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LEARNING OBJECTIVES

▪ PE risk Stratification

▪ PE treatments and controversies

▪ Post PE follow up

▪ CTEPH recognition and management principles





100,000 Death/Year 270 Death/Day 12 Death/Hour
1 Death every 5 

minutes

900,000 

VTE/Year 2466 VTE/Day 103 VTE/Hour 1.8 VTE/Minute

Prediction Models: US + Europe: >1 Death/Minute

VTE Matters!!!

Wendelboe AM et al. Circ Res. 2016 Apr 29;118(9):1340-7

End of an Hour: we will have roughly 103 VTE and 12 Death



PE CLASSIFICATION

Circulation. 2019;140:e774–e801



PE distribution and mortality

J Thromb Thrombolysis. 2022 Jan 24. 

Fletias Sosa et al. Eur Respi Review 2022



ADDITIONAL RISK 
STRATIFICATION

o Lactate > 2 mmol/L

o AKI (eGFR of ≤60 mL/min/1.73 m2)

o Hyponatremia (<135 mmol/L)

o Degree of Hypoxia?

o Neutrophilic Lymphocytic ratio (>7)
J Crit Care 2015;30:1151.e1 7.

Thromb Haemost 2019;119:140 148

Ann Emerg Med 2013;61:330 338. 

Int J Cardiol 2017;227:251 256 

Siddiqui F et al. . Am J Hematol. 2024 May 30. 

HR>110 On presentation



RISK STRATIFICATION TOOLS 
(IMAGING)



LA

1  J Thromb Thrombolysis. 2019

2  Vasc Med. 2019 Nov 10.

3  Clin Appl Thromb Hemost. 2019 

4  Thromb Thrombolysis. 2019 Dec 14

5 Rami et al. ATS 2020 (e-poster)

RISK STRATIFICATION TOOLS 
(IMAGING)



WE CAN USE CTPE BEYOND RV:LV

LA

Triantafyllou GA et al. Semin Respir Crit Care Med. 2021 Apr;42(2):183-198. 



PAOI (Pulmonary Artery Obstruction Index) >40% 

= increase in PE related mortality.

1. van der Meer, R. (2005). Radiology, 235(3), 798-803.

2  Bankier, A. A., (1997). J Thorac Imaging, 12(2), 150-158. 



1. Becattini, et al. Chest. 2016 Jan.

2. Hirmerova, et al. Clin Appl ThrombHemost. 2018 Nov.

3. Nishiwaki, et al. 2019 Nov.

4. Jiménez, et al. Am J RespirCrit Care Med. 2010 May

DVT + PE is different than 

PE or DVT Alone



DVT + PE 

Matters

1. Becattini, et al. Risk Stratification of Patients With Acute Symptomatic Pulmonary Embolism Based on Presence or Absence of Lower Extremity DVT:Systematic Review and Meta-analysis. 

Chest. 2016 Jan.

2. Hirmerova, et al. The Prevalence of Concomitant Deep Vein Thrombosis, Symptomatic or Asymptomatic, Proximal or Distal, in Patients With Symptomatic Pulmonary Embolism. Clin Appl 

ThrombHemost. 2018 Nov.

3. Nishiwaki, et al.Impact of Concomitant Deep Vein Thrombosis on Clinical Outcomes in Patients With Acute Pulmonary Embolism. American Heart Association. 2019 Nov.

4. Jiménez, et al.Prognostic significance of deep vein thrombosis in patients presenting with acute symptomatic pulmonary embolism. Am J RespirCrit Care Med. 2010 May

4 times increase risk of PE related 90 day mortality 

4 times increased risk of recurrent VTE



▪ THIINKSOS: Automatic AI based DVT Tdetection: On going 
Study at Temple Health and NYU Langone Health 

▪ Up to a 100 suspected DVT patients will be recruited at each 
site. (>45 patients recruited at Temple So far)

▪ Scan done by any nurse or doctor (no ultrasound training 
required) + remote review by qualified clinician.  

▪ Will compare ThinkSono scan + review vs standard of care 
duplex ultrasound (image quality, sensitivity, specificity).  

▪ Upon success will apply for FDA clearance. 



RV ASSESSMENT: NEED MORE THAN 
ONE VIEWS

R

V

J Am Soc Echocardiogr 2010;23:685-713. 



ECHO based risk stratification

European Heart Journal (2020) 41, 543 603 



Catheter Cardiovasc Interv. 2020 Jan;95(1):13-18

Sub Clinical Shock State?



Predictors of Normotensive Shock in Intermediate-Risk 

PE Patients- FLASH Registry

Thromb Res. 2024 Jan:233:18-24



ADDITIONAL STRATIFICATION: 
BLEEDING RISK SCORES

BACS Score: Bleeding (3 points), Age >75 years (1 

point), active Cancer (1 point), and Syncope (1 

point) Predicting Major Bleeding in patients receiving 

tPA

Am J Respir Crit Care Med. 2018 Sep 1;198(5):588-598

Eur Respir J. 2020 Jul 23:2002336



BLEEDING RISK FOR TPA AND 
ANTICOAGULATION: 
IMPORTANT IN DECISION 
MAKING LOW INTERMEDIATE 
RISK.

Triantafyllou GA et al. Semin Respir Crit Care Med. 2021 Apr;42(2):183-198. 

CVA

Old Age

Cancer

Syncope

Hx of Bleeds

Anemia

Abn Cr/GFR

HTN

Coagulopathy

DM

Common 

Themes and 

real-world 

patients



Artificial Intelligence in PE care



Artificial Intelligence in PE care



WHY DID I HAVE THE BLOOD 
CLOT?

Konstantinides et al. ESC 2019 VTE guidelines



TRAVEL HX: PROVOKED?

o Not only confined to air travel.

o Travel + individual risk factors 
responsible for VTE.

o >4 hours: one in 4656

o>8 hours: 0.5% *

oSevere symptomatic PE is rare unless 
flights >12 hours: 5 per million

Watson et al. Br J Haematol. 2011 Jan;152(1):31-4



GOOD OR BAD COMBINATION

OSA is not associated with increased mortality in PE

Seckin ZI et al. J Clin Sleep Med. 2020 Jul 15;16(7):1029-1036

Alonso-Fernandez et al. Chest. 2016;150(6):1291–1301

Giorgi-Pierfranceschi M et al. Chest. 2021 Mar;159(3):1310

Ghiasi F et al. J Res Med Sci. 2015 Jul;20(7):662-7. 



TREATMENT OPTIONS FOR PE



INTERMEDIATE RISK 
INTERVENTION



INTERMEDIATE RISK PE AND 
TPA
▪ PEITHO trial (N=1006 patient)

tPA

ICH 2% Vs 0.2%

ISTH Major Bleeding 

11.5% Vs 2.4%

ISTH Minor Bleeding 

32.6% Vs 8.6%

Compared to A/C: 

Less 

hemodynamic 

decompensation 

and/or reduce 

mortality (2.6 Vs 

5.6%) within 7 

days

N Engl J Med 2014;370: 1402–1411.

A/C= ANTICOAGULATION

ISTH= Int’l Soc Thromb and Haemostasis

Major Bleeding (ISTH)

Fatal

Symptomatic bleed in critical organ

Hgb fall >2 g/dL

Transfusion >2 units blood



JAMA 2014;311:2414–2421

Thromb Res 2014;134:1265–1271

J Clin Epidemiol 2018;97:1–13



SYSTEMIC THROMBOLYSIS IN 
HIGH-RISK PE

▪ Only RCT of systemic lysis in 
Massive PE! 

▪ N=8 

▪ 4 treated with UFH died

▪ 4 treated with streptokinase 
survived

▪ 100% survival in lysis 
(p=0.02)

Jerjes-Sanchez. J Thromb Thrombolysis 1995



WATCHFUL 
WAITING/STABILITY CAN BE 

REVISITED

Gayen S, J Vasc Surg Venous Lymphat Disord. 2022 

Sep;10(5):1119-1127. 



Ann Thorac Surg. 2016 Nov;102(5):1498-1502



REAL CASES: 
INTERMEDIATE RISK PE

SURGICAL OR 
PERCUTANEOUS ?

Ann Thorac Surg. 2020 Sep;110(3):1072-1080





CLOTS MORPHOLOGY

Upadhyay et al. Heart Fail Clin. 2023 Jan;19(1):67-73

#10 Guidelines are not Perfect



Pérez-Nieto et al. Front Med (Lausanne). 2023 Jun 2;10:1123793. 



POST PE PATIENTS FOLLOW UP AT 
TEMPLE UNIVERSITY HOSPITAL
(Courtesy of Parth Rali, MD)

Noto JG, Rali P. Pulm Circ. 2022 Jan 20;12(1):e12021. 



WITH Pulmonary Embolism 
Response Teams (PERT), 

WE ARE MOVING THE NEEDLE !!

Hobohm et al. Clin Res Cardiol. 2022

Fleitas Sosa D et al. Eur Rev. 2022 Jul 12;31(165) Respir





2020 ESC/ERS GUIDELINES

European Heart Journal 2020; 41:543-603



CTEPH
(Chronic Thromboembolic Pulmonary Hypertension)

Demographics Slide-

CTEPH vs CTED

risk of CTEPH after initial VTE

burden of CTEPH nationally

V/Q vs CTPE for chronic clot



CTEPH
(Chronic Thromboembolic Pulmonary Hypertension)

Evaluation of CTEPH

Echo, Right Heart Cath, V/Q, Pulmonary Angiography



CTEPH
(Chronic Thromboembolic Pulmonary Hypertension)

Treatment of CTEPH

Medical- anticoagulation, riociguat, off label use

Balloon Pulmonary Angioplasty

Pulmonary Thromboendarterectomy





Hot off the Press
New ACC/AHA guidelines

Brief summary of new ACC/AHA guidelines



CONCLUSIONS

▪ PE hemodynamic profile is a moving target. Adapt to treatment 
options as patient’s clinical status changes.

▪ All comers with Intermediate risk (i.e. Submassive PE) are not 
indicated for catheter directed intervention.

▪ Identify goals of re-perfusions and discuss with the patients. 
Shared decision making is important.

▪ CTEPH is more common than you think. V/Q > CT



CTPA PE +

Intermediate/High risk

Low risk PE

Lovenox (preferred)/UFH

Call Routine Pulmonary 

Consult as needed. PERT 

only if very complicated 

clinical situation

Out-patient pulmonary 

follow up.

Formal PERT Activation as per 

SOC pathway (T3, 2-TRAN)

Intermediate PE risk 

Indicators:

RV strain on ECHO

+Trop/ 

+BNP/

+lactic acid

+ RV/LV ratio>1 CTPA

Saddle PE

HR>100

True Hypoxia

Clot in transit

High risk/Massive PE risk 

Indicators:

Shock

Hypotension

LOC

Bradycardia with PE

Cardiac arrest

Mechanical ventilation
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