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ADHERE
many pts go home w/ residual congestion !



Under-appreciation of congestion

20% of Ambulatory pt w/ AHFhave a risk of death or to be re-
Hospwithin 2 years >>> clearly under appreciated by most

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



Mortality Predication



άǊŜŘǳŎǘƛƻƴ ƛƴ ŎƻƴƎŜǎǘƛƻƴέ ƛǎ ƳƻǊŜ 
ƛƳǇƻǊǘŀƴǘ ǘƘŀƴ άƛƳǇǊƻǾƛƴƎ ƛƴ /htέ 

(in terms of mortality/survival)







CVP > 20 mmHg reduces UOP independent 
of COP

1034

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 (ôtlmol/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

ƛƴŎǊŜŀǎŜŘ /±t ŎƻƴǘǊƛōǳǘŜǎ άƳƻǊŜέto 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

MullensW EurJ HF, 2020.       MullensW EurJ HF 2022



look at the έrenal venousŦƭƻǿέ 

for early detection of CONGESTION





increased CVP >>> the continuous flow of the renal veins 
>>> dis-continuousrenal 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 mmolNa+ filtered each day = 150 gr Na 



the problem:
reabsorption is stimulated



HFinduces an increased renal Na reabsorption, 
especially in the proximalparts

HF >>> increased Na 
reabsorption 
(espin 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

ÅImplications of Congestion and role of Decongestion in AHF

ÅClinical Trials in Diuretics & Decongestion

ïDOSE-AHF: High Dose Loop Diuretics

ïCARRESS: Decongestion Protocol (or Ultrafiltration)

ïENACT-HF: Diuretic Protocols

ïADVOR: Acetazolamide

ïCHLOROTIC: Thiazide Diuretics

ïATHENA: MRA

ïTRANSFORM-HF: Loop Diuretics

ÅAncillary 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 

AssessmentéBut



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

espif 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


