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many pts go home w/ residual congestion !
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A Primary Outcome
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Underappreciation of congestion

Hazard ratio, 0.74 (95% Cl, 0.65-0.85)
P<0.001
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20% of Ambulatorypt w/ AHFhave a risk of death or to be re

Hospwithin 2 years>>> clearly under appreciated by most
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even worst>>>once admitted by HR& discharged with ongoing congestion !

(ADHERB)>>the risk to be reHospor to die >>> 60%t 1 year
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CVP > 20 mmHg reduces UOP
of COP
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THE INFLUENCE OF VENOUS PRESSURE ON THE
ISOLATED MAMMALIAN KIDNEY.

By F. R. WINTON.
Beit Memorial Fellow.

(From the Department of Pharmacology, University College, London.)

INTRODUCTION.

Ir the blood-pressure in the renal vein is raised beyond about 10 mm. Hg
it retards the urine flow. Ludwig [1861] attributed this to mechanical
obstruction of the distal part of the uriniferous tubules, due to their
compression by the surrounding venules. Heidenhain [1883] endorsed
this view in the following terms: “Venodse Stauung hat aber noch beson-
dere Folgungen fiir die Grenzschicht. Indem ihre Venenbiindel sich
erweitern, verengern oder verschliessen sie selbst vollsténdig die zwischen
ihn biindelweise gelargerten Harncanilchen, wie Ludwig theils durch
anatomische Untersuchungen von Hundenieren mit wéihrend des Lebens
unterbundenen Venen, theils durch hydraulische Versuche feststellte.”

Ludwig also recognized that the effects of increage in capsular
pressure due to such obstruction of the tubules would be to some extent
neutralized by an increased pressure in the glomerular capillaries, owing
to the reduction in the pressure gradient beyond the renal artery when
the pressure in the vein is raised.

Heidenhain, however, emphasized particularly the reduction in
blood flow through the kidney, both when the venous pressure was raised
and when the arterial pressure was lowered, and this induced him to
attribute the resulting changes in the rate of formation of urine to changes
in the velocity of the blood rather than to changes in hydrostatic pressure.
Fig. 4, below, incidentally disproves this contention, since it shows that
in suitable circumstances an increase of venous pressure which reduces
the velocity of blood flow may produce no change, or even an increase,
in the rate of urine formation. The observations of these and later
authors on the effects of venous obstruction on the kidney have, however,
been mainly qualitative.

Now the venous pressure, like the arterial pressure and the ureter
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elevated CVP >>> impaired kidney function
>>> more Na retention
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eGFR (ml/min/1.73m?)
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CKD&GFR60) affects 50% of HF pts
CKD = x2 of risk for-alluse mortality
CKD = far more stronger predictor than LVEF

HF-start

| (acute event)

End stage renal disease

.
>, finerenone

" 1ml/min/1.73m? per year (normal person)
~ 2-3 ml/min/1.73m?’ per year (average in HF)

5 ml/min/1.73m? per year
(extreme deterioration)

; l Start RAASI

NSGLT2H
RAASI

|
Young age

Older age

CKD pts are more or less HF pts

Average HF-decline
Acute drop + slope after
RAASI

Slope with ARNI

Slope with SGLT2-i

Start RAASI
or SGLT2i

1:acute drop in eGFR with RAASI
2 :slope remains parallel
3: altered slope with ARNI and SGLT2-i
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End stage renal disease

MullensW EurJ HF, 2020. MullensW EurJ HF 2022
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for early detectionof CONGESTION




Interlobar vein

Main renal vein
Systole Diastole

ARTERIAL WAVEFORM
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Arcuate vein
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iIncreased CVP> the continuous flow of the renal ve
>>>dis-continuousenal venous flow
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100% Na K

90% Na

Interprandial-prandial: Colon
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we have a lot of Na store




positive Sodium balance: very fast !

D Normal subjects
[l Mild heart failure
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| Normal Salt Intake I
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GFR 120-125mL/min = 170180 L/day
Plasma [Na+] = 148mol/L

180 x 145 = 26,100moL[Na+] filtered each day>1 kg Na

GFR 4.0-15 mL/min= 1520 L/day (need foDx!)
[Na+] = 145nmol/L

3,000mmol Na+ filteregg@ilih. day £50 gr Na




the problem:
reabsorption is stimulated



HFinduces amncreased renal Na reabsorptjon
especially in theroximalparts

HF >>> increased Na
reabsorption
(espin prox)
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Only Class I rec for Congestion in all HF subgroups

Diuretics are recommended in patients with
HFrEF with signs and/or symptoms of congestion

to alleviate HF symptoms, improve exercise
137

capacity, and reduce HF hospitalizations.

Diuretics are recommended in patients with

congestion and HFmrEF in order to alleviate

symptoms and signs."*’

Diuretics are recommended in congested

patients with HFpEF in order to alleviate symp- Cc

137

toms and signs.
McDonagh T et al. Eur Heart J2021



Clinical Trials in Diuretics & Decongestion

I DOSE-AHF: High Dose Loop Diuretics

I CARRESS: Decongestion Protocol (or Ultrafiltration)
I ENACT-HF: Diuretic Protocols

I ADVOR: Acetazolamide

I CHLOROTIC: Thiazide Diuretics

i ATHENA: MRA

I TRANSFORM-HF: Loop Diuretics
A Ancillary Study Insights



Acute Heart Failure (1 symptom AND 1 sign)
<24 hours after admission

2x2 factorial randomization

Low Dose (1 x oral)
Q12 1V bolus

Low Dose (1 x oral)

Continuous infusion Q12 IV bolus

48 hours

1) Change to oral diuretics
2) continue current strategy
3) 50% increase in dose

12 hours

Co-primary endpoints

60 days l '

Clinical endpoints

Felker GM et al, NEJM 2011
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Table 2. Secondary End Points for Each Treatment Comparison.*

Bolus Every 12 Hr Continuous Infusion

Low Dose High Dose

End Point N=156 N = P Value N= \ = P Value
AUC for dyspnea at 72 hr 4456+1468 4699+1573 0.36 4478+1550 4668+1496 0.04
Freedor:]ﬂof.rlczgaclcl)qr;g.%/t;)on at 72 hr }— 22/153|(14) 22/14 0.78 16/14 28/154 0.09
Change in weight at 72 hr — Ib —6.8+7.8 -8.1+10.3 0.20 —-6.1+9.5 —8.7+8.5 0.01
Net fluid loss at 72 hr — ml 4237+3208 4249+3104 0.89 3575+2635 4899+3479 0.001
Change in NT-proBNP at 72 hr — —1316+4364 -1773+3828 0.44 —1194+4094 -1882+4105 0.06
pg/ml
Worsening or persistent heart failure 38/154 (25) 34/145 (23) 0.78 38/145 (26) 34/154 (22) 0.40
— no./total no. (%)
Treatment failure — no./total no. (%)  59/155 (38) 57/147 (39) 0.88 54/147 (37)  62/155 (40)  0.56
Increase in creatinine of >0.3 mg/dl 27/155 (17) 28/146 (19) 0.64 20/147 (14) 35/154 (23) 0.04
within 72 hr — no./total no. (%)
Length of stay in hospital — days 0.97 0.55
Median 5 5 6 5
Interquartile range 3-9 3-8 4-9 3-8
Alive and out of hospital — days 0.36 0.42
Median 51 51 50 52
Interquartile range 42-55 38-55 39-54 42-56




Highdose IV diuretics

No benefit for primary endpoint of Patient Global

Assessmenté But

Low High P value
Dyspnea VAS* 4478 4668 0.041
% free from congestion* 11% 18% 0.091
Change in weight* -6.1 Ibs -8.7 Ibs 0.011
Net volume loss* 3575 mL 4899 mL 0.001
Change in NTproBNP* (pg/mL) -1194 -1882 0.06
% Treatment failure 37% 40% 0.56
% with Cr increase > 0.3 mg/dL* 14% 23% 0.041
Length of stay, days (median) 6 5 0.55

*at 72 hours

Felker GM et al, NEJM 2011



loop diuretics does not really work we
In pts w/ HF!
espif pts are already on Oral Diuretic:



Diuretic resistance mmntpresent in HF pts
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Lazipe>>reduction in GFR

Plasma adenosine raised heart failure — local vasoconstrictor
Locally produced in kidney (stress signal)

15

GFR SH H

(% change) -5

(1-8 hours)
-15

-25

| +“ BGS719 BG9719 +
L l| ....... urosemide
Placebo .
- L Furosemide
=L Alone
1 ]
0 500 1000 1500 2000 2500

Urine Output (mL)
(0-8 hrs, Day 1 - Baseline)

Furosemide
alone
reduces GFR

Gottlieb Circulation. 2002;105:1348-1353
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The use of diuretics in heart failure with
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Mullens W, et al. Eur J Heart Fail 2019
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Algorithm

Starting IV Loop Diuretic Dose =
2.5 x Home Dose

Spot U Na
>50-70 mEg/L

Assess UOP
>100-150 mL/hr

If needed, Double IV Diuretic Dose

Combination Therapies:
1) Thiazides
2) Acetazolamide
3) Tolvaptan

Mullens W, et al. Eur J Heart Fail 2019



