
MHIF Cardiovascular Grand Rounds
November 2, 2026

Management of Intermediate- and High-risk 
Pulmonary Embolism: Abbott Northwestern PE
Program Experience and AHA/ACC Guidelines

Roman Melamed, MD, FCCP
MHI Grand Rounds 
November 2, 2026

1

2

1 of 28



MHIF Cardiovascular Grand Rounds
November 2, 2026

Objectives

• Discuss outcomes of patients with pulmonary embolism treated at
Abbott Northwestern Hospital
• Discuss the 2026 AHA/ACC Pulmonary Embolism Guidelines
• Discuss ANW PE management algorithms
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European Heart Journal (2019) 00, 1-61

Factors in Hemodynamic Collapse in Acute PE
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All-cause and PE-related Mortality in Hemodynamically Stable vs. 
Unstable PE

Quezada et al. Meta-Analysis of Prevalence and Short-Term Prognosis of Hemodynamically Unstable Patients 
With Symptomatic Acute Pulmonary Embolism Am J Cardiol 2019;123:684−689

Wood KE Major Pulmonary Embolism: Review of a Pathophysiologic Approach to the Golden Hour of Hemodynamically Significant Pulmonary 
Embolism. Chest 2002; 121(3):877-905
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All-Cause and PE-Related Mortality in Hemodynamically Unstable Patients 
Treated with Systemic Thrombolysis

Quezada et al. Meta-Analysis of Prevalence and Short-Term Prognosis of Hemodynamically Unstable Patients 
With Symptomatic Acute Pulmonary Embolism Am J Cardiol 2019;123:684−689

Thrombolysis for Submassive PE

Konstantinides et al. New Engl J Med, Vol. 347, No. 15 · October 10, 2002

Alteplase + AC vs. 
AC alone
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Thrombolysis for Intermediate-Risk PE

Meyer, G et al. Fibrinolysis for Patients with Intermediate-Risk Pulmonary Embolism N Engl J Med 370;15 April 10, 2014

Tenecteplase (full-
dose regimen) + AC 
vs. AC alone 

Thrombolysis for Intermediate-Risk PE -
Complications

Meyer, G et al. Fibrinolysis for Patients with Intermediate-Risk Pulmonary Embolism N Engl J Med 370;15 April 10, 2014
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Long-Term Outcomes of
Intermediate-Risk Pulmonary Embolism: TNK vs. Placebo

• Long-term follow-up: median 37.8 months (IQR 24.6 -54.8 months)
• Overall mortality 19.2%, no difference between groups
• Persistent clinical symptoms (mostly mild exertional dyspnea): 36.0% 

in TNK vs. 30.1% in placebo group (non-significant)
• CTEPH diagnosed 2.1% vs. 3.2% (non-significant)

Konstantinides et al. J Am Coll Cardiol
2017 Mar 28;69(12):1536-1544

Long-Term Outcomes of
Intermediate-Risk Pulmonary Embolism: TNK vs. Placebo

Konstantinides et al. J Am Coll Cardiol
2017 Mar 28;69(12):1536-1544
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CommentNResultPrimary OutcomeComparisonTrial

More RV/LV > 0.9 at 72 h in AC; 1 major 
bleed in CDI

94No differenceRV/LV > 0.9 at 3 moCDT vs. ACCANARY

2 major bleeds in USAT81No differenceClot reduction at 48 hUSAT vs. CDTSUNSET

No difference in mortality; ICH: 0.7% vs 
0.4%; major bleeding 6.9% vs 6.9%

550Fewer clinical 
deterioration and ICU 
use in MT

Composite (mortality, 
ICH, major bleed, clinical 
decompensation or 
bailout, ICU admission and 
LOS) 

MT vs. CDTPEERLESS

No overnight ICU stay in 62% pts; 
improved dyspnea and RV/LV at 48h

800Immediate 7.6 mmHg drop in mPAP and 0.3 
L/min/m2 mean increase in CI

MT RegistryFLASH

No complications9PML using bolus-only r-tPA resulted in improved RV/LV ratio and PA obstruction RESCUE-II

Two PE-related deaths (4.3%) in the CAVT 
arm

100Favored CAVTChange in RV/LV ratio at 
48 h 

CAVT vs. ACSTORM-PE

Selected CDI Trials

• JAMA Cardiol. 2022 Dec 1;7(12):1189-1197
• JACC Cardiovasc Interv. 2021 Jun 28;14(12):1364-1373
• Circulation 2025 Feb 4;151(5):260-273
• EuroIntervention. 2023 Feb 20;18(14):1201-1212
• JACC Adv . 2025 Jun;4(6 Pt 1):101789
• Circulation. 2026 Jan 6;153(1):21-34

Ultrasound-Facilitated, Catheter-Directed Fibrinolysis
for Acute Pulmonary Embolism (HI-PEITHO)

• 544 pts with intermediate-risk PE (RV/LV ≥1.0 + elevated troponin) + 
at least two additional indicators (SBP≤110, HR ≥100, or RR >20) 
randomized to US-facilitated, catheter-directed fibrinolysis with 
alteplase plus anticoagulation or anticoagulation alone
• Primary outcome (composite of PE–related death, cardiorespiratory 

decompensation or collapse, or symptomatic recurrence of 
pulmonary embolism within 7 days): Intervention group 4.0% vs. AC 
10.3%, driven by the lower NEWS score assessed at 7 days post-
intervention as a component of cardiorespiratory decompensation 

N Engl J Med 2026;394:1979-90
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Ultrasound-Facilitated, Catheter-Directed Fibrinolysis
for Acute Pulmonary Embolism N Engl J Med 2026;394:1979-90

Ultrasound-Facilitated, Catheter-Directed Fibrinolysis
for Acute Pulmonary Embolism N Engl J Med 2026;394:1979-90
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Ultrasound-Facilitated, Catheter-Directed Fibrinolysis
for Acute Pulmonary Embolism N Engl J Med 2026;394:1979-90

Ultrasound-Facilitated, Catheter-Directed Fibrinolysis
for Acute Pulmonary Embolism N Engl J Med 2026;394:1979-90
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Ultrasound-Facilitated, Catheter-Directed Fibrinolysis
for Acute Pulmonary Embolism N Engl J Med 2026;394:1979-90

RCT of Low-dose ST vs. USAT vs. AC alone in Intermediate high-risk PE
N=210

Kjaergaard et al. Cardiovascular Research (2026) 00, 1–11 
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Catheter-Directed Thrombolysis in Intermediate-High Risk 
Pulmonary Embolism N Engl J Med 2026 Aug 31

Alteplase: 1 mg bolus through 
each catheter followed by 1 
mg/h infusion per up to a total 
dose of 20 mg (10 mg in 
patients with unilateral 
pulmonary embolism). PTT 
target 50-60 during lysis

Catheter-Directed Thrombolysis in Intermediate-High Risk 
Pulmonary Embolism N Engl J Med 2026 Aug 31
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Mohr et al. Modelling costs of interventional pulmonary embolism treatment: implications of US trends 
for a European healthcare system. Eur Heart J Acute Cardiovasc Care. 2024 Jun 30;13(6):501-505.
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Circulation. 2026;153:e977–e1051
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Pulmonary Embolism International THrOmbolysis Study-3 
(PEITHO-3) – Study-in-progress

• Patients with intermediate-high-risk acute pulmonary embolism, 
N=650
• Alteplase as a 15 min IV infusion at 0.6 mg/kg, total dose not 

exceeding 50 mg + AC vs. AC alone
• Primary efficacy outcome: composite of all-cause death, 

hemodynamic decompensation, or PE recurrence within 30 d
• Multiple secondary outcomes including health care resources

Thromb Haemost. 2021 Oct 31;122(5):857–866

2026 Acute Pulmonary Embolism Guideline

• Five clinical categories (A-E) with subcategories from low to high risk 
for adverse outcomes 
• Advanced therapies (ST, CDL, mechanical thrombectomy, and surgical 

embolectomy) recommendations  
• PE response teams (PERT) 
• LMW heparin is recommended over unfractionated heparin
• Lower dose systemic thrombolytics consideration to reduce the risk 

of bleeding
• DOACs are recommended over vitamin K antagonists
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Circulation. 2026;153:e977–e1051

2026 Acute Pulmonary Embolism Guideline

• Quantification of angiographic thrombus burden for short-term risk 
stratification is not recommended
• Continuing anticoagulation beyond the initial treatment phase (3-6 

months) into the extended phase recommendations for first acute PE 
without a major reversible risk factor and in those with a persistent 
risk factor
• Discharge from ED and hospitalization criteria
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2026 Acute Pulmonary Embolism Guideline

• Transfer to a center that can provide advanced therapies may be 
considered to ensure access to appropriate interventions for 
hemodynamically stable patients with high-risk features. Unstable 
patients with acute PE should not be transferred to another medical 
center before stabilizing their condition
• Follow up: Patients who have had acute PE should be asked about PE-

related symptoms and functional limitations at every visit for at least 
1 year to screen for chronic thromboembolic pulmonary disease or 
other causes of dyspnea and functional limitation

Circulation. 2026;153:e977–e1051
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Circulation. 2026;153:e977–e1051

Intracardiac clot-in-transit: High-quality comparative data are not currently available
Circulation. 2026;153:e977–e1051
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AHA/ACC Clinical Categories

Circulation. 2026;153:e977–e1051

Circulation. 2026;153:e977–e1051
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Circulation. 2026;153:e977–e1051
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ANW PE Program

CHEST 2021; 160(5):1844-1852

Critical Care Medicine 52(5):729-742, May 2024
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Advanced Interventions - Interpretation
SurgeryCatheter ThrombectomyCatheter LysisSystemic Lysis

NoNANAYes Shock or cardiac arrest 
(E2)

Yes Yes Yes Yes Recurrent or persistent 
hypotension (E1)

UnclearConsiderConsiderConsiderTransient hypotension 
Normotensive shock 
(D1, D2)

NoUnclearUnclearUnclearSPESI > 0, abnormal RV 
and ≥1 abnormal 
biomarker (C3)

NoUnclearUnclearNoAbnormal RV or ≥1 
abnormal biomarker 
(C2)

NoNoNoNoNormal RV and BNP/troponin 
(C1); Symptomatic with low 
severity score (B); Subclinical 
(incidental, asymptomatic) (A)

• Normotensive shock, any: lactate > 2, AKI, UO < 0.5 cc/kg/h, mental status change, CI < 2.2, MAP < 60, 
increased shock score (CPES score of 6)

• Transient hypotension SBP < 90 or 40 mm Hg drop for <15 min

WeightedUnweighted
pSystemic lyticsCDIpSystemic lyticsCDI

316285316285
0.878<0.001PE severity, n (%)

(0.5%) (0.4%) 2 (0.6%) 1 (0.4%) Low risk
(18.3%) (18.7%) 87 (27.5%) 25 (8.8%) Massive
(81.2%) (80.9%) 227 (71.8%) 259 (90.9%) Submassive

<0.001(96.2%) (67.8%) <0.001303 (95.9%) 186 (65.3%) ICU stay, n (%)
0.187(3.0%) (5.2%) 0.50111 (3.5%) 14 (4.9%) Hospital Mortality, n (%)
0.697(9.3%) (10.4%) 0.67030 (9.5%) 31 (10.9%) 1-Year Mortality, n (%)
0.453(7.4%) (9.4%) 0.99724 (7.6%) 22 (7.7%) 30-d Readmission, n (%)
0.770(12.3%) (11.5%) 0.97739 (12.3%) 34 (11.9%) Any hemorrhage, n (%)
0.090(9.9%) (6.0%) 0.21331 (9.8%) 19 (6.7%) Minor
0.072(2.0%) (4.8%) 0.1157 (2.2%) 14 (4.9%) Major, Extracranial
0.972(0.7%) (0.8%) 0.9882 (0.6%) 1 (0.4%) Intracranial
0.002(  0.8%) (  4.6%) 0.1214 (  1.3%) 10 (  3.5%) Cardiac arrest

<0.001(  0.0%) (  5.6%) <0.0010 (  0.0%) 16 (  5.6%) Access site hematoma

ST vs. CDI for PE: A Multicenter Study 
• Retrospective study of 316 patients treated with ST and 285 with CDI at 3 AH referral centers (2013 - 2023)
• Inverse probability of treatment weighting used to balance the groups

• No difference in mortality, ICU or hospital LOS, or 30-d readmission
• No difference in outcomes between ST or CDI-preferring centers except for hospital LOS 3.8 vs. 3.2 d

Critical Care Medicine 54(3S), March 2026
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Systemic Thrombolysis for Pulmonary Embolism Administered at Regional Hospitals 
Under Tele-ICU Service Direction 

American Journal of Respiratory and Critical Care Medicine, Volume 212, Issue Supplement_1, May 2026

Patients with massive PE treated with VA ECMO at ANW, 
2023-2026(Q1, 2)

23N

11 (48%)Mortality

16Presented with cardiac arrest

9 (56%)Mortality when presented with cardiac arrest

14Systemic lysis prior to ECMO
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Characteristics of Survivors of High-Risk Pulmonary Embolism 
Receiving VA ECMO: A Meta-Analysis

• 50 observational studies comprising 1,125 patients with high-risk PE 
treated with V-A ECMO, 63% with cardiac arrest, and 48.8% with 
contraindications to thrombolysis
• Most common reperfusion therapies were US-guided thrombolysis and 

systemic thrombolysis 
• Pooled in-hospital mortality: 40.6%; 30-day mortality: 44.4% 
• Survivors were younger, less frequently presented with cardiac arrest, had 

shorter durations of cardiopulmonary resuscitation, and lower lactate 
levels (7.2 ± 6.1 vs. 13.1 ± 7.1 mmol/L, p<0.001)
• Among survivors, 84.4% were neurologically intact 

ASAIO Journal 71(Supplement 4):p 3-3, September-October 2025
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Safety and Efficacy of Reduced-Dose Versus Full-Dose Alteplase for Acute Pulmonary 
Embolism: A Multicenter Observational Comparative Effectiveness Study 

(ANW + Mayo Clinic)

Melamed et al. Critical Care Medicine 52(5):p 729-742, May 2024

51

52

26 of 28



MHIF Cardiovascular Grand Rounds
November 2, 2026

BACS Score: 30-day risk of major bleeding in PE patients treated with 
systemic thrombolysis

3 pointsRecent major bleeding

1 pointAge >75 years

1 pointActive cancer

1 pointSyncope

Eur Respir J . 2020 Dec 3;56(6):2002336

53

54

27 of 28



MHIF Cardiovascular Grand Rounds
November 2, 2026

55

56

28 of 28




