
11/18/25

1

Ascension Texas Cardiovascular

Peter P. Monteleone, MD, MSc, FACC, FSCAI, RPVI
Director| Ascension Cardiovascular Research
Vice President | Ascension Texas Cardiovascular
Director | Seton Medical Center Cardiac Catheterization Laboratories
Associate Professor of Medicine | Dell Medical School

US-CDT
Emerging Data to Define Use in PE

1

Ascension Texas Cardiovascular

disclosures
• scientific advisory board: Abbott, Boston Scientific, Medtronic

• consulting: Boston Scientific, Inquis Medical, Medtronic, Penumbra, 
RAPID.AI, Surmodics

• local Primary Investigator: Abbott, Boston Scientific, Inquis Medical, 
Penumbra, Angiodynamics

2

Ascension Texas Cardiovascular

EKOS Ultrasound-Assisted CDT

Infusion 
Catheter

Ultrasonic Core

Radiopaque 
marker

Ultrasound 
transducer
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US-CDL… effective
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emerging data
• physiologic support for the technology
• real world “big data”
• imminent landmark clinical trial
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emerging data
• physiologic support for the technology
• real world “big data”
• emerging landmark clinical trial
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recent state of the science

Endovascular Therapy

RV/LV ratio improvement,
Resultant clinical outcomes
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recent state of the science

Endovascular Therapy

RV/LV ratio improvement,
Resultant clinical outcomes

but which treated patients get better?

why do the improving patients improve?

8

Ascension Texas Cardiovascular

Ascension Texas Cardiovascular“we think a lot about this…”
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Gas Exchange Unit

O 2 CO 2

OPTALYSE-3D implications for gas exchange
“do we think enough about this?”

Pulmonary Artery/
Pulmonary Arteriole

Pulmonary Venule/ 
Pulmonary Vein

↑Pulmonary arteria l blood volume ≠ 
↑Perfusion of the alveolar capillary unit 

↑Pulmonary venous blood volume =
↑Perfusion of the alveolar capillary unit 

R a h a g h i FN , P ia zza  G , A C C  2025

10

does removing this 
“fix” this???
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OPTALYSE -3D
Background • Loss of distal vascular volume may be an 

independent predictor of PE severity 
• Vascular volume may predict RV recovery

Objective Quantify the response of the distal vascular volume 
to:
• USCDT, including dose response in patients from 

OPTALYSE PE
• Heparin therapy
• LBCT

Method • CT-based 3D reconstruction
• Venous and arterial volumes 
• Normalized by total lung volume

R ahagh i F N , P iazza G , A C C  2025
C S A , cross-sectiona l a rea ; U S C D T , LB C T , la rge-bore  ca the ter th rom bectom y; u ltrasound-ass is ted  ca the ter-d irec ted  th rom bolys is .

CT-based 3D reconstruction of patient undergoing USCDT
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• OPTAL
YSE -
3D: 
Distal 
Vascula
r 
Volume 
Respon
se 
(EKOS)

Response to USCDT

N= 53 Patients from OPTALYSE PE

R a h a g h i FN , P ia zza  G , A C C  2025

Lo w  d o se  =  O PTA LYSE  PE  C o h o rt 1  o r 2  (4  m g /lu n g /2h  o r 4m g /lu n g /4h ). H ig h  d o se  =  O PTA LYSE  PE  C o h o rt 3  o r 4  (6  m g /lu n g /6h  o r 
12m g /lu n g /6h ). V a sc u la r m e a su re s re p re se n t m l o f va sc u la r vo lu m e  p e r lite rs o f lu n g . Sm a ll ve sse ls a re  d e fin e d  a s th o se  h a v in g  a  c ro ss-
se c tio n a l a re a  o f 5  m m 2, m e d iu m  ve sse ls a re  th o se  h a v in g  a  c ro ss-se c tio n a l a re a  o f 5 -20  m m 2. Δ  re p re se n ts b a se lin e  va lu e s su b tra c te d  fro m  
p o st-in te rve n tio n  va lu e s. *p  va lu e s re p re se n t re su lt o f tw o -ta ile d  p a ire d  W ilc o xo n  S ig n e d  R a n ke d  Te st.
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Response to USCDT

N= 53 Patients from OPTALYSE PE

R a h a g h i FN , P ia zza  G , A C C  2025

Lo w  d o se  =  O PTA LYSE  PE  C o h o rt 1  o r 2  (4  m g /lu n g /2h  o r 4m g /lu n g /4h ). H ig h  d o se  =  O PTA LYSE  PE  C o h o rt 3  o r 4  (6  m g /lu n g /6h  o r 
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No dose response: Impact retained with 
lower-dose OPTALYSE protocols
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Exploratory Cohorts| LBCT or Heparin 

R a h a g h i FN , P ia zza  G , A C C  2025

Baseline Post p*
Large-Bore Catheter Thrombectomy Cohort (N = 10)#

RV/LV ratio 1.40 (0.25) 1.17 (0.23)
Lung Volume (L) 3.24 [2.64-4.01] 3.31 [3.01-3.94] 0.77

Vascular Measures, Volume
Small, Arterial 20.4 [15.1-23.3] 13.97 [11.6-17.7] 0.28
Small, Venous 9.6 [7.3-13.0] 8.7 [7.1-10.0] 0.63
Medium, Arterial 13.4 [11.2-15.1] 16.6 [10.7-18.2] 0.32
Medium, Venous 6.0 [5.5-9.2] 9.7 [7.8-11.4] 0.049

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, Volume
Small, Arterial 18.5 [9.2-19.6] 16.4 [13.9-16.9] 0.63
Small, Venous 10.7 [4.8-12.9] 9.6 [8.5-12.2] 0.85
Medium, Arterial 16.3 [12.7-18.8] 13.0 [10.1-15.6] 0.004
Medium, Venous 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. 
*p values represent result of two-tailed paired Wilcoxon Signed Ranked Test.

ONLY 10 PATEINTS

No significant increase in small 
venous volumes after LBCT or 

heparin monotherapy

Medium sized arterial flow 
improves with heparin… but no 

impact on venous flow
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Gas Exchange Unit

O 2 CO 2

OPTALYSE -3D: Distal Vascular Volume Response

Implications for Gas Exchange

Pulmonary Artery/
Pulmonary Arteriole

Pulmonary Venule/ 
Pulmonary Vein

↑Pulm onary arteria l blood volum e ≠ 
↑Perfusion of the alveolar capillary unit 

↑Pulmonary venous blood volume =
↑Perfusion of the alveolar capillary unit 

USCDT reperfuses the alveolar-capillary unit where gas exchange occurs
R a h a g h i FN , P ia zza  G , A C C  2025
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SEATTLE-3D: RV Recovery Correlates with Distal Vascular 
Response (Blush) Not Proximal Thrombus Reduction

R a h a g h i  F ,  e t  a l .  C i r c  C a r d io v a s c  Im a g in g .  2 0 1 9 ;  1 2 ;1

Blood volume shifts to the distal 
pulmonary arteries following 

ultrasound-facilitated catheter-
directed fibrinolysis

Proximal to distal

Reperfused pulmonary arteries 
post-procedure in blue.

Increase in blood volume through small 
(distal) pulmonary arteries (top), but not 

through proximal vessels (bottom), correlates 
with RV volume reduction.

tissue-level perfusion matters…
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emerging data
• physiologic support for the technology
• real world “big data”
• imminent landmark clinical trial
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MT mechanism or MT variation?
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• 30 health system partners (17% of care across 50 states)
• “real-time” data availability

REAL-PE novel “big data” resource - Truveta
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REAL-PE
Study Overview

Objective Compare safety event rates following PE treatment with EKOSTM or FlowTrieverTM

Design Comparative analysis of electronic health records (EHR)
• Primary analysis- all records up to May 2023
• Contemporary analysis- records from Jan 2018 - May 2023

Data source Truveta Data Platform
Aggregated normalized EHR including diagnoses, device use, procedures, encounter 
information, lab results from a collective of US health systems
>83M patients at time of analysis

Patients Patients with PE treated with EKOS or FlowTriever
• EKOS or Flowtriever device use paired with PE diagnosis within 30 days before or 1 day after 

the index procedure

Measures • Safety events within 7 days:
• In-hospital death, major bleeding, ICH, ischemic stroke

• 30-day readmissions
• Length of hospital stay

M o n te le o n e  P , e t a l. JSC A I 2 0 2 3 .
B o sto n  Sc ie n tific  p ro v id e d  fu n d in g  to  T ru ve ta  fo r d ata  re p o rtin g .  A ll trad e m arks are  th e  p ro p e rty  o f th e ir re sp e ctive  o w n e rs. 
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REAL-PE

Primary Cohort
• All data from Truveta records
• Includes procedures up to May 

2023

Contemporary Cohort
• Limited to procedures from 2018 – 2023
• Represents current era of experienced 

practice with both devices

N=1577 N=682

Patient treated with
USCDT Device (EKOSTM)

N=1697

PE diagnosis up to May 2, 2023
N=535,567

• Encounter tied to procedure
• Device received as inpatient encounter
• PE diagnosis within 30 days before or 1 day after the 

index procedure

Patient treated with
MT Device (FlowTrieverTM)

N=742

N=1137 N=661

• Encounter tied to procedure
• Device received as inpatient encounter
• PE diagnosis within 30 days before or 1 day after the 

index procedure

PE diagnosis Jan 1, 2018 to May 5, 2023
N=340,989

Patient treated with
USCDT Device (EKOSTM)

N=1213

Patient treated with
MT Device (FlowTrieverTM)

N=714

M o n te le o n e  P , e t a l. JSC A I 2 0 2 3 . A ll trad e m arks are  th e  p ro p e rty  o f th e ir re sp e ctive  o w n e rs.
B o sto n  Sc ie n tific  p ro vid e d  fu n d in g  to  Tru ve ta  fo r d ata  re p o rtin g .

24



11/18/25

5

REAL-PE Major Bleeding Events

• Statistically significant greater 7-day major bleeding event rates for FlowTriever based on ISTH or BARC3b 
composite definitions

• Significantly increased odds of a major bleeding event with FlowTriever confirmed in multiple regression analysis 
accounting for patient demographics and clinical characteristics (OR 1.367 [95%CI 1.075-1.737]c)

Prim ary Contem porary (2018-2023)

EKOSTM  (N=1697) FlowTrieverTM  (N=742) p-value EKOSTM  (N=1137) FlowTrieverTM  (N=661) p-value

ICH 5 (0.3% ) 9 (1.3% ) 0.005 4 (0.4% ) 9 (1.4% ) 0.015

Major Bleeding Componentsa,b

Transfusion (7 days) 30 (1.9%) 40 (5.9%) <0.0001 22 (1.9%) 39 (5.9%) <0.0001

Hemoglobin ↓ ≥2 mg/dL 842 (53.4%) 460 (67.4%) <0.0001 580 (51.0%) 444 (67.2%) <0.0001

Hemoglobin ↓ ≥5 mg/dL 233 (14.8%) 154 (22.6%) <0.0001 154(13.5%) 150 (22.7%) <0.0001

Major Bleeding Diagnosis 180 (11.4%) 93 (13.6%) 0.137 114 (10.0%) 90 (13.6%) 0.0207

M o n te le o n e  P , e t a l. JSC A I 2 0 2 3 .
B o sto n  Sc ie n tific  p ro v id e d  fu n d in g  to  T ru ve ta  fo r d ata  re p o rtin g .

IC H , in trace re b ra l h e m o rrh ag e . aIST H  =  M ajo r b le e d in g  D x  O R  h e m o g lo b in  d e cre ase  ≥ 2  m g /d L  an d  tran sfu sio n .  bB A R C  3 b  =  M ajo r b le e d in g  D x  O R  
h e m o g lo b in  d e cre ase  ≥ 5  m g /d L.  cP rim ary  an a lysis, IST H  m ajo r b le e d in g  d e fin itio n  sh o w n .

12.4% 11.8% 11.0% 10.6%

17.3% 15.4% 17.2% 15.4%

IS TH BARC 3 b IS TH BARC 3 b

E K OS

F lo w T riev e r

P= .0018 P= .0002P= .0190 P= .00247-Day Major Bleeding
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REAL-PE2 & propensity matching

aMonth of FlowSaver FDA clearance.
bPatients were matched on age category, gender, race, ethnicity, cancer, CAD, COPD, CKD, Hypertension, prior DVT, and myocardial infarction variables. 
Included patients had no missing data for these variables.

N = 485 N = 980

Truveta Population
N = 107,336,813

USCDT or MT device (UDI) from 01 Jul 2021a through 31 May 2024 
N = 2603

PE diagnosis (ICD-10-CM or SNOMED) within 30 days before or 1 day after the 
index procedure

N = 2261

Exact-matchedb 

USCDT (EKOSTM)
N = 698

MT (FlowTrieverTM)
N = 1563

Monteleone P, ACC 
2025.
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Monteleone P, ACC 
2025.

Exact matching method. Treatment effect 
estimated from G-computation.
Ref = USCDT

• Patients treated with MT were more likely to have:
• Major bleeding by ISTH or BARC3b definitions
• Readmission within 30 days

Crude outcome event rates in 
the matched cohorts.

ISTH = Major bleeding Dx OR hemoglobin decrease ≥2 mg/dL and transfusion. BARC3b = Major bleeding Dx OR hemoglobin decrease ≥5 mg/dL.

*Patients were matched on age category, gender, race, ethnicity, 
cancer, CAD, COPD, CKD, Hypertension, prior DVT, and 
myocardial infarction variables. Included patients had no missing 
data for these variables.

REAL-PE II Exact Matching
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emerging data
• physiologic support for the technology
• real world “big data”
• imminent landmark clinical trial
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The Higher-risk Pulmonary Embolism Thrombolysis Study

Principal 
Investigators/ 
Sponsor

Stavros Konstantinides, MD
Kenneth Rosenfield, MD

• PERT Consortium
• University Mainz/PEITHO Network
• Boston Scientific Corporation

Study Design
Randomized, controlled, open label, multicenter (up to 65 sites in US and Europe)

USCDT + anticoagulation vs anticoagulation alone

Patients
Enrollment of 406-544 patients, adaptive based on planned interim analysis

Eligibility criteria select intermediate-high risk PE

Primary Endpoint

7-day composite of:
• PE-related mortality
• Cardiorespiratory decompensation or collapse 
• PE recurrence (nonfatal symptomatic and objectively confirmed)

Independent, blinded outcome adjudication

PE , p u lm o n a ry  e m b o lism ; U SC D T, u ltra so u n d -a ssiste d  c a th e te r-d ire c te d  th ro m b o lysis.
K lo k FA , P ia zza  G , Sh a rp  A SP , e t a l. A m  H e a rt J . 2022 ;251 :43-53 . d o i:10 .1016/j.a h j.2022 .05 .011

HI-PEITHO
EKOSTM (USCDT) + anticoagulation vs anticoagulation alone
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HI-PEITHO Key Inclusion Criteria
• Objectively confirmed acute PE, based on computed 

tomography pulmonary angiography (CTA)
• Elevated risk of early death/hemodynamic collapse, indicated 

by at least two of the following new-onset clinical criteria:
– Tachycardia with heart rate ≥ 100 beats per minute;
– SBP ≤ 110 mm Hg over at least 15 minutes
– Respiratory rate > 20 x min-1 or oxygen saturation on pulse oximetry 

(SpO2) < 90% at rest while breathing room air
• Right-to-left ventricular (RV/LV) diameter ratio ≥ 1.0 on CTA 
• Serum troponin I or T levels above the upper limit of normal

K lo k FA , P iazza  G , Sh arp  A SP , e t a l. A m  H e art J. 2 0 2 2 ;2 5 1 :4 3 -5 3 . d o i:1 0 .1 0 1 6 /j.ah j.2 0 2 2 .0 5 .0 1 1
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HI-PEITHO Primary Endpoint

7-day composite of:
• PE-related mortality
• Cardiorespiratory decompensation 

or collapse 
• PE recurrence 

Independent, blinded outcome 
adjudication

Cardiorespiratory collapse or 
decompensation defined as ≥1 of:
• Cardiac arrest or need for CPR
• Signs of shock: new-onset arterial 

hypotension with end-organ 
hypoperfusion

• ECMO placement
• Intubation or noninvasive mechanical 

ventilation
• National Early Warning Score 

(NEWS) of 9 or higher

E C M O , e xtraco rp o re a l m e m b ran e  o xyg e n atio n
K lo k FA , P iazza  G , Sh arp  A SP , e t a l. A m  H e art J. 2 0 2 2 ;2 5 1 :4 3 -5 3 . d o i:1 0 .1 0 1 6 /j.ah j.2 0 2 2 .0 5 .0 1 1
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National Early Warning Score (NEWS)

R o yal C o lle ge  o f Ph ysic ian s. N atio n al Early  W arn in g  Sco re  (N EW S): S tan d ard isin g  th e  asse ssm e n t o f acu te  illn e ss se ve rity  in  th e  N H S. R e p o rt o f a  w o rkin g  p arty . Lo n d o n : R C P , 2 0 1 2 .
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National Early Warning Score (NEWS)

R o ya l C o lle g e  o f P h ysic ian s. N atio n a l E arly  W arn in g  Sco re  (N E W S): S tan d ard isin g  th e  asse ssm e n t o f acu te  illn e ss se ve rity  in  th e  N H S. R e p o rt o f a  w o rkin g  p arty . Lo n d o n : R C P , 2 0 1 2 .

THERE SHOULD NOT BE A 

MORTALITY DIFFERENCE 

BETWEEN THE HI-PEITHO 

TRIAL ARMS
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HI-PEITHO Secondary Assessments
• Individual primary outcome components 
• GUSTO major (moderate and severe) bleeding within 7 days 
• International Society on Thrombosis and Haemostasis (ISTH) major bleeding
• Ischemic or hemorrhagic stroke within 7 days and 30 days
• All-cause mortality 
• Symptomatic PE recurrence within 30 days and 6 months 
• Change from baseline in RV dysfunction on echocardiography at 6 months 
• Chronic thromboembolic pulmonary hypertension (CTEPH) diagnosis within 

12 months 
• Health economic assessments 
• Functional status and quality of life measures

EC M O , e xtraco rp o re a l m e m b ran e  o xyg e n atio n
K lo k FA , P iazza  G , Sh arp  A SP , e t a l. A m  H e art J. 2 0 2 2 ;2 5 1 :4 3 -5 3 . d o i:1 0 .1 0 1 6 /j.ah j.2 0 2 2 .0 5 .0 1 1
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HI-PEITHO 
• HI-PEITHO is the first:

– Large RCT of interventional PE 
treatment vs current standard of 
care with an established 
clinical primary outcome

– Trial with adequate power to 
show an impact of USCDT on 
the clinical prognosis of 
intermediate-high risk PE as 
defined by current guidelines

State-of-the-art RCT of 
interventional PE treatment
• Trial protocol standardizes:

– Time from PE diagnosis and 
randomization to intervention

– USCDT duration and 
thrombolytic dose

– Anticoagulation regimen
– Clear rule to prevent arbitrary 

crossover between treatment 
arms

P E , p u lm o n ary  e m b o lism ; R C T , ran d o m ize d  co n tro lle d  tria l; U SC D T , u ltraso u n d -assiste d  cath e te r-d ire cte d  th ro m b o lysis
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conclusions

• there are foundational physiology questions (distal vascular volume) 
we are only starting to answer about how, why and when PE 
therapies work

• the emerging field of real-world “big data” can help identify 
opportunities to enhance care and therapeutic safety

• HI-PEITHO will bring transformative controlled data to the field of 
PE treatment, particularly the safety and efficacy of US-CDT

• hopefully… this work combined with evolving data from other 
sources will advance us to guidelines advocating for advanced 
therapies for PE

36



11/18/25

7

Ascension Texas Cardiovascular

37


