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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 population3-6

Venous thromboembolism3
« 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



High incidence

The Surgeon General’s Call to Action
— 100, 000—18 0,000 PE-related to Prevent Deep Vein Thrombosis

and Pulmonary Embolism

deaths annually in the US

— PE is the most preventable
cause of death among
hospitalized patients

U.S. Department of Health and Human Services

The Surgeon General’s Call to Action to Prevent Deep Vein Thrombosis and Pulmonary Embolism.
US Department of Health and Human Services report, 2008.



PE: A silent and fatal epidemic

Most patients who die from PE are not diagnosed at pre-mortem,
and are not even suspected pre-mortem?

Rubenstein? 1,276 44 14 (32%)
Stein? 404 59 6 (30%)

Lau4 11,044 116 27 (23%)
Morganthaler® 2,427 92 45 (49%)
Pulido® 1,032 231 42 (18%)

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



PE risk stratification

Patient risk stratification (per AHA Scientific Statement 2011)

High risk Moderate/intermediate risk Low risk
 Sustained hypotension (systolic BP « Systemically normotensive « Systemically normotensive
<90 mmHg for = 15 min) (systolic BP 290 mmHg) (systolic BP 290 mmHg)

« Inotropic support « RV dysfunction e———— « No RV dysfunction
« Pulselessness « Myocardial necrosis « No myocardial necrosis

« Persistent profound bradycardia
(HR <40 bpm with signs or
symptoms of shock)

RV dysfunction v
RV/LV ratio > 0.9 or RV systolic ~ * ECG changes
dysfunction on echo « New complete or incomplete

« RVILV 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

Jaff M et al. Management of massive and submassive pulmonary embolism, iliofemoral deep vein thrombosis,
and chronic thromboembolic pulmonary hypertension: a scientific statement from the American Heart
Association. Circulation 2011;123(16):1788-1830

Quiroz R et. al. Right ventricular enlargement on chest computed tomography. Circulation. 2004;109:2401-2404

2 Distance: 4 14 cm
2 Min/Max: 82 /271
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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 - 3x higher mortality if RV/LV =

ey CHEST Original Research
iJ PULMONARY EMBOLISM

Echocardiographic RV/LV ratio = 0.9 show - Prognostic Value of Echocardiographic
Right/Left Ventricular End-Diastolic

to be independent predictive factor of Diameter Ratio in Patients With Acute

Pulmonary Embolism

h oS p Ita | mo rta | |ty g:z:g:;sﬁom a Monocenter Registry of 1,416

Benoft Frémont, MD; Gérard Pacouret, MD; David Jacobi, MD;
Raphael Puglisi, MD; Bernard Charbonnier, MD; and Axel de Labriolle, MD

« Registry of 1,416 patients

Background: In the literature, echocardiographic assessment of the prognosis of acute pulmonary
embolism is based on analysis of right ventricle free-wall motion or on a composite index
c::mblnm;, nghl ventricular dilatation, paradoxical septal wall motion, and pulmonary hyperten-
n sion. The aim of this study was to determine the prognostic value of a single quantitative
Y M ] echocardiographic eriterion, the right/left ventricular end-diastolic diameter (RV/LY) ratio.
o a I y ra e - Methods: Registry data on 1,416 ive patients hospitalized for acute pulmenary embolism
were used to study retrospectively a population of 950 patients who underwent echocardio-
graphic assessment on hospital admission and for whom the RV/LY ratio was available.
Results: The hospital mortality rate for the series was 3.3%. Sensitivity and specificity of RV/LYV
(0] = A ratio = 0.9 for predicting hospital mortality were 72% and 58%, respectively. Multivariate
_— 1 . 9 A) If RV/ LV ratlo < O . 9 analysis showed the independent predictive factors for hospital mortality to be the following:
systolic BP < 90 mm Hg {odds ratio [OR], 10.73; p < 0.0001), history of left heart failure (OR,
8.99: p < 0.0001), and RV/LY ratio = 0.9 (OR, 2.66: p = 0.01).
Conclusions: In our retrospective series, an echocardiographic RV/LY ratio = 0.0 was shown to be
0 - - > an independent pn.d.ulnc I'.u:tnr I'Dr hospital mortality. This criterion may be of value in selecting
— 0. ol ratlo 2 U. cases of sub lism with a poor prognosis that are liable to benefit from

thrombolytic lu:n.mcm (CHEST 2008; 133:355-362)

wwds: echocardiography: hospstal montahity; logtstse regression; prognosts: pulmonary embolism; nght ventrcular
dystunciion
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Fremont B et al. Prognostic value of echocardiographic right/left ventricular end-diastolic diameter ratio in patients with acute pulmonary embolism. 7
CHEST 2008;133:358-362



Adverse outcomes associated with
RVD — increased mortality risk

Cardiac Imaging
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PE-related mortality risk increases waeo) Ln s v | and Pulmonary Obstruction
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Van der Meer RW et al. Right ventribular dysfunction and pulmonary obstruction index at helical CT:
prediction of clinical outcome during 3-month follow-up in patients with acute pulmonary embolism. 8
Radiology 2005; 235:798-803.




Adverse outcomes associated with

RVD

— Patients with RVD defined as RV/LV
>0.9 have a greater chance of
adverse events

within 30 days

« Retrospective analysis of 63
patients with chest CT

« Adverse event rate at 30 days:
— 80.3% if RV/LV ratio > 0.9
—51.3% if RV/LV ratio < 0.9

Circulation ™

Right Ventricular Enlargement on Chest
Computed Tomography

Prognostic Role in Acute Pulmonary Embolism

Rene Quiroz, MD, MPH*; Nils Kucher, MD*; U. Joseph Schoepf, MD; Florian Kipfmueller, BS;
Scott D. Solomon, MD; Philip Costello, MD; Samuel Z. Goldhaber, MD

Background—We investigated the prognostic role of right ventricular enlargement on multidetector-row chest CT in acute
pulmonary embolism (PE).

Methods and Results—We studied 63 patients with CT-confirmed PE who underwent echocardiography within the
ensuing 24 hours. Adverse clinical events, defined as 30-day mortality or the need for cardiopulmonary resuscitation,
mechanical ventilation, pressors, rescue thrombolysis, or surgical embolectomy, were present in 24 patients. We
performed off-line CT measurements of right and left ventricular dimensions (RVp, LV} with axial and 2-dimensional
reconstructed 4-chamber (4-CH) views. The proportion of patients with RV/LV,=0.9 on the axial view was similar
in patients with (70.8%) and those without adverse events (71.8%; P=0.577). In contrast, RV/LV;>0.9 on the 4-CH
view was more common in patients with (80.3%) than without (51.3%: P=0.015) adverse events. The area under the
curve of RV/LVy, from the axial and 4-CH views for predicting adverse events was 0.667 and 0.753, respectively.
Sensitivity and specificity of RVy/L.Vp==0.9 for predicting adverse events were 37.5% and 92.3% on the axial view and
83.3% and 48.7% on the reconstructed 4-CH view, respectively. RV/LV;,>0.9 on the 4-CH view was an independent
predictor for adverse events (OR, 4.02; 95% CI, 1.06 to 15.19; P=0.041) when adjusted for age, obesity, cancer, and
recent surgery.

Conclusions—Right ventricular enlargement on the reconstructed CT 4-CH views predicis adverse clinical events in
patients with acute PE. Ventricular CT measurements obtained from 4-CH views are superior to those from axial views
for identifying high-risk patients. (Circulation. 2004;109:2401-2404.)

Key Words: tomography m embolism m prognosis m thrombosis

Quiroz R et. al. Right ventricular enlargement on chest computed tomography. Circulation.

2004;109:2401-2404




Adverse outcomes associated with RVD

Presence of RV hypokinesis associated with 57% increase
in mortality rate at 3 months

» Prospective study of 2,454 consecutive PE
patients at 52 hospitals in 7 countries

Mortality rate
at 3 months

Acute pulmonary embolism: clinical outcomes in the Intemational
Cooperative Pulmonary Embolism Registry (ICOPER)
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Goldhaber, SZ et al, Acute pulmonary embolism: clinical outcomes in the International Cooperative
Pulmonary Embolism Registry (ICOPER), Lancet 1999; 353: 1386-89.
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Adverse outcomes with unresolved
RVD — 8x incidence of recurrent VTE

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

0.6
—— RVD Persistence
first episode PE with mean f/u at 3.1 years g NoRID s
s 0.
B £
0_4 I S e . ;ﬁl - S S .
if RVD A
unresolved £ T
. g 0.2
Incidence of | 5 fﬁ ,
g 0.1 T P=.11
VTE at 4 years 0.05 == == =mx mm | = -
If RVD ODO TimeiAfter Hospéital Discha:l:ge y A
resolved No.t s
No RVD 155 124 94 72 56
— RVD Regression 87 72 55 43 29
RVD Persistence 59 49 37 26 16

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

Grifoni S et al. Association of Persistent Right Ventricular Dysfunction at Hospital Discharge After Acute Pulmonary Embolism with Recurrent Thromboembolic 1%
Events. Arch Intern Med 2006; 166:2151-2156




Standard PE therapy

— Anticoagulation (ac)—Heparin
» AC therapy prevents further clot growth
- Studies’23 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

1. Simonneau G et al. A comparison of low-molecular weight heparin with unfractionated heparin for acute pulmonary embolism. N Engl J Med 1997;337(10): 663 669.
2. Buller HR et al. Subcutaneous fondaparinux versus intravenous unfractionated heparin in the initial treatment of pulmonary embolism.

N Engl J Med 2003;349(18): 1695-1702.
3. Meyer G et al. Subcutaneous low-molecular-weight heparin fragmin versus intravenous unfractionated heparin in the treatment of acute non massive

pulmonary embolism: an open randomized pilot study. Thromb Heamost 1995;74(6):1432-1435



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

13
Piazza G and Goldhaber SZ. Finbrinolysis for acute pulmonary embolism. Vascular Medicine 2010 15(5):419-428



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
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Meta-analysis suggests reduced risk of
recurrent PE or death from
thrombolysis compared with heparin

» Meta analysis of randomized clinical trials

CirCUIation Ameﬁ?follgﬁfﬁmé for PE comparing thrombolytic therapy

Learn and Live.. W|th heparln

JOURNAL OF THE AMERICAN HEART ASSOCIATION

Thrombolysis Compared With Heparin for the Initial * Total of 11 trials, 748 patients included
Treatment of Pulmonary Embaolism

A EIETH-."'.LII.H]F'Si'i of the Randomized Controlled Trials ° Data from triaIS that included massive PE
Suzan War; Danssl J, Qrainlan, MBES; Giancario Agmelll, MDD, Joln W. Eikelboom, MEBS
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Wan S et al. Thrombolysis compared with heparin for the initial treatment of pulmonary embolism. Circulation. 2004 Aug. 10;110(6):744-9.



Meta-analysis suggested thrombolysis
was associated with lower mortality for
intermediate-risk PE, recurrent PE

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

Thrombolytic Group Anticoagulant Group

All-cause mortality (26) 23/1061 (2.17) 41/1054 (3.89) NNT = 59 .01
Major bleeding (16)? 98/1061 (9.24) 36/1054 (3.42) NNH =18 <.001
ICH (25) 15/1024 (1.46) 2/1019 (.19) NNH =78 .002
Recurrent PE (15) 12/1024 (1.17) 31/1019 (3.04) NNT = 54 .003
Age> 65y

All-cause mortality (5) 14/673 (2.08) 24/658 (3.65) NNT = 64 .07

Major bleeding (5)? 87/673 (12.93) 27/658 (4.10) NNH =11 <.001
Age<65y

All-cause mortality (11) 9/388 (2.32) 17/396 (4.29) NNT =51 .09

Major bleeding (11) 2 11/388 (2.84) 9/396 (2.27) NNH = 176 .89
Intermediate-risk PE

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

Chatterjee S et al. Thrombolysis for Pulmonary Embolism and Risk of All-Cause Mortality, Major Bleeding, and Intracranial Hemorrhage
JAMA 2014; 311(23):2414-2421.

16

: a Meta-analysis.



IV thrombolysis reduced the risk
of hemodynamic collapse

Tenecteplase Placebo P value
(QELS) (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

17
Meyer G et al. Fibrinolysis for patients with intermediate-risk pulmonary embolism. N Engl J Med. 2014 Apr 10;370(15):1402-11



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

Major extracranial bleeding 32 (6.3%) 6 (1.2%)
<0.001
Major bleeding as defined by ISTH 58 (11.5%) 12 (2.4%)
All Strokes by day 7
Hemorrhagic 10 1
. 0.003
Ischemic 2 0

Serious adverse events (SAE) by day 30

18
Meyer G et al. Fibrinolysis for patients with intermediate-risk pulmonary embolism. N Engl J Med. 2014 Apr 10;370(15):1402-11



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

1. Meyer G et al. Fibrinolysis for patients with intermediate-risk pulmonary embolism. N Engl J Med
2014;370: 1402-11.

2. Fiumara, K et al. Predictors of Major Hemorrhage Following Fibrinolysis for Acute PE. Am J Cardiol 19
2006;97:127-9

3. Kucher, N et al. Massive PE. Circulation 2006;113:577-82



IV thrombolysis—limited drug delivery
to thrombus

LLL

Schmitz-Rode T et al. Simulated flow pattern in massive pulmonary embolism: significance for selective intrapulmonary thrombolysis. 20
Cardiovasc Intervent Radiol 1998; 21: 199-204.



@ 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

21




EkoSonic® Endovascular System

Placement in the left
and right pulmonary
arteries for the
treatment of bilateral
PE

22



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

ULTIMA trial
SEATTLE Il trial
Meta-analysis of historical published data

Recent single-center studies



ULTIMA study compared EKOS® to
heparin in intermediate risk PE therapy

g

Circulation vt.“;:.“;i“"

Assaciation.

Interventional Cardiology

Randomized, Controlled Trial of Ultrasound-Assisted
Catheter-Directed Thrombolysis for Acute Intermediate-Risk
Pulmonary Embaolism

Nils Kucher, MI): Poter Bockstegers, MIY, Oliver ). Miller, MIY;, Christion Kupatt, MDDy,
Jan Beyer-Westendord, MIY, Thomas Heitzer, MID: Ulsich Tebbe, MDY, Jan Horstkoite, MIX,
Ralf Miillcr, ML), Erwin Blessing, MID: Martin Greif, MID: Philipp Lange, MI:
Kall-Thorsien Holfmanm, MIY; Schastian Werth, MD: Achim Barmeyer, My
Dirk Hanel, MID: Henrietie Griiewald, MID; Klaus Empen, MY, Iris Baumpormer, MD

Bockground —In patienés with scuie pelmosary embolism, sysiemic Swombolysss improves right vengricular {BV) dilatation,
i moccisied with major Blesding, and is withbeld in many paticsts ai fsk. This multicenier randomired, controlled sl
investigaied whether ulrescund-assisied catheter-<Birecied thromboelysis (USAT) is superkor o anlicoagulaSon aloae in
the reversal of BV dilataticn in intermesdisie-risk patients.

Methods and Resuity—Fifiy-sine paticnts (63214 yean) with acuic main o lower lobe pulmonary embolism and
echocardingrapbac BV inlefi venircul sr dmension (RN ) ratio 2| { were randomized to receive undractionaied heparin
and an USAT regimen af 10 to 20 mg recombinast s plasminagen activator aver 15 hours (n=30; USAT groug)
or unfrectionaied beparin slose (n=2; heparin group). Pamary culcome was the differesce in the BYALN mio fom
basmeling i 24 howrs. Safety outcomes incheded death, major and minee blzeding. and recurreat venous Ssamboembalism
i W0 days Inithe USAT group. the mean BYAN o wes reduced from 1 28440 19 s haseline o 0992417 ai 24 hoars
(Pl 001 ); im the Beparin group, mean RV mtios were 1 0014 and 117+ M), respectively {P=031) The mean
decresse in VALY raiio from beseline g0 24 hours was 3060 30 versus 00740 16 (Pl 001, respectively. AL 30 days,
there was: 1 death (i the heparin group), no major Bleeding, 4 minor bleeding episades (3 in e USAT group and | in the
heparin groap: P=0.61), and no recumest vencss thromboembolism.

Conclusions—In patienis with pulmosary embolism ai iniermediaie risk, o sandandfieed USAT mgamen was superiar io
anionagulution with heparin alone i reversing BV dilainSon s 24 hours, withoud an mcresss i bleeding complications.
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The first RCT for an advanced
catheter-based modality

Primary Objective

» Determine whether fixed low-dose
catheter-directed ultrasound
accelerated thrombolysis is
superior to heparin alone in
reversal of RV dilatation in
submassive/intermediate risk PE

24

Kucher N et al. Randomized, controlled trial of ultrasound-assisted catheter-directed thrombolysis for acute intermediate-risk pulmonary embolism.
Circulation. 2014;129:479-486



RCT compared EKOS® to heparin for

the treatment of intermediate risk PE
Patients: Acute PE with RV/LV =2 1.0

Unfractionated heparin + Ultrasound- Unfractionated heparin
assisted CDT using EKOS® + 1V bolus: 80 1U/kg
Infusion Protocol - Infusion: 18 1U/kg/hour

 rtPA 1mg/h; saline coolant 35ml/h

- Patients monitored in the intermediate or ICU

- After five hours, rtPA reduced to 0.5 mg/h

« At 15(+/-) hours, rtPA infusion, saline coolant
and ultrasound discontinued

« EkoSonic® devices removed in the
intermediate or ICU

Kucher N et al. Randomized, controlled trial of ultrasound-assisted catheter-directed thrombolysis for acute intermediate-risk pulmonary embolism.

Circulation. 2014;129:479-486
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ULTIMA Trial
Measuring RV/LV Ratio

Apical 4-Chamber view

End diastolicimage

Center line through interventricular septum
Obtain tricuspid annular line

Obtain subannular line 1.cm above

annularline

Obtain RV and LV dimensions using endocardial
borders

Kucher N et al. Randomized, controlled trial of ultrasound-assisted catheter-directed thrombolysis for
acute intermediate-risk pulmonary embolism. Circulation. 2014;129:479-486
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Greater RVD reduction with EKOS®
with tPA + heparin than with heparin

d | %QU?I'ION IN RV/LV RATIO SIGNIFICANTLY

RV/LV RATIO SIGNIFICANTLY GREATERAT
IMPROVED AT 24 HOURS 24 HOURS AND IMPROVED AT 9o DAYS
P<0.001 P=0.31 P=0.07
1.5 |
-_8 e P=o0.001
&
e =
K 2
2 £ o4
E 1.0 5
E 0.2
0.03
0.5 0.0
Baseline Baseline Baseline Baseline
Baseline 24 Hours Baseline 24 Hours to 24 hrs. to 9o days to 24 hrs. to go days
EKOS® with tPA + Heparin Heparin EKOS® with tPA + Heparin Heparin

Kucher N et al. Randomized, controlled trial of ultrasound-assisted catheter-directed thrombolysis for acute intermediate-risk pulmonary embolism. 27

Circulation. 2014;129:479-486



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

heparin alone

SYSTOLIC RV DYSFUNCTION SIGNIFICANTLY IMPROVED

P<0.001*%*

P=0.003%

| |

P<o0.001

Systolic RV Dysfuntion

Baseline 24 Hours

100% ‘
80%
60%
4,0%
20%
0%

B severe
B Moderate
M wmild

[ Normal

9o Days Baseline 24 Hours 90 Days

EKOS® with tPA + Heparin Heparin

Two-sided exact Mantel-Haenzel test | “*Wilcoxon rank sum test

Kucher N et al. Randomized, controlled trial of ultrasound-assisted catheter-directed thrombolysis for acute intermediate-risk pulmonary embolism.

Circulation. 2014;129:479-486
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No statistical difference in safety
outcomes with EKOS® with

tPA + Heparin than Heparin alone
No Deaths Or Significant Bleeding Complications

0 0% a0 0% 0.49
0 0% 0 0% 1.00
0 0% 0 0% 1.00
B 10% 1 B0 0.61
*Rehospitalization and death from advanced pancreatic cancer 29

**Two patients with transient mild hemoptysis without medical intervention, one patient with groin hematoma requiring manual compression
***One patient with transient bleeding following endoscopic removal of colon polyp
Kucher N et al. Randomized, controlled trial of ultrasound-assisted catheter-directed thrombolysis for acute intermediate-risk pulmonary embolism.



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.

30
Kucher N et al. Randomized, controlled trial of ultrasound-assisted catheter-directed thrombolysis for acute intermediate-risk pulmonary embolism.

Circulation. 2014;129:479-486



SEATTLE Il examined EKOS® benefit in a clinical trial
setting in the US

Evaluate ultrasound-facilitated fibrinolysis
- | using EKOS® for massive and submassive PE
A Prospective, Single-Arm, Multicenter @
Trial of Ultrasound-Facilitated, (n=150,' 22 CenterS)Z

Catheter-Directed, Low-Dose Fibrinolysis . . . .
for Acute Massive and Submassive + Efficacy — as measured by reduction in RV/LV ratio

Pulmonary Embolism . .
The SEATTLE Il Study « Safety — as measured by major bleeding

Gregory Fiazza, MD, MS,' Benjamin Hohlfelder, ProsD,' Michael . Jaff, DO,” Kenneth Ouriel, MD,? Wlth I n 72 h O U rS

Tod C. Engelhardt, MD,* Keith M. Sering, MD,” Noah 1. Jones, MD," John C. Gurley, MD, Rohit Bhatheja, MD,*

Robert 1. Kennedy, MD,® Nilesh Goswami, MD,'” Kannan Natamjan, MD," John Rundback, MD,"”

Immad R. Sadig, MD,® Stephen K. Liu, MD,'* Narinder Bhalla, MD,"* M. Laig Raja, MD," Barry &, Weinstock, MD,"” ono 5 . 5
Jacob Cynamen, MD," Fakhir F. Elmast, MD,'® Mark I. Gardia, MD,™ Mark Kumnar, MD,* Juan Ayerdi, MD,** l | |t a d f | t t d f b | S S
Peter Soukas, MD,® Wiliam Kuo, MD,™ Ping-Yu Liu, PeD* Samuel Z. Goldhaber, MD? r SO U n a C I I a e I rl n O y I
far the SEATTLE Il Investigators

C ®
— using EKOS
rent e i e, e bt o e Core Erid v 16, « If unilateral PE: tPA 1 mg/hr using one device
Washington).
for 24 hours

BACKGROUND Systemic fibrinolysis for acute pulmonary embolism (PE) reduces cardiovascular collapse but causes
hemorhagic stroke at 3 rate exceading 25%.

METHODS Higible patients had a proximal PE and a right ventricular (RV)-to-left ventricular (LV) dameter ° |f bilateral PE: tPA 1 mg/hr per device (using

ratio =0.9 on chest computed tomagraphy (CT). We included 150 patients with acute massive (n = 31) or submassive

{n = T8} PE. We used 24 mg of tisue plasminogen activator (t-PA} administered either as 1 mg/h for 24 h with a .

unilateral catheter or 1 mg/hjcatheter for12 h with bilateral catheters. The primary safety outcome was major beading tWO SiIMmu Ita neou Sly) fo r 1 2 h ours
within 72 h of procedure initiation. The primary efficacy outcome was the change in the chest CT-measwed RV/LY

diameter ratio within 48 h of procedure initiation.

RESULTS Mean RV/LV diameter ratio decreased from baseline to 48 h post-proceduse (1.5 vs. 113; mean
difference, —0.42; p < 0.0001). Mean pulmonary artery systolic pressure (51.4 mm Hg vs 356 9 mm Hg; p < 0.0007) and FO I | OW U p at 48 +/- 6 h O U rs
maxdified Miller Index seore (22.5 v 15.8; p < 0.0007) also decveased post-procedure. One GUSTO (Global Ut lizatbon of

Streptokinase and Tisue Plasminogen Activator for Oocluded Coronary Arteries)-defined severe blesd (groin hematoma

with transient hypotensicn) and 16 GUSTO-defined moderate bleeding events occurred in 15 patients (10%). No patient ° CT measurement Of RV/LV ratio

experienced intracranial hemorhage.

COMCLUSIONS Uttrasound-facilitated, catheter-directed, low-dose fibrinolysk decreased RV dilation, reduced pul- . . .
monary hypertension, decreased anatomic thrombus Duluen. and minimized intracranial hemorrhage in patients with E h d t t t PA t I

St s i P, (h Prspiciv, S, Wol-cens Tl of loorc gl Sysem nd * EChocardiogram to estimate Syslolic pressure
Activase for Treatment of Acute Pulmonary Embolism (PE) [ﬁb\'rrLE 1l; NCTO513754) () Am Coll Cardiol Intv

2015;8:1382-92) © 207 by the American Collage of Cardiclogy Foundation.

Piazza G et al. A Prospective, Single-Arm, Multicenter Trial of Ultrasound-Facilitated, Catheter-Directed, Low-Dose Fibrinolysis for Acute Massive and
Submassive Pulmonary Embolism. The SEATTLE Il Study. J Amer Coll Cardiol: Cardiovasc Interventions 2015; 8(10):1382-1392.



The SEATTLE Il Study

Endpoints

Primary Efficacy

Change in core lab-measured RV/LV ratio from baseline to 48 hours
as assessed by chest CT

Secondary Efficacy
Change in invasively measured PA systolic pressure from baseline
to device removal and as estimated on 48-hour echocardiogram

Primary Safety
Adjudicated major bleeding within 72 hours of the start of the procedure

Piazza G et al. A Prospective, Single-Arm, Multicenter Trial of Ultrasound-Facilitated, Catheter-
Directed, Low-Dose Fibrinolysis for Acute Massive and Submassive Pulmonary Embolism. The 32
SEATTLE Il Study. J Amer Coll Cardiol: Cardiovasc Interventions 2015; 8(10):1382-1392.



The SEATTLE Il Study

Patient characteristics and treatment details

Total enrollment 150% 100%
Massive/Submassive PE 31/119 21%/79%
History of previous DVT 30 20%
History of previous PE 15 10%
Concomitant use of antiplatelet agents 51 34%
Unilateral/Bilateral PE 20/130 13%/87%

* Denotes 1 patient died prior to treatment

Piazza G et al. A Prospective, Single-Arm, Multicenter Trial of Ultrasound-Facilitated, Catheter-Directed, Low-Dose Fibrinolysis for Acute Massive and 33
Submassive Pulmonary Embolism. The SEATTLE Il Study. J Amer Coll Cardiol: Cardiovasc Interventions 2015; 8(10):1382-1392.



Reduced RV/LV ratio and Modified
Miller Score at 48 hours post-EKOS®

25% DECREASE RAPIDLY RELIEVED PULMONARY
IN RV/LV OVER 48 HOURS ARTERY OBSTRUCTION
- P<o0.0001 P<o0.0001
o 25
=
8 20
1.5 wn
o ko
© S 15
S 10 2
<l &
z g
=
.5 %
]
s 5
[e] [o]
Pre-Procedure 48 Hours Pre-Procedure 48 Hours
Piazza G et al. A Prospective, Single-Arm, Multicenter Trial of Ultrasound-Facilitated, Catheter-Directed, Low-Dose Fibrinolysis for Acute Massive and 34

Submassive Pulmonary Embolism. The SEATTLE Il Study. J Amer Coll Cardiol: Cardiovasc Interventions 2015; 8(10):1382-1392.




Reduced pulmonary artery pressure immediately
post-procedure

REDUCED PULMONARY HYPERTENSION

P<o0.0001

60 P<o0.0001

5o

40

30

20

10

Mean PA Systlic Pressure (mmHg)

Pre-Procedure Post-Procedure 48 Hours

Piazza G et al. A Prospective, Single-Arm, Multicenter Trial of Ultrasound-Facilitated, Catheter-Directed, Low-Dose Fibrinolysis for Acute Massive
and Submassive Pulmonary Embolism. The SEATTLE Il Study. J Amer Coll Cardiol: Cardiovasc Interventions 2015; 8(10):1382-1392.



Zero cases of intracranial hemorrhage
reported in the study

Mean length of stay + SD, days 8.8x5
In-hospital death, n (%) 3(2)
30-day mortality**, n (%) 4 (2.7)
Serious adverse events due to device, n (%) 2 (1.3)
Serious adverse events due to t-PA, n (%) 2(1.3)
IVC filter placed, n (%) 24 (16)
Major bleeding within 30 days**, n (%) 17 (11.4)
GUSTO moderate** 16 (10.7)
GUSTO severe** 1(0.7)
Intracranial hemorrhage, n (%) o (0)

*All death, serious adverse and bleeding events were adjudicated by an independent safety monitor

**N = 149 (1 patient lost to follow-up)

Piazza G et al. A Prospective, Single-Arm, Multicenter Trial of Ultrasound-Facilitated, Catheter-Directed, Low-Dose Fibrinolysis for Acute Massive and 36
Submassive Pulmonary Embolism. The SEATTLE Il Study. J Amer Coll Cardiol: Cardiovasc Interventions 2015; 8(10):1382-1392.



Zero cases of intracranial hemorrhage
reported in the study

Minimized Risk of Intracranial hemorrhage

Intracranial hemorrhage (Fibrinolysis

Group)
I(g:ocl)clibkl]zaRber SZ, etal. 1999 9/304 (3%)
E/IEeI;II-:’C()S, et al. 2014 10/506 (2%)
IEEAZ\;I- lgf Ielt al. 2015 0/150 (0%)

37
Piazza G et al. A Prospective, Single-Arm, Multicenter Trial of Ultrasound-Facilitated, Catheter-Directed, Low-Dose Fibrinolysis for Acute Massive and

Submassive Pulmonary Embolism. The SEATTLE Il Study. J Amer Coll Cardiol: Cardiovasc Interventions 2015; 8(10):1382-1392.



SEATTLE Il 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

Piazza G et al. A Prospective, Single-Arm, Multicenter Trial of Ultrasound-Facilitated, Catheter-Directed, Low-Dose Fibrinolysis for Acute Massive and 38
Submassive Pulmonary Embolism. The SEATTLE Il Study. J Amer Coll Cardiol: Cardiovasc Interventions 2015; 8(10):1382-1392.



Early study showed safer and more
effective lysis with EKOS® than CDT

Single center retrospective comparative study

25 patients with massive pulmonary embolism (PE) were treated with either
EKOS® or catheter directed thrombolysis (CDT) without ultrasound.

11 patients received EKOS® therapy for 15 PE lesions
14 patients received CDT therapy for 18 PE lesions

Complete thrombolysis 100% 50% 0.01
Thrombolytic dose (tPA, mg) 17.2+2.36 25.43 * 5.27 0.03

Bleeding complications 0% 21.4% 0.02

Lin et al. Comparison of percutaneous ultrasound-accelerated thrombolysis versus catheter-directed
thrombolysis in patients with acute massive pulmonary embolism. Vascular. 2009 Nov-Dec;17 Suppl 39
3:5137-47



Single center experience showed CTA

evidence of RVD resolution with EKOS®

Single center retrospective single arm study

24 patients with high risk (n=5) or intermediate risk (n=19)
PE treated with EKOS®

Mean rtPA dose was 33.5+15.5 mg over 19.7 hours

1.33+0.24 1.00 * 0.13

17.8 £ 5.3 8.7+5.1

No deaths or systemic bleeding complications, including intracranial
hemorrhage; 4 access site bleeds requiring transfusion

Engelhardt TC et al. Catheter-directed ultrasound-accelerated thrombolysis for the treatment of acute
pulmonary embolism. Thromb Res. 2011; Aug;128(2):149-54.

<0.001

<0.001
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Single center experience showed
CTA evidence of RVD resolution

Case Study 1

Pre-treatment: e Poét-treafment
RV/LV = 1.64 RV/LV =1.10
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Single-center experience showed

CTA evidence of RVD resolution
Case Study 2

Te

Pre-treatment Post-treatment
RV/LV = 1.40 RV/LV = 0.91



Largest US single-center EKOS®
registry reported minimal risk of
adverse events

Single-center retrospective observational study
60 consecutive patients with either massive or submassive PE

No intracranial hemorrhage, one intra-abdominal hemorrhage leading to hypovolemic shock
and death, and one puncture site hematoma

: Survival to discharge N=57 (95%)
Blgsic| PE NEGEIEE), ICU stay (median) 1day
i = 0
Unilateral PE a2 Hospital stay (median) g days
Massive PE N=12 (20%) d val-
Submassive PE N=48 (80%) e
& - Overall N=56 (93%)
Thrombus clearance: - Submassive PE N=47 (98%)
- Complete (>90%) N=33 (57%) - Massive PE N=9 (75%)
- Near complete (50-90%) N=24 (41%) TR
- Partial (<50%) N=1 (2%) - Major bleeding N=1 (1.7%)
Total rtPA dose 35.1+1.1mMg - Minor bleeding N=1 (1.7%)
Total infusion time 19.6+6.0 hrs. - Cardiopulmonary arrest N=1 (1.7%)
- Acute renal injury N=1 (2.7%)
- Recurrent PE N=0 (0%)

Kennedy RJ et al. Thrombus Resolution and Hemodynamic Recovery Using Ultrasound-accelerated
Thrombolysis in Acute Pulmonary Embolism. J Vasc Interv Radiol 2013;24:841-848.



EKOS® PE treatment showed shorter
length of stay, more favorable long-
term mortality compared to anti-
coagulation alone

Single-center retrospective study to — 24-month survival rates favored
evaluate safety and efficacy of EKOS® EKOS® treated patients

therapy L . :

=i e e L
Comparispn to separate control group v - R I
(n=45) of intermediate o .
to high-risk PE patients treated -

with systemic heparin

0.1

or anticoagulation alone

0
3 months 6 months 12 months 18 months 24 months

Average LoS: EKOS® treated = 3.2 days
versus AC = 6.7 days

Treatment group Control group

Nykamp M et al. Safety and efficacy of ultrasound-accelerated catheter-directed lytic therapy in acute
pulmonary embolism with and without hemdynamic instability. J Vasc Surg: Venous and Lymphatic L4
Disord 2015; 3(5) 251-257.



Single-center study showed
significant reduction in PA pressure,
RV/LV ratio using EKOS®

— Single-center study of 45 consecutive acute submassive PE patients
(30 retrospective, 15 prospective)

— SEATTLE Il protocol used and described

— Results
» Decrease in average PA pressure from 49.8 mmHg to 31.1 mmHg (p<.0001)
» Decrease in average RV:LV ratio from 1.59 to 0.93 (p<.0001)
* 0 deaths, 0 re-admissions for PE in 30-day follow up

* 4 minor bleeds at access sites, 2 major bleeds
(1 pt. 3 days post-lysis; 1 pt. from a previous puncture site)

Bagla S et al. Ultrasound-Accelerated Catheter-Directed Thrombolysis for Acute Submassive Pulmonary Embolism.
J Vasc Interv Radiol 2015; 26(7): 1001-1006.
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Summary—i OF 2

— RV dysfunction in PE patients predicts poor outcomes
* Mortality
 Adverse events
* VTE recurrence

— Anticoagulant therapy does not actively resolve the existing thrombus

— |V thrombolysis is not used broadly

* Clinical data show improvement in hemodynamics,
* but it carries an elevated risk of severe bleeding, including ICH

— Use of EKOS® enhances thrombolytic therapy by an intra-catheter
ultrasound technology, which

» Loosens the fibrin structure

* Increases drug penetration into the fibrin matrix

» Ultimately reduces drug dose, treatment time and risk of complications

Bagla S et al. Ultrasound-Accelerated Catheter-Directed Thrombolysis for Acute Submassive Pulmonary Embolism.
J Vasc Interv Radiol 2015; 26(7): 1001-1006.

46
46



Summary—2 OF 2

— Clinical data establish the evidence for EKOS® in massive and
submassive (intermediate risk) PE
» ULTIMA—prospective, randomized, controlled, multicenter trial
 SEATTLE ll—prospective, 1-arm, multicenter trial
 Single-center studies

— Consistent EKOS® results among the various published studies

» Restoration of hemodynamics as evidenced by a reduced RV/LV ratio
and decreased PA pressure

» Resolution of pulmonary artery obstruction

« Favorable outcomes with low dose thrombolysis
(20-24 mg tPA based on the clinical trials)

* No reports of intracranial hemorrhage in published clinical studies

Bagla S et al. Ultrasound-Accelerated Catheter-Directed Thrombolysis for Acute Submassive Pulmonary Embolism.
J Vasc Interv Radiol 2015; 26(7): 1001-1006.
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Questions?

BTG confidential | References



