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ADHF

Congestion & Volume Management

 Congestion

is the major cause of acute decompensation.

 In

acute decompensated heart failure (ADHF):
a. Relief of congestion – major determinant of prognosis.
b. Effective and safe decongestion – major aim of therapy.



Diuretic agents remain the cornerstone of therapy for fluid overload.
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Today’s
Shortcomings

Congestion & Volume Management

Issues with currently available volume management therapies…
Diuretics

Ultrafiltration

• The standard of care of using IV
diuretics for treatment of ADHF lacks
the adequate control required to
optimize fluid loss to prevent:

• Controllable fluid removal rate.

• Over-diuresis, risking injury to the
kidneys and poor patient
outcomes.
• Under-dosing & discontinuation
of other heart failure medications.
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• Requires extracorporeal blood flow
and filter.
• 2016 ESC-HF guidelines (IIb B)
• “may be considered for patients
with refractory congestion, who
failed to respond to diureticbased strategies.”

Future
Therapies

Congestion & Volume Management

In order to address limitations of the current standard of care, we need a
controllable decongestive therapy that has the following characteristics:


Enables the optimal guideline recommended dose of diuretic with safety &
efficacy.



Prevents under-diuresis and optimize volume removal in that patient.



Rapidly allows both hemodynamic (intravascular and extravascular fluid)
and clinical (resolution of symptoms) decongestion.



Eliminates concern of causing over-diuresis leading to adverse events.

5

Future
Therapies

Proposed Therapy Using the RenalGuard System
Automated Controlled Fluid Replacement

• Originally developed for the treatment of contrast
induced nephropathy (CIN). 20K cases world-wide.
• Both CHF & CIN clinical applications may remedy;
• Intravascular volume depletion limits the
magnitude and duration of urine output.
• Fluid management performed by placing both a
peripheral IV for infusion of replacement solution and
a Foley catheter for measurement of urine output.
• The RenalGuard system constantly measures urine
output and can be set to infuse replacement fluid
of the total or a percentage of urine output.

• In addition to reducing incidence of CIN, the
system is able to generate consistent high urine
outputs, even in those patients with low GFRs.
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Infuse Fluid
Measure Urine

RenalGuard
CHF Therapy

A Novel Approach to Volume Management in ADHF

• Diuretics remove volume from the intravascular
space indexed as a reduction in the total amount
of volume in the central veins.

Intravascular space

• Once sufficient volume is removed, fluid from the
extravascular space moves back into the
intravascular space maintaining cardiac preload.

Venous
volume in
ADHF

• If fluid is removed too quickly from the
intravascular space:
• Preload is compromised resulting in
reduction of cardiac output, thus inadequate
renal perfusion.
• Concomitant extra- and intra-renal
mechanisms are activated leading to salt and
water retention, thus contributing to diuretic
resistance.
Courtesy F. Mahfoud
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Volume that
limits blood
flow and
activates
compensatory
mechanisms

RenalGuard
CHF Therapy

A Novel Approach to Volume Management in ADHF

• RenalGuard therapy is specifically designed to maintain venous volume in a safe and
controlled manner to prevent these events.
• RenalGuard will replace a physician-set (Fluid Loss Limit – FLL) portion of the urine volume
generated by the patient.
• The difference between the urine output and the amount replaced is the “net negative”
amount of volume removal from the patient.
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RenalGuard
CHF Therapy

Overview of TARGET Study



Prospective, single-center, single-arm
observational trial.



Patients served as own controls.



Primary objective:





Evaluate the ability of the RenalGuard
system to enable controlled fluid removal
in patients hospitalized with ADHF.



Evaluate the ability of the RenalGuard
system to improve diuretic efficiency.

Major Inclusion Criteria:


Diagnosis of ADHF;

– Signs, symptoms, elevated NP.


SBP ≥ 100 mmHg; eGFR 25-90
mL/min/1.73m2
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RenalGuard
CHF Therapy

Overview of TARGET Study

Study Design:
Day 01: Standard of care fluid loss
with diuretics.
Day 02: Fluid loss using RenalGuard
system + diuretics.

Therapy administration:
• Connection to the RG System: standard
peripheral IV catheter, standard Foley catheter.
• Bolus of 40 mg furosemide IV
• First 60 mins: Matched fluid replacement with
clinical assessment.
• After first hour: Hourly ”desired fluid balance”
set to -100 mL/h. Fluid Loss Limit (FLL) can
be adjusted on physician discretion ±10 mL/h.
• Clinical evaluation (signs/symptoms): Dose
additional furosemide as needed and precisely
control increase or decrease in desired fluid
balance.
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Front-line
CHF Therapy

Example of RenalGuard Therapy

• Patient given bolus and then started on
continuous IV infusion of furosemide.
Maximum allowed
difference is fluid
loss limit (FLL)

• The RenalGuard system continuously
monitors urine production & automatically
infuses saline (yellow line) to control total
volume removal and result in the
physician-set fluid loss limit (FLL).

mL/hr.

• Rate of urine production (light blue line)
increases quickly then levels at about 300
ml/hour.

• Initial 12 hours the FLL was initially set at
-100 ml/hour and was then increased to
-150 ml/hour after the consistency of
patient’s urine output allowed this increase.
• Importantly, this novel therapy allowed a
controllable, precise and predictable rate
of fluid removal (purple line).
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Front-line
CHF Therapy

TARGET Study: Patient Demographics

Baseline Characteristics

(n=9)

History

(#/total)

Gender (# Male / Female)

8/1

Ischemic HF

4/9

BMI (kg/m2)

29.9 ± 7.2

CAD

4/9

DM2

3/9

HTN

4/9

Edema (# +1 / +2 / +3)

5/3/1

Systolic BP (mmHg)

122 ± 10

AF

4/9

HR (BPM)

75 ± 13

CRT/ICD

3/9

NT-Pro BNP (pg/ml)

4038 ± 1537

GFR at screening

60 ± 17

Serum Creatinine (mg/dl)

Medications

(#/total)

Diuretics

9/9

1.35 ± 0.36

Beta Blocker

9/9

Serum Sodium (mmol/l)

139 ± 2.2

MRA

8/9

BUN (mg/dl)

30 ± 12

ACE or ARB

7/9
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Controlled Fluid
Management



TARGET Study: Safety and Outcomes

All 9 patients completed at least 24 hours of standard diuretic therapy followed by
27 ± 3 hrs. of diuretic therapy + RenalGuard.
Note: only the last 24 hrs. of diuretic therapy were used to compare to RenalGuard.



All patients had physician assessment for signs and symptoms of heart failure including:


Dyspnea on exertion or at rest



Orthopnea



Rales



Jugular venous pulse



Peripheral edema
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Controlled Fluid
Management



TARGET Study: Safety and Outcomes

No adverse events related to diuresis either with or
without the RenalGuard® System including:


Symptomatic Hypotension/Hypovolemia



Symptomatic Hypervolemia/Hypertension



Electrolyte imbalance



Renal dysfunction



Infection



Device malfunction
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Controlled Fluid
Management

TARGET Study: Safety and Outcomes
TARGET Study: Safety and Outcomes

Following RenalGuard guided diuretic therapy:


All patients reported significant improvement in dyspnea and PSA.



HF signs were less pronounced.
Category

Baseline

End of Therapy

Exertional Dyspnea (0-3)

3.0 ± 0.0

1.1 ± 0.9

Orthopnea (0-3)

1.9 ± 0.3

0.1 ± 0.3

Patient Self-Assessment (0-10)

7.8 ± 1.2

3.1 ± 1.4

0;8;1;0

6;3;0;0

0
7
2

6
3
0

1.7 ± 0.8

1.0 ± 1.1

Rales (0; <1/3; 1/3-2/3, >2/3)
Jugular Venous Pulse
<6
6-10
>10 in cm H2O
Peripheral Edema (0-3+)
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Controlled Fluid
Management

TARGET Study: Volume Changes
TARGET: Volume Changes (corrected for 40 mg bolus)

24 Hrs Total Furosemide
200

Diuretic Efficiency
(ml urine /40 mg
furosemide)

**

(mg)

150

100
50

82

125

0
24 Hrs before RG

24 Hrs Urine

**

2000
1000

0

998

1650

24 Hrs before RG 24 Hrs w/ RG

Net Fluid Loss

*

24 Hrs before RG

24 Hrs w/ RG

-1754

-1597

0

4000

-1000

4771

2000

(ml)

(ml)

6000

24 Hrs w/ RG

3000

1961

0

24 Hrs before RG

-2000
-3000

24 Hrs w/ RG

-4000

* P < 0.01; ** P < 0.05
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Controlled Fluid
Management

TARGET Study: creatinine, eGFR and weight
eGFR

(mg/dl)

2.00
1.50
1.00
0.50

1.31

1.19

1.17

1.28

469
9

0.00
Baseline

24 Hr

(ml/min/1.73m2)

Creatinine

Discharge 30 Days

At the end of 24h therapy with RenalGuard in 6 / 9200
pts
creatinine level dropped by ≥ 10% from baseline. 6

Weight

100
50

64
0
Baseline GFR

30 Day GFR
256
The individual change in GFR ranged
5
from +42% to -22%.
95
3

(kg)

150
100
50

85

79

Baseline Weight

Discharge Weight

0
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RenalGuard
CHF Therapy

TARGET Study: Conclusions

• The study shows potential utility of RenalGuard Guided Controllable Diuresis:
• RenalGuard® System in conjunction with diuretic therapy to safely increase
urine production in congested ADHF patients.
• Improved diuretic efficiency, demonstrated by a significant increase in urine production,
can result from better control of intravascular volume (partial replacement of fluid
removed).

• This is a promising first step toward developing a new treatment therapy for patients
with ADHF that offers physicians control over the rate of fluid loss, effective
decongestion and patient safety.
• Next study is planned to determine how to use this observed increase in diuretic efficiency
to safely optimize net fluid removal in patients with volume overload.
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