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Pulmonary Embolism (PE)

Annual incidence
 United States: 69 per 100,000/year’

« Over 600,000 cases annually?
— 1-2 PE episodes per 1000 people, up to 10 per 1000 in the elderly population3-

Venous thromboembolism?3
« PE commonly originates from lower limb deep vein thrombosis (DVT)

» 79% of patients presenting with PE have evidence of DVT
» PE occurs in up to 50% of patients with proximal DVT

1. Silverstein MD et al. Trends in the incidence of deep vein thrombosis and pulmonary embolism. Arch intern Med 1998;158:585-93.
2. Wood KE et al. Major pulmonary embolism: review of a pathphysiologic approach to the golden hour of hemodynamically significant
pulmonary embolism. Chest 2002;121:877-905.
3. Tapson VF. Acute pulmonary embolism. N Engl J Med 2008;358(10):1037-1052.
4. Geering et al. CMAJ 2012; 184(3):305-310
5. Chunilal et al. JAMA 2003;290:2849-58
6. Siccama et al. Ageing Res Rev 2011;10:304-13




The Surgeon General’s Call to Action

— 100,000-180,000 PE-related i Ly L ol st
dan ulmonary rimbolism
deaths annually in the US

— PE is the most preventable

cause of death among
hospitalized patients

U.S. Department of Health and Human Services




AHA 2015 Statistics:
PE is the 3™ cause of CV death

Disease of the Coronary
Arteries % Heart Disea

8.3%

Mozaffarian D et al. Heart Disease and Stroke Statistics — 2015 Update: A report from the American Heart Association. Circulation 2015;
131: €29-e322



PE: A silent and fatal epidemic

ore C O UIC O dl C OL AI1d8IN0SEeq d 0l O =
DL €V ) C 20 PIE O C
Study Autopsies PE present PE suspected pre-mortem
e 404 S O 0%

1. Tapson V. Emerging Management Options for PE: What the Vascular Specialist Must Know. VEITHsymposium 2012
2.Rubenstein | et al. Fatal pulmonary emboli in hospitalized patients: an autopsy study. Arch Intern Med. 1988 Jun;148(6):1425-6
3.Stein PD and Henry JW. Prevalence of acute pulmonary embolism among patients in a general hospital and at autopsy. Chest 1995

Oct.;108(4):978-81
4.Lau G. Pulmonary thromboembolism is not uncommon—results and implications of a five-year study of 116 necropsies. Ann Acad
Med Singapore. 1995 May;24(3):356-65
5.Morganthaler Tl et al. Clinical characteristics of fatal pulmonary embolism in a referral hospital. Mayo Clin Proc 1995;70:417-24
6.Pulido T et al. Pulmonary embolism as a cause of death in patients with heart disease. Chest. 2006 May;129(5):1282-7.



High PE mortality
High re-admission rates




PE risk stratification

Patient risk stratification (per AHA Scientific Statement 2011)

Massive PE Submassive PE Minor/Nonmassive PE

High risk Moderate/intermediate risk Low risk

Sustained hypotension (systolic BP + Systemically normotensive « Systemically normotensi
<90 mmHg for = 15 min) (systolic BP 290 mmHg) (systolic BP 290 mm
Inotropic support « RV dysfunction e—— « No RV dysfunction
Pulselessness « Myocardial necrosis « No myocardial ne
Persistent profound bradycardia
R <40 bpm with signs or
ymptoms of shock)

RV dysfunction
RV/LV ratio > 0.9 or RV systolic ECG changes _
dysfunction on echo « New complete or incomplete
RV/LV ratio > 0.9 on CT RBBB .
Elevation of BNP (>90 pg/mL) « Anteroseptal ST elevation

Elevation of NTpro-BNP or depression _ _
(>500 pg/mL) « Anteroseptal T-wave inversion




RV Dysftunction/ Tn Elevation Combo in PE:
Prognosis (n=1,273)
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High RV Not Enlarged High RV Not Enlarged
Concentration Intermediate Concentration Intermediate
Troponinl  Troponin| Normal Troponinl  Troponin| Normal

Troponin| Troponin |

Stein et al. Am J Cardiol 2010; 106: 558-563




PE patient population profile

MASSIVE PE

[High risk]

5% PE population

58%"' mortality @ 3 months

SUBMASSIVE PE

[Moderate/Intermediate risk]
40% PE population

2-3%23 mortality to

21%" mortality @ 3 months

1.Goldhaber SZ et al. Acute pulmonary embolism: clinical outcomes in the International Cooperative Pulmonary Embolism Registry
(ICOPER). Lancet 1999;353:1386-1389
2.Meyer G et al. Fibrinolysis for Patients with Intermediate Risk Pulmonary Embolism. New Engl J Med 2014; 370: 1402-11
3.Casazza F et al. Clinical features and short term outcomes of patients with acute pulmonary embolism. The Italian Pulmonary

Registry. Lancet 1999:353:1386-1389 Embolism Registry (IPER). Thrombosis Research 2012; 130:847-852



Chest 2002; 121: 878



Chest 2002; 121: 878



Chest 2002; 121: 878

Normotensive PE with RV dysfunction
(ie Submassive) 2 up to 30%
mortality!!!

thus

Relying soley on BP may fail to
identify key prognostic features and
delay more appropriate therapy




Why submassive PE patients are at risk:




Why treat intermediate risk PE
patients aggressively?

Various studies report presence of right ventricular dysfunction (RVD) as
a predictor of poor clinical outcomes

1. Mortality
2. Adverse events
3. VTE recurrence




Adverse outcomes associated with RVD

Echocardiographic RV/LV ratio = 0.9 showr
to be independent predictive factor of
hospital mortality

* Registry of 1,416 patients

« Mortality rate:
—1.9% if RV/LV ratio < 0.9
—6.6% if RV/LV ratio =2 0.9




Adverse outcomes associated with RVD

PE-related mortality risk increases
with stepwise increase in RV/LV Ratio

» Retrospective analysis of 120
patients with hemodynamically
stable PE based on chest CT

PE-related mortality at 3 months:
—17% if RV/LV 2 1.5

—8% if1.0<RV/LV <1.5

—0% if RV/ILV < 1.0




Adverse outcomes associated with RVD

Presence of RV hypokinesis associated with increase

in mortality rate at 3 months

» Prospective study of 2,454 consecutive PE

patients at 52 hospitals in 7 countries

Mortality rate with hypokinesis

at 3 months | 15% == == =
with no hypokinesis




Adverse outcomes with unresolved RVD

PE patients with RVD unresolved exhibit 8x increased incidence of
recurrent VTE compared to those with RVD resolved at discharge

» Retrospective analysis of 301 patients with
first episode PE with mean f/u at 3.1 years

I 04 == == == == == == = -
if RVD
unresolved
Incidence of |
VTE at 4 years 0.05 == == m= == = - - o= = - -
if RVD
resolved

Figure: Cumulative incidence of recurrent venuous thromboembolism. RVD indicated right ventricular dysfunction.




Standard PE therapy

Anticoagulation (ac)—Heparin
« AC therapy prevents further clot growth
« Studies’?3 found
— LMWH as effective as UFH in reducing recurrent PE
— LMWH carries reduced bleeding risk compared to UFH

Standard Of Care: usually UFH or LMWH, followed by oral warfarin

« However, AC therapy relies on endogenous tPA to dissolve occluding clot
— a process that typically occurs over several weeks or months

— endogenous fibrinolysis may often be incomplete at the end




Rationale for thrombolysis in acute PE

Reduce Thrombus Burden (not achievable by AC alone)
» Reverse RV afterload/failure toward prevention of hemodynamic collapse

» Improve pulmonary reperfusion/capillary blood flow/gas exchange
» Restore systemic arterial perfusion pressure

» Decrease the risk of developing chronic pulmonary hypertension




IV thrombolysis with tPA

100 mg tPA infused over 2 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 accompanied by
unstable hemodynamics, e.g., failure to maintain
blood pressure without supportive measures



IMEta-analysis suggests reduced risk of

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

Total of 11 trials, 748 patients incluc

Data from trials that included me

Trials That Included Patie

Outcome

Thrombolysis He
n/N(%)

I Recurrent PE or death 12/128(9.4) 24/126(19.0) 0.45 (0.22-0.92)

Recurrent PE 5/128(3.9) 9/126(7.1) 0.61(0.23-1.62)




Meta-analysis suggested thrombolysis
was associlated with

lajor bleeding was also significantly increased,
not for patients 65 years and younger

Outcome of Interest (No. of No. of Events/No. of Patients, Absolute Event Rate (%) No. Needed to

: : P Value
Studies Reporting) Thrombolytic Group Anticoagulant Group Treat or harm

23/1061 (2.17) 41/1054 (3.89) NNT = 59

98/1061 (9.24) 36/1054 (3.42) NNH = 1

15/1024 (1.46) 2/1019(.19) N
/1024 (1.17) 31/1019 (3.04)

24/658 (3.65)

Age <65y
All-cause mortality (11) 9/388 (2.32) 17/396 (4.29) NNT = 51
Major bleeding (11)2 11/388 (2.84) 9/396 (2.27) NNH = 176
Intermediate-risk PE
All-cause mortality (8) 12/866 (1.39) 26/889 (2.92) NNT = 65
Major bleeding (8)2 67/866 (7.74) 20/889 (2.25) NNH = 18




Lysis 1n submassive PE

Thrombolytics Anticoagulants

# of # of o o
m%% OR (95% Cl) Favors Thrombolytics | Favors Anticoagulants Weight, %

Goldhaber et al,? 1993 0.16 (0.01-2.57)

18.4

| Konstantinides et al,? 2002
EPES,29 2010
ullo et al,** 2011
‘ETT,10 2012 61 60 0.35 (0.05-2.57)
,302013 30 29 0.13 (0.00-6.59)

-:2014 40 43 1.08 (0.07-17.53)

499  .66(0.24-1.82)

- 889  .48(0.25-0.92) o>

0.01 0.1 1.0 10 1
OR (95% Cl)

118 138 1.58 (0.35-7.09)

28 30 0.14 (0.00-7.31)

0
4
0
0

{

S TR EEEE S PR

37 35 0.11 (0.02-0.58)

+

Intermediate-risk PE

All-cause mortality (8) 12/866 (1.39) 26/889 (2.92)

Major bleeding (8)? 67/866 (7.74) 20/889 (2.25) -




Review and meta-analysis on systemic
ombolysis for PE

European Heart Joumal CLINICAL RESEARCH
rumorzan  doi10.1093eurhear 218 Thromboss and antithrombotic therapy
CAMROLOGY

Systemic thrombolytic therapy for acute
pulmonary embolism: a systematic review
and meta-analysis

Christophe Marti'*, Gregor John', Stavros Konstantinides?, Christophe Combescure?,
Olivier Sanchez?, Mareike Lankeit?, Guy Meyer?, and Arnaud Perrier!

'Departrent o fintermal Medidre, Rerabiltation and Gerarics, Geneva Uriversty Hespitals and Genea. Faodity of Medidre, Rue Gabrielle Perres Genal 4, 1211 Genea 14,
Saitzerared, *Center for Thrombosis and Hemnostss University Medical Cerer Mairz, Langenbedesrasoe 1, 55131 mwmmwmmmm
Unimersity Hispitals of Genea and Geneva Faculty of Medidne, fue Gabriele Perres. Gertil4, 1211 Gereva 14, Swiertint and “Hépinl Eurapéen Gearges Pompidau, APHP,
IUravarsint Paris Descarves, Sorbo nree: Parts O, INEERH URL 2 970, Pars; GRC Thrombsase, France

Racaned 19 Fabray 201 4 raed 10 Apal 201 4; accapend 7 May 2014

Thrombolytic therapy induces faster chot dissolution than anticoagulation in patients with acute pulmonary embolisn
(PE) bt is assodated with an increased risk of haemorrhage. WWe reviewed the risks and benefits of thrombolytic
therapy in the management of patients with acute PE.

WWe systematical ly reviewed ran domized controlled studies comparing systemic thrombolytic therapy plus anticoagula-
tion with anticoagulation alone in patients with acute PE Fifteen trislsinvohdng 2057 patients were included in our meta-
analyss Compared with heparin, thrombolytic therapy was associated with a significant reduction of overall mortality
{OFR; 059, 95% Cl:0.36-0.96). This reduction was not statisti cally significant after exdusion of studies including high-
risk PE(OR; 064, 95% CL0.35-1.17). Thrombaol ytic therapy wasassociated with a significant reduction in thecombined
endpaintof death or treatment escalation (OR: 0.34, 95% CE0.22- 0.53). PE-related mortality (OR: 029 95% Cl:0. 14—
0.60) and PE recurrence (OR: 0.50; 95% Ct 0.27 -0.94). Major haemorrhage (OR; 191, 95% Ck 1.95—4.36) and fatal
or intracranial bleeding (OR: 3.18, 95% Cl: 1.25-8.11) were significantly more frequent among patients recedving

Concdusions Thrombolytic therapy reduces total mortality, PE recumrence, and PE-related mortality in patients withacute PE The de-
crease in overall mortality is, however, not significant in haemodynamically stable patients with acute PE. Thrombolytic
therapy is assodated with an increzse of major and fatal or intracranial haemorrhage.

For acute PE
patients,
thrombolytic th




RCT examined benefit of IV thrombolysis
in intermediate-risk PE

PEITHO Trial
Primary Objective

* Investigate clinical benefits
(efficacy) of thrombolysis wit
tenecteplase over placebo ir
normotensive patients wit
acute intermediate-ris
(both treatment ar
standard heparin
anticoagulation




Tenecteplase Placebo
(n=506) (n=499)
All cause mortality within 7 days 6(1.2%) 9 (1.8%) 0.42

Hemodynamic collapse within 7 days 8 (1.6%)

25(5.0%)  0.002

— Need for CPR 1 5
— Hypotension/BP drop 8 18
— Catecholamines needed 3 14




But the benefit of lysis came at the cost
of major bleeds (including ICH)

Tenecteplase Placebo P value
(n=506) (n=499)

Bleeding by day 7
lajor extracranial bleeding 32 (6.3%) 6(1.2%)

<0

jor bleeding as defined by ISTH 58 (11.5%) 12 (2.4%) l
All Strokes by day 7 12 (2.4%) 1 (0.2%)

10
2

Serious adverse events (SAE) by day 30 55 (10.9%) 59 (11.8%) 0.63




Adoption of IV thrombolysis hampered
by elevated risk of severe bleeds

In randomized trials, systemic PE thrombolysis is associated with a
11.5% risk of major bleeding and a 6.3% risk of intracranial
hemorrhage!

In clinical practice, systemic PE thrombolysis is associated with a
19.2% risk of major bleeding and a 5% risk of intracranial
hemorrhage?

In clinical practice, systemic thrombolysis is withheld in up to two
thirds of patients with high-risk (massive) PE3




IV thrombolysis—Ilimited drug delivery
to thrombus

In vitro model of obstruction in the right main Pulmonary Artery
High-speed photo of systemically injected glass beads demonstrates how a
vortex forms proximal to the obstruction and alters systemic drug delivery away
from target embolus



Mechanical Fragmentation

Ultrasound-Accelerated Fibrinolysis
(EKOS®)

Suction Embolectomy (AngioVac®)




Catheter-based thrombolysis

Local administration of lytic agent

Higher local drug concentration results in more rapid
and complete thrombolysis

Even distribution results in faster treatment of thrombus




EkoSonic® Endovascular System

Placement in t
left and right
pulmonary
arteries fc




Fibrin With
Ultrasound Ultrasound

The premise: Low-power ultrasound energy loosens fibrin strands, increases
thrombus surface area, enhances lytic penetration, speeding thrombolysis, and
facilitates reduction in fibrinolytic drug dose.



Review of the clinical evidence for
EKOS® for the treatment of PE

ULTIMA trial
SEATTLE Il trial

Meta-analysis of historical published data




ULTIMA study

The first RCT for an advanced
catheter-based modality

Primary Objective

* Determine whether fixed low-dos
catheter-directed ultrasound
accelerated thrombolysis is ¢
to heparin alone in revers
dilatation in
submassive/intermnr




ULTIMA study

30 Patients

29 Patients

eparin + Ultrasound- Unfractionated he
« |V bolus: 80 |



Greater RVD reduction with EKOS®
with tPA + heparin than with heparin alone

REDUCTION IN RV/LV RATIO SIGNIFICANT

RV/LV RATIO SIGNIFICANTLY GREATER AT
VIPROVED AT 24 HOURS 24 HOURS AND IMPROVED AT 90 DAY

P<0.001 P=0.31

1.5

.
1.0 ’ .
0.03
0.5 !

Baseline Baseline Baseline Baseline
Baseline 24 Hours Baseline 24 Hours to 24 hrs. to 90 days to 24 hrs. to 90 days
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Reduction in RV/LV Ratio

EKOS® with tPA + Heparin Heparin EKOS® with tPA + Heparin Heparin
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More improved echo findings from
EKOS® with tPA + heparin than
heparin alone

SYSTOLIC RV DYSFUNCTION SIGNIFICANTLY IMPROVED

P=0.003*

P<0.001** P<0.001

Baseline 24 Hours 90 Days Baseline 24 Hours

EKOS® with tPA + Heparin Heparin

B severe

B Moderate

B wmild

[ Normal




No statistical difference 1n safety

Outcomes
No Deaths Or Significant Bleeding Complications

Clinical outcomes at 90 ERES Wlth. Heparin
tPA + Heparin P-Value
days N= 30 N= 29

Death

Recurrent venous
thromboembolism

Major bleeding

Minor bleeding




ULTIMA study

CONCLUSION

ULTIMA confirmed that a fixed-dose, ultrasound-assisted catheter-directed
thrombolysis EKOS® regimen was superior to anticoagulation alone in improving
RV dysfunction at 24 hours without an increase in bleeding complications.



SEATTLE II Study
Examined EKOS® benefit in a clinical trial setting in the US

Evaluate ultrasound-facilitated fibrinolysis using
EKOS® for massive and submassive PE (n=150; 2
centers):

» Efficacy — as measured by reduction in RV/LV ratic

» Safety — as measured by major bleeding
within 72 hours

Ultrasound-facilitated fibrinolysis
using EKOS®

for 24 hours
If bilateral PE: tPA 1




SEATTLE II Study

Patient characteristics and treatment details

21%/79

Total rtPA dose 23.7 £ 2.9 mg




educed RV/LYV ratio and Modified Miller Score at #
hours post-EKOS®

25% DECREASE RAPIDLY RELIEVED PULMONARY ARTE
RV/LV OVER 48 HOURS OBSTRUCTION

P<0.0001 P<0.0001
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Pre-Procedure 48 Hours Pre-Procedure 48 Hours




educed pulmonary artery pressure immediately
post-procedure

DUCED PULMONARY HYPERTENSION

P<0.0001

P<0.0001
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2Cro cases of intracranial hemorrhage reporteds

the study

Clinical outcomes* N =150

ength of stay + SD, days

ality**, n (%)

s due to t-PA, n (%)




¥ero cases of intracranial hemorrhage reporteds

the study

Intracranial hemorrhage (Fibrinolysis

Study Group)

(0)
SZ, et al. 1999 9/304 (3%)




SEATTLE II study

CONCLUSION

Ultrasound-facilitated, catheter-directed, low-dose fibrinolysis for

acute PE improves RV function and decreases pulmonary hypertension and
angiographic obstruction. By minimizing the risk of intracranial bleed, it
represents a potential “game-changer” in the treatment of high-risk PE patients



Metanalysis showed consistent
among
patients treated using EKOS®

mmary of published studies on ultrasound-assisted thrombolysis for
pulmonary embolism

Total RV/LV ratio Mean pul(mon:r\; artery
Total rt-PA : pressure (mmHg
thrombolysis

duration (h)

First author and year of [\ [ W1 Patients with
publication patients high-risk PE dose (mg)

Before Before
24.8+8.4 NA NA
17.4+5.2 NA NA

1.33+0.244 NA

NA NA NA

NA NA 27+9

1.42+0.20 1.06 +0.23! 37+9

1.28 +0.19i .99+0.17 209 24+7

+
1.36+0.21 L 31.1+9.0 22.7+6.9




Metaanalysis demonstrated a

among patients treated using EKOS®

mary of published studies on ultrasound-assisted thrombolysis for

Imonary embolism

248+8.4 2 (20)

First author and year of No. of Patients with | Total rt-PA Total thrombolysis Bleeding Complications
publication patients high-risk PE dose (mg) duration (h) Minor Major
L 10 NA 21.8

2(18) 17.2+2.4 17.4£5.2 0(0)

33.5+15.5 19.7+8.1 2(8)
2(20)

1(2)
11 (21)

3(10)

21(10.7)

0(0)?
0(0)c

4(17)
0 (0)
1(2)
1(4)¢

0 (0)

7(3.6)

Mortality at 3
months




PE diagnosis confirmed

Unstable Patient, Massive PE (BP < 90 mm Hg for > 15

Stable Patient o g .
min, significant clinical concern)

Suspicion for submassive PE (+
Troponin/BNP, tachycardic, RV 1.Start UFH

"1"35‘;23 ‘L"FET clinica) 2. Discuss IV Lytics vd EKOS versus Surgical
embolectomy with PERT leader
3.1f Lytics chosen — consider beginning therapy in ED

No Suspicion for submassive PE

Admit to
ICU

ECHO (-) ECHO (+)
for RV dysfunction for RV dysfunction

1.Start UFH
1. Low Molecular weight 2. Discuss IV Lytics vd EKOS versus
Heparin or Surgical embolectomy with PERT
Unfractionated Heparin leader
(UFH) — Medicine floor 3. If Lytics chosen — consider
admit beginning therapy in ED
4. Admit to CVICU



VTE Recurrence Risk




VTE Recurrence Risk - Gender




3 months

Long-term

VTE due to transient risk factor

Woman with DVT or PE, hormone

Woman with DVT, not hormones

Woman with PE

ors for recurrence: Obesity?; age?

s: Bleeding, fluctuating INRs, lifestyle impact, pt preference

with PE




Antithrombotic Therapy for VTE




Proximal DVT

or PE

o

Duration of Therapy

Unprovoked

Low to
moderate
bleeding

risk

Extended
therapy

bleeding
risk

3 months

Isolated
Distal DVT

Mild
symptoms or
high bleeding

risk

Serial
imaging x2
weeks

Extending
thrombus

Anticoagulate

Severe
symptoms or
risk for
extension

Anticoagulate

Cancer-
associated

Extended
therapy

Upper
extremity DVT

Anticoagulate




Pulmonary embolism carries high morbidity and mortality.

Quick recognition of massive PE allows for application of
rapid effective treatment to prevent complications and reduce
mortality.

RV dysfunction on echo/CT and the presence of a DVT are a
“high risk~ groups within the submassive category



* To date, thrombolysis of any kind has yet to prove mortality
benefit in submassive PE in RCT.

e Ultrasound accelerated thrombolysis appear to have less
bleeding risks with improvement in hemodynamic parameters

» Ultrasound accelerated thrombolysis uses less lytic, may
reduce mortality, and thus may have a role in the “high risk”
submassive PE patients






