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OBJECTIVES

1. Review the epidemiology and pathophysiology of VTE
2. Discuss the risk stratification of PE and DVT

3. Apply evidence- and pathophysiology-based strategies
to manage PE patients
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Association Between Black Race, Clinical Severity, and Management of PE
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US Mortality Trends in Patients with High-Risk PE

CENTRAL ILLUSTRATION: Trends in mortality related to high-risk pulmonary embolism in US from 1999 to 2019

- Cross sectional study (1999-2019)
Mortality data from the Centers for Disease Control and Prevention’s (CDC) Wide-ranging ONline Data for Epidemiologic Research (WONDER)
dataset

- Proportionate mortality from high-risk PE per 100 deaths

- High-risk PE-related mortality per 100,000 US population and relative trends

E Studydesign
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Age-Adjusted Mortality rate

(per 100,000 people)

US Mortality Trends in Early Adults with PE
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Table |

Age-adjusted mortality rate trend in early adults with pulmonary embolism (25-44 years), 1999-2019, stratified by gender and racefethnicity

AAMR 1999 (95% CI) AAMR 2019 (95% CI)

AAPC; (95% CI), p

Number of
Joinpoints

Period I [years] APC;

(95% CI), p

APC - period 2 [years]
APC; (95% CI), p

Overall
Male
Female
Race
White

Black or African American

Asian or Pacific Islander and
Native Alaska/American

Indian

Ethnicity
Latinx/Hispanic

227@2.17t02.37)
2172030 2.31)
2.37(222t0 2.52)

186 (1.76—1.96)
372(327-6.17)

0.61 (041 to 0.89)

114 (093—1.35)

3.20(3.13t0 330
3.00(2.83t03.16)
3.36(3.18t03.54)

2.74(2.61-287)
6.74(6.27-721)

L14(0.92 to 1.40)

L71(1.51-191)

L4 (1.Tw 1.7), p<0.001
1.5; (1.2 to 1.8), p<0.001
L4 (1.0 to 1.9), p<0.001

L.7: (1.4 to 2.0), p<0.001
0.7: (0.3 10 LO), p<0.001

2.5 (1.6t 34), p<0.001

1.7; (0.6 to 3.0), p=0.003

[1999-2007] —0.3;

(=1.0to 0.5), p=0.44

[1999-2010] —0.9;

(—=23.to 0.6), p=0.23

[2007=2019] 1.3:
(0.9t 1.7), p<0.001

[2010 to 2019] 5.0;
(2.9107.2), p<0.001

0.058

‘White vs Blacks: p=0.002
‘White vs Asian/Pacific
Islander and Alaska/Ameri-
can Indian: p<0.001 Blacks
vs Asian/Pacific Islander
and Alaska/American

Indian: p=0.003

AAMR = age-adjusted mortality rate, expressed as deaths per 100.000 population; AAPC = average annual percent change; APC = annual percent change.

Zuin M, et al. Am J Cardiol. 2023;202:169 ’



When Innovation Fails: Barriers to Health Equity

e BARRIERS TO POTENTIAL
HEALTH EQUITY CONSEQUENCE
—— Often Restricted
Te:pm to Well-Resourced
Centers
Reperfusion
Therapy Limited in
Ad:::ced PE Socially and
rapy Economically
Disadvantaged
Failure to Reduce PE-
gty e
State-of-the-Art Limited in Socially
Anticoagulation and Economically

Disadvantaged

FIGURE Health equity barriers to innovation in pulmonary embolism clinical care and failure to reduce mortality. DOAC, direct oral
anticoagulant; PE, pulmonary embolism.
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Pathophysiology of PE

Increased RV Dilation,
Pulmonary Hypokinesis,

Vascular and Abnormal LV (;anrgigc s?:;ﬂgt
Resistance and | Interventricular Filling A rt){erial

Decreased LV

RV Pressure Septal

Overload Deviation Hypotension
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RV Ischemia,
Infarction, and
Failure

Piazza G. J Am Coll Cardiol.

2020;76:2117
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Long-Term Complications of PE and DVT

[ Al patients after PE

Reported symptoms of
reduced functional status

Bl Persistent thrombi

Measurable limitationsin
cardiopulmonary function

Bl CTEPH
Post-PE syndrome
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All patients after PE

Venous
Ectasia

pigmentation

Klok FA, et al. Blood Reviews 2014; 28: 221 1°



Case No. 1

A 66-year-old man with postate cancer status post
prostatectomy presents with sudden onset pleuritic
pain, dyspnea, and right ankle edema.

He is tachycardic to 118 bpm, normotensive at
100/62 mmHg, and hypoxemic with an O, saturation

of 92% on room air.

His high sensitivity cardiac troponin T is increased.

He undergoes chest CT angiography to assess for PE.
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Question No. 1

In which 2026 AHA/ACC Guideline Clinical Category would you
place this patient?

a) A

b) B

c) C

d D

e) E

)
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Question No. 1

In which 2026 AHA/ACC Guideline Clinical Category would you
place this patient?

a) A
b) B
c) C
d D
e) E

Explanation: Symptomatic PE with signs of increased clinical
severity (tachycardia, etc) would fall into Clinical Category C
specifically C3 due to RV dysfunction and elevated troponin)
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RV Enlargement on CT Predicts Increased 30-Day Mortality
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Schoepf UJ, et al. Circulation 2004;110:3276



Echocardiographic Assessment of RV in PE
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A. Enlarged right ventricle,
parasternal long axis view

IvC

B. Dilated RV with basal RY/LY
ratio >1.0,and McConnell sign
(arrow), four chamber view

C. Flattened intraventricle
septum (arrows) parasternal
short axis view

D. Distended inferior vena cava
with diminished inspiratory
collapsibility, subcostal view

RY m RiHTh
RA ]
AcT <60 ms F ‘TRPG
<60 mmHg
"notch”

M-Mode

ATAPSE

<|& mm

Tissue Doppler Imaging

[ ]
- v

E' A
S <9.5/s

E. 60/60 sign: coexistence of

acceleration time of pulmonary ejection
<60 ms and midsystolic “notch” with
mildy elevated (<60 mmHg) peak systolic

gradient at the tricuspic valve

(arrow)

F. Right heart mobile thrombus
detected in right heart cavities

G. Decreased tricuspid annular
plane systolic excursion (TAPSE)
measured with M-Mode

(<16 mm)

H. Decreased peak systolic (S)
velocity of tricuspid annulus

(<9.5 cm/s)

Konstantinides SV, et al. Eur Heart J. 2019; 00:1
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Clot-Burden: PE Outcomes

Variable Survivers (n = 596) Deceased Patients (n= 39) PValue
No. of PEs* 2.0(3.1 +3.1) 2.0(25 £ 21) 247
Proximal level of PE!

Mediastinal PA 172 (28.8) 10 (25.6) —
Lobar PA 145 (24.3) 6(15.4) 520
Segmental PA 183 (30.7) 19 (48.7) 152
Subsegmental PA 96 (16.1) 4(10.2) 582
Qanadli score (%)* 125(17.0 = 15.9) 7.5(17.1 = 19.6) 995
Mastora score (%)* 51(10.4 = 13.1) 3.2(11.4 = 17.1) 659
Blood clot volume (mm?)* 927.3 (3556.4 + 6598.3) 630.4 (3211.8 = 679.7) 750

Table 4. Cox Proportional Hazard Model Assessing the Hazard Ratio of a Reduction in Small
Venous Blood Volume With 30- and 90-Day Mortality After Adjusting for Age, Sex, Lung Volume,
Small Arterial Blood Volume, Abnormal RV:LV Ratio, and Presence of Cancer

Univariable analysis Multivariable analysis
Mortality HR Cl P value HR Cl P value
30-day 1.47 0.95-2.32 0.08 2.52 1.51-4.45 <0.001
90-day 1.06 0.68-1.33 0.77 1.66 1.10-2.50 0.016

Hazard ratios reported here are per 1 SD (1784 mL) decrease in small venous volume. HR indicates hazard ratio; LV, left

ventricle; and RV, right ventricle.
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Furlan A, et al. Radiology. 2012;265:283-293
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Risk Stratification Recommendations
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.@ Suggested | Not Addressed Q Mot Recommended

Recommendation for risk stratification

Definition provided for low-risk PE

Definition provided for intermediate-risk (submassive) PE
Definition provided for intermediate-low risk PE

Definition provided for intermediate-high risk PE
Definition provided for PE deterioration

Definition provided for high-risk {(massive) PE

Early discharge or entirely home-based care for low-risk PE

Use of a multidisciplinary PERT
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Zuin M, et al. J Am Coll Cardiol. 2024;84:1561
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Risk Stratification for PE

Patientwith Acute Pulmonary Embaolism
+

STEP 1: Is the patient hemodynamically stable?

¥

STEP 2: Does the patient have high-risk clinical features
{increased PES| or sPESI)?

¥

STEP 3; Does the patient have CT or echocardiographic
evidence of RV dysfunction OR elevated troponin OR both?

4 ! ¥
Low-risk High-risk High-risk
clinical clinical clinical
features, features, features,

norimal B, abnormal BV abnormal BV,
AND normal OF elevated AND elevated
tropanin troponin OR Lreponin
neither
e e

INTERMEDIATE - HIGHERISKEE

e

\

YES"'"/;_ {\—hm)

L

HIGH-RISKPE

Patient with Acute Pulmanary Embaolism

[ ]

STEP 1: Can the patient be anticoagulated?

YES/

[ ]

STEP 2: Start immediate therapeutic anticoagulation

_-\\—-rm

¥

Consider IVC filter

LOW-RISKPE

INTERMEDIATE
= HIGH-RISK PE

STEP 3: Continue anticoagulation

STEP 3:
Continue

anticoagulation,

menitor, and
consider

reperfusion if

deterioration

STEP 3:
Continue
anticoagulation,
menitarin
critical care
setting, support
hemodynamics,
and consider
reperfusion

Piazza G. J Am Coll Cardiol. 2020;76:2117



2026 AHA/ACC Acute PE Guidelines

A B
Subclinical Symptomatic
Incidental and Low clinical severity score®
asymptomatic

Lowest risk

B1

B2

=)

l

Highest risk

Subsegmental
(Single/multiple)

+/- +/- +/-

J Am Coll Cardiol. 2026 Feb 19:50735-1097(25)10161-7
Circulation. 2026 Feb 19. doi: 10.1161/CIR.0000000000001415. Online ahead of print. 19




Risk Stratification for Acute DVT

Acute DVT I

lliofemoral DVT I Non-iliofemoral DVT
Consider catheter- Therapeutic
) assisted fibrinolys.is - anticoagulati?n and
Pharmacomechanical compression
Therapy” stockings

)

https://econtent.hogrefe.com/doi/10.1024/0301-1526/a000894  2°
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Case No. 2

A 41-year-old woman with obesity, prediabetes, and
hypertension presents with right leg edema and pain
1 week after hysterectomy for fibroids.

No Compression Compression

She admits to being quite sedentary post-operatively
and has mostly been sitting on the couch playing
video games.

Venous ultrasound demonstrates right femoral DVT
extending into the calf.

She has been managing her pain at home with
acetaminophen.

)
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Question No. 2

Which of the following is the most appropriate next step in management?

a)
b)
c)

d)
e)

)
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Admit for IV unfractionated heparin bolus and infusion

Start dabigatran 150 mg twice daily

Start rivaroxaban 15 mg twice daily for 3 weeks then switch to 20 mg
daily

Start edoxaban 90 mg once daily

Start apixaban 2.5 mg twice daily

22



Question No. 2

Which of the following is the most appropriate next step in management?

a) Admit for IV unfractionated heparin bolus and infusion

b) Start dabigatran 150 mg twice daily

c) Startrivaroxaban 15 mg twice daily for 3 weeks then switch to 20 mg
daily

d) Start edoxaban 90 mg once daily

e) Start apixaban 2.5 mg twice daily

Explanation: Rivaroxaban 15 mg twice daily for 3 weeks then 20 mg daily is

the only correct FDA-approved regimen listed for acute DVT. Admission for

IV heparin is not necessary.

)
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Cumulative frequencies (%)

Cumulative frequencies (%)

Immediate Anticoagulation for PE: Lessons from PE

Response Team Registries

Intermediate-low risk PE (n=70)
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Figure 5 Percentage of patients in each dosing group who have ever had a therapeutic aPTT value over time. aPTT = activated partial

thromboplastin time.
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Chopard R, et al. J Thromb Thrombolysis. 2022;54:449
Prucnal CK, et al. Acad Emerg Med. 2020;27:117
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Immediate Management of PE: Recommendations by 2026
AHA/ACC Clinical Categories

Initial Assessment and Management by AHA/ACC Acute PE Clinical Categories GENERAL RECOMMENDATIONS

Category A Category B

Subclinical Symptomatic,
Low Clinical
Severity Score

Ega el Casy 2. In patients with acute PE in AHA/
, , ACC Categories C1-E1 who require
Symptomatic, Symptomatic, ptomatic, .
Elevated Clinical  Elevated Clinical Ear G parenteral anticoagulant therapy
Severity Score Severity Score Severity Score
initially, LMWH is recommended

Initiate DOAC

over UFH to reduce recurrent VTE
and major bleeding.’

Initiate
LMWH or
UFH

Initiate LMWH

Use HESTIA, PESI, andfor sPESI
to assess short-term risk

Measure at least 1 cardiac biomarker I

)

\

Measure lactate I

2a
Evaluate RV size and function with CT and/or echo I VA-ECMO

J Am Coll Cardiol. 2026 Feb 19:50735-1097(25)10161-7
Circulation. 2026 Feb 19. doi: 10.1161/CIR.0000000000001415. Online ahead of print.



Efficacy and Safety of DOACs for VTE Treatment: Meta-

Analysis

Outcome Study
Recurrent VTE
Re-Cover (dabigatran)
Einstein-DVT (rivaroxaban)
Einstein-PE (rivaroxaban)
Amplify (apixaban)
Hokusai (edoxaban)
Subtotal (F = 0%, P =0.46)
Fatal PE
Re-Caover (dabigatran)
Einstein-DVT (rivaroxaban)
Einstein-PE (rivaroxaban)
Amplify (apixaban)
Hokusai (edoxaban)
Subtotal (P =0%, P=071)
Overall mortality
Re-Caover (dabigatran)
Einstein-DVT (rivaroxaban)
Einstein-PE (rivaroxaban)
Amplify (apixaban)
Hokusai (edoxaban)
Subtotal (F = 0%, P =0.50)

)
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R R Lower limit Upper limit Weight (%)

1.10 0.66 1.84 1.2
D.70 0.46 1.07 16.7
113 0.76 1.69 184
D.84 0.60 1.18 254
0.83 0.60 1.14 283
0.88 0.74 1.05 100
0.33 003 3.18 180

R R (95% CI)

298 012 73.04 9.0
2.00 0.18 21.99 16.0

0.50 0.05 557 16.0 <
1.33 0.30 596 M1

1.02 0.39 596 100

0.99 0.55 1.81 71

0.77 0.51 117 146

1.16 0.80 1.68 18.3

D.79 0.53 1.19 156

1.05 0.82 1.33 444

0.97 0.83 1.14 100

0.1

1
Favors NOACs Favors VKAs

Major Bleed

Relative Risk

4 0.99

0.16

Clin Rel Non
Major

MNonfatal ICH

Fatal Bleed

van der Hulle T, et al.  Thromb Haemost. 2014;12:320 *



Bleeding Risk with Apixaban vs. Rivaroxaban in Acute
Venous Thromboembolism: COBRRA

1004 10+ 1004 2.0+
8-
1.5+
" 754 Rivaroxaban " 754 Rivaroxaban
'E 6 -E
2 2
& s 1.0
[ [
<) ]
° 504 4 S 504
B0 B0
g — g
§ o : § 0.5- Apixaban
5 Apixaban 5
o o
254 . 254
0| I I I I I I | | | 00 I I I I I I | | |
0 10 20 30 40 50 60 70 8 90 0 10 20 30 40 50 60 70 8 90
0_'El I I I | I I I | 0 I I -1 T 1T 1T 1T 1T
0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90
Days Days
No. at Risk No. at Risk
Rivaroxaban 1355 1319 1299 1292 1287 1281 1278 1270 1265 1261 Rivaroxaban 1355 1348 1347 1343 1343 1343 1343 1342 1341 1341
Apixaban 1345 1330 1323 1320 1315 1313 1313 1309 1307 1301 Apixaban 1345 1339 1337 1333 1333 1333 1332 1331 1331 1331
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Castellucci LA, et al. N Engl J Med. 2026; 394:1051



Comparative effectiveness DOAC vs LMWH for VTE in cancer

CANVAS Pragmatic Trial

QUESTION Among patients with cancer and a venous thromboembolism (VTE) event, are direct oral anticoagulants (DOACs)
noninferior to low-molecular-weight heparin (LMWH) for preventing recurrent VTE events?

CONCLUSION Among adults with cancer and VTE, DOACs were noninferior to LMWH for preventing recurrent VTE over 6-month follow-up.

POPULATION INTERVENTION FINDINGS
353 Women ﬁ il Rate of recurrent VTE
285 Men , 7N
671 Patients randomized
638 Patients analyzed DOACs LMWH

Patients with invasive solid tumor,

6.1% 8.8%

lymphoma, multiple myeloma, or

chronic lymphocytic leukemia who 330 308

had a new diagnosis of VTE DOACs LMWH

Mean age: 64 years ggl’:i(;:tar:'nn;‘:?;:::t;:n E:uf):zzgg:;iﬂzl:epann. DOACs were noninferior to LMWH:

Between-group difference,

LOCATIONS -2.7%

67 w PRIMARY OUTCOME (1-sided 95% C1, ~100% to 0.7%

Oncology practices Rate of recurrent VTE at 6 months

n the US

)

Schrag D, et al. JAMA. 2023;329:1924
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API-CAT: Extended Reduced-Dose Apixaban for Cancer-
Associated VTE

A Recurrent Venous Thromboembolism

)
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100+

F 3.04 Adjusted subhazard ratio Full-dose apixaban
— G0 with reduced vs. full dose,
8 o] 27 076(95%ClL 041-141) ,_u—"r
g P=0.001 for noninferiority
:E FD— E.D—
U Reducec_l—dcuse
E Go-{ 1.5 apaban
-E 04 1.04
= 40—
E 0.5
oo 304
T | 0.0+ T T |
5 09 7y 3 6 9 12
= 10—
o o T T T T
0 3 E 9 12
Meonths since Index Event
Mo. at Risk
Full-dose apixaban 300 834 171 112 659
Reduced-dose BEL 820 769 722 ]
apixaban

B Clinically Relevant Bleeding

Estimated Cumulative Incidence (%)

Mo. at Risk

Full-dose apixaban 900
866

Reduced-dase
apixaban

100+
S0
20
7o+
G0
50
40
304
20+
10+

0

0

20— Adjusted subhazard ratio
with reduced vs. full dose, Full-dose apixaban
154 0.75 (95% Cl, 0.58-0.97)
P=p.03

1o+ Reduced-dose

5] apaban

0 T T T T

] 3 £ a 12

T T
b 9 12

s —

Months since Index Evant
T96 725 £82 503
795 716 &62 619

Mahé |, et al. N Engl J Med. 2025;392:1363
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Anticoagulation for Acute PE: Evidence-Based Guideline
Recommendations

/

/

ESC/ERS [2] PERT [12] CHEST [13] AHA [14] ASH [16]
Suggested & Not addressed Not recommended g

Therapeutic anticoagulation should be initiated while
awaiting diagnostic results if the pretest probability of PE is
intermediate or high and the bleeding risk is low

Vg

1\
Vi

1)

Therapeutic anticoagulation should be given to all patients
with confirmed PE who do not have a contraindication

Immediate anticoagulant choice in high-risk PE if advanced
therapies are considered: unfractionated heparin

Immediate anticoagulant in intermediate-high risk PE not
requiring advanced therapies: LMWH or DOAC (unless
contraindications)

Immediate anticoagulant choice in low-risk PE: DOAC
(unless contraindications)

(1]

Immediate anticoagulant choice in patients with HIT or a
history of HIT: parenteral direct thrombin inhibitor or
fondaparinux

For oral anticoagulation in the treatment phase of PE, DOAC
is recommended over VKA unless there is severe kidney
disease, concomitant use of interacting drugs, or
antiphospholipid syndrome

SIS
S ee e Qe

QI IIIE
> Qe el
0009>09m

EQAIID

(<
(<
S

d

a. If PE unlikely, but D-dimer cannot be offered within 4 hours, NICE 2020 guidelines recommend interim anticoagulation while awaiting results
b. Therapeutic anticoagulation with LMWH, IV/SC heparin, or fondaparinux is recommended for all patients with confirmed PE.
c. No preference for parenteral or oral anticoagulation for intermediate or low-risk PE in the formal recommendations; LMWH or fondaparinux preferred over UFH.
d. Recommends danaparoid, lepirudin, argatroban or bivalirudin; ESC 2019 recommends fondaparinux if allergy or adverse reaction to LMWH
e. ASH does not differentiate the choice of agents based on acuity of care
f.  ASH provides specific comments on the management of HIT in VTE into a dedicated guidelines [18]
1 . .
= Zuin M, et al. J Am Coll Cardiol. 2024;84:1561



Advanced Therapies
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Advanced Therapies for Acute PE: Evidence-Based Guideline Recommendations

=)
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A ESC/ERS 2] PERT [12] CHEST [13] AHA [10, 14] ASH [16] NICE [20]
Suggested ‘ Not addressed Not recommended “

Systemic fibrinolysis in hemodynamically unstable PE

patients

Systemic fibrinolysis in hemodynamically stable
experiencing hemodynamic and/or respiratory worsening

Reduced dose systemic fibrinolysis

o

IO NN

Routine use of systemic fibrinolysis in hemodynamically
stable PE patients

Surgical embolectomy in hemodynamically unstable PE

QNI OD D

QIO DD|IM
B O QM
SIEQC 0 Q0|
see e oo

patients e
CDIs in hemodynamically unstable PE patients in whom
systemic fibrinolysis has failed or is contraindicated c f
CDIs in hemodynamically stable experiencing hemodynamic
and/or respiratory worsening d f
Extracorporeal Membrane Oxygenation (ECMO) a
a. ECMO may be considered in combination with surgical embolectomy or catheter-directed therapies in patients with refractory cardiogenic shock.
b. In high-risk patients with relative contraindications to systemic fibrinolysis
c. Incenters with the appropriate infrastructure, clinical staff, and procedural experience
d. Prefer systemic fibrinolysis and perform close cardiovascular monitoring to promptly identify the development of hemodynamic compromise.
e. Surgical thrombectomy may occasionally be performed for patients with a life-threatening PE
\f. Catheter-based embolectomy should only be used within the confines of research protocols due the absence of adequate supporting clinical trials /

Zuin M, et al. J Am Coll Cardiol. 2024;84:1561 *



Advanced Intervention for Acute PE

Recommendations for Systemic Thrombolysis

Referenced studies that support recommendations are

summarized in the

RECOMMENDATIONS

2a C-LD

1.

Im patlents with acute PE In AHAS
ACC PE Categorles E1-2 and accept-
able bleeding risk, In whom
advanced therapy Is belng consid-
ered, systemic thrombolysls and
anticoagulation Is reasonable over
anticoagulation alone to reduce
martality and recurrent PE.™-2

summarized in the

COR LOE

Recommendations for Catheter-Directed Thrombolysis
Referanced studies that support recommendations are

RECOMMENDATIONS

1.

In patlents with acute PE In AHA/
ACC PE Category E1, CDL plus antl-
coagulation Is reasonable to prevent
further clinical deterloration and
early mortality.™®

summarized in the

Recommendations for Mechanical Thrombectomy
Referenced studies that support recommendations are

RECOMMENDATIONS

. In patlents with acute PE In AHA/

ACC PE Categorles D1-2 and an
acceptable bleeding risk, In whom
advanced therapy Is belng consid-
ered, systemic thrombolysis and
anticoagulation may be conslderad
over anticoagulation alone to pre-
vent further clinical deterloration.™*

2
-

In patlents with acute PE in AHAS
ACC PE Categortes D1-2 In whom
advanced therapy Is belng consid-
ered, COL plus antlicoagulation may
be consldered to prevent further
clinical deterloration.®

1.

In patlents with acute PE In AHAJ
ACC PE Category ET. It Is reascnable
to choose MT plus anticoagulation
over antlcoagulation alone to pre-
vent further clinical decompensation
and acute mortality.'

&
M
B

)

\

. In patlents with acute PE In AHA/

ALCC PE Category C2 and acceptable
bleeding risk, In whom advanced
therapy Is belng considered, the use
of systemic thrombolysls and anti-
coagulation over anticoagulation
alone to prevent further clinical
deterloration Is uncertain.'-**

. In patients with acute PE in AHA/

ACC PE Categories C2-3, the benefit
of CDOL plus anticoagulation
compared with anticoagulation
alone to prevent short-term fatal/
nonfatal clinical deterloration, and
Improve long-term mortality, func-
tional capacity, and quality of life Is
unclear.®

J Am Coll Cardiol. 2026 Feb 19:50735-1097(25)10161

. In patients with acute PE In AHA/S

ACC PE Categories D1-2 In whom
advanced therapy Is being consid-
ered, MT plus anticoagulation may
be considered over anticoagulation
alone to prevent further clinlcal
datarloratlon.*-®

h LD

. In patients with acute PE In AHA/

ACC PE Categorles C2-3, the benefit
of MT plus antlcoagulation
compared with anticoagulation
alone Is unclear In preventing short-
term fatal/monfatal clinical deterio-
ratlon and Improving long-term
survival and functional capacity.”

Circulation. 2026 Feb 19. Online ahead of print.
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Systemic Fibrinolysis

-
Figure 3. Odds of Mortality in Patients With Intermediate-Risk Pulmonary Embolism Treated With Thrombolytic Therapy vs Anticoagulation
<0.
p 0 001 Thrombolytics Anticoagulants
9.2 No.of No. of No.of No. of OR Favors : Favors Weight,
Source Events Patients Events Patients (95%Cl) Thrombolytics : Anticoagulants %
Goldhaber et al,2 1993 0 46 2 55 0.16 (0.01-2.57) ——m+—7 53
Konstantinides et al,? 2002 4 118 3 138 1.58 (0.35-7.09) —_— 18.4
TIPES,2° 2010 0 28 1 30 0.14 (0.00-7.31) 2.7
Fasullo et al,!! 2011 0 37 6 35 0.11(0.02-0.58) —_— 15.1
MOPETT,102012 1 61 3 60 0.35(0.05-2.57) _— 10.5
ULTIMA,302013 0 30 1 29 0.13(0.00-6.59) 2.7
TOPCOAT,® 2014 1 40 1 43 1.08 (0.07-17.53) 53
p= 0.002 PEITHO,% 2014 6 506 9 499 0.66 (0.24-1.82) —— 40.0
Total 12 866 26 889 0.48 (0.25-0.92) = 100.0
Heterogeneity: x 2=7.63; P=.37; 12=8% O AL et
15 0.2 Overall effect: 7=2.22; P=.03 0.01 01 L0 10 100
- OR (95% CI)

Anticoagulation

All-cause Fibrinolysis

Recurrent

mortality PE

Major
bleed

)

Chatterjee S, et al. JAMA 2014;311:2414
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FORPE: Non-immunogenic Recombinant Staphylokinase
versus Alteplase for High-Risk PE

348 patients assessed
fo cighilty Outcomes
38 meligible:
14 non-massive PE
12 high risk bleedings
8§ surgery within the previous 3 months
v 4 mtracranial hemorrhage m anamnesis

310 enrolled
310 randomised 4.5
| 4
v . 35
155 randomly assigned non- 155 randomly assigned akeplase,
C genic staphylokinase, 15 mg 100 mg 3
%
0 2.5
2 reduced dose (10 mg) of non-
mmunogenic stzphylokinase 2
v
fo 7 2 2 2 15
153 intention-to-treat population 155 to-treat pop 1
1
1 loss to follow-up 3 lo.ss to follow-up‘ ‘ o 0.5
3 did not meet all inchusion criteria (no 3 did not meet all inclusion criteria (no
CTPA) - »| CTPA) o 0
4 had one exclusion criteria (surgery 3 had one exclusion criteria (surgery
within the previous 3 months) within the previous 3 months) Staph tPA
145 per protocol population 146 per protocol population W Death at Day 7 u Major Bleed

)

\

Kirienko Al, et al. ] Thromb Haemost. 2025;23:653?



PEITHO-3: Reduced-Dose Intravenous Thrombolysis
for Intermediate-High Risk PE

vrmaximum v2 V3 v4
30 £3 days || 180 £15 days || 24 £1 months

maximum v1
Day 0 (T,) 30 min

maximum | | maximum
Day -14 -24h -6h

/1 «— 15 min —*|

4 Risk categorization | Informed
- Clinical parameters consent Placebo
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Fig. 1 Overview of design of the Pulmonary Embolism International THrOmbolysis (PEITHO)-3 trial. AEs, adverse events; PE, pulmonary
embolism, RV, right ventricular; i.v., intravenously; V, visit.

)
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Primary outcome

Clinical composite of death from any cause or hemodynamic decompensation or objectively confirmed
recurrent PE within 30 days of randomization

Secondary outcomes

To be included in a hierarchical analysis:

1.

2.

3.

Fatal or GUSTO severe or life-threatening bleeding, defined as either intracranial bleeding or
bleeding leading to significant hemodynamic compromise requiring treatment,>® within 30 days
Net clinical benefit, defined as the composite of the primary efficacy outcome and CUSTO severe
or life-threatening bleeding, within 30 days

All-cause mortality within 30 days

Not to be included in the hierarchical analysis:

8.
9.
10.
11.
12.

13.
14,

4. PE-related death within 30 days of randomization
5.
6
7

Hemodynamic decompensation within 30 days

. Recurrent PE within 30 days
. Need for rescue thrombolysis, catheter-directed treatment, or surgical embolectomy within 30

days

Isc¥1emic or hemorrhagic stroke within 30 days

Serious adverse events within 30 days

Utilization of health care resources within 30 days and 6 months

All-cause mortality at 2 years

Persisting dyspnea assessed by the Medical Research Council (MRC) scale at 6 months and at 2
ears

gunct\'onal outcome, using the post-VTE functional scale,?® at 6 months and at 2 years

Persistent RV dysfunction, defined as an intermediate or high [E)robability of pulmonary

hypertension on echocardiography according to ESC criteria,* at 6 months and 2 years

. Confirmed chronic thromboembolic pulmonary hypertension according to ESC criteria®® at 2

years

Sanchez O, et al. Thromb Haemost 2022;122:857-866 3s




HI-PEITHO: Randomized Controlled Trial

A randomized trial of ultrasound-facilitated, catheter-directed, thrombolysis versus
anticoagulation
for acute intermediate-high risk pulmonary embolism:

The Higher-risk Pulmonary Embolism THrOmbolysis study (HI-PEITHO)

Max 6h before Recommended
Initiation of within 2h of
Assigned Therapy Randomization
To DT

Risk categorization
v Filling defect and
RV/LV 2 1.0 on CTPA
v Risk of early death
hemodynamic collapse

v Troponin elevation o(“e
oo'\ < A 0\)\0
o' >
& X% S &
8 2% e o W e &
COIFNCRC) O o8 N &
ob OV Y S A R
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g &
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HI-PEITHO: Ultrasound-Facilitated, Catheter-Directed
Fibrinolysis for Acute Pulmonary Embolism

)

\

Percentage of ITT Patients with Primary Outcome Events

(95%Cl)
4.0%
Composite _J . 10.3%
Primary Outcome '

Cardiorespiratory

Fﬂ

decompensation | 10.3%
or collapse

. 1.1%
PE-related mortality 0.4%

B EKOS (N=273)
O Anticoagulation (N=271)

PE recurrence

B: 0.4%
0.4%

Relative Risk (95%Cl)
Composite Primary Outcome

P=0.005*

o) < ] > 2

Favors EKOS +
Anticoagulation

Favors
Anticoagulation

0% 5% 10%

Rosenfield K, et al. N Engl J Med. 2026. doi: 10.1056/NEJMoa2516567.
Konstantinides S, ACC26. Mar28, 2024; New Orleans, USA.

15%

Primary outcome events occurred within 7 (+2) days of randomization or at discharge
and were adjudicated by an independent, blinded clinical events committee.
* Two-sided P-value using Fisher’s exact test; P-value <0.02938 indicates significance.
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HI-PEITHO: Ultrasound-Facilitated, Catheter-Directed
Fibrinolysis for Acute Pulmonary Embolism

Percentage of Treated Patients with Major Bleeding Events

ISTH 7 days

GUSTO 7 days

ISTH 30 days

? 4.1% —
299 P=0.32

3.3% _
T] A P=0.26
41% o
—3.0% P=0.64

B EKOS (N=271) O Anticoagulation (N=271)

Relative Risk (95%Cl)

ISTH through 30 days
1.4
.
0.5 1.0 2.0
< =

Favors EKOS + Favors

Anticoagulation Anticoagulation

No intracranial hemorrhage in either group through 30 days

Treated population; includes the /7(+2) day or 30(x/) day visit windows. Adjudicated by an
independent, blinded clinicalevents committee. Two-sided P values using Fisher's exact test.

Rosenfield K, et al. N Engl J Med. 2026. doi: 10.1056/NEJMoa2516567.
Konstanfinides S, ACC26. Mar 28, 2026; New Orleans, USA.

)

\

Cl, confidence interval; GUSTO, Global Use of Strategies to Open Occluded
Coronary Arteries; ISTH, International Society on Thrombosis and Haemostasis.
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OPTALYSE-3D: Results

Significant increase in small and medium venous but not arterial

vascular volumes after treatment with ultrasound-assisted, catheter-

No significant increase in small and medium venous volumes after
large-bore catheter thrombectomy or heparin monotherapy,

directed thrombolysis without a dose response respectively
Baseline Post p* Baseline Post p*
Central Measures Large-Bore Catheter Thrombectomy Cohort (N = 10)#
MMI 20[20-21] 19[17-20] <0.0001 RV/LV ratio 1.40(0.25) 1.17(0.23)
RV/LV ratio 1.42[1.23-1.79] 1.06[[0.90-1.19] <0.0001 Lung Volume (L) 3.24[2.64-4.01] 3.31[3.01-3.94] 0.77
Lung Volume (L) 3.84[3.05-4.50] 3.30[2.69-4.38] 0.01
Vascular Measures
Vascular Measures Small Size Arterial Volume 20.4[15.1-23.3] 13.97[11.6-17.7] 0.28
Small Size Arterial Volume 7.2[3.6-15.3] 7.6[3.4-16.1] 0.86 Small Size Venous Volume 9.6[7.3-13.0] 8.7[7.1-10.0] 0.63
Small Size Venous Volume 4.3[2.9-10.1] 7.4[3.1-11.3] 0.0009 Medium Size Arterial Volume 13.4[11.2-15.1] 16.6[10.7-18.2] 0.32
Medium Size Arterial Volume 14.6[10.8-20.0] 15.7[11.2-19.2] 0.54 Medium Size Venous Volume 6.0[5.5-9.2] 9.7[7.8-11.4] 0.049
Medium Size Venous Volume 8.9[6.7-12.31 10.6[8.5-13.71 <0.0001
Heparin Cohort (N = 10)
RV/LV ratio 1.15(0.29) 1.10(0.25)
Lung Volume (L) 2.90[2.36-4.57] 3.55[3.38-4.43] 0.16
Vascular Measures
Small Size Arterial Volume 18.5[9.2-19.6] 16.4[13.9-16.9] 0.63
Small Size Venous Volume 10.7[4.8-12.9] 9.6[8.5-12.2] 0.85
Medium Size Arterial Volume 16.3[12.7-18.8] 13.0[10.1-15.6] 0.004
Medium Size Venous Volume 9.0[7.4-9.6] 9.0[7.6-10.7] 0.43

)

\

#In the Large-Bore Catheter Thrombectomy cohort, the pre-treatment scans were 1.0mm thick for 6 subjects, 2mm thick for two
subjects, 1.5mm thick for one for one subject, and 0.5mm thick for one subject. All post-treatment scans were obtained at 1mm

thickness.

Rahaghi F, et al. Circ CV Imaging. 2026; in press



OPTALYSE-3D: Implications for Gas Exchange

Pulmonary Artery/ v Pulmonary Venule/
Pulmonary Arteriole Pulmonary Vein

Blood
vessel

Gas Exchange Unit

tPulmonary arterial blood
volume # tperfusion of
the alveolar capillary unit

MPulmonary venous
blood volume =
tperfusion of the
alveolar capillary
unit

Ultrasound-assisted, catheter-directed thrombolysis reperfuses the alveolar-capillary unit

)

\

Rahaghi F, et al. Circ CV Imaging. 2026; in press
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OPTALYSE-PE: Long-Term Recovery

Mean Difference in RV-to-LV Diameter Ratio Compared with Baseline

Mean &-Minute Walk Test Distance (Meters)

Mean PROMIS-PF-Bb Scores
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Piazza G, et al. Circ Cardiovasc Interv. 2020; 13:e009012 =



Mechanical Thrombectomy in High-Risk PE: FLAME

Registry

Table 1. Demographics, Medical
Presentation

History, and Clinical

Clinical presentation at admission or time of high-risk PE diagnosis

Table 2. Primary End Point in the FlowTriever Arm

SCAI shock stage*

2 (3.8%) 1 (1.6%)

11 (20.8%) 6 (9.8%)

Age, y 64.8+15.3 61.6413.0
Female 26 (49.1%) 35 (57.4%) C 29 (54.7%) 22 (36.1%) Primary end point* 9 (17.0%t, 32.0%
BMI, kg/m? 82.2+6.1 33.0+8.5 D 5 (0.4%) 12 (10.706) B8.1%%-0.804)
Race E 6 (11.3%) 20 (32.8%)

American Indian or Alaskan Native | 0 (0.0%) 0 (0.0%) Systolic BP, mmHg 0744214 03.5+33.4

Asian 0 (0.0%) 0 (0.0%) n=49 n=59

Black or African American 16 (30.296) 40 (85.6%) Diastolic BF, mmHg 65.0114.7 57.8123.5

Native Hawaiian or Pacific Islander | 0 (0.0%) 0 (0.0%) n=49 n=59

White 33 (62.306) 18 (29.500) Heart rate, bpm 99.0+22.6 103.1+£29.4

Other 0 (0.0%) 1(1.6%) n=48 n=o8

Not provided Tachycardia, >100 bpm 29 (54.700) 34 (55.7%)

CONCLUSIONS: Among patients selected for mechanical thrombectomy with the FlowTriever System, a significantly lower
associated rate of in-hospital adverse clinical outcomes was observed compared with a prespecified performance goal,
primarily driven by low all-cause mortality of 1.9%.

=)

l

Silver MJ, et al. Circ Cardiovasc Interv. 2023;16:e013406
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PEERLESS: No Difference in Clinical Outcomes

Trial design

Eligibility criteria Treatment and follow-up
SBP > 90 mmHg + central clot + RV dysfunction Absolute contraindication to thrombolytics?
Symptom onset within 14 days e Parallel LBMT registry
g Intervention planned within 72 hours (FlowTriever System)
‘D + 2 1 additional clinical risk factor . . N=142
S 550 patients randomized 1:1
<5 Elevated cardiac troponin RR 2 30 breaths per min = = a
g - History of heart failure - Oxygen saturation < 90% I 1 I Res u Its - WI n rat I O C O m pO n e ntS
== - History of chronic lung disease - Syncope related to PE 1
- Heart rate 2 110 bpm Elevated lactate CDT LBMT - S, All-cause mortality
b - SBP < 100 mmHg ! : : )
(local standard device + dose) (FlowTriever System) O Intracranial hemorrhage
1
Unable to receive AC Enrolled mITT Enrolled mITT ——@—— Major bleeding
= N=276 N=274 : . . ”
o Right heart clot in transit ¢ ‘ |———@— Deterioration and/or bailout
(72) . | ——@— ICU admission
3 Life expectancy < 30 days Follow-up: Follow-up: !
g CTEPH/CTED ~ 24-hour visit ~ 24-hour visit , , ! —@— ICU > 24 hours )
w sPAP 2 70 mmHg on invasive hemodynamics Bl e % o 2 102 220
g y! 30-day visit 30-day visit Favors CDT Favors LBMT
CDT events LBMT events Odds ratio [95% CI] P value
All-cause mortality 1(0.4) 0(0.0) 2.99[0.12-73.70] 1.00
Removing escalation to bailout patients Intracranial hemorrhage 1(04) 2(07) 0.50 [0.04-6.51] 062
. . . Major bleeding 19 (6.9) 19 (6.9) 0.99 [0.51-1.92] 1.00
(because of bias against CDT), there is no - e
Clinical deterioration and/or 15 (5.4) 5(1.8) 3.09 [1.11-8.63] 0.038
. . . . escalation to bailout therapy ’ ’ ) ) ) i
Stat | Stlca I d Iffe rence (LB MT VsS. C DT' 4 VS 10 Postprocedural ICU admission 272 (98.6) 114 (41.6) 95.4 [34.6-263.6] < 0.001
.o .o ’
patients; Fisher’s Exact 0. 17), ICU stay > 24 hours* 178 (65.4) 53 (46.5) 2.18 [1.40-3.40] <0.001
—
1 44
—

Jaber W, et al. Circulation. 2025; 151:260



PEERLESS: No Difference in Major Bleeding

)

\

Bleeding events through discharge / 7 days

CDT LBMT
N =276 N =274 P value
Major bleeding (ISTH) 19 (6.9) 19 (6.9) 1.00
Adjudicated reasons for major bleeding
Fatal bleeding” 1(0.4) 0 (0)
Symptomatic bleeding in a critical area or organ* 2(0.7) 2(0.7)
Intracranial hemorrhaget 1 2
Hemarthrosis 1 0
Hgb drop 2 2 g/dL (1.24 mmol/L) and/or transfusion = 2 units 16 (5.8) 17 (6.2)
Access site source 10 8
Transfusions administered 8 1
# units transfused 3.3+1.8 2.0
Clinically relevant non-major bleeding events* 9(3.3) 7 (2.6) 0.80
Minor bleeding events* 1(0.4) 6(2.2) 0.07

Jaber W, et al. Circulation. 2025; 151:260
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STORM-PE

767 Assessed for eligivilty | 667 Excluded [ P <0.001 ]
: » 546 Did not meet eligibility criteria
| | » 86 Declined to participate 0 o
160 b 30 Inability to treat in randomization window 29.7% & 13.1%
Randomized - 5 Trial operator not available relative reduction relative reduction
(ITT population) 200 -
|
________________________ 47 CAVT am | smacam - \ . 132
[ 1 Missing CTPA \' l o 1 Missing CTPA AT I h
iy j \ oo 1.20 - L
primary outcome
0.80 -
7-day MAE rate assessed in ITT population
0.40 -
0.00 . .
Baseline 48 hours Baseline 48 hours
CAVT AC

Lookstein RA, et al. Circulation. 2026; 153:21
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PE-TRACT: An NIH-Funded Trial

PE-TRACT SPOTLIGHT

Open-label,
Sl assessor-blinded,

phase 3
randomized trial

OBJECTIVE TQ compare CDTAand antlcpagulétlon A
with anticoagulation alone in patients with

submassive PE, proximal artery thrombus,
and RV dilation

ESTIMATED STUDY COMPLETION DATE

January 2028

500 patients

INCLUSION CRITERIA

Age > 18 years, symptomatic PE diagnosed by contrast-enhanced
CTA with involvement of a main or lobar pulmonary artery
branch, and RV dilation defined by RV/LV ratio > 1.0 on CTA

=)

\

INTERVENTION

CDT + anticoagulation Anticoagulation alone
CDT consists of mechanical thrombectomy or «  Consists of standard anticoagulant therapy for a
intrathrombus catheter-directed thrombolysis minimum of 3 months

+ Anticoagulation for a minimum of 3 months

PRIMARY OUTCOME MEASURES Peak oxygen consumption at 3 months
NYHA classification at 12 months

Incidence of major adverse events at 7 days
(ISTH definition)

6MWT at 12 months

SF-36 score at 12 months

SECONDARY OUTCOME MEASURES

Incidence of clinical deterioration (fatal and nonfatal)
at 7 days

Cost and cost-effectiveness of CDT

https://evtoday.com/articles/2021-july/the-importance-of-the-pe-tract-trial 4




Long-Term Outcomes of Mechanical Thrombectomy Versus
Catheter-Directed Thrombolysis

12.00%
P=0.06 P=0.07
10.00% 9.34% 9.60%
7.65% 8.00%
8.00%
6.00%
P<0.01
4.00% P=0.07 2 00%
2 00% = DE% 1.31% 1.50%
0.00%
CTEPH Mortality CTEPH Mortality
6 months 1 year

BLEMT mCDT

Figure 1.
Catheterdirected thrombolysis (CDT) vs large-bore mechanical thrombectomy [(LBMT] in patients with pulmonary embeolism. Sx-month zna 1-year inddence of mortality and

chronic thromboembolic pulmonany hyperension in LEMT fblue) vs CDT forange).

)
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Rosenzveig A, et al. JSCAI. 2025;4:103737



Surgical Embolectomy

)
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TABLE 2. Indications for surgical embolectomy (n = 47)

Indication N (%)
Contraindications to thrombolysis 21 (45%)
Recent surgical intervention 10 (21%)
Active bleeding 3 (6%)
Stroke 4 (9%)
Other 4 (9%)
Failed medical treatment 5 (10%)
Failure of thrombolytics 4 (9%)
Failure of catheter embolectomy 1(2%)
Large RA-RV thrombus 5 (10%)
RV hemodynamic dysfunction 15 (32%)
Large PFO 1(2%)
RA-RV, Right atrium-right ventricle; PFO, patent foramen ovale. ' . oy MakeAGIF.com

Surgical embolectomy requires a median sternotomy and
cardiopulmonary bypass.

Leacche M, et al. J Thorac Cardiovasc Surg 2005;129:1018
https://www.youtube.com/watch?v=SzsQWIMYbNS8 »
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ECMO for Catastrophic PE

20 years of case reports and series of PE
patients treated with ECMO demonstrate
70% survival.

Survival rates are similar whether ECMO
was used alone or with another advanced
therapy.

Veno-arterial (VA) ECMO has been used
effectively to bridge to surgical or
catheter embolectomy or simply to “buy
time.”

)

\

Yusuf HO, et al. Perfusion 2015;30:611



Inferior Vena Cava Filters

. . AHA
CENTRAL ILLUSTRATION: Use of IVC Filters Compared With Controls 140,000 - SIR Giiiddlines
Guidelines l
N = 4,204 120,000 | T
Subsequent PE FDA
B 100,000 4 EAST Advisory
Subsequent § Glidslines Initial ACCP Updated
PE-related Mortality Q. l Guidelines ACCP
$ 80,000 - S
o Guidelines
Subsequent ‘ T
DVT
g 60,000 -
Subsequent “c-f Consolidation
Bleeding . g 2 40,000 4 of IVCF lawsuits|
into MDLs *
All-Cause 20,000
Mortality
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. . - » H S0 O N O & © > Q XN L\ D WM
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Bikdeli, B. et al. J Am Coll Cardiol. 2017;70(13):1587-97.
Year
T Bikdeli B, et al. J Am Coll Cardiol. 2017;70:1587 5

— Ahmed O, et al. CHEST. 2017;151:1402



PE Response Teams

Benefits of a PERT Program

Example of a PERT Activation

(chuss of Rosommendation)

v v
A B

Subclinical Symptomatic

Initiate
anticoagulation

Activate PERT

=)

l

J Am Coll Cardiol. 2026 Feb 19:50735-1097(25)10161
Circulation. 2026 Feb 19. Online ahead of print.



2026 Acute PE Guideline-at-a-Glance

Selected Management for Acute PE Patients
by AHA/ACC Clinical Categories

Categories A & B N Category C
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1. A new clinical classification scheme is presented, entitled “Acute Pulmonary

Embolism Clinical Categories,” with 5 categories (A-E) and subcategories, ranging
from low to high risk for adverse outcomes, in order to enhance the precision of
severity classification, prognosis assessment, and evidence-based therapeutic
decision-making for patients presenting with acute PE.

. Patients with acute PE who are asymptomatic (AHA/ACC PE Category A) can safely

be discharged home from the emergency room and do not need to be hospitalized.

. Early hospital discharge is generally recommended for patients with acute PE who

are symptomatic but have a low clinical severity score (AHA/ACC PE Category B).

. Advanced therapies, including systemic thrombolysis, catheter-based

thrombolysis, mechanical thrombectomy, and surgical embolectomy are reasonable
for patients with acute PE in AHA/ACC PE Category E1 and can be considered for
patients with acute PE in AHA/ACC PE Category D1-2.

. PE response teams (PERTSs) are recommended to improve timeliness of care

(AHA/ACC PE Category C-E).

. In patients with acute PE who require initial parenteral anticoagulant therapy, low-

molecular-weight heparin is recommended over unfractionated heparin.
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ATTRACT Trial: Pharmacomechanical Therapy for Iliofemoral and

Femoral DVT

Acute Symptomatic lliofemoral or Femoral DVT
Target N = 692 patients

Randomization (1:1
Standard Therapy Pharmacomechanical Therapy

-Term Therag
Anticoagulation Compression Stockings

Rate of PTS QOL Safety Cost-Effectiveness

)

\

http://www.attract.wustl.edu/dvt-study-overview
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Pharmacomechanical Therapy for DVT: ATTRACT

Pharmacomechanical No- p-value
Pharmacomechanical
N=336 N=355
Major bleeding 1.7% 0.3% 0.049
(10 days)
Any bleeding 4.5% 1.7% 0.034
(1 0 days) Outcome (24 Pharmacomechanical p-value
Fatal b|eeding 0 0 months) Pharmacomechanlcal
N=336 N=355
Intracranial 0 0 Any PTS 46.7% 48.2% 0.56
hemorrhage Recurrent VTE 12.5% 8.5% 0.09
SF-36 (Overall 11.8 10.1 0.37
QoL)
VEINES 27.7 23.5 0.08
(Venous QOL)
Moderate or Overall Overall 0.035
Severe PTS 17.9% 23.7%
lliofemoral lliofemoral
18.4% 28.2%
Femoral-popliteal Femoral-popliteal
17.1% 18.1%
o
ub Vedantham S, et al. N Engl J Med 2017; 377:2240 56



Case No. 3

A 73-year-old man with obesity, coronary artery
disease, and carotid artery disease presents with
right-sided pleuritic pain and dyspnea.

He denies any recent trauma, surgery, or immobility.

His heart rate is 104 bpm, blood pressure 138/68
mmHg, and O, saturation 90% on room air.

His high sensitivity cardiac troponin T is normal.

He undergoes CT angiography.

)
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Question No. 3

The patient is admitted and started on heparin with a goal PTT of 60-80 seconds. He
improves steadily and is ready for discharge 4 days later. Which is the preferred
regimen for oral anticoagulation in this patient?

a)
b)
c)

d)

)

\

Warfarin with an INR target of 2-3 for 12 months then 1.5-2 thereafter
Apixaban 5 mg twice daily for 6 months and then 2.5 mg twice daily indefinitely
Dabigatran 150 mg twice daily for 6 months and then 75 mg twice daily
indefinitely

Enoxaparin 120 mg twice daily indefinitely
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Question No. 3

The patient is admitted and started on heparin with a goal PTT of 60-80 seconds. He
improves steadily and is ready for discharge 4 days later. Which is the preferred
regimen for oral anticoagulation in this patient?

a) Warfarin with an INR target of 2-3 for 12 months then 1.5-2 thereafter

C) Dabigatran 150 mg twice daily for 6 months and then 75 mg twice daily
indefinitely
d) Enoxaparin 120 mg twice daily indefinitely
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Risk of Recurrence: ISTH and ESC Guidelines

Provoked VTE Unprovoked VTE Provoked VTE gtk riekhorfong-term p1sk facuor Sesgory Bt
Transient risk factor Persistent risk factor w
A A A
[ - T \
Transient No Persistent

provoking factor provoking factor provoking factor

* Minor surgery (general anaesthesia for <30 min)
* Admission to hospital for <3 days with an acute illness

* Oestrogen therapy/contraception

Transient or reversible factors * Pregnancy or puerperium
associated with <10-fold increased risk ~ « Confined to bed out of hospital for =3 days with
for first (index) VTE an acute illness
Intermediate (3-8% per year) * Leg injury (without fracture) associated with reduced
mobility for 23 days
* Long-haul flight

Risk of recurrence

Lowest €

* Inflammatory bowel disease

Non-malignant persistent risk factors <iActive aiitcimmune disease

No identifiable risk factor

Kearon C, et al. ] Thromb Haemost 2016; 14: 1480
Konstantinides SV, et al. Eur Heart J. 2019; 00:1 60
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Extended Secondary Prevention for All VTE: EINSTEIN
CHOICE

A Fatal or Nonfatal Venous Thromboembolism B Major Bleedmg
100 50 Aspirin, 100 m 100+ 0.7+ Rivaroxaban, 20 mg
4.5+
90+ — -
ol 90 0.6
_ 80+ 3.5 804 0.5 Rivaroxaban, 10 mg
& 70 3.0 =
R
g 2.5 = 70+ 0.4 Aspirin, 100 mg
§ 60 2.0 Rivaroxaban, 20 mg 3
£ 5o 1.5+ _§ 60 0.3+
£ 1.0+ 2
2 404 Rivaroxaban, 10 mg £ 50 0.2
= 0.5 v -
g 30 0.0 T T T T T T T T T T T 1 E 404 0.1
v 1 30 60 90 120 150 180 210 240 270 300 330 367 L; -+
204
104 g 30_ 00 I I I I I 1 1 I I I I I 1 1 I 1
v 1 30 60 90 120 150 180 210 240 270 300 330 360 390 420 450 480
O 1 i 1 T T T T T T T T 1 20_
1 30 60 90 120 150 180 210 240 270 300 330 367
Days 10
No. at Risk 0 T T T T T T T T T T | I I R I
Rivaroxaban, 20 mg 1107 1102 1095 1090 1084 1079 997 876 872 860 794 718 0
Rivaroxaban, 10 mg 1126 1124 1119 1118 1111 1109 1029 890 886 867 812 723 0 1 30 60 90 120 150 180 210 240 270 300 330 360 390 420 450 480
Aspirin, 100 mg 1131 1121 1111 1103 1094 1088 1010 859 857 839 776 707 0 Days

e

Weitz JI, et al. N Engl J Med 2017;376:1211
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HI-PRO Trial: 600 High-Risk Patients with Provoked VTE

)

\

Acute provoked DVT and/or PE treated for at least 3 months

At least one persistent provoking VTE risk factor:

* Persistent immobility
* Obesity

* Heart failure

* Chronic lung disease

* Chronic kidney disease
* Chronic inflammatory/autoimmune disorder
* Atherosclerotic cardiovascular disease

Apixaban 2.5 mg orally
twice daily for 12
months

1:1 Randomization

Oral placebo twice daily
for 12 months

Follow-up for 12-month rates of:

* Recurrent symptomatic VTE

* Major and clinically relevant non-major bleeding
» Composite of death due to cardiovascular cause, nonfatal myocardial infarction, stroke
or systemic embolism, critical limb ischemia, or coronary or peripheral ischemia
requiring revascularization (major adverse cardiovascular events).

Bikdeli B, et al. Thromb Haemost. 2022;122:1061
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HI-PRO Primary Efficacy Outcome: Symptomatic Recurrent VTE

=)

\

Cumulative Incidence of Event (%)

No. at Risk
Apixaban 2.5 mg

Placebo

100% 1

75% 1

50% 1

25% 1

0% -

15% 1

10% 1

5% 1

0% 1

=+ Apixaban 2.5 mg -+ Placebo

HR: 0.13 (95% CI 0.04-0.36), P-value: <0.001

1 2 3 4 5 6 7 8 9 10 11 12
0 1 2 3 5 6 7 8 9 10 11 12
Months
300 298 298 295 295
300 289 279 274 269

Piazza G, et al. N EnglJ Med. 2025; 393:1166 *



HI-PRO Principal Safety Outcome: Major Bleeding

)
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Cumulative Incidence of Event (%)

100% 1

75%

50% -

25%

0% 1

No. at Risk
Apixaban 2.5 mg

Placebo

15% 1

10% 1

5% 1

0% 1

=+ Apixaban 2.5 mg =+ Placebo

P-value: >0.999

294
294

271
259

5 6 7 8 9 10 11 12
Months

248 235 227

233 216 203

Piazza G, et al. N EnglJ Med. 2025; 393:1166
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HI-PRO Principal Safety Outcome: Clinically Relevant Non-Major Bleeding

)

\

Cumulative Incidence of Event (%)

100%+

75%+

50% 1

25%1

0%+

No. at Risk

Apixaban 2.5 mg

Placebo

15%+

10%+9

5%

0%

= Apixaban 2.5 mg == Placebo

HR: 2.68 (95% CI 0.96-7.43), P-value: 0.059

294
294

2 3 4 5 6 7 8 9 10 11 12
Months
268 244 231 221
258 230 213 200

Piazza G, et al. N EnglJ Med. 2025; 393:1166
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Shared Decision-Making: Patient Preferences and Attitudes
Toward Bleeding and VTE Recurrence

Cost
Lifestyle Implications
Concern for Bleeding

—
Limited Therapy

Concern for VTE Recurrence

Extended Therapy
®

)
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Bleeding Risk Must Be Part of the Equation

)

\

The VTE-BLEED Score

Introduction

The VTE-BLEED score was developed to identify patients on anticoagulation for VTED and who were at increased risk of bleeding. The original study was based on a post-
hoc analysis of patients enrolled in various trials evaluating Dabigatran [a direct Thrombin inhibitor] versus standard treatment with Warfarin and subsequent studies have

evaluated patients on Rivaroxaban [a direct Factor Xa inhibitor]

The algorithm is summarised below:

The VTE Bleed Score:

Select Criteria:

Active Cancer

o Yes 2 Points

[Systolic BP 2140mm Hg]

o Yes 1 Point
Anaemia

[Hb <130g/L Men. Hb <120g/L Women]

o} Yes 1.5 Paints
History of Bleeding

[Major or jor clinicall bleeding]
o Yes 1.5 Points

Renal Dysfunction
[CrCl 30-60ml/min]

o} Yes 1.5 Points
Age 260 yrs
o Yes 1.5 Paints

Male Patient with Uncontrolled Hypertension

Score ‘
[Max score 9]

VTE-BLEED Score
<2 Low bleeding risk
22 High bleeding risk

Cumulative Incidence (%)

ro

—

50 100 150
blead_major_time

HAS_BLED 0 1 2 c— ) em—

Klok FA, et al. Br J Haematol. 2018; 183: 457
Brown JD, et al. JAHA. 2018; 7: e007901
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A Cautionary Note on Indefinite Anticoagulation: A
Canadian Cost-Effectiveness Study

In a hypothetical cohort of 1000 patients with a first unprovoked VTE, indefinite
vs. time-limited anticoagulation

I Khan F, et al. Ann Intern Med. 2023;176:949
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Optimal Duration of Anticoagulation: Guideline-Based Care

Acute Pulmonary Embolism

=3 Months of Therapeutic Anticoagulation

Consider Circumstances Surrounding Event, Presence of Persistent Risk
Factors, Bleeding Risk, and Lifestyle/Occupation Implications

Shared Decision-Making Discussion

No Identifiable | Antiphospholipid Recurrent Event Minor Transient Risk [LET Major
Risk Factor Antibodies Transient Transient
With Persistent | Without Persistent

Risk Factor Risk Factor

Individualized

Continue
Anticoagulation

Continue
Anticoagulation

Continue
Anticoagulation

Stop
Anticoagulation

=)

l

[ Guideline General Consensus

Guideline Heterogeneity [] Guidelines Unclear

Zuin M, et al. ] Am Coll Cardiol. 2024,84:1561
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Follow-Up Care for PE

-

~
ESC/ERS [2] PERT [12] CHEST [13] AHA [14] ASH [15] NICE [20]
Suggested A Not addressed Not recommended - == = = = N L~
— —— — — vAln
Routine re-evaluation of patients at 3-6 months after the
index PE event Q Q ‘& &
TTE and or V/Q scan in patients with persistent otherwise
unexplained dyspnea and/or exercise intolerance after 3
plained dysp v v, N @ .
months
Refer symptomatic patients with PH and/or mismatched & f f
perfusion defects at V/Q scan to a referral center for CTEPH
a. After 6 weeks to evaluate persistent pulmonary hypertension
b. Preference of imaging is generally based on center's expertise and resources availability
J
—~
i . . 70
— Zuin M, et al. J Am Coll Cardiol. 2024;84:1561




Lifestyle Modification

s

J

© e B Qe T O e g
Q. ol n o an
Q.
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N
Q.| ol o o |a | o
Participation in sexual activity

a.

The ESC Guideline text stated "work collaboratively with patients using behavioral frameworks and motivational interviewing, to identify and modify associated risk factors (smoking
cessation, diet, physical activity, and exercise.

D

\

Zuin M, et al. J Am Coll Cardiol. 2024:84:1561 &
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Lifestyle Modification

Post-PE Lifestyle Recommendations

First Weeks

Early Ambulation

» Encourage early ambulation
as soon as effective
anticoagulation is
achieved.®

Lifestyle Modification
= Support patients toward a
healthy lifestyle including
adequate physical activity and
smoking cessation.#

Physical Activity
» Encourage stepwise
resumption of sporting
activities and screen for sexual
dysfunction.4

First Months

Post-PE Syndrome

» CTEPH evaluation and
— cardiopulmonary exercise testing
in case of residual unexplained

dyspnea.4

Post-PE Syndrome

» Screen for anxiety or depression
= as contributors to incomplete
recovery, refer to experts
as needed.4

Cardiovascular Risk Factors
= General cardiovascular risk

assessment and optimization,
based on evidence-based
guidelines.4

Zuin M, et al. J Am Coll Cardiol. 2024;84:1561

Travel

« Counsel patients who
discontinue anticoagulation
about predictable major
transient risk factors.4

Physical Activity

|__+ Continue encouraging a healthy
lifestyle including adequate
physical activity.4

Antithrombotic Regimen
» Review the use of antiplatelet

agents. Most anticoagulated
patients do not need them for
stable atherosclerosis.4



KEY TAKE HOME POINTS

)

\

Risk stratification is critical to identify VTE patients who may benefit
from advanced therapy.

Selection of advanced therapies depends on assessment of the
patient’s risk of adverse outcomes and major bleeding.

Determining the optimal anticoagulation regimen should consider
risk of recurrence, risk of bleeding, and patient preference.
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