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Understanding the Clinical Question

—— PULMONARY EMBOLISM (PE)

Most serious complication of DVT, when part of the clot
travels to the lungs, causing a blockage. This is potentially

)
4

@7 —
life threatening.

leading cause of cardiovascular death®

3rd  (and a leading cause of preventable deaths in
hospital)

Upto  30-day all-cause mortality®’ (28% for

15% high-risk PES)

Up to have residual vascular obstruction®-1°,

50% and long-term complications are

? common™
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Framing the Argument
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VTE Is a Major Cause of Morbidity and Mortality With a
Significant Economic Burden in the United States

Up to 900,000 people are affected by
DVT/PE annually’’

=550,000 hospitalizations annually in
the United States for DVT and/or PE28

Healthcare costs associated with
DVT/PE in 2011 were estimated to

be up to $10 billion26

Annual Deaths (x103)

CDC Reported Causes of Annual
Deaths in the United States?’-147
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WHY PE PATIENTS ARE AT RISK:
KEY FACTORS CONTRIBUTING TO HEMODYNAMIC
COLLAPSE IN ACUTE PE

ESC 2014 Guidelines

Increased RV afterload

. 4

RV dilatation

TV insufficiency

RV O, deliver
. 4 l RV wall tension T

RV coronary i

perfusion Cardiogenic Neurohormonal
shock activation
Systemic BP l Myocardial
inflammation
Low CO RV O, demand T
LV pre-load i RV ischaemia
RV output i RV contractility i

BP = blood pressure; CO = cardiac output; LV = left ventricular; RV = right
ventricular; TV = tricuspid valve.
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PE

¢ 55% PE population
* Good prognosis

e Low mortality rate

Jaff et al. Circulation 2011;123(16):1788-1830. . .
Goldhaber et al. Lancet. 1999;353(9162):1386-9. ¢ Systemlc normotension

Quiroz et al. Circulation (2004);109;2401-2404 RV dysfu I‘ICtiOI‘I

Frémont, Chest 2008; 133;558-362
Schoef, Circ 2004; 110:3276-3280

Kucher, Arch Intern Med 2005; 165:1777-1781

Patient Risk Stratification

Massive PE

* 5% PE population

e Sustained hypotension

e Inotropic support

*58%0 mortality @ 3 mo

1 Distance: 4.79 cm 2 Distance: 4.14 cm
1 Min/Max: 122 /308 2 Min/Max: 82 /271

Vratio

- =

Submassive PE
*40% PE population

¢ 229% mortality @ 3 mo




PE PATIENT POPULATION PROFILE

Sub-massive PE

VIS S CRI = I ——————————

* [High risk]
* 5% PE population
O 58%1m0rtahty@,3months ............................ Minor PE

Immediate Management Decision
Anticoagulation
Consider Open Embolectomy vs. Systemic TPA vs. ECMO
In High Risk Cases with Institutional Expertise can consider Catheter Directed
Therapy

1. Goldhaber SZ et al. Acute pulmonary embolism: clinical ouEMeMsCooperative Pulmonary Emboli§n Hegist (ICBPER). LIRceiAS09;353:1386-1389

2. Meyer G et al. Fibrinolysis for Patients with Intermediate RiskPulmoenary EmbelismeNew Engl J Med 2014; 370: 1402-11

2 Cacavva E at al Clinicral faatiirae and chart tarm A1ifeamaeace Af natiante with aritite niilmanary amhbaliecrmm The Halian RPiillmanar Embalicrm Ranmictryvy (IPERY Thramhbacice Racaare h 20192 12N-QIA7 QED




IV THROMBOLYSIS WITH TPA

* 100 mg tPA infused over two hours

* Indicated for management of acute
massive PE in adults

* For the lysis of acute pulmonary emboli,
defined as obstruction of blood flow to a
lobe or multiple segments of the lungs

* For the lysis of pulmonary emboli

NDC 50545 0g5-25
ACTIVASE
LTEPLASE

3sv 19

accompanied by unstable hemodynamics, )~
e.g., failure to maintain blood pressure
see v WIRQUE,SURRQIVE Measures
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PE PATIENT POPULATION PROFILE

Sub-massive PE

Minor PE

* [Low risk]
° .55Q/8.PE.popu|at1o.n ........................................... Minor PE
- Good prognosis

* Low mortality rate
Anticoagulation

Consider for outpatient therapy
Intervention only if patient decompensates

EVMS SENTARA®
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PE PATIENT POPULATION PROFILE

Sub-massive PE...........

 [Moderate/Intermediate risk]
* 40% PE population
O 21%.morta“ty@3months. ...............................

Sub-massive PE

Minor PE

Controversial need for interventional therapy

Start systemic anticoagulatiol

Risk/Benefit for Intervention

EVMS SENTARA®
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The PESI and Simplified PESI Are
Validated Tools to Identify Low-Risk Patients

*Heart failure or history of chronic lung disease combined

into a single category of chronic cardiopulmonary disease.
TDisorientation, lethargy, stupor, or coma. FWith or without
the administration of supplemental oxygen.

Age >80 years Age in years 1
Male sex 10 0
History of cancer 30 1
History of heart failure 10 Class | <65
1* - Low risk=0
History of chronic lung disease 10 Gleesll Ee-el
Pulse 2110 bpm 20 1 Class Il 86-105
Systolic BP <100 mm Hg 30 1

Respiratory rate 230

breaths/min 20 0 Class IV 106-125  High risk=1
Temperature <36°C 20 0

Altered mental statust 60 0 e

Sa0, <90%* 20 1



BOVA Score

TABLE 2

Bova scoring system for estimating 30-day risk of complications
or death in acute pulmonary embolism

Predictor variable Points

Systolic blood pressure 90—100 mm Hg 2

or computed tomography

Elevated cardiac troponin 2
Right ventricular dysfunction on echocardiography 2

Heart rate = 110/min 1

30-day risk 30-day risk
Points? Stage of complications? of death
0-2 | 4.4% 3.1%
3—4 [l 18% 6.8%

>4 1l 42% 10% _

3aThe Bova score predicts the 30-day risk of complications and death in hemodynamically stable patients. Complications include hemo-
dynamic collapse and recurrent nonfatal pulmonary embolism.

Based on information in reference 4.



Treatment Algorithm

=5

WL
Acute PE* ‘ > Anticoagulation | Treatment Algorithm
CONSORTIUM™ i - -
Positive PESI/sPESI or
SBP < 80 for > 15 minumes or -
YES NO > CTA/TTE with RVAbnormal
Requking Vasops &250¢ or ‘T Trp andfor BNP
\ YES I NO——
/ _,', A
’Ca'dnacArreﬂ or 1, S
e i
PERT PERT
Consult Consult
l v v
RV Abnormal RV Abnormal
> Contraindication AND OR
i optolyakes 1 Trp and/or BNP 1 Trp and/or BNP
v
tes R
‘ Absolute Relative NO i
|
Y y Y » Anticoagulation «
Consider Consider CDL Consider Y
Catheter or Absolute
Surgical or Reduced- Full-Dose Contraindica tion to
Dose ST ST Thrombolysis?
Embolectomy y
g 4 4 YES NO
/ v v
\
Consider Catheter
~Refractory Shock or Consider CDL or
< i Deglynpu\:a:;n S or Surgical
W Embolectomy

1
v

Consider Mechanical Support

>

/l\ Reduced-Dose ST

W



META-ANALYSIS SUGGESTS REDUCED RISK OF

RECURRENTPE OR DEATH FROM
THROMBOLYSIS COMPARED WITH HEPARIN

Meta analysis of randomized clinical trials
for PE comparing thrombolytic therapy
with heparin

Total of 11 trials, 748 patients included
Data from trials that included massive PE

Trials that included patients with major PE

Thrombolysis Heparin OR
n/N(%) n/N(%) (95% Cl)
©000000000000000000000000000000000
12/128 (9.4) 24/126 (19.0) 0.45 (0.22-0.92)

Outcome

L]
L]
L ]
5/128 (3.9) 9/126 (7.1) 0.61(0.23-162)
0 0000000000000 00000000000000O0OCKFIS
8/128 (6.2) 16/126 (12.7) 0.47 (0.20-1.10)

Major bleeding 28/128 (21.9)

PE Indicated Pulmonary embolism

15/126 (11.9) 1.98 (1.00-3.92)

. z
American Heart
Associatione

Learn and Live..

Circulation

JOURNAL OF THE AMERICAN HEART ASSOCIATION

Thrombolysis Compared With Heparin for the Initial
Treatment of Pulmonary Embolism
A Meta-Analysis of the Randomized Controlled Trials

Susan Wan: Dansel J. Quinlan, MBBS; Giancario Agneli MD: John W. Eikelboom, MEBS

Wan S et al. Thrombolysis compared with heparin for the initial treatment of pulmonary embolism. Circulation. 2004 Aug. 10;110(6):744-9.

Eastern Virginia Medical School
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Lysis.in submassive PE

# of # of # of # of .

Goldhaber et al,2 1993 0 46 2 55 0.16 (0.01-2.57) 5.3
Konstantinides et al,® 2002 4 118 3 138 1.58 (0.35-7.09) '_!_ _— 18.4
TIPES, % 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) —_— — 1 15.1
MOPETT,0 2012 1 61 3 60 0.35 (0.05-2.57) 10.5
ULTIMA,30 2013 0 30 1 29 0.13 (0.00-6.59) < : 2.7
TOPCOAT,? 2014 1 40 1 43 1.08 (0.07-17.53) 5.3
PEITHO,8 2014 ~- _6_ 1 _506_ -1 _9 e ﬁg_ _.%(%4*8& e ___ _'ll_ 40.0
Total _2___82___26____889__._482.2&0&2)___________- 100.0
Heterogeneity:x7=7.63; P=.37;12=8% 0.01 0.1 1.0 10 100
Overall effect: z=2.22; P=.03 OR (95% Cl)
Intermediate-risk PE
--------------------------------------I
All-cause mortality (8) 12/866 (1.39) 26/889 (2.92) | NNT=65 .03
|
Major bleeding (8)2 67/866 (7.74) 20/889 (2.25) | NNH=18 <.001

2014; 311(23):2414-2421.

Chatterjee S et al. Thrombolysis for Pulmonarj Em%m ini Réof All-Cause Mortality, Major Bleeding, and Intracranial Hemorrhage: a Meta-analysis. JAMA
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PE Evidence for Thrombectomy

[

Completed Trials in
Mechanical PE

FLARE (IDE) study

106 pts. | 18 Sites | 30-day f/u

FLASH registry

Up to 1,000 pts. | Up to 100 Sites | 6-mo.

flu

Extract PE

119 pts. | 22 sites | 6-month f/u

FLAME study (PE)

200 HR pts. | In hosp. F/u

Completed Trials in Catheter Ongoing Trials or Planned
Directed Thrombolysis Thrombectomy Trials

Seattle Il

Sunset PE

Knockout PE.

Optilyse PE

Eastern Virginia Medical School

PEERLESS trial vs. Lytics
550 patients | | Up to 60 Sites | 30-day f/u

Strike PE

FLAME study (PE)
200 HR pts. | In hosp. F/u

Wolf PE

Angiovac PE

SENTAR
JETI PE



Trials Comparing CDT to Anticoagulation

Completed Trials Ongoing Trlafls or Planned
Trials

Ultima PE Tract

EVMS SENTARA®
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PEITHO Trial Systemic Thrombolysis for
SUBMASSIVE PE

1005 Patients

Prospective randomized

Acute PE: normotensive with evidence of Right
Heart Strain

Treatment within 2 weeks

Tenectaplase IV Bolus vs. IV Heparin

EVMS SENTAR A



PEITHO Trial

Tenecteplase
(n=506)

P value

All-cause mortality or
hemodynamic collapse

within 7 days of L (2.6) 28 (5-6) LHLR T
randomization

0.23 0.44 0.88
—— |

Thrombolysis superior

]:&:VLV].S SENTARA®




PEITHO Trial

Tenecteplase
(n=506)

P value

Non-intracranial major bleeding 32 (6.3) 6 (1.5) <0.001
Severe 16 2
Moderate 16 4
ISTH major bleeding 58 (11.5) 12 (2.4) <0.001
Type of bleeding
Fatal 1 0]
Intracranial/hemorrhagic stroke 10 1
Extracranial major 4 1
Hemoglobin drop >2g/dL 46 11
Transfusion of >2 units 10 0]
Minor bleeding 165 (32.6) 43 (8.6) <0.001

Eastern Virginia Medical School

SENTARA®



Outcomes by Age

Age = 75 years
0.12 0.33 0.85
—E N — |
0 1.00 2.00
Odds ratio
Age >75 years
0.23 0.63 1.66
—+— |
0 1.00 2.00
Odds ratio

EVMS SENTARA®
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Conclusions

*Systemic Thrombolytics reduce the change of
death or hemodynamic collapse

*This benefit comes at the cost of increased
major bleeding

*Patient age and comorbidities need to be
evaluated before dosing with thrombolytics.

EVMS SENTAR A



Ultima Trial

Multicenter, randomized controlled trial

Ultrasound assisted catheter directed thrombolysis
Superior to heparin alone for reversing RV enlargement
Acute symptomatic PE confirmed by CT

RV/LV ration >1 on echo (normal is 0.6)

EVMS SENTAR A



Ultima Trial

PE severity (Biomarker & CT)

) )

Troponin test positive, n (%) 16/20 (80% 17/22 (77%
Pulmonary occlusion score (CT)', mean £ SD

'Pulmonary occlusion score (CT)', median (min-max) | 26 (9-36) 22 (13-38)

Pulmonary occlusion score?

Multiply score points for non-
occlusive embolus by one
Multiply score points for occlusive
embolus by two

Maximum score is 40.

1Qanadli Am J Roentgenology 2001;176:1415-20

SENTARA®
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RV/LV ratio (echo)

1.5 - ) ] P=0.09

P<0.0001 p .
P=0.31

RV/LV Ratio
[
(@)

0.5 | | | | | | | | | |
Baseline 24 hrs 90 days Baseline 24 hrs 90 days
Kucher 2013 — .

Heparin .

ULTIMNMA




RV/LV ratio (echo)

I 1
1.5 - f 1 P<0.0001 I ]
‘ P<0.0001 r 1 P<0.0001

RV/LV Ratio
[
(@)

0.5 Y
Baseline 24 hrs 90 days Baseline 24 hrs 90 days
Kucher 2013 — -

Heparin .

ULTIMNMA




Systolic RV dysfunction

e g P = 0.29** ’

- 80% =
=
©
| o
< 60% - Severe
é m Moderate
< 40% - Mild
§ m Normal
> Sno
N 20% -

% L | | L  § L] L} a

Baseline 24 hrs 90 days Baseline 24 hrs 90 days
Heparin
— **Two-sided exact Mantel-Haenzel test 22

LT AV /N A Wwilcoxon rank sum test



Systolic RV dysfunction

P=0.01**
| | |
[ —
100% P<0.00012 P=0.024
6 =
[ 80% =
=
5]
c
< 60% - Severe
é m Moderate
< 40% - Mild
S m Normal
> Sno
D 20% -
% L} . L} o | ) _ ) a

Baseline 24 hrs 90 days Baseline 24 hrs 90 days
Heparin
— **Two-sided exact Mantel-Haenzel test

LT AV /N A Wwilcoxon rank sum test

24



Systolic RV dysfunction

g P=0.003** b
| | | | | |
o P<0.00012 P<0.00012
100% -
II\
[ 80% -
=
©
| o=
< 60% -
a
=
S 40% -
©
-
48

Baseline 24 hrs 90 days Baseline 24 hrs 90 days
- Heparin
Kucher 2013 —— **Two-sided exact Mantel-Haenzel test

U LT N\ /\ A Wilcoxon rank sum test

Severe
m Moderate
= Mild

m Normal

25



Secondary endpoint analysis

Heparin
Clinical outcomes at 90 days N =29
Death ) 0% 1%* 39, 0.49
Recurrent venous thromboembolism (0] 0% (0] 0% 1.00
Major bleeding o) 0% o 0% 1.00
Minor bleeding 3% Lok 13 e e

*

—

Kucher 2013 — =

ULTIMNMA

rehospitalization and death from advanced pancreatic cancer
** two patients with transient mild hemoptysis without medical intervention,

one patientwith groin hematomarequiring manual compression
ACC'B) § one patientwith transient anal bleeding following endoscopic removal of colon polyp

30



Conclusions

Catheter directed (ultrasound accelerated) thrombolysis was superior to
heparin in reversing right heart dysfunction.

No increase in bleeding complications

At 90 days the right heart function is improved with CDT over Heparin
No change in mortality

EVMS SENTAR A



What will Dr. Hariri Tell You?

Sentara Actively Performs Pulmonary Thrombectomy safely
We have been doing these procedures for years

He may even show you my involvement in device trials

[ ] Indigo Aspiration System for Treatment of Pulmonary Embolism:
T Results of the EXTRACT-PE Trial.
~ite  Sista AK, Horowitz JM, Tapson VF, Rosenberg M, Elder MD, Schiro BJ, Dohad S, Amoroso NE |Dexter DJ,
Loh CT, Leung DA, Bieneman BK, Perkowski PE, Chuang ML, Benenati JF; EXTRACT-PE Investigators.
JACC Cardiovasc Interv. 2021 Feb 8;14(3):319-329. doi: 10.1016/j.jcin.2020.09.053. Epub 2021 Jan 13.
PMID: 33454291 Free article.
OBJECTIVES: This study sought to prospectively evaluate the safety and efficacy of the Indigo aspiration

are

system in submassive acute pulmonary embolism (PE). ...Intraprocedural thrombolytic drugs were

avoided in 98.3% of patients. (Evaluating the Safety and Efficacy of the ...

SENTARA"
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What will Dr. Hariri Tell You?

. Having a surgeon estimate his blood

\[/)Ve & lossislike having a used car
esf

salesman estimate his ol
honesty. n

i

Original crude med-ecard humor
from The Happy Hospitalist Blog




What is the argument for Catheter Directed Therapy?

Removal of clot may make patients better faster
At the expense of a major operation

Removal of clot may lead to less long term dysfunction
No evidence at any level

Removal of clot may lead to better clot clearance (less RPVO)
Limited clinical impact

EVMS SENTAR A



Clot Porn Indigo System

Actual Procedure Results'




Outcomes in PE Grossly Unchanged

20 Years Ago: ICOPER
19991

90-day Follow-Up:
Mortality: 17.4% overall

» 52.4% for massive

* 14.7% for sub-massive

* 45.1% of deaths ascribed to
PE

Major Bleeding: 10.5%
ICH: 0.6% overall

1. Kucher et al., Massive pulmonary embolism. Circulation. 2006;113(4):577-58:

Today: 2018 MGH PERT data?

90-day Follow-Up:
Mortality: 16.3% overall
* 41.3% for massive

* 12.3% for intermediate-risk (sub-massive)
» 37% of deaths directly attributed to PE

Major Bleeding: 14.2%

ICH: 4.3% in massive, 0.8% in intermediate
2/3 of intermediate-risk deaths were post discharge

e 2
2. Secemsky et al., Contemporary Management and Outcomes of Patients with Massive and Submass\veEVnMgna/ of Medicine (2018), doi: mwjgﬂ_ﬁ;ﬂﬁaﬂ% R ®
Eastern Virginia Medical School


https://doi.org/10.1016/j.amjmed.2018.07.035

Summary

Current guidelines (Standard of Care)

Anticoagulation first and only

In decompensating patients refer to massive PE guidelines

In decompensating patients in limited centers with expertise can consider CDT
This hardly seems like a strong sell

Medical Management for Sub Massive PE should be primary therapy and this is NOT Controversial

EVMS SENTARA



Thank You

bk ¥
s A i N
»I..f.,{l ,Ir’lr' ,’(;l‘c L=
| | SLE e PP
{5 Bppgs mel 1 g
it L
<y | -
=== ',e'.':‘f/’

SENTARA"

Eastern Virginia Medical School




