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Learning Objectives

At the end of this presentation, you will understand:
The Basics of CIN causes and outcomes
How RenalGuard Therapy was Developed
The Basics of RenalGuard Therapy
The impact RenalGuard Therapy has on CIN rates
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Kidney Demands Respect

20% of Cardiac Output dedicated to the kidr
for good reason.

Proper Kidney function required to:
Clear waste
Maintain extracellular environment
Balance water and electrolytes
Regulate systemic and renal hemodynam

Secrete hormones to support other
processes, including:

EPO to stimulate red blood cell formation
Calcitriol to influence bone metabolism
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Contrast-Induced Nephropathy (CIN):
Short-Term Insult with Long-Term Impact

Contrast toxic to kidney celld0% of nephrons
put in contrast for 15 minutes did not survive

Contrast media(CM) begins as a viscous fluid anc
Is further concentrated in the nephremirine
viscosity can be higher than native contrast medi
further worsening hypoxia

Combination of Ischemia, hypoxia, increased viscosity and toxicity of contrast
creates a vicious cycle, worsening effect of each insult.

This short term insult can only be diagnosed by measuring a rise in serum creatir
2-4 days after exposure, so many patients develop CIN without diagnosis.

Even though most CIN insults do not require dialysis, a spike in serum creatinine,
even if it returns to baseline, has been associated with increased morbidity and
mortality.
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CIN rates remain Too High

Hydration is the most recommended
prevention- CIN rates still unacceptabiyght

N-acetylcysteingorovides ndoenefit?

SodiumBicarbarbonaterovides no clear
benefitd

Recent, well conducted US trials have still
reported rates as high as 25% inresk
patients.?




Withholding Catheterization Not the Answer

In a review of matched group of
Medicare patients with cardiac
diagnosis, 25% of patients with chronic
kidney disease (CKD) received
catheterization, compared to 47% of
patients with similar cardiac diagnosis
without CKD

CKA& awSylfAaYEéSZ NE
mortality for CKD patients who did not
receive angiography of 60%, compared
to 30% mortality for patients who did
receive angiography

In many cases, patient is still better off
receiving catheterization than not

Often, CKD patients have worsened
cardiac disease due to their renal
dysfunction

1 Year Mortality for CKD Patients
with Similar Cardiac Diagnosis
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Need a solution that allows patientath
poor renal function and cardiac disease
to safely undergo procedures using
contrast

7 RenalGuard



Dusting off an Old Solution: High Urine Flow

As urine flow increases, so should benefit:

Shorter exposure time to contrast as urine move
more rapidly through tubules ol

Lower concentration of contrast in the urine
Decreased risk of medullary ischemia

Lesssludgindplugging of the tubules from direct
toxicity of contrast to the tubular epithelium

Should reduce incidence of apoptosis
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Long History of Induced Diuresis Trials that Do Not
Support the Theory

Weinstein! | 18 n/a n/a Control i ILasixd) &
Solomort | 58 11% 40% Control |Z°6"’f* -
gE mg
Dussot 156 7% 15% Control D g
Majumdar* | 92 28% 50% Control I e
What wentwrong? Whatdo they have in common?
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What Went Wrong?

Weinstein! | 110 mg | +1.30 kg -0.70 kg
Solomod |80 mg |-0.49 kg -0.78 kg
Dussol 3 mg/kg | +0.13 kg -0.46 kg

Majumdar* | 100 mg | Controlgained 266 ml more than
furosemidegroup

In the first three studies, no formal attempt was made to repla
the fluid. In the Majumdar study, an attempt was made (hourl
replacement) but still less fluid was given than was lost.
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Promising Direction
Prince Study 1999

A Prospective Randomized Trial of
Prevention Measures in Patients
at High Risk for Contrast Nephropathy

Results of the P.RIN.C.E. Study

Melissa A. Stevens, MD, Peter A. McCullough, MD, MPH,* Kenneth J. Tobin, DO, John P. Speck, MD,
Douglas C. Westveer, MD, FACC, Debra A. Guido-Allen, BSN, Gerald C. Timmis, MD, FACC,
William W. O'Neill, MD, FACC

Prince Study demonstrated high urir
flow may provide a benefit . e
against contrastnduced o
nephropathy: : P

failure and the probability of in-hospital death in patients undergoing percutancous coronary
intervention. Earlier studies of sing tion strategies (atrial natruretic factor, loop
diuretics, dopamine, mannitol) have shown no dear benefit across a spectrum of patients at
riske

METHODS A prospective, randomized, controlled, single-blind trial was conducted whers 98 participants
were randomized o ton:ed diuresis wuh intravencus cq-smllmd furcsemide, mannirol (if
pulmonary capillary wedge pressure <20 mm Hg), and low-dose dopamine (n = 43) versus

- intravenous erysealloid and marching placebos (n = S5).
Urine flow rates above 150 mi/hr RESUTS o s oo sl with gt e et i i (64 = 0.6 sl 2.5 =

0.91 mg/dl), age, weight, diabenc status, left ventricular function, degres of prch)'dmnun,
contrast volume and ionicity, and cxtent of peripheral vascular disease. The forced diuresis
resulted in hugher urine fow rate (16326 = 54,47 ws, 12257 * 54.27 ml'h) over the 24 h
after contrast expesure (p = 0.001). Two participants in the experimental arm versus five in
the contrel arm required dialysis, wath all seven cases having measured flow rates <145 ml'h
in the 24 h after the procedure. The mean indiwidual change in serum creatinine at 48 h, the
primary end point, was 0.48 * 0.86 versus 0.51 * 0.87, in the experimental and control arms,
respectively, p = 0.87. There were no differences in the rares of renal faihire across six
definitions of renal failure by intent-to-treat analysis. However, in all participants combined,
the rise in serum creatinine was relared to the degres of induced diuresis afrer conmalling for
baseline renal function, r = —0.26, p = 0.005. The rates of renal failure in those with urine
Hew rates greater than 150 ml'h in the postprocedure period were significantly lower, 8/37
(21.6%) wersus 28/61 (45.9%), p = 0.03.

CONCLUSIONS Forced diuresis with intravencus crystallaid, furceemide, and mannitel if hemodynamics
perot, bcg,mmng at the start of angiography provides a modest benefit against contrast-
induced nephropathy provided 2 high urine fow rate can be achieved. (] Am Coll Cardicl
1999, oho11 @ 1999 b; the American College of Cardiclogy

showed a 50% reduction In rates
of acute renal failure

Most patients not able to reach
150 ml/hr urine rate

Not optimal because the hydratio

protocol was a fixed amount and
y2u YFGOKSR 2
response

Radiocontrast-induced nephropathy, despite attempts to
prevent or alter its incidence, has been a significant cause of
iatrogenic renal dysfunction contributing to morbidity, pro-
longed hospitalizations, mortality, and increased costs of

From William Beanmon: Hespital, Reyal Oak, Michigan, and *Henry Ford
Health System, Detrait, Michigan, Financial suppert wis provided by the Division of
Candiclogy, Ressarch and Educarion Secrion, William Beaumon: Hospiral. Parts of
thia report were prescuted ar the 47th Anmual Scientific Seasion of the American
College of Cardinlegy, Atlants, Geergia, April 1, 1998

Mamseripe received Auguee 3, 1998; revied manuseript received Scprember 2,
1998, accepred Ottober 22, 1998,

health care over the past several decades as the number of
radiographic procedures have increased (1). Previous inves-
tigations regarding anticipation of this complication have
been largely retrospective and uncontrolled (2—4). Trials in
humans of prophylactic measures have evahliated hydration
strategies, furosemide, mannitol, calcium-channel blockers
and, most recently, atrial natriuretic peptide (5-10). Solo-
man and co-workers (5) showed in a randomized trial that
precontrast saline hydration was more effective than saline
plus furosemide or mannitol in preventing a rise in post-
procedure serum creatinine. This trial, however, did not
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Prince: Urine Rates Vs. Change in Creatinine
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Rise in serum creatinine decreases as urine rate increases.
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Why did PRINCE Results Fail to Impact Clinical Practice?

Guidelines listed target urine output of 150 ml/hr as a goal for reducing CIN,
but no one knew how to help patients actually achieve it.

No simple way to consistently get patients to reach the urine rates needed («
provide protection

Every patient responds differently to Furosemide

Tools available at the time to drive high urine rates came with risks:

Furosemide: Overwhelming data link the drug to higher rates of CIN

High volumes of Saline: Patient variability makes dosing very d#ficalmuch
fluid risks fluid overload, too little risks dehydrating the patient
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RenalGuard for CI-AKI prevention

RenalGuard® enables the benefits of high urine flows

while preventing the negative effects of dehydration:

Automated fluid replacement

T Enables administration of diuretics

I Mitigates risk of over/under hydration
Matched replacement + diuretic induces high urine flow
I Helps to rapidly clear renal toxins
I Flushing prevents contrast from clogging tubules
Seamless integration

I Easily incorporated into existing lab workflow

2 RenalGuard

US: Investigational device. Limited by Federaltbamwestigational use only.



RenalGuard in Clinical Use

RenalGuard Console
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RenalGuard in Clinical Use

RenalGuard Console
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RenalGuard in Clinical Use

RenalGuard Console

Patient
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RenalGuard Therapy:
Integrates into current Cath Lab Flow

First Contrast Last Contrast
Dose Dose
1L/hr
Additional Furosemide
Foley Catheter
Dose If needed i
IV catheter (18G) Yrine Rate
Target
o . Check Tone
-l Prime electrolytes
: L ETE])
o in Th 300 mi/hr
":, Beﬁm J :rlapv Stop RenalGuard
f-J§ and set Bolus Continue to monitor
S Furosemide Dose patient’s hydration status
on call to Cath lab
0 ml/hr
Throughout procedure, RenalGuard matches
all urine output with equal volume of saline
Pre- Catheterization Catheterization Post-Procedure
Procedure Procedure 4 hours after last contrast




RenalGuard for AKI prevention mechanism of action

Flush poisons Reduces
out of kidneys Oxidative stress

~ Promote and monitor urine outputl‘

A Creates and maintains high uring AHigh urine flow rates make the
flow rates kidney work less

ARapidly clears renal toxins ALowers kidneysxygenrequirement
APrevents contrast from clogging

ALess damagfom low blood flow
tubules

A Avoids injury to kidneys Al ess oxidative stress
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US Pilot Study

Study Design:

A Single arm feasibility study

A RenalGuard treatment + Cath
AHo LIGASYUa S[)C w ‘
A 4 Sites sansiivanie il ('.‘Siv ise

D E NS b

'Tvv'r- ]: :]
Connecticut

Results:

A All patients achieved the target
urine flow at time of contrast
exposure




Pilot Study Urine Rates: High Flow. Large Variability.
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8 DorvalJF, et alinternational Journal of Cardiolog®011.
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First Randomized Control Trial: MYTHOS

Centro Cardiologico Monzino

Milan, Italy o

Patients
N=170

PCI (elective/urgent: 100/70) using
lomerorn®

SDCw m¥nirdLiz3m?2

Design Protocol forRenalGuard:
Primary endpoint: Standard RenalGuard Therapy
CINgn ®p Y3IkRE I xH pFupsemidg0sd ma/ky
within 72 h)
Secondary endpoint: Protocol for ControlGroup:
In-hospital major adverse events Normal saline (1 ml/kg/h for 12 before

and 12hafter procedure)

2 RenalGUard® Marenziet al. JACCardiovasdénterv. 2012;5(1):967.




MYTHOS Baseline Clinical and
Procedural Characteristics

RG Group Control Group

(N=87) (%)) P-Value
Diabetes mellitus 38 (44%)) 29 (35%) 0.24
Serum creatinine (mg/dl) 1.8+ 0.6 1.7+ 0.5 0.12
eGFR (ml/min/1.78n?) 38+ 11 41+ 10 0.17
Contrast volume (ml) 181+ 104 1 5+8109 0.17

®
2 RenalGuard Marenziet al. JACCardiovasdénterv. 2012;5(1):967.







