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Introduction

• In US, PE is 3rd most common cause of cardiovascular 
death 60,000 to 100,000 deaths/yr 1.

• When there is clinical suspicion, PE should be 
confirmed with prompt imaging.

• Treatment has evolved with new catheter-based 
options



Diagnosis



Risk stratification

• Age, comorbidities

• Vital signs: BP, HR, O2 sats, resp rate

• Labs: Lactate, Troponin, NTproBNP

• Imaging for RV dysfunction: ECG, CTPA, echo

• Risk scores 



PESI and sPESI

Heavily 
weighted by 
pre-existing 
conditions



BOVA score

*Based on standard manufacturer assays and cutoff values.
**On TTE: Right to left ventricular (RV/LV) ratio >0.9, systolic pulmonary artery pressure 
(sPAP) >30, RV end diastolic diameter >30mm, RV dilation, or free wall hypokinesis. On CT: 
RV/LV ratio >1 based on short axis diameter measurements.





BOVA performs better than PESI 
score in predicting mortality and 

identifying patients that are likely to 
benefit from more aggressive 

treatment of PE



Indicators of risk

Mortality risk

Low risk = 
Nonmassive

Intermediate risk = Submassive High risk =
Massive

Intermediate-low Intermediate-high

Hemodynamic
Instability

_ _ _ +

PESI class III–V or 
sPESI ≥I or Bova≥3

_ + + +

RV dysfunction
on TTE or CTPA

_

One or none

+ +

Elevated cardiac 
troponin

_ + +



PERT 

• PERT approach to high- and intermediate-risk cases. 

• Multidisciplinary team includes cardiology, critical care, 
cardiac surgery, hematology, vascular medicine, 
vascular surgery, radiology specialists

• Discuss complex cases and expedite treatment 
decisions



Anticoagulation

• Anticoagulation should be initiated as soon as PE 
is suspected.

• Low risk → DOAC preferred

• Submassive/Massive → start with parenteral, then 
transition to oral when stable



Oxygenation and hemodynamic 
support

• Keep O2 sat >90%

• If refractory hypoxemia consider

• R to L shunt

• RV failure

• Promptly identify & treat acute RV failure



Treatment of right ventricular failure in acute PE



Mechanical Circulatory Support

VA ECMO for shock

• For hemodynamic stabilization to allow for 
thrombolysis, catheter therapies or surgical 
embolectomy

• Complete hemodynamic support, 5-6 L of output in 
conjunction with oxygenation and ventilation support. 

• Bypasses the pulmonary circulation, reduces RV pre-
load and distention.



Reperfusion Treatment

•Systemic thrombolysis

•Catheter-based treatments

•Surgical embolectomy



Systemic thrombolysis

•Best results within 48H of symptom onset, but 
still effective up to 14 days 

•Know contraindications for thrombolysis

•Standard treatment for massive PE

• rtPA 100mg over 2H 

•Also shown efficacy in submassive PE

•6-9% risk of major bleeding, 2-3% risk 
intracranial bleed





Catheter-directed treatments for acute pulmonary embolism



US-assisted catheter-directed 
thrombolysis

• EKOS system uses US waves to enhance thrombolysis 
using low dose tPA

• In RCT 59 pts showed reduction in RV/LV ratio within 
24 hrs with no increased risk of bleeding. Not powered 
for hard endpoints

• In ULTIMA, SEATTLE II & OPTALYSE-PE trials major 
bleeding 1-2%



EkoSonic® Endovascular System



Catheter thrombectomy

Most used systems are: 

• Inari Flowtriever® (16,20,24 Fr) 

•Penumbra Indigo® (4,6,8,12 Fr)





Case
35yo F with h/o gastric bypass 7 days ago presenting with acute chest pain, 
diaphoresis, SOB 1 day. BP 94/60, HR 120, sPO2 90%. Bilat PE on CTPA, 
Troponin 2.1, Echo McConnell’s sign









Surgical embolectomy

• For high risk or intermediate-high risk PE.

• Combined with cardiopulmonary bypass without 
aortic cross-clamping or VA-ECMO

• Incision of both PA and removal/suction of clots

• NY state registry high risk PE surgical 
embolectomy vs systemic thrombolysis

• Similar 30-day mortality 13% vs 15%

• Recurrent PE and stroke higher in thrombolytic 
rx group









Summary: treatment strategy

Low risk Submassive Massive

Presentation • Normotensive
• Low risk per 

PESI class I & II
or sPESI=0

• Bova 0-2 pts
• Normal 

biomarkers

• Low risk:
• PESI class III-IV 

or sPESI ≥1
• Bova 3-4

• High risk:
• PESI class V
• Bova >4

• Hypotension 
(systolic blood 
pressure <90 
mmHg for ≥15 
min, drop in 
systolic blood 
pressure of ≥40 
mmHg or 
vasopressor)

• Thrombus in 
transit

• Syncope
• Cardiac arrest

• Echo or CT evidence of RV strain
• Positive troponin
• Elevated BNP or NT-proBNP

Treatment • Anticoagulation
: Direct oral 
anticoagulants 
are preferred

• Candidates for 
early discharge

• Anticoagulation: Consider unfractionated heparin over others 
if any of the therapies below are possible

• Catheter-directed therapy
• Surgical embolectomy
• Systemic thrombolytic 
• High-risk PE and cardiogenic shock: Mechanical support to 

allow stability for thrombolysis, catheter-directed therapy, or 
surgical embolectomy



Our Approach/algorithm

• All PE: anticoagulation

• Low risk PE anticoag only, may use NOAC upfront

• For submassive or massive start with parenteral anticoag, get PERT 
team and transition to oral when more stable

• Submassive (Intermediate) low risk PE

• Anticoagulation only

• Submassive (Intermediate) high risk PE

• Anticoagulation

• Consider US-assisted catheter directed thrombolysis (if no CI)

• Consider catheter embolectomy

• Massive or High risk PE

• Systemic thrombolysis if no contraindication

• If CI to thrombolysis: Surgical embolectomy vs catheter embolectomy

• Escalate care if treatment fails
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Thank you!



PEITHO Trial
N Engl J Med 2014;370:1402-11.

• Double blind RCT of tenecteplase + heparin vs
placebo + heparin.

• Hemodyn stable Acute PE within 14 days with RV 
dysfunction & elevated troponin

• 1006 patients randomized 1:1 

• Death or hemodynamic decompensation at 7 days

• tenecteplase group (2.6%) vs placebo group 5.6% 

• odds ratio, 0.44; (95% CI 0.23 to 0.87; P = 0.02).



In PEITHO the good, the bad and the ugly were equal



Contraindications for thrombolysis
Absolute contraindications to thrombolysis

• Any prior ICH

• Known structural cerebrovascular lesion (e.g., arteriovenous malformation)

• Known malignant intracranial neoplasm (primary or metastatic)

• Ischemic stroke within 3 months except acute ischemic stroke within 3 hours

• Suspected aortic dissection

• Active bleeding or bleeding diathesis (except menses)

Relative contraindications to thrombolysis

• History of chronic, severe, poorly controlled hypertension

• Severe uncontrolled hypertension on presentation (systolic blood pressure >180 mm Hg or 
diastolic blood pressure >110 mm Hg)

• Traumatic or prolonged (>10 min) cardiopulmonary resuscitation or major surgery (within <3 
weeks)

• Recent (within 2 to 4 weeks) internal bleeding

• Non compressible vascular punctures

• For streptokinase/anistreplase: prior exposure (>5 days) or prior allergic reaction to these 
agents

• Pregnancy

• Active peptic ulcer

• History of prior ischemic stroke (>3 months), dementia, or known intracranial pathology not 
covered in absolute contraindications

• Current use of anticoagulants: the higher the INR, the higher the risk of bleeding; NOACs!!


