBBB, 
S1Q3, inverted T in V1-3 ) 
 
Escalating treatment resulted in 
breaking blinding – were escalation 
treatments influenced by prior Rx? 

Goldhaber et al. 
1993 
“Ateplase vs. 
heparin in Acute 
Submassive 
Pulmonary 
Embolism.”  Lancet. 

101 total patients (mean 
58yo, 44% male) with 
PE. Subgroup of 46 
patients with 
submassive PE by 
echo. 
 
Randomized, multi-
center 
 
Heparin +/- rt-PA 

Improvement in RV 
function by echo or 
pulmonary imaging at 
24h; recurrent PE or death 
at 14 d; major bleeding at 
72h 

Death RR (95% CI) 
0.20 (0.01-3.95) 
 
Recurrent PE RR (95% CI) 
0.09 (0.01-1.55) 
 
Major Bleed (95% CI) 
0.33 (0.01-7.78)** 

All RRs based on sub-group analysis 
with n=46. 
 
Non-blinded 
 
Thrombolytics are “protective” against 
bleeding complications??  
**Head trauma pt erroneously given 
heparin. 

Perlroth et al. 2007 
“Effectiveness and 
Cost-Effectiveness 
of Thrombolysis in 
Submassive 
Pulmonary 
Embolism.” 
AmJCard. 

Retrospective, 
reference-case analysis 
of Konstantinides 2002 
data using Markov 
model 

Life-expectancy, quality-
adjusted life years, total 
lifetime costs 

Heparin alone had lower total health care costs 
($43,281 vs. $43, 936) 
 
Heparin had higher life expectancy 
10.57 vs. 10.52 
 
Heparin had higher QALYs (8.04 vs. 7.99) 

Differences seem quite small to inform 
clinical practice 
 
Methodology unclear 

Geibel et al. 2007 
“Possible Gender 
Differences in the 
Risk-to-Benefit 
Ratio of 
Thrombolysis for 
Submassive 
Pulmonary 
Embolism.”  
ArchIntMed. 

719 patients with 
submassive PE 
undergoing either early 
(<24hours) 
thrombolysis or heparin 
alone. 
 
Women, n=428 
Men, n= 291 

Overall 30 day mortality, 
recurrent PE, major 
bleeding (hemorrhagic 
stroke, decr Hgb >2g/dl, 
>2units PRBCs, surgical 
intervention or 
discontinuation of 
heparin) 

Death rates in heparin only groups similar (11.1% 
women vs. 11.0% men) 
 
Reduction in mortality in men clinically significant 
11% to 2.7% with thrombolytics (p=0.033) compared 
to women 11.1% vs 6.3% (p=0.182) 
 
Reduction in recurrent PE in men 21.5% to 8.2% 
(p=0.009) vs. women 16.8% to 8.3% (p=0.05) 
 
Bleeding rates comparable between genders with 
heparin alone.  With thrombolytics, major bleeding in 
women 27.1% vs. 15.1% in men (p=0.09) 

Retrospective analysis of patient 
registry, not a prospective randomized 
blinded trial.   
 
Included in “submassive PE” are 
patients on >5mcg/kg/min dopamine 

 
 



 
Clinical bottom line:  No study specifically addresses administration of thrombolytics in the ED for patients with submassive PE.  In fact, only one study (Geibel) 
makes any reference to timing for administration of thrombolytics at all.  Geibel’s definition of “early thrombolysis” is within 24 hours of presentation, a window 
of time that clearly extends beyond a patient’s stay in the emergency department in almost all cases.  Given the relatively small improvements in relative risk of 
death and recurrent PE, and a common-sense risk of hemorrhage (potentially higher in women), it seems prudent to allow the admitting physician/critical care team 
to administer thrombolytics to patients with submassive PE. 
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