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INTRODUCTION
Pulmonary emboli usually start as a thrombus in one of the veins 
of the lower extremities. These thrombi form for a variety of 
reasons but can usually be attributed to a hypercoagulable state, 
vascular wall injury, or stasis of blood flow. These three factors 
are known as Virchow’s Triad (Figure 1)1.
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Figure 1: Virchow’s Triad: Figure 1 is a visual of Virchow’s Triad and includes some examples of 
factors that increase one’s risk for formation of a thrombus or embolus. 

After a thrombus forms, it can dislodge, or embolize, and travel to 
the pulmonary arterial vasculature where it then becomes lodged 
as a pulmonary embolus2-4. This embolus increases pulmonary 
vascular resistance, which leads to increased pulmonary artery 
pressure and increased strain on the right ventricle. The increased 
strain on the right ventricle can lead to hypotension, right 
ventricular failure, shock, and even death2-5. Pulmonary emboli 
are characterized into three different categories based on their 
impact on blood pressure and the right ventricle (Figure 2)4,5. 
Although larger emboli usually lead to hypotension and right heart 
strain, the type of PE is not based upon the size of the embolus 
itself. 

CONCLUSIONS
• Systemic thrombolytics help decrease the risk of mortality in 

patients with submassive or massive PE but are associated 
with increased risk of bleeding and ICH

• Catheter directed thrombolytics reduce right ventricular strain, 
decrease pulmonary artery pressure, and decrease RV/LV ratio

• CDT has less risk of intracranial hemorrhage while having a 
similar risk of causing a bleeding event when compared to 
systemic thrombolytics or anticoagulants

• In one randomized control trial, CDT worked better than 
Heparin in decreasing the RV/LV ratio

• More randomized control trials are needed comparing CDT with 
anticoagulants and systemic thrombolytics 

• CDT appear to be a promising alternative to current treatment 
at hospitals who can provide this treatment
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ABSTRACT
Pulmonary emboli are blood clots in the pulmonary arterial vasculature that can lead to right ventricular strain, obstructive shock, and 
even death. Current treatment options for pulmonary emboli include anticoagulants, systemic thrombolytics, and/or surgical 
embolectomy. Although these therapies are usually effective, they are associated with side effects such as increased risk of bleeding, 
surgical site infections, and intracranial hemorrhages. Additionally, there are contraindications to these treatments that limit which 
patients are eligible. In the past 10 years, the use of catheter directed thrombolytics has emerged and appears to be a promising 
alternative to traditional therapies. This therapy has been shown to have similar efficacy to anticoagulation or systemic thrombolytics 
with a much lower risk of severe complications. 

CURRENT TREATMENT
• Current treatments for pulmonary emboli include the following: 

anticoagulants such as Heparin, surgical embolectomy, and 
systemic thrombolytics such as tissue plasminogen activator 
(tPA)

• Although each treatment works differently, their goal is to 
reduce the burden of the embolus on the heart

• Although these treatments are effective, they are 
contraindicated in a large percentage of patients

• They can also cause side effects such as major bleeding, 
surgical site infections, or hemorrhagic stroke

CATHETER DIRECTED THROMBOLYTICS
• This method of treatment involves delivering thrombolytics 

directly to the pulmonary embolus or emboli
• This allows a smaller amount of thrombolytic agent to be used 

while still helping to dissolve the embolus or emboli 
• While traditional catheters can be used, certain catheters such 

as the Ekos catheter have an ultrasound tip that help to 
dissolve the clot and allow further penetration of the 
thrombolytic agent 

• Three main studies have been performed on catheter directed 
thrombolytics: PERFECT, ULTIMA and SEATTLE II6-8

SUMMARY OF FINDINGS

Type of PE Characteristics

Massive PE -Hypotensive
-Right ventricular strain

Submassive PE -Normotensive
-Right ventricular strain

Low Risk PE -Normotensive
-No right ventricular strain

Figure 2: Types of PE: This table summarizes the classifications of pulmonary emboli. 

Figure 3: Pulmonary Artery (PA) Systolic 
Pressure Comparison: This figure illustrates the 
difference in the mean pulmonary artery systolic 
pressure between the three trials from pre-
treatment to post-treatment. These were all 
statistically significant (p<0.0001, p<0.0001, and 
p<0.001 respectively)6-8.
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Figure 4: RV/LV Ratio Comparison

Pre-Treatment Post-Treatment

Figure 4: RV/LV Ratio Comparison: This 
figure shows the differences in right ventricular 
to left ventricular (RV/LV) ratio pre-treatment 
and post-treatment. This data was not 
provided in the PERFECT trial. The SEATTLE II 
study and ULTIMA study both showed 
significant decrease in ratio with CDT 
(p<0.0001 and p<0.001 respectively), while 
the ULTIMA trial did not see a significant 
decrease with the Heparin treatment group 
(p=0.31)7,8. 
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Figure 3: PA Systolic Pressure 
Comparison 

Pre-Treatment Post-Treatment

Study All Cause 
Mortality 

# of 
Hemorrhagic 
Strokes

# of bleeding 
events

PERFECT 6 (5.9%) 0 (0%) 13 (12.9%)

SEATTLE II 4 (2.7%) 0 (0%) 15 (10%)

ULTIMA 0 (0%) 0 (0%) 3 (10%)

Thrombolytic 
Meta Analysis

23 (2.17%) 15 (1.46%) 98 (9.24%)

Anticoagulant 
Meta Analysis

41 (3.89%) 2 (0.19%) 36 (3.42%)

Figure 5: Adverse 
Events: This chart 
summarizes the adverse 
events experienced in each 
trial as self reported in each 
study. It also lists the results 
from a large meta-analysis 
on adverse effects seen with 
thrombolytics and 
anticoagulants6-9.
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