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1. Fenotipar la
sobrecarga
hidrosalina de mi
paciente con IC
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Sintomas y signos clinicos ofrecen una rentabilidad limitada

Problem: Symptoms and signs show low accuracy for
Decongestion: more than meets the eye! assesment of congestion/fluid overload

Frederik H. Verbrugge*

Dreparcmen of Cardiology, Zickenhuis Crost-Limburg, Genlk, Belgium

Discriminative ability of symptoms and signs

Parameter Sensitivity  Specificity = Comparator Comment

Clinical evaluation

Right-sided

JVP >8cm 48% 78% RAP > 7 mmHg Difficult in obese patient

Jugular venous reflux 50% 75% RAP =7 mmHg Difficult in obese patient

Hepatomegaly 51% 62% RAP =7 mmHg Difficult in obese patient, non-HF causes
Bilateral leg cedema 94% 10% RAP > 7 mmHg Mon-HF oedema gives false positive
Left-sided

Dyspnoea 50% 73% PCWP > 18 mmHg  Multiple reasons for dyspnoea
Dyspnoea on exertion 66% 52% PCWP > 18 mmHg  Multiple reasons for dyspnoea on exertion
Orthopnoea 667% 47% PCWP > 18 mmHg May be non-cardiac in origin or absent
53 73% 42% PCWP > 18 mmHg  Intra-observer variability

Rales 13% 90% PCWP > 18 mmHg  May be non-cardiac in origin or absent
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Fenotipar usando abordaje multiparamétrico

) CLINICA

signos y sintomas

BIOMARCADORES

NT proBNP, CA125

IMAGEN

Ecocardiograma, ecografia pulmonar

Los parametros clinicos convencionales (signos y sintomas) ofrecen una modesta precision diagnéstica para la
deteccion y monitorizacion de |la congestion.

Se recomienda adoptar una estrategia en la que se integren variables clinicas, técnicas de imagen

(ecografia) y biomarcadores (péptidos natriuréticos y antigeno carbohidrato 125).

Lidera ndo el conOCimiento l Tanto en el ambito hospitalario como en el ambulatorio.
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2. Adecuar intensidad del tratamiento en base al fenotipo

Managment

) Vasodilators Diuretics
Diuretics SGLT2i
Inotropes Vaptans

Saline hypertonic solution

Acute Chronic
PUlmOI'IaI'y S systemic lJL;ﬁl:JIn \rmm/anl
Intravascular | o~ Intravascular | - oo
Plllmonal'y Pleural systemic Peripheral

effusion

Tissular | =

edemas

Tissular | -

Liderando eI COﬂOCillllcluu Jel 1nialidiid ,
CardioAdvancedForum Nufiez J, et al. Eur Journal HF 2022.



3. Monitorizar y adecuar el tratamiento diurético precozmente (horas)

Acute treatment
phase

Within 1 hour of
admission

Congestion with
volume overload

Loop diuretic naive?

No Yes

Starting dose =1-2 times
24-hours oral home

Starting dose > 20-40
furosemide equivalents

Parallel
interventions

G

Parallel
evaluation

)

Second day
of
admission

l congestion

Evaluate 24-hour
urine output

UO>3-4L
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Parallel
interventions evaluation

Early evaluation
phase

First 6 hours after loop diuretic
administration

Early response
phase
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Remaining time of first 24 hours

dose intravenously intravenously

+ ask to empty bladder + ask to empty bladder

Start urine collection

v

EARLY EVALUATION OF TREATMENT

- After 2 hours: spot urinary sodium analysis
- After 6 hours: assess average urine output

-

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

es No

; e "
Persistent congestion? —— No Doubleldose

IV loop diuretics
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l Yes

Repeat similar dose
of IV loop diuretics

Assess within
6 hours

every 12-hours#

< 50-70meq/L sodium
< 100mL/ hourly diureses

l No
v

CGo to part 2: treatment algorithm after 24—hours)

Repeat until
maximal dose
loop diuretics®

Yes

Second day of admission until discharge

Continue current dose

double loop diuretic
dose until maximal
loop diuretic dose

until decongestion

Assess within

6hours Repeat until

maximal loop

diuretic dose

< 100mL/ hourly diureses

maximal loop
diuretic dose?
Yes

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

Persistent congestion
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( UF- bail out )

predischarge decongestion
Consider evaluation according to figure 1
discharge l 4

4
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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 y 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)

7. Motivate and involve primary care physician in multidisciplinary care

6. Clear written form with discharge medication + uptitration or down-titration protocol

rt-Fail. 2019;21:137-155.



PUSH-AHF trial

PUSH-AHF trial _ _ _ _
1st primary endpoint — 24h natriuresis

500 - p = 0.0061

g g

Total Natriuresis
(=]
g

(mmol urinary sodium/24h)

g

Natriuresis Guided

Estimated difference: 63 (95% Cl:
18-109) mmol urinary sodium

1. Ter Maaten JM, et al. [published online ahead of print, 2023 Aug 28]. Nat Med. 2023;10.1038/s41591-023-02532-z
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4. Blogueo secuencial de la nefrona precozmente si respuesta clinica

inicial no adecuada

Acetazolamide

: " ISGLT2 :
250 -500 mg / day ety - S T ol
( ADVOR STU DY) { Na*, "2 Na ©, 'H,').( H+ Acetazolamida
‘B Hcot | HCo A HCO' He ‘/
, HCO, < m——
. : - L H20 + CO: i
SG LT2| i " Nat, st Na* «-eel : E
' K"/\(K' g Ne S0\ — iSGLT2 :
Dapagliflozina/empagliflozin ( T s v ;
10mg / day : Na*

Porcién ascendente gruesa del asa de henle

Luz tubular
Capilar J

peritubular

Loop diuretics =~

i de asa
Furosemide , [
Torsemide ' , Nas_aE. Nov <SG Na* Nt
Bumetanide O -
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Na'/K
Na* Na* CEREEans - » Na‘ awaa  Na* .

Tabulo contorneado distal (porcién distal)

1 Luztubular

Luz tubular )
" Capilar
. peritubular
'
4
4
)
HO — >
* {
¥ i

! capilar i

: == R
i e » i
i Inhibidores 5
: . VR |
eNaC el o Na
K‘>.<K' '
» 4
. 3
Na -—;b Na ARM )
.'_/ 1
) |
Aldosterona
{

( :l:tzli;l;[t;-ééh-tl)rneado distal (porcién proximal)
{1 Luztubular -
: ' Capilar i . .
il e e Thiazides
Tiazidas | 12,5-50 mg / day
\_ ! . HCTZ 25-100 mg / day

(CLOROTIC STUDY)

Spironolactone

50 mg / day
(ATHENA STUDY)

Tolvaptan

Urea
15-30 mg / day
(

Felker, G. M., Ellison, D. H., Mullens, W., Cox, Z. L., & Testani, J. M. (2020). Diuretic Therapy for Patients With Heart Failure: JACC State-of-the-Art Review. In Journal

of the American College of Cardiology (Vol. 75, Issue 10, pp. 1178—1195). Elsevier USA. https://doi.org/10.1016/j.jacc.2019.12.059



Evidencia experimental

Thiazide-type Sodium/chloride cotransporter Targets distal nephron hypertrophy associated
diuretics Distal tubules with chronic use of loop diuretics
Increases fractional sodium excretion

AfRadir a diuréticos de asa tiazidas: importante aumento de la natriuresis
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Evidencia reciente; ADVOR trial

Total Clinical Congestion Score
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Evidencia reciente; ADVOR trial

ORIGINAL ARTICLE

Acetazolamide in Acute Decompensated

A Successful Decongestion within 3 Days after Randomization Heart Failure With VOlume Overload
:Eij; EJE';"' 146 (35% CI, 1.17-1.82) W. Mullens, J. Dauw, P. Martens, F.H. Verbrugge, P. Nijst, E. Meekers,
’ K. Tartaglia, F. Chenot, 5. Moubayed, R. Dierckx, P. Blouard, P. Troisfontaines,
Placebo D. Derthoo, W. Smolders, L. Bruckers, W. Droogne, .M. Ter Maaten,
Acetazolamide 92 K. Damman, J. Lassus, A. Mebazaa, G. Filippatos, F. Ruschitzka, and M. Dupont,
: 2 : : i i : : i i for the ADVOR Study Group*
0 10 20 30 40 50 60 70 80 90 100
Percentage of Patients

5
Treatment effect
reatmente 5.0 Absolute difference on day 2, 500~ Absolute difference on day 2,
o 4.5+ 0.5 liters (95% Cl, 0.2-0.8) 4504 98 mmol (95% Cl, 56-140)
- 4.0+ § 400-
s 5 § 3.5+ S 3504
= =
o— = e .
‘E P g 0 Placebo § —g 300
g 4 Acstazolamide -‘E = 2.54 Acetazolamide g : 2504 Acetazolamide Placebo
'E 2.0 ’E = 200-
a 1.54 =E' 150+
14
1.04 O 100
0.5+ 50
0
Bas:aline Il ?I_ SI‘ 0.0 P T T 0 5% T T
Baseline 1 2 Baseline 1 2
Days
Days Days
C Successful Decongestion at Discharge
Rik ratlo, 1.27 (35% Cl, 1.13-1.43) Figure 3. Diuresis and Natriuresis According to Trial Group.
Placebo 62.5
Acetazolamide 78.3

= 0 10 20 30 40 50 &0 70 B0 30 100
leera nd< Percentage of Patients Mullens W, et al. N Engl J Med. 2022 Sep 29;387(13):1185-1195.
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Evidencia reciente: Clorotic trial

Study population

Randomized, double-blind,
placebo-controlled clinical trial

History of chronic heart failure

Treatment with oral furosemide
(80-240 mg/day)
Admission for acute decompensation

230 patients were randomized to
5 days of oral treatment with
hydrochlorothiazide or placebo

@
e

2 %

83 years-old

B &

HF-PEF 65%

Changes in weight (kg)
from baseline to 96 hours

© © © @

Placebo

Safety
{ All-cause mortality at 90 days
~ All-cause rehospbtzlnm at 90'days
Impaired renal function (serum creatinine and eGFR)
Hyponatraema (Na* < 130 mmollL) - (Na+ 5 125 mmolil)
Hypokalaemia (K+ < 3.0 mmoliL) - (K+ < 2.5 mmoliL)

Serious adverse events

Efficacy

Changes in weight per 40mg of furosemide
from baseline to 96 hours

-1

2
-3
-4 P<0001
@ 0 24 48 @ @
Hour
HCTZ
Placebo HCTZ p-value
19 (16.4%) 23 (202%) 0566
40 (34.5%) 43(37.7%) 0709
20 {17.2%) 53 (46.5%) <0,001
6(52%)=2(17%)  10(88%)y3 (26%) 04160482

18 (16.1%)-0 (00%) 43 (40.6%)-2 (18%)  <0.001-0.245

27 (233%) 26 (228%) 093

@ E SC European Heart Joumal (2022) 00, 1-11

European Scciely hitpsy/doiorg/10.1093/eurheartjehact 8%
of Cardialogy

CLINICAL RESEARCH
Heart failure and cardiomyopathies

Combining loop with thiazide diuretics
for decompensated heart failure:
the CLOROTIC trial

Joan Carles Trullas @1’2*, José Luis Morales-RuII’. Jesus Casado‘,

Margarita Carrera-lzquierdos, Marta Sanchez-Marteles®, Alicia Conde-Martel’,
Melitén Francisco Davila-Ramos®, Pau Llicer’, Prado Salamanca-Bautista'®,
José Pérez-Silvestre, Miguel Angel Plasin'?, José Manuel Cerqueiro'?,
Paloma Gil'*, Francesc Formiga ® '°, Luis Manzano'®, and CLOROTIC trial
investigators.
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5. Usar estrategias mas agresivas si paciente tratado cronicamente
con diuréticos

Diuretic resistance is omnipresent in HF patients

@ ESC European Journal of Heart Failure (2019) 21, 137-155 POSITION PAPER
European Society  doi10.1002/ejhf.1369

of Cardiology o

The use of diuretics in heart failure with
congestion — a position statement from the
Heart Failure Association of the European
Society of Cardiology

Wilfried Mullens2%, Kevin Damman?, Veli-Pekka Harjola?, Alexandre Mebazaa5, o
Hans-Peter Brunner-La Rocca®, Pieter Martens'Z, Jeffrey M. Testani’,

W.H. Wilson Tang8, Francesco Orsof, Patrick Rossignol'?, Marco Metra'l, @
Gerasimos Filippatos1213, Petar M. Seferovic'4, Frank Ruschitzka's, [
and Andrew J. Coats1é Qo

o

@
Diuretic response and resistance T Normal diuretic
in heart failure

o | response

In achieving euvolaemia, the degree of volume overload and diuretic
response will determine the success of therapy.®® The capacity of
inducing natriuresis or diuresis following diuretic administration is
defined as diuretic response. Diuretic resistance is defined as an
impaired sensitivity to diuretics resulting in reduced natriuresis and
diuresis limiting the possibility to achieve euvolaemia.®® Diuretic
response should always be interpreted in light of the dose and o
type of the diuretic agent administered and the degree of volume
overload, body composition and kidney function. As loop diuretics

0 500 1000 1500 2000 2500 3000 3500
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Natriuresis

6. Usar estrategias mas agresivas si paciente congestivo con

enfermedad renal

The blunted LD response in AHF

A
Normal
AHF
MWM““ Chronic LD use

[Loop diuretic dose]

Liderando eleonecimiente.delmanana
2. aMarteflsdlenah dASElFeart Fojl 2023;52213-1779(23)00374-8.

AHF is a state of renal sodium avidity

1. Venous System

R

Unstressed Stressed
venous  venous
system  system |

Venous Congestion

* Decreases RBF

« Kidney interstitial edema

« Activation RAAS and SNS

« Renal sodium avidity *

« Inflammatory pathways
Rx Pullers

Arterial Underfilling

* Decreases RBF

« Activation RAAS and SNS

» Renal sodium avidity f

» Ischemic tubular injury

« Inflammatory pathways
Rx Pushers

2. Arterial
Perfusion

3. Microcirculation/
Interstitium/
Lymphatic Axis

Interstitial Overload

» Decrease lymph removal

» Renal Na presentation*

* Renal H,0 presentation *
« Renal interstital pressure*

Rx Fluid Shifters




Enfermedad renal crénica

Natriuresis at day 3 in the placebo arm

500
T 24
E” —
£
8 400
T &
3 w\
3 o @
g o 300
s =
= j -
e =
) [g0]
& Z 200
0.0 25 5.0 75 100
IV administered bumetanide dose (mg) 100
[l No renal dysfunction @ Renal dysfunction
0
Q Chronic kidney disease ®
AD\?OR M eGFR<40 M eGFR>40
Proximal tubule (S1)
5 @%
= Reduced total nephron mass
( total sodium output = GFR x FENa

Worse tubular diuretic delivery

Liderando el conocimiento del manana
1. Ter Maaten JM, et al. Eur J Heart Fail. 2017;19(8):1014-1022.

CardioAdvancedForum 2. Meekers E, [published online ahead of print, 2023 Aug 25]. Eur Heart J. 2023;ehad557.



7. Usar via parenteral aun en paciente ambulatorio con empeoramiento
funcional

Absorcion oral de furosemida muy erratica y variable

Umbral Congestion

Concentracion plasmatica diureticos

Umbral No Congestion

Tiempo

Liderando el conocin PAR ENTE RAL
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Administracion ambulatoria de diuréticos de asa subcutaneos

Hospital at home

24 Hr B Natriuresis
B Antinatriuresis

110
sy
o
w

E
©w
500 mg furosemida en 250 ml salino .8/ 3 %0 The Braking
s - E 75 Phenomenon
2 mg/mL E . e
g o £ 60 -
2 5
33 & 457
= —
2 mg/mL x2.1 ml/h =4.2 mg/h g E 30 7 '] Post-Diuretic
2R > 15 NaCl Retention
4.2 mg/h x 24h = 100.8 mg/d g,
8 1 5
Basyeline leh 4‘8h 7'2h 301day Time
Visits
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8. Si predominio de sobrecarga hidrosalina de predominio extravascular ser
agresivos asegurando el relleno vascular

500~
Empagliflozin Placebo
D . R it Mot Urine Plasma and interstitial fluid
4 '3 D ANOVA difference without/with treatment interaction: L.Ratio=9, p—value 0.1
81 p=0.119 p= 0.096 p=0.031 p=0.545

(o]

300

H

T BF
—

-
EQE
P~ M=
25
(7] L=

200

2210 mL

1913 mL™
1655 mL™
1388 mL*"

100

Calculated urine osmolality (mOsm/kg)

Change from baseline plasma osmolality (mMOSM/kg)

Lo
\

o

Basehing 24 hours 48 hours 72 howrs 96 haurs Baseling 24 hours 48 howrs 72 hours 96 hours

o o
& a3 2 1) XY
O . . . ] & > ® g ®

Other Glucose Visit
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Osmotic diuretics as add-on

Tolvaptan 15 mg/d

Rango inferior

120

Rango superior

-.- Paciente

100

Worsening Heart Failure
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* Fixed diuretic dose during the first 3-months of follow-up
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9. Mide el cloro en plasma: hipocloremia identifica la resistencia diurética

Odds
95% ClI
2.5
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80 90 100 110
Serum chloride, mmol/L

. . . ~ Hanberg J, et al. Circ Heart Fail 2026.
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10. Mantener la presion de perfusion

Furosemida

<

\~*

Tibulo proximal (segmento S1)
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Evitar la hipotension arterial, especialmente en presencia de congestién venosa

No congestidon venosa y PAM 70-150 Congestidn venosa y PAM <70

Angiotensine Il
RBF Angiotensin || Auto*on ‘ RBF s .

Autoregulation | —) ——

T
|
. 1
v v Efferent arteriolae v *Efferent arte‘rlglae
A vasoconstriction ‘ vasoconstriction

pressure

pressure
/ °

FF

Asr ll GFR
=GR 11 Tubular and
interstitial pressure

1 Proximal sodium avidity
Oxigen consumtion

1 Intraglomerular ‘mtraglomerular

” : PAM alta — PVC baja (VExUS 0) — PP estrecha = vasodilatadores / diuréticos
1 PAM normal/alta — PVC alta (VExUS 2-3) — PP estrecha = diuréticos +/- vasodilatadores

PAM baja — PVC alta (VExUS 2-3) = diuréticos / retira hipotensores / vasopresores?
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11. Interpetar adecuadamente los cambios de funcion renal que ocurren en
pacientes tratado vigorosamente con diuréticos

ICA

Tratamiento depletivo
intensivo Deterioro “permisivo” de la funcién renal

Deterioro de la funcion renal Potential Harm

200%—

0%-*4+*

(5]
e g -
Evolucion clinica térpida -2 100% Historical Target
s s . = 1 H
Grandes cambios Evolucion clinica adecuada 8 No Creatinine Change
2 q q . . O 50%-
ERC previa Cambios ligeros y transitorios =
. . =
Cambios persistentes Eficiencia diurética adecuada 2 284
No adecuada eficiencia 5
diurética %0
=
@)

-25%—

Sugiere verdadera

Hemoconcentracion

disfuncion y dafio renal
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AHF +

RULE OUT Diuretic therapy
* Non-cardiac etiology (e.g. urinary obstruction, !

anemia, septic-AKl, hyperthermia, Gl . WKF

disorders...)
* Nephrotoxic agents (e.g. NSAIDS, antibiotics, — *

contrast agents) Fluid overload

Present Absent
Not adequate Favourable STOP/Reconsider diuretic therapy

Re-evaluate fluid overload, close

Hypoperfusion and/or Pseudo-WKF monitoring of renal function and
Hypotension electrolytes

Tailor diuretic therapy according to
Absent Present congestion status
Re-evaluate fluid overload,

WKF due to WKF due to Creatinine and electrolytes daily

fluid overload low cardiac output

Increase diuretic dosage or

combination (thiazides or Optimi‘ZG
acetazolemide) hemodynamic status
* % K

CAUTION IN CASE OF
* Persistent AKI

Consider iv vasodilators

Improvement No  No Improvement *» Small increases of Creatinine in patients with CKD
' ' * Coexisting metabolic alterations (e.g. acidosis
Refractory WKF due to and/or hyperkalaemia)
low cardiac output * M Creatinine > 50% baseline
} * Creatinine >3 mg/dl (266 umol/L)

[CU admission * | eGFR > 10% baseline if eGFR < 25 ml/min

Consider ultrafiltration

* Multiparametric evaluation of fluid overload: Clinical assessment, imaging techniques (ETT, renal Doppler ultrasound, lung
ultrasound), biomarkers (NT-proBNP, CA 125, haematocrit) and measure IAP and consider paracentesis if 1 IAP.

** Diuretic response: urine output, weight loss, net fluid loss and natriuresis.

*** Optimize hemodynamic status: discontinue or reduce BP lowering drugs, consider inotropes at the lowest dose and shortest
duration possible, withdraw proven outcomes benefits in HF and consider transient reduction of other BP-lowering drugs (Beta
blockers, ARNI, RAAS and SGLT2 inhibitors).

AHF: acute heart failure; ARNI: angi in receptor-neprilysin inhibi BP: blood pressure: CA 125: Antigen carbohyds 125; ETT: 1 ic ect diography: eGFR: gl lar filtration rate; GI:

gastrointestinal; HF: heart failure: [AP: intra-abdominal pressure; ICU: intensive care unit; NT-ProBNP: N-terminal brain natriuretic peptide; RAAS: renin-angiotensin-aldosterone system: SGLT2: sodium-

glucose cotransporter-2; WKF: worse renal function. Modified from “Mullens W, et al. Evaluation of kidney function throughout the heart failure trajectory - a position statement from the Heart Failure

Association of the European Society of Cardiology. European journal of heart failure. 2020;22(4):584-603.

. L4 L3
LI d era n d o el cono CI m I ento d el ma Figure 4. Approach to worsening kidney function in acute heart failure. Algorithm to guide the correct interpretation of renal function
Cardio Adluertesc:eeti* Clin ikidney J. 2023 (in press) changes in patients with acute heart failure.
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