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Underappreciated risk for hospitalization / death
linked to residual congestion in HFpnts

Ambulatory: 20% risk at 2 years

Primary End Point

Recently Hospitalized: 60% risk at 1 year
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McMurray, Packer et al NEJM 2014
Metra M et al. Circ Heart Fail. 2012;5:54-62

31% of acute heart failure patients leave hospital with residual congestion, having a
higher risk of 1-year mortality compared with those discharged with no congestion



Recurring Cycle of Decompensation
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"Diuretic resistance 1s omnipresent in HF
patients

Normal diuretic
response
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Diuretic efficiency (ml urine output
per 40 mg furosemide equivalent)

Diuretic resistance is defined as an impaired
sensitivity to diuretics resulting in reduced
natriuresis and diuresis limiting the possibility to
achieve euvolaemia

Heart
i 2021 ®

Pathophysiology
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Mechanisms of loop diuretic resistance

Reduced absorption of loop diuretic

Unable to bind to albumin

Reduced Itration

Proximal Na reabsor ption

Organic acids like blood urea nitrogen
competitively bind to OAT, reducing
diuretic availability in the tubule

Filtered albumin binds to furosemide,
reducing availability at cotranspor ter

Distal Na reabsorption

Fractional Excretion of Sodium

Diuretic Concentration

Testani J et al. Circ Heart Fail 2014 .
ter Maaten. J. M. et al. Nat. Rev. Cardiol. 2015



Diuretic Resistance Categorization

Importance of
specific
cause/mechanism
on diuretic
resistance Pre-Loop of
Herila Loop of Henle Post-Loop of Henle
Significant I i
Venous congestion || ° S
Unknown but ~Increased ..
hypot.he§ized to be intra-abdominal reabsorption
significant pressure Proteolytic acti n
Reduced cardiac REEHERR G gt ENaCtby |
Not significant output PEOLSaSE
with the mild to or;z;r'ea;;ccjms Upregulation o
moderate inemi i '
: Hypoalbuminemia Pendrin, NDCBE,
derangement found in Albaminaria ENaC
the average HF High sodium intake -
patient
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d e e Congress on
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Cardiorenal Syndrome in Heart Failure. London, UK: Springer Nature, 2019:153-73.

Cox ZL, Testani JM. Loop diuretic resistance in a patient with acute heart failure. In: Tang WHW, Verbrugge FH, Mullens W, editors.




FIGURE & Diuretic Therapy in Different Clinical Trajectories

il \

[ Traiectory: Continue diuretics
imF{rovirg' * Target relief of
Initiate IV loop | towards congestion .
diuretics early (ER target (Fig 7) * Plan for transition
or immediately . to oral therapy I
after admission)
r g
Initial dose usually Escalate diuretics
1-2.5 times total ( Moni ) ( Trai ' * Usually increase
daily oral loop lonitor symptoms, I r_aj_e::tnry. loop diuretic
diuretic in furosemide signs, urine output, nitia dose by 50-100%
) — BP, electrolytes, and improvement, i
equivalents . * Consider metolazone
assess trajectory then stalled 2.5-5 mg 1-2x daily
Prescribe IV diuretics (Fig 4) (Fig 8) o 9
(every 8-12 hr or \ y . * Consider other
continuous), L thiazides )
depending on patient
characteristics, - [ ch )
diuretic response, Trajectory: C Eanglﬂ cu:rse _
kidney function Not improved/ scalate diuretics
~| worsening * Consider other
(Fig 9) decongestion
\ strategies
* Consider
hemodynamic
monitoring
* Consider inotropes
* Consider advanced
Hollenberg SM, Warner Stevenson L.et al .JACC 2019 74:1966-2011.https://doi.org/10.1016/j.jacc.2019.08.001 h therapies )
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Second day Persistent
of congestion Parallel Parallel

interventions evaluation

Congestion with

Parallel Parallel
volume overload

interventions evaluation

B admission
Acute treatment l a ) N /AR /—\
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S urine output
N o—
S ©
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278 Starting dose =1-2 times Starting dose > 20-40 £ 235
= 24-hours oral home furosemide equivalents )
. . &
dossintavenotly GHEVEIOUE ) E’\ double loop diuretic Continue current dose
s dose until maximal until decongestion
: + ask to empty bladder + ask to empty bladder ©
Earlyisvauation | | ° loop diuretic dose
phase 5
o
l 3
Start urine collection Assess within

6 hours

Repeat until
maximal loop

v

< - .

2 EARLY EVALUATION OF TREATMENT < 100mL / hourly diureses dinieticdose
g - After 2 hours: spot urinary sodium analysis No

£ maximal loop

s - After 6 hours: assess average urine output diuretic dose?

Yes
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Urine spot sodium > 50-70 meq/L
6-hours urine output > 100-150ml/hours

First 6 hours after loop diuretic

Combinational diuretic therapy:
First line: thiazides

Aipssadau J1 wnisaubpw pup wnisspiod A| (¢) ‘U0IILISAI IIOM PUD 3DS (£)

Second line: Acetazolamide

Early response
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h Yes
paase e Third line: consider SGLT2-|
- _4 _4 dose according to table 2
- Persistent congestion? ——p No* Double dose
g l IV loop diuretics Persistent congestion
= Yes
< : e
g Assess within Repeat until Ui ballous
= Repeat similar dose 6 hours maxm?al d9se
S of IV loop diuretics leopiditicticos predischarge decongestion
v ¥ # »
g every 12-hours Consider evaluation according to figure 1 :
= < 50-70meq/L sodium Yes discharge \_ A
g < 100mL / hourly diureses l
£ -
OEJ - l No IF COMPLETE DECONGESTION = EVALUATE/PREPARE DISCHARGE
= X 1. Clinical stability on oral medication for at least 24 hours
(Go to part 2: treatment algorithm after 24'h°“"5) 2.Include in multidisciplinary disease modifying program + education on HF

3. Early ambulatory clinical follow-up (preferably within two weeks)
4. Early ambulatory laboratory follow-up (preferably within two weeks)
5. Establish discharge loop diuretic dose (see text chronic diuretic use)
6. Clear written form with discharge medication + uptitration or down-titration protocol
7. Motivate and involve primary care physician in multidisciplinary care




Acute treatment
phase

Within 1 hour of
admission

Early evaluation
phase

Congestion with
volume overload

l

Loop diuretic naive?

No Yes
Starting dose =1-2 times Starting dose = 20-40
24-hours oral home furosemide equivalents
dose intravenously intravenously *
+ ask to empty bladder + ask to empty bladder




Early evaluation + ask to empty bladder + ask to empty bladder

phase | | |
= Start urine collection
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_8 = EARLY EVALUATION OF TREATMENT
& g - After 2 hours: spot urinary sodium analysis
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£ % - After 6 hours: assess average urine output
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i Urine spot sodium > 50-70 megq/L

6-hours urine output > 100-150mi/hours

Early response . . .
phase Yes Ko —Dluretlc resistance

Persistent congestion? ——p» No*

Double dose «—
l Yes IV loop diuretics
Assess within Repeat until
Repeat similar dose 6 hours maxln"_lal dgse
of IV loop diuretics loop diuretics®

every 12-hours#

< 50-70megq/L sodium Yes
< 100mL / hourly diureses

lwo

(Go to part 2: treatment algorithm after 24-hours)

Remaining time of first 24 hours




Second day Persistent
of congestion

admission

Evaluate 24-hour
urine output

Diuretic resistance vo<s-« YOS AL
double loop diuretic Continue current dose
dose until maximal until decongestion

loop diuretic dose

Second day of admission until discharge

Assess within

6 hours Repeat until

v maximal loop

diuretic dose

< 100mL / hourly diureses

maximal loop

Diurdtic resistance ditifeticelose?

Yes
v

Combinational diuretic therapy:
First line: thiazides
Second line: Acetazolamide
or amiloride
Third line: consider SGLT2-I
dose according to table 2

Persistent congestion

Diuretic resista

predischarge decongestion
Consider evaluation according to figure 1

discharge l

=
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IF COMPLETE DECONGESTION = EVALUATE/PREPARE DISCHARGE
1. Clinical stability on oral medication for at least 24 hours
2.Include in multidisciplinary disease modifying program + education on HF
3. Early ambulatory clinical follow-up (preferably within two weeks)

4. Early ambulatory laboratory follow-up (preferably within two weeks)

5. Establish discharge loop diuretic dose (see text chronic diuretic use)
6. Clear written form with discharge medication + uptitration or down-titration protocol
\ 7. Motivate and involve primary care physician in multidisciplinary care
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Combinational diuretic therapy:\
First line: thiazides
Second line: Acetazolamide
or amiloride
Third line: consider SGLT2-|

dose according to table 2 y

65% sodium reabsarption.
(im HF reabsorntion up to 75%) ﬁ

B ™
Y

\ |
¢ \ -
i 2y N
" ; /
1Y N
) 3 Stasodium

f.'\r reabscrption

e H_fh ,35“ ’)« |

[ proximal convalutee tubus
Loop ot Henle
[ oot convounes woun oct)

Collectirg ducts

- Work distal in nephron (poor diuretic effect)

Thiazides,

know how to use them

Metolazone High dose loop diuretics
All-Cause Mortality
Hazard Ratio Hazard Ratio
Univariate 1.61 (1.42-1.83) —a— - 1.16 (1.08-1.23) ——
Propensity Adjusted 1.24 (1,07 -1.44) —— E I—l—i 0.99 (0.91-1.08)
1.20 (1.04-1.39) —a— L |—.—< 0.97 (0.90-1.06)
05 1 2 0.7 14

Metolazone Better Metolazone Worse

- Might counterbalance distal hypertrophy with chronic use of high dose LD

- Also work in low eGFR states

- Slow Gl absorption (heed to be given hours before LD)
- Protein bound like loop diuretics

- Long half life

Furosemide Better Furosemide Worse

Mullens W, Eur J Heart Fail 2019; 21:137-155.
Brisco-Bacik, J Card Fail 2017 abstract supplement S56.



v
Combinational diuretic therapy:\
First line: thiazides
Second line: Acetazolamide
or amiloride

Third line: consider SGLT2-|

dose according to table 2 )

Recent positive trials
on acute heart failure

« ADVOR (acetazolamide in decompensated heart failure

with volume overload)

« EMPULSE (empagliflozin in patients hospitalized for acute heart

fallure

* DELIVER (Dapaglifozin Evaluation to Improve the LIVES of
Patients with preserved ejection fraction heart failure)
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DAPAgliflozin versus metolazone in patients
with heart failure and diuretic RESISTance:
DAPA RESIST
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diuretics resistance

Change in weight (kg) Change in modified ADVOR congestion
y s from baseline to 96 hours score from baseline to 96 hours
h 1:1 randomization
l O O D D e e R C NP e ot 14
[ 1 0.56 (-0.06, 1.19), p=0.08* 0.21 (-0.48, 0.89), p=0.56*
1 SIS
kel
= Dapagliflozin Metolazone Fd | | il P
10 mg ~ 5-10 mg ? . 1 -
-3 ® -2 ? ‘
Uy | w
=1 3 consecutive treatment days 4| ‘D=z #| REggiicen
— ® Metolazone ¥ Metolazone
-5 -4

Baseline characteristics 24 hours 48 hours 72 hours 96 hours 24 hours 48 hours 72 hours 96 hours
*Combined estimate of effect from 48-96 hours
Safety

=
©

Change in serum potassium (mmol/L) Change in serum creatinine (mmol/L)
79 years-old 44% HFrEF from baseline to 96 hours from baseline to 96 hours
04 - ® Dapaglifiozin 50 4 m Dapagliflozin
# Metolazone B Metolazone P<005 p:011
024  p=0.02 =030 0
54% women 26% eGFR <30 P =029 P p=043
00 === e e 30 - p<0.05
02 | 1 I ! 20 -
' p=0.67 ®
o : 04 4 ‘ 10 It *
98% peripheral 244 mg IV
oedema furosemide daily 06 O s e R R e oY

24 hours 48 hours 72 hours 96 hours 24 hours 48 hours 72 hours 96 hours



Take home message

*Both dapagliflozin and metolazone are similarly
effective at relieving congestion when added to
intravenous furosemide in patients with diuretic
resistance.

* Treatment with an SGLT2i is well tolerated and
associated with a better biochemical profile.




Hypochloremia and Diuretic

CLCNKA gene loss of ¢
function variant

Upregulation of AQP2
channels

to the macula densa

¢°

In the absence of
chloride, WNK1

e

Heart Failure ) EHypOChloremia j

|

A4

autophosphorylates et
PRERREH, NCC channels \o . 2
Diuretic
Resistance
Dietary
chloride !
restriction ]
5 ® —
= Lysine Chloride
1 [= 5= |
Hypertonic Acetazolamide

Saline

Decreased chloride delivery

Upregulation of

Resistance

Worse Prognosis

RAAS Activation

~ N

Proximal sodium
reabsorption

Kidney Med. 5(4):100614.
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Serum albumin (g/dL) x»

(9]

NT pro-BNP (pg/mL)
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What About Hypertonic Saline?

TABLE 1 Baseline Characteristics of the Cohort (N = 58)

Age, yrs
Females
Medical history, %
Hypertension
Diabetes mellitus
Coronary artery disease
Implantable cardioverter-defibrillator
Moderate to severe valvular disease
Left ventricular assist device
Ejection fraction
Ejection fraction =40%
Vital signs
Heart rate, beats/min
Systolic blood pressure, mm Hg
Diastolic blood pressure, mm Hg
Mean Arterial Pressure, mm Hg
Estimated FiO,, %
Laboratory values
Sodium, mmol/L
Chloride, mmol/L
BUN, mg/dL
Creatinine, mg/dl
eGFR, ml/min/m?
Hemoglobin, g/dL
Inotropes/vasopressors, %
Milrinone
Dopamine
Dobutamine
Norepinephrine
Multiple
Length of stay and outcomes
Length of stay, days
Rehospitalized within 30 days of discharge, %
Deaths within 30 days of discharge, %
Discharged to hospice, %

Deaths, discharge to hospice, or readmissions within
30 days, %

Baseline diuretics

Loop diuretic dose, mg of furosemide
equivalents

Thiazide diuretic

Thiazide diuretic dose, mg of metolazone
equivalents

Acetazolamide, %
Acetazolamide dose, mg
Tolvaptan

60 + 11
45

55
36
45
60
62
25
35+ 22
65

85+ 17

103 + 14
60 £ 13

72+1
28 (21-33)

131 (125-134)
88 (83-93)
64 (40-83)
1.8 (1.5-2.8)
36420
99419
64
36
33
10
2
17

29 (17-76)
17 (10/58)
33 (13/40)
21 (12/58)
47 (27/58)

400 (200-875)

35 (59)*
10 (10-20)

309
500 (500-2,000)
5(8)

Supplemental Oxygen Use Change in Serum Sodium at 6 Hours:

Total Urine Output (mL)

Patients (%)

[ S = I«
o ©o O O

100 ~

p=019

— 1

04

48 36 24 12

m
o
o
o
i

Hours Pre-HS

0

12 24 36 438
Hours Post-HS

Total Urine Output

4,000 4

3,000 4

2,000 4

1,000 4

3 2
Days Pre-HS

Griffin, M. et al. J Am Coll Cardiol HF. 2020;8(3):199-208.

1

1

2 3

Days Post-HS

Frequency

A Weight

—r
(%3]
i

o

-3

-7-6-5-4-3-2-101 2 3 456867

Weight Change from Baseline

A Serum Sodium

3

2
Days Pre-HS

1

1

2 3
Days Post-HS

Diuretic Efficiency*

1200 p=<0.01
I [ |
E,g 1000
R
H
2 o 800
€5
=
-
E E 600
400
3 2 1 1 2 3
Days Pre-HS Days Post-HS

*Diuretic Efficiency Defined
as Increase in UO per
Doubling of LD Dose




Novel Decongestive Therapies

Catheter-Deployed Pump
Into Descending Aorta
Increased Blood Flow
into Kidney
Device-Driven h
Increase of Lymphatic Flow | Transcatheter

Decreased Kidne ncreased Blood Flow
Y Renal Venous

into the Venous System Interstitial Pressure out of Kidney ]
Decongestion
Signs/Symptoms
of HE System
Hospitalizations
- Morbidity and
Mortality
Ultrafiltration Pharmacological Diuretics
LU ET
Independent of Hydrostatic
Kidney Function ) Pressure Gradient P T R
Ultrafiltration Volume Overload

Direct Peritoneal
Sodium Removal

Intra-Atrial
— Shunt Device

Controlled
Diuresis

L Improve Native
Kidney Function




(Combinational diuretic therap
First line: thiazides
Second line: Acetazolamide
or amiloride
Third line: consider SGLT2-|
\ dose according to table 2

N

J

l Persistent congestion

% (ur- b:ail out )

Peripheral
Isolated Veno-
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Differences between diuretics and
ultrafiltration

* The most important attributes of ultrafiltration are
» The predictable removal of sodium,

» Restoration of diuretic responsiveness,

»An unaltered electrolyte,

»More effective decongestion,

»|mprove in glomerular filtration
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Changes in Serum Creatinine and Weight at 96 Hours (Bivariate Response)
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Aquapheresis Versus Intravenous Diuretics and Hospitalizations for Heart Failure (AVOID-HF)
Primary End-Point: Time to HF Event After Discharge
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Figure 1 Scheme of the Reprieve-based therapy.
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Controlled Decongestion by Reprieve Therapy™ in Acute Heart Failure:
the Results of the TARGET-1 and TARGET-2 Studies

Biegus J et al. Eur J Heart Fail doi: 10.1002/ejhf.1533




Circulation

ORIGINAL RESEARCH ARTICLE

First-in-Human Experience With Peritoneal
Direct Sodium Removal Using a

Zero-Sodium Solution
A New Candidate Therapy for Volume Overload



First in Human Experience with
Peritoneal Direct Sodium Removal
Using a Zero Sodium Solution:
A New Candidate Therapy for
Volume Overload

Rao V et al. Circulation 2020; 141:1043-53

Volume (mL)

Volume (mL)

10007 o+ DSR
goo{ = Standard PD Solution
G
600+ £
=
400+ 3
[77]
200-
o._ Ll L . .
0 30 60 90 120
Time (minutes)
1000+ p<0.0001 6
(|
o4
£
=
3
w2
0

123 4567 8 910
Average

Patient number

-~

671 = DSR

-»- Standard PD Solution

2

o-H/w*/'—i/."

120

0 30 60 90
Time (minutes)
p < 0.0001
| —|
12 3 45 67 8 910
Patient number Average




predischarge decongestion
Consider evaluation according to figure 1

2

discharge l

IF COMPLETE DECONGESTION = EVALUATE/PREPARE DISCHARGE
1. Clinical stability on oral medication for at least 24 hours
2.Include in multidisciplinary disease modifying program + education on HF
3. Early ambulatory clinical follow-up (preferably within two weeks)
4. Early ambulatory laboratory follow-up (preferably within two weeks)
5. Establish discharge loop diuretic dose (see text chronic diuretic use)
6. Clear written form with discharge medication + uptitration or down-titration protocol
7. Motivate and involve primary care physician in multidisciplinary care




Graphical Abstract

o Universal assessment of congestion
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Other heart failure Guideline-
directed medical therapies

Management of congestion in acute heart failure  European Heart Journal (2023) 44, 51-53



Conclusions

* Incomplete decongestion is major determinant of HF
rehospitalization and adverse outcome

* A timely stepped diuretic approach (Door to Diuretics + Correct
dose of diuretic+tCombination diuretic therapy) have potential
for improve decongestion efficiacy

* There is increased attention toward avoidance of intravascular
volume depletion and consequent renal hypoperfusion

* Novel decongestive methods range from the requirement of a
peripheral venous access and urinary catheter to that for
intraperitoneal implant procedures




GOOD LUCK




