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01. GUIDELINES & TERMINOLOGY

Familiarize ourselves with ACC/AHA Guideline terminologym
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02. ACUTE PE DIAGNOSIS

Recognize normotensive shock in acute PE
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03. RISK ASSESSMENT

Recognize risk enhancing features

ti
m
eli
ne

04. HEMODYNAMIC EVALUATION

Acknowledge the value of invasive hemodynamics in acute PE evaluationm
ed
ica
l_s
er
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es

05. INTERVENTIONAL THERAPIES

Review interventional PE therapies



30-Day All Cause Mortality

ICOPER '99
2,454 Patients

12.5%
MORTALITY RATE

Risk Stratification:

● 95.6% Int-risk

● 4.4% High-risk

MGH PERT '18
338 Patients

11.8%
MORTALITY RATE

Risk Stratification:

● 86.0% Int-risk

● 14.0% High-risk

Schultz et al. '19
416 Patients

15.7%
MORTALITY RATE

Risk Stratification:

● 19.0% Low-risk

● 34.0% Int-Low risk

● 35.0% Int-High risk

● 12.0% High-risk

PERT Registry '21
5,048 Patients

10.2%
MORTALITY RATE

Risk Stratification:

● 18.0% Low-risk

● 67.0% Int-risk

● 15.0% High-risk



Long Term Consequences of PE

Meta-analysis including nearly 3,700 PE patients (18-month median follow-up)

18%
ongoing RV 

dysfunction¹

Persistent right ventricular 

strain observed post-event.

11%
moderate or severe 

functional 

impairment¹

Classified as NYHA III-IV 

functional status.

5th 
percentile

6-minute walk test 

scores¹

Compared directly against 

population norms.

30-Day Outcome

24%
30-day all-cause 

readmission²

High early post-discharge 

burden requiring care 

coordination.

1. Vasc Med. 2017 Feb;22(1):37-43

2. PERT Consortium Registry Data. Interim results on 3,400 Patients presented at PERT Symposium October 2020



European Society of Cardiology

European Heart Journal, Vol 41, 4, 21 January 2020,  543–603





Category D: Incipient Cardiopulmonary Failure

D1: Transient Hypotension

Systolic blood pressure < 90 mmHg, OR decrease > 40 mmHg from baseline, OR responding to fluids (1L)

D2: Normotensive Shock
Requires ANY of the following clinical indicators:

Lactate > 2

AKI > 0.3

UOP < 0.5 mL/kg/hr

Altered Mental Status

MAP < 60

Increased SCAI Stage / CPES Score = 6

CI < 2.2 L/min/m²

Your slide is ready.



Composite Pulmonary Embolism Shock Score (CPES)
Risk of Adverse Outcomes in Patients With Pulmonary Embolism

RV Dysfunction Abnormal Troponin Abnormal NT-proBNP

Saddle or 1 Main PA Thrombus DVT Tachycardia

Composite Mortality

Hemodynamic Decompensation Cardiac Arrest

Circ Cardiovasc Interv. 2024;17:e014088



Risk Enhancing Features

Syncope

Hepatic Contrast

Sustained Tachycardia

Narrow Pulse Pressure



Inferior Vena Cava Contrast Reflux Grade is Associated with a 

Reduced Cardiac Index in Acute Pulmonary Embolism

Contrast Reflux Comparison

Hepatic veins vs. minimal or limited to IVC

Cardiac Index Difference

1.8 vs 2.6

Positive Predictive Value (Cardiac Index < 2.2)

~ 97%

Thromb Res. 2024 Oct 5:244:109177



RVOT VTI < 9.5 cm associated with increased mortality 

(13.6% vs 1.3%). 

46% had CI < 2.2 despite normotension

Clin Appl Thromb Hemost. 2019 Jan-Dec; 25: 1076029619886062

RVOT VTI Predicts Low Cardiac Index in Intermediate 

Risk Pulmonary Embolism



Acute Pulmonary Embolism

Low LVOT VTI is Associated with Poor Outcomes

MORTALITY RISK

6x
Increased Risk
In-hospital death or cardiac arrest 
associated with LVOT VTI < 15 cm

PATIENT PREVALENCE

58%
High Prevalence
Of intermediate-high risk patients present 
with LVOT VTI < 15 cm

Source: Vascular Medicine 2020. Vol 25(2) 133-140



Low left ventricular outflow tract velocity time integral predicts 

normotensive shock in patients with acute pulmonary embolism

Am Heart J 2024; June 272: 106 - 109



Echo measure of the right ventricular (RV)–pulmonary arterial (PA) coupling 

ratio relates the efficiency with which RV stroke work is transferred into the 

PA. Lower ratios indicate an inadequate RV contractile response to 

increased afterload.

TAPSE / PASP Ratio

TAPSE/ PASP > 0.34

RV Coupling

TAPSE/ PASP ≤ 0.34

RV Uncoupling



Am J Cardiol 2024; 214:40-46

Prognostic Role of TAPSE to Systolic Pulmonary Artery Pressure Ratio for 

the Identification of Early Clinical Deterioration in Intermediate High Risk 

Pulmonary Embolism Patients 

N = 422

Clinical Deterioration Survival



Right Ventricular-Pulmonary Arterial Uncoupling as a 

Predictor of Invasive Hemodynamics and Normotensive 

Shock in Acute Pulmonary Embolism

Am J Cardiol. 2025 Feb 1:236:1-7



Receiver Operator Curves for Prediction of Shock

Am J Cardiol. 2025 Feb 1:236:1-7

PREDICTIVE ACCURACY (AUC SUMMARY)

TAPSE / PASP Ratio — 0.97 AUC

Highest overall predictive performance

TAPSE Alone — 0.93 AUC

LVOT VTI — 0.89 AUC

PASP

0.77 AUC

McConnell's

0.54 AUC



Treatment Options



Thrombus Reduction

Catheter Based Therapies

medication
Pharmacologic

tune
Mechanico-pharmacologic

medical_services
Percutaneous Thrombectomy

Moving from an era of changes in RV/LV ratio to in PE specific outcomes



Catheter Directed Thrombolysis 

Low dose infusion of tPA over 6-12 hours

EKOS - uses ultrasound to “thin” out clots to allow 

for increased drug receptor sites.

ISTH Major Bleed: 1.6%

Mortality: 1%

Ultima Trial (Circulation. 2014 Jan 28;129(4):479-86.)

The Seattle II Study J Am Coll Cardiol Intv. 2015 Aug, 8 (10) 1382–1392

Knockout PE (Circ Cardiovasc Interv. 2024 Mar;17(3):e013448.)

Optalyse PE Trial (J Am Coll Cardiol Intv. 2018 Jul, 11 (14) 1401–1410)

Sunset PE Trial (J Am Coll Cardiol Intv. 2021 Jun, 14 (12) 1364–1373)

https://www.jacc.org/journal/interventions
https://www.jacc.org/journal/interventions
https://www.jacc.org/journal/interventions


HI PEITHO Trial 

N = 544



NEJM 2026; 394:1979-90

HI - PEITHO



No EKOS? No Problem



Prague 26

N = 558

Intermediate High Risk PE

1 mg per catheter bolus + 1 mg per catheter x 9 hours 

NEJM August 31  2026



Penumbra: Lightning Indigo - 16F, Computer Assisted 

Vacuum Technology

Extract PE Trial  (J Am Coll Cardiol Intv. 2021 Feb, 14 (3) 319–329)

STORM PE Trial 

Inari: Up to 24F. Mechanical  thrombectomy. Nitinol 

discs for thrombus engagement. Ability to re-infuse 

blood

FLARE Study (J Am Coll Cardiol Intv. 2019 May, 12 (9) 859–869)

FLASH Registry (EuroIntervention. 2023 Feb 20;18(14):1201-1212.)

FLAME Study (Circ Cardiovasc Interv 2023;16:e013406)

PEERLESS II

Angiovac: AlphaVac - 18F mechanical thrombectomy 

APEX AV (JSCAI 4. 2025. 102463)

Large Bore Mechanical Thrombectomy

https://www.jacc.org/journal/interventions
https://www.jacc.org/journal/interventions


STORM PE
Prospective RCT: AC (53) vs LBMT (47) alone

Circulation Jan 2026





6 studies

N = 1571

MPAP: ↓ 5.3 mm Hg

RV/LV: ↓ 0.39

30d Mortality: 0.6%



PEERLESS

Win Ratio composite at discharge 

1. All cause mortality

2. Intracranial hemorrhage

3. ISTH Major Bleeding

4. Clinical deterioration and/or bailout

5. ICU admission and ICU LOS



PEERLESS

Circulation. 2025 Feb 4;151(5):260-27301445



Clinical Trial Pipeline



Thank you for your time and attention



Cases with PE Hemodynamics





Case 1

55 M with history of DVT/PE p/w 1.5 day acute onset SOB, presyncope

P: 110 BP: 108/70 POx: 92% on 3L

hsTrop: 121

Nt pro BNP 247

Lactic Acid: 2.3



RHC + LBMT

PA Saturation = 50.8%

CO = 3.5 L/min ; CI = 1.4 L/min/kg2



HR from 110 → 80

Discharged home the next day



Case 2

70 F p/w <1 day acute SOB, presyncope

P: 115 BP: 115/71 POx 94% on 4L

HST: 211

NT pro BNP: 1955

Lactic Acid: 4.7



PA Sat 37%

CO: 1.89 L/min

CI: 1.3 L/min/kg2

s/p EKOS

PA sat → 65% the next morning
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