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ADHERE
many pts go home w/ residual congestion !



Under-appreciation of congestion

20% of Ambulatory pt w/ AHF have a risk of death or to be re-
Hosp within 2 years >>> clearly under appreciated by most

even worst >>> once admitted by HF & discharged with ongoing congestion ! 
(ADHERE) >>> the risk to be re-Hosp or to die >>> 60% at 1 year 



Mortality Predication



“reduction in congestion” is more 
important than “improving in COP” 

(in terms of mortality/survival)







CVP > 20 mmHg reduces UOP independent 
of COP
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vena cava was also cannulated, and all other exits for renal

venous perfusate ligated, which permitted the application of
successive increments in renal vein pressure by forcing the

perfusate to rise to increasing heights in the venous return

tubing before it overflowed and returned to the circuit.
After baseline renal function had been established, the

venous pressure was raised in 6.25 mm Hg steps to a

maximum of 25 mm Hg: renal function was determined at
each pressure. The added venous pressure was then

removed, and a final estimate of renal function made to

check that the preparation had not deteriorated during the
course of the study. The results are shown in the figure.

Perfusate flow rate remained stable until the imposed
venous pressure reached 18-75 mm Hg, and GFR was not

significantly altered until it reached 25 mm Hg. Absolute
and fractional sodium excretion were unchanged at 6-25 mm

Hg, but beyond this threshold fell progressively with

increasing venous pressure. The following relationships
were obtained by least squares linear regression analysis of

the 20 observations made during the course of experiments
on 5 kidneys with venous pressure between 6-25 and 25 mm

Hg.
Sodium excretion (’tlmol/min) =6,72-0,21 x venous

pressure (mm Hg); r = - 0-657, p < 0-01.

Fractional sodium excretion (%) = 3,76-0,09 x venous

pressure (mm Hg); r = - 0-598, p < 0,01.

Renal function during the final period was unchanged
from initial values. This study shows for the first time that

major effects of renal venous pressure on sodium excretion
are demonstrable in vitro.

Other Evidence

The effects of an acute increase of renal venous pressure

on renal function have been examined in vivo in both rats

and dogs. Blake and coworkers14 observed a decrease in

sodium excretion during unilateral renal vein constriction in

dogs without alteration in renal haemodynamics. Hall and
Selkurt15 also reported reductions in sodium excretion

during renal vein constriction, although in association with

significant falls in renal blood flow and GFR. Wathen and
Selkurt16 reported a variable response: renal vein

constriction provoked a decrease in sodium excretion in

volume-expanded dogs, but an increase in volume-depleted
animals. This variability of response was confirmed by
Burnett and Knox17 who raised renal venous pressure by
adjustment of a clamp around the left renal vein of two

groups of anaesthetised dogs. One group was volume-

expanded by infusion of normal saline (5% body weight)
and the other received minimum fluid infusion (< 1

ml/min). A rise in renal venous pressure raised interstitial

pressure, measured by implanted capsules, in both

groups- more strikingly in the volume-expanded than in

the volume-depleted animals. They found a weak positive
correlation between fractional sodium excretion and renal

interstitial pressure in volume depletion, as compared with a

significant negative correlation in volume expansion.
Burnett, Haas, and Knox18 found a similar variation in

response in rats and determined that renal vein constriction

increased sodium reabsorption in the loop of Henle in the

volume-expanded animals only. These studies show that in

anaesthetised dogs and rats, as well as in isolated rat kidneys,
an acute rise in renal venous pressure can cause sodium

retention. In man, an increase of intra-abdominal and renal

venous pressure from 58 to 18.3 mm Hg by abdominal

compression was associated with a fall in urine output from
7-7 to 3-1 ml/min.19

The effects of a sustained increase of renal venous

pressure in dogs were examined by Hwang et al.20 Partial

ligation of the inferior vena cava just cephalad to the renal
veins resulted in a rise in venous pressure, at the level of the

renal veins, to 235-365 mm saline on the fourth

postoperative day. Over the next 10 days, the pressure
remained unchanged. The responses to infusions of 1-5%

saline were examined preoperatively and on days 3 and 7

postoperatively in 3 animals. On day 3, GFR was

profoundly reduced in all 3 animals: in response to the saline

load, absolute sodium excretion was variably reduced in all,
whereas fractional sodium excretion was reduced in 1,

slightly reduced in another, and raised in the third. On day
7, GFR had returned to preoperative values: absolute

Effect of increasing venous pressure on renal perfusate flow rate,
glomerular filtration rate, sodium excretion, and fractional

sodium excretion in kidneys perfused at constant arterial

pressure.

On the abscissa "0" on the left refers to values obtained in the baseline

period, and on the right to values in the final period when added venous

pressure was removed. Values represent mean (bar shows SE).

*p < 0-05 vs baseline period (ANOVA followed by paired t test with

Benferroni method). See text for analysis of changes in sodium excretion and
fractional sodium excretion.



elevated CVP >>> impaired kidney function 
>>> more Na retention

increased CVP contributes “more” to WRF, than a low COP



12 w of partial IVC ligation (increased CVP) 

>>> irreversible glomerular changes 



CKD (eGFR<60) affects 50% of HF pts
CKD = x2 of risk for all-cause mortality

CKD = far more stronger predictor than LVEF
CKD pts are more or less HF pts

Mullens W Eur J HF, 2020.       Mullens W Eur J HF 2022



look at the ”renal venous flow” 

for early detection of CONGESTION





increased CVP >>> the continuous flow of the renal veins 
>>> dis-continuous renal venous flowAccepted Article

This article is protected by copyright. All rights reserved.









we have a lot of Na stores



positive Sodium balance: very fast !









GFR = 120-125 mL/min = 170-180 L/day
Plasma [Na+] = 145 mmol/L

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

GFR = 10-15 mL/min = 15-20 L/day (need for Dx !)
[Na+] = 145 mmol/L

3,000 mmol Na+ filtered each day = 150 gr Na 



the problem:
reabsorption is stimulated



HF induces an increased renal Na reabsorption, 
especially in the proximal parts

HF >>> increased Na 
reabsorption 
(esp in prox)





Loop Diuretics

Only Class I rec for Congestion in all HF subgroups

McDonagh T et al. Eur Heart J 2021



Clinical Trials in Diuretics & Decongestion

Outline

• Implications of Congestion and role of Decongestion in AHF

• Clinical Trials in Diuretics & Decongestion

– DOSE-AHF: High Dose Loop Diuretics

– CARRESS: Decongestion Protocol (or Ultrafiltration)

– ENACT-HF: Diuretic Protocols

– ADVOR: Acetazolamide

– CHLOROTIC: Thiazide Diuretics

– ATHENA: MRA

– TRANSFORM-HF: Loop Diuretics

• Ancillary Study Insights



DOSE-AHF
DOSE-AHF (N=308)

Felker GM et al, NEJM 2011





High-dose IV diuretics
Use High-Dose IV Diuretics: DOSE-AHF

Low High P value

Dyspnea VAS* 4478 4668 0.041

% free from congestion* 11% 18% 0.091

Change in weight* -6.1 lbs -8.7 lbs 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

No benefit for primary endpoint of Patient Global 

Assessment…But



loop diuretics does not really work well 
in pts w/ HF!

esp if pts are already on Oral Diuretics



Diuretic resistance is omni-present in HF pts

pts with 
HF



Lazix >>> reduction in GFR





Mullens W, et al. Eur J Heart Fail 2019



D 2 D time 





Treatment Algorithms

Mullens W, et al. Eur J Heart Fail 2019

Starting IV Loop Diuretic Dose = 

2.5 x Home Dose

Spot U Na

>50-70 mEq/L

Assess UOP

>100-150 mL/hr

If needed, Double IV Diuretic Dose

Combination Therapies:

1) Thiazides

2) Acetazolamide

3) Tolvaptan

Algorithm





while we are doing that,
we do a parallel evaluation & interventions…

it is very important to continue the 
guideline Med therapy: including 

the use of ACEi, BB, MRA



Na loss predicts survivals 
more than fluid loss





UOP (urine volume ) in 
consecutive days of therapy is 

almost the same 
(monotherapy Lazix)

Urine Na & Cl loss in 
consecutive days of therapy is 

dramatically dropping



to get rid of congestion:

pee sodium
(not free water)









the kidney function often 
deteriorate during de-congestive 

therapy



WRF & Pseudo-WRF



WRF occurs BUT in the context of 
improvement of clinical S&S





the only moment we get a lot of Na out, is 
during the first 24 hours





Add-on therapy

Loop Diuretics



Thiazides & Thiazide-likes



• TZ are the 1st option 
• TZ works more distal to the loop diuretics
• TZ may counter-balance some of the hypertrophy that we see with the 

chronic use of Loop 
• TZ works at low GFR states
• TZ are very slowly absorbed in the gut >>> need to be given hours before 

loop diuretics >>> a little bit impractical ! >>> esp during the first days of ttt
• TZ >>> only be used temporarily >>> increased risk of HF & increased risk 

of mortality ! 
• TZ only for short term to get rid of congestion (TZ are not used for long 

term in HF pts) >>> risk of electrolyte disturbances 
• TZ >>> longer t ½     



TZD should only be 
given temporarily





CLOROTIC Trial
HCTZ in AHF

CHLOROTIC: HCTZ in AHF

N = 233

rEF or pEF

Trullas JC, et al. Eur Heart J 2022

HCTZ PO x 5 d – dose by GFR (25-100 mg)

72 hr:

More weight loss

No diff in Dyspnea

↑ 24 hr diuresis

↑ WRF



HCTZ: weight loss greater with better GFR
Thiazide: Weight loss greater with better GFR

ESC HF Session - 2023





ATHENA: High Dose MRA in AHF

N = 360

rEF or pEF

Spiro 100 mg for 96 hours

(vs. placebo or low-dose spiro)

96 hours

No signif difference in NT-

proBNP

Or congestion, dyspnea, 

UOP, wt change, renal 

function or clinical outcomes

Butler J, et al. JAMA Cardiol 2017

ATHENA:
High Dose MRA in AHF





PROXIMAL ACTING 
DIURETICS





Acetazolamide



Loop + ACTZ >>> x2 the FeNa
we can get a lot more Na out! (if combined w/ Lazix)



ADVOR: Acetazolamide in AHF

N = 519

rEF or pEF

Exclude: SGLT2i, GFR<20

Mullens W, et al. NEJM 2022

Acetazolamide 500 mg IV x 3 d

↑ 46% Decongestion p 3 d

0.5 L more diuresis

98 mmol more natriuresis







SGLT2i
European Journal of Heart Failure (2020) RESEARCH ARTICLE
doi:10.1002/ejhf.1713

Randomized, double-blind, placebo-controlled,

multicentre pilot study on the effects of

empaglif ozin on clinical outcomes in patients

with acute decompensated heart failure

(EMPA-RESPONSE-AHF)

Kevin Damman1, Joost C. Beusekamp1, Eva M. Boorsma1, Henk P. Swart2,

Tom D.J. Smilde3, Arif Elvan4, J.W. Martijn van Eck5, Hiddo J.L. Heerspink1,6,

and Adriaan A. Voors1*

1University of Groningen, University Medical Center Groningen, Groningen, The Netherlands; 2Antonius Ziekenhuis Sneek, Sneek, The Netherlands; 3TREANT zorggroep,

Emmen, The Netherlands; 4Department of Cardiology, ISALA, Zwolle, The Netherlands; 5Jeroen Bosch Ziekenhuis, Den Bosch, The Netherlands; and 6The George Institute for

Global Health, Sydney, Australia

Received 6 November 2019; revised 19 November 2019; accepted 22 November 2019

Aims Inhibition of sodium–glucose co-transpor ter 2 (SGLT2) reduces the risk of death and heart failure (HF) admissions

in patients with chronic HF. However, safety and clinical eff cacy of SGLT2 inhibitors in patients with acute

decompensated HF are unknown.
............................................................... ................................................................ ......................................

Methods

and results

In this randomized, placebo-controlled, double-blind, parallel group, multicentre pilot study, we randomized 80

acute HF patients with and without diabetes to either empaglif ozin 10 mg/day or placebo for 30days. The primary

outcomes were change in visual analogue scale (VAS) dyspnoea score, diuretic response (weight change per 40mg

furosemide), change in N-terminal pro brain natriuretic peptide (NT-proBNP), and length of stay. Secondary

outcomes included safety and clinical endpoints. Mean age was 76years, 33%were female, 47%had de novo HF and

median NT-proBNPwas 5236pg/mL. No difference was observed in VASdyspnoea score, diuretic response, length

of stay, or change in NT-proBNPbetween empaglif ozin and placebo. Empaglif ozin reduced a combined endpoint of

in-hospital worsening HF, rehospitalization for HFor death at 60days compared with placebo [4 (10%) vs. 13 (33%);

P= 0.014]. Urinary output up until day 4 was signif cantly greater with empaglif ozin vs. placebo [difference 3449

(95%conf dence interval 578–6321) mL; P< 0.01]. Empaglif ozin was safe, well tolerated, and had no adverse effects

on blood pressure or renal function.
............................................................... ................................................................ ......................................

Conclusions In patients with acute HF, treatment with empaglif ozin had no effect on change in VASdyspnoea, diuretic response,

NT-proBNP, and length of hospital stay, but was safe, increased urinary output and reduced a combined endpoint of

worsening HF, rehospitalization for HF or death at 60days.
..........................................................................................................
Keywords Acute heart failure • Empaglif ozin • Sodium–glucose co-transpor ter 2 • Hospital readmission •

Dyspnoea • Diuresis • Renal function • Blood pressure

*Corresponding author. Depar tment of Cardiology, University Medical Center Groningen, Hanzeplein 1, 9713GZ Groningen, The Netherlands. Tel. +31 50 3611327, Fax: +31

50 3613491, Email: a.a.voors@umcg.nl

© 2020 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and

reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.







agents that excrete more Na, lead to 
better/more effective de-congestive 

therapy



SGLT2i are not AHF de-congesting drugs ! 
they improve the “prognosis”



the biggest treat for Acute HF pts during 
Hosp

>>> is the reduction of NH blockers !



Inappropriate High Dose of Loop Diuretics in De-congested Pts, 
Hampers Up-titration of Disease Modifying Drugs



HF = Diuretic ttt ?  





Going with ongoing congestion !



Frequently, adequate diuresis is not achievable >>> 
mechanical strategies



the UF fluid 
has the same 
concentration 

as the pt’s
plasma



cumbersome

invasive

supervision

specialized training







Great Debate



Circulation, 2009

UF first Lasix first

Should Ultrafiltration Be Used Preferentially
Instead of Diuretics for the Initial Treatment
of ADHF Patients?

Treatment of Congestion in Congestive Heart Failure

Ultrafiltration Is the Only Rational Initial Treatment of Volume Overload
in Decompensated Heart Failure

Bradley A. Bart, MD

“If you have always done it that way, it is probably wrong.”

—Charles F. Kettering, 1876–1958

The morbidity of decompensated heart failure is due to

volume overload, a consequence of increased total body

sodium.1,2 Failure to adequately reduce total body sodium

contributes to progressive ventricular dysfunction, worsening

heart failure, and excess morbidity. Ultrafiltration is the gold

standard for sodium-volume removal and is the only inter-

vention shown to improve outcomes in a randomized con-

trolled trial of patients hospitalized with decompensated heart

failure.3 Diuretics are inherently inferior because they pro-

duce hypotonic urine4,5and undesirable hemodynamic and

neurohormonal changes.6,7 Therefore, ultrafiltration is the

preferred initial treatment for patients hospitalized with de-

compensated heart failure and sodium-volume overload.

Response by Shin and Dec on p 504

Sodium is the Major Determinant of
Extracellular Fluid Volume

The earliest descriptions of heart failure date back more than

3500 years to the Egyptian civilization. Even then, symptoms

were correctly attributed to volume excess.8 It was not until

the early 20th century that researchers recognized the role of

salt in the formation of edema. In 1901, researchers found that

salt fed to patients with congestive heart failure could not be

recovered as chloride in the urine.8 This represents one of the

earliest descriptions of heart failure as a sodium avid state.

Later, it was demonstrated that liberal salt intake increased

congestive symptoms and pulmonary edema in patients with

heart failure whereas patients on salt-restricted diets could

tolerate large amounts of water without any further increases

in congestion or edema.8 Other studies confirmed the primary

role of salt, not water, in the formation of edema in heart

failure. By 1948, sodium was widely recognized as the major

determinant in extracellular fluid volume.1

Today, it is understood that sodium retention in heart

failure is under the influence of the sympathetic and renin-

angiotensin-aldosterone (RAAS) systems.7 Renin release

from the kidneys leads to the production of angiotensin II.

Increased angiotensin II levels activate receptors on the

epithelium of the proximal tubule enhancing sodium reab-

sorption in the nephron. Angiotensin II also causes constric-

tion of the efferent arterioles disturbing the usual balance of

hydrostatic and osmotic forces in the peritubular capillaries

such that sodium reabsorption is increased. In addition to its

direct tubular and vascular effects in the kidney, angiotensin

II promotes aldosterone secretion. Aldosterone increases

sodium reabsorption in the distal nephron. Decreased sodium

From the Division of Cardiology, Hennepin County Medical Center, and the University of Minnesota, Minneapolis, Minn.
Correspondence to Bradley A. Bart, MD, Division of Cardiology, O5 HCMC, 701 Park Ave S, Minneapolis, MN 55415. E-mail bartx006@umn.edu
(Circ Heart Fail. 2009;2:499-504.)

© 2009 American Heart Association, Inc.

Circ Heart Fail is available at http://circheartfailure.ahajournals.org DOI: 10.1161/CIRCHEARTFAILURE.109.863381

CONTROVERSIES IN HEART
FAILURE
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Response to Shin and Dec

Bradley A. Bart, MD

After more than 40 years of loop diuretics, death and rehospitalization rates for patients with acute decompensated heart

failure remain unacceptably high. The addition of inotropes, vasodilators, natriuretic peptides, adenosine antagonists,

arginine vasopressin antagonists, and invasive hemodynamic monitoring have done nothing to improve outcomes in this

patient population. Ongoing faith in this pharmacological alchemy is dangerous testament to what is considered expert

opinion. Researchers have known for more than 100 years that sodium is the major determinant of extracellular fluid

volume in heart failure. Excess total body sodium is the primary treatment target for hospitalized patients suffering from

sodium/volume overload. Loop diuretics, although often effective in removing water, are inherently incapable of

predictably reducing total body sodium, whereas ultrafiltration predictably reduces total body sodium in all treatments.

Treatment with diuretics may be better than doing nothing, but in controlled trials, ultrafiltration is superior to diuretics with

respect to sodium removal, water removal, and rehospitalization rates. Ultrafiltration should be the standard of care for

patients with sodium/fluid overload admitted to the hospital with acute decompensated heart failure—other promising

therapies should prove safety and efficacy against the standard of ultrafiltration. The ongoing endorsement of diuretics as

first-line treatment for sodium/volume overload in the acute decompensated heart failure guidelines pays homage to

tradition but ignores new knowledge of the failings and safety concerns of diuretics. With 3-month rehospitalization rates

as high as 30%, our patients can no longer afford to suffer from the inertia that resists the use of ultrafiltration—the most

effective and reliable method of reducing total body sodium.

Shin and Dec Ultrafiltration Should Not Replace Diuretics 511
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RCT of 36 pt
& 6 mo F/U

1993

only 1 
session 
of UF







SAFE , 21 pt
EUPHORIA, 20 pt

(2005)

CUORE
2014 







UNLOAD
• Multicenter (28 center) RCT, 2007

• this is a “landmark trial” >>> which address the concerns of “safety profile of VV-
UF” over std diuretic therapy.

• also, Qs regarding the effects of UF on renal parameters were taken into 
consideration in this study.

• ADHF

• UF >>> flexible

• Diuretic = 100 & UF = 100 randomized equally >>

• the primary efficacy endpoints : weight loss & Dyspnea assessment after 48 hrs

• the 2nd endpoints: net fluid loss, re-Hosp fo HF, functional capacity, unscheduled 
clinic visits in 90 days.

• primary safety endpoints : changes in BUN, SCr, electrolytes and BP @ 8-24-72 hrs



better de-congestion 
@ 48 hrs

same rate of WRF 
@ 90d



there was a significant increase in Na loss in the ultra-filtrate compared to 
diuretics (134 mmol/L vs 60 mmol/L) while net loss of K+ (3.7 mmol/L vs 

4.1 mmol/L) and Mg2+ (2.9 mg/dL vs 5.2 mg/dL) was reduced.





UF vs SPT
CARRESS Trial: UF vs. Stepped Pharmacological Tx

Bart BA et al. NEJM 2012

N = 188

Bivariate Change in

Serum Cr and 

Body Weight

HFrEF + HFpEF

Goal  UOP 3-5 L / day

• Increase loop dose

• Add metolazone

• Add Dopa / DBA

• Consider vasodilator 

(NTG, nesiritide)



CARRESS: Endpoints

Bart BA et al. NEJM 2012

Stepped Pharmacologic Care with similar 

weight loss and less Cr increase

Stepped Pharmacologic Care with fewer 

SAEs



UNLOAD
(company)

2007

CARRESS-HF
(NIH)
2012

Customized/
Flexible UF (up to 

500 mL/h)
vs

Sub-optimized & 
unprotocolized

(WUW) Medical ttt

Sub-optimal UF 
(fixed UFR 200 

Ml/hr) no matter the 
BP, the FO,…!

vs
Customized SPT



AVOID-HF
• Multicenter RCT

• ADHF

• ALD (adjustable LD) = 114 

• AUF (adjustable UF) = 110

• both intervention >>> 
optimized 



TREND is 
always for 

UF !



re-looking



CARRESS-HF 
too much cross over !



CARESS-HF minus the Cross over !
“per-protocol” analysis & not an “intention to treat”



in contrast to the original trial (intention-to-treat), UF was 
associated with significantly more fluid loss & weight reduction 





(current) guidelines for use of UF for ADHF

• AHA/ACC practice guideline (2009):

• >>> UF is reasonable for pts w/ refractory congestion, not responding 
to medical ttt (Class IIa; level of evidence: B)

• ESC (2008):

• >>> UF should be considered to “reduce fluid overload” in selected 
pts & to “correct hypo-Na” in symptomatic pts, refractor to diuretics   
(Class IIa; level of evidence: B)

• HF Society of America (2010):

• >>> UF may be considered when congestion fails to improve in 
response to diuretics (Class IIa; level of evidence: C)



Concluding Thought

• Diuretics are inevitable  in AHF

• Heart Failure       diuretic therapy

• Good decongestion = Good natri-uresis

• Start Diuretics ASAP (D2D)

• Increase in SCr >>> 20-30% of AHF pts

• Increase in SCr >>> not a problem if the diuretic response is favorable

• Look at the diuretics as a “breakthrough” drugs

• Inappropriately use of high dose of loop diuretics >>> hamper, the up-
titration of NH blockade



Concluding Thought

• UF >>> greater weight loss & greater fluid removal 

• UF >>> more efficient de-congestion

• UF >>> lower HF re-Hosp rate 

• UF >>> lower HF-related cost 

• UF >>> w/o negative impact or “renal function”, “mortality” or, “AE”

• UF >>> customized prescription

• Waiting too much for giving lazix, ACTZ,… for a response >>> UF also 
will not give a result !



MERCI


