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This editorial refers to ‘Compensatory post-diuretic renal sodium reabsorption is not a dominant mechanism of diuretic re-

sistance in acute heart failure ’, by Z.L. Cox et al., https://doi.org/10.1093/eurheartj/ehab620.

In those presenting with acute heart failure (AHF), congestion is the
prevailing symptom in the majority of patients. While circulatory cap-
acitance changes can provoke or worsen a clinical picture of conges-
tion, the majority of patients are also volume overloaded,1 indicating
excessive sodium and fluid retention in the intra- and extravascular
space. Not surprisingly, removing this additional sodium and fluid is
the main objective in these patients with AHF. The only way we re-
move this excessive sodium and fluid (when not using extracorporeal
circulation) is by stimulating the kidneys with diuretics to release
more sodium and fluid.1 Failure of the kidneys to inflict sufficient diur-
esis/natriuresis to achieve decongestion is perhaps one of the
broader definitions of diuretic resistance, which is associated with
poor clinical outcome.2 Numerous factors contribute to diuretic re-
sistance, but compensatory sodium retention in the time frame after
the loop diuretic effect has worn off is often thought to be and com-
monly taught to be a key factor (Graphical Abstract, panel A).3 Studies
in euvolaemic healthy individuals have shown that administration of
loop diuretics invokes compensatory post-diuretic sodium retention
(CPDSR),4 a mechanism which is not mitigated by blocking the effect
of angiotensin II by using captopril or by blocking an adrenergic effect
by using prazosin.5,6 However, intravenous volume repletion in
healthy individuals undergoing loop diuretic administration seems to
mitigate CPDSR,7 indicating that extracellular volume (ECV) deple-
tion seems to partially control this mechanism. As such, it is question-
able whether CPDSR plays a role in evoking diuretic resistance in
patients with AHF and clear volume overload.

In this issue of the European Heart Journal, Cox and colleague pro-
vide an interesting analysis of a prospective single-centre cohort
study, designed to investigate the mechanism of diuretic resistance in
patients with AHF.8 First, in healthy participants, the authors
confirmed prior observations showing CPDSR in non-volume-

overloaded healthy individuals.4 Secondly, and more importantly, the
authors investigated CPDSR in patients admitted with AHF and signs
of volume overload. The study consists of 462 individual diuretic
administrations in 285 unique patients. They used a 6 h timed urine
collection after loop diuretic administration to capture the diuretic-
induced natriuresis, followed by a 18 h timed urine collection (once
the loop diuretic effect has worn off) to capture CPDSR. Because
these are real-world AHF patients and some clinicians prescribed
multiple doses of loop diuretics during one day, the authors distin-
guished patients with only one loop diuretic administration per day
(the cleanest cohort, defined as the measured cohort) vs. patients
with multiple administrations (a less clean cohort, defined as the cal-
culated cohort). Both in the measured and the calculated cohort, the
authors show that loop diuretics induce a significant increase in natri-
uresis. However, in volume-overloaded AHF patients, the remaining
18 h of the day CPDSR did not seem to occur as natriuresis was simi-
lar in this time frame compared with that in healthy individuals.
Because patients were placed on a 3 g salt-restrictive diet, the
authors calculated the patients in which loop diuretics produced a
negative sodium balance vs. a positive sodium balance (the latter
being more ‘diuretic resistant’). Patients who attained a negative so-
dium balance not only had a larger 6 h diuretic-induced natriuresis
but also a larger 18 h post-diuretic natriuresis, arguing against the ex-
istence of CPDSR in these patients, as there was a positive correl-
ation between diuretic-induced and subsequent spontaneous
natriuresis. In patients with a positive sodium balance, both the 6 h
and the 18 h urine collection showed a diminished natriuresis. When
similar patients to these latter patients were randomized to higher
doses of loop diuretics or adding thiazides, the post-diuretic natri-
uresis rose three-fold, while the subsequent 18 h spontaneous natri-
uresis remained virtually unchanged, thereby showing that in patients
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.with poor diuretic response, a therapy intensification to incremental
diuretic doses or combinational diuretics can bolster diuretic efficacy
without inflicting CPDSR. While Cox and colleagues provide a nice
analysis, several limitations should be taken into account, such as the

single-centre design, the double or triple inclusion of several patients
(generating some bias), the absence of compelling data between the
absence of CPDSR and the volume status of the patient, and the ab-
sence of sequential day determinations (does CPDSR occur on later

Graphical Abstract Summary findings (A) Pharmacological effect of loop diuretics in healthy individuals showing CPDSR and the breaking phe-
nomenon. (B) Potential therapies targeting sodium avidity in AHF and CHF. (C) Theoretical effect of therapies used in AHF and CHF on renal sodium
excretion throughout the day.
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.days, when the breaking phenomenon occurs). Additionally, the re-
sult should not be extrapolated to patients with stable chronic heart
failure (CHF; who have limited or no volume overload).

Another important prevailing message from this analysis is that the
baseline intrinsic renal sodium avid state of the heart failure patients
seems to be a major determinant of diuretic resistance. Indeed, the
pre-diuretic urinary sodium concentration seems to determine both
diuretic-induced natriuresis and spontaneous natriuresis (once the di-
uretic effect has worn off). Additionally, patients with a positive so-
dium balance seem to have a very pronounced sodium avid state.
This observation in AHF is consistent with our recent report showing
that in patients with stable CHF the morning (pre-diuretic) spot so-
dium concentrations were associated with the risk of being admitted
for AHF, wth patients manifesting with a low urinary spot sodium
concentration (more pronounced renal sodium avid state) having a
higher risk of being admitted with AHF.9 In both cases, the intrinsic
renal sodium avidity sets the basal rate of natriuresis, thus relatively
insufficient natriuresis in the setting of volume overload can primarily
be countered with increasing dosages and frequencies of diuretic
therapy.

So what drives renal sodium avidity in heart failure and how can
we leverage this knowledge into therapeutic advances if baseline
renal sodium avidity is such an important target in heart failure? The
kidneys are a specialized vascular organ receiving around a fifth of car-
diac output. Understanding alterations that occur in this unique vas-
cular structure (glomerular capillaries flanked by an afferent and
efferent arteriole in serial structure with the more distal peri-tubular
network) and the paralleling of renal tubules in the setting of heart
failure help to determine causes and potential therapies targeting
renal sodium avidity in heart failure (Graphical Abstract, panel B).10

First, increased filling pressures, a decrease in cardiac output, and ele-
vation in abdominal pressures result in diminished glomerular renal
blood flow (RBF) and elevated glomerular hydrostatic capillary pres-
sures at the level of the glomerulus.11 Hydrostatic capillary pressures
are elevated both due to passive transmitted pressure in the renal
veins (elevated filling pressures) and through neurohormonal activa-
tion (more vasoconstriction of the efferent vs. afferent arteriole).12

Chronic elevated glomerular hydrostatic pressures can result in
accelerated nephron loss occurring in heart failure.2 A decrease in
RBF results in a net increased filtration (increased filtration fraction)
across the glomerular capillaries in the Bowman’s space.13 Secondly,
because a state of increased filtration fraction (heart failure) results in
enhanced oncotic pressure in the peritubular network (often in con-
junction with lower hydrostatic pressures due the efferent arteriole
vasoconstriction), this stimulates proximal nephron sodium retention
(tubulo-glomerular balance).13 Normally, the proximal nephron
reabsorbs �65% of all filtered sodium in the renal tubules, but this
can be elevated in heart failure due to enhanced proximal nephron
sodium avidity secondary to the increased filtration fraction.
Neurohormonal activation (and certain comorbidities such as obesity
and diabetes) can also result in up-regulation of proximal sodium
transporters (Na/H-exchanger of Na-glucose linked transporter),
further worsening proximal sodium retention.10 Thirdly, diminished
tubular flow in the thick ascending loop of Henle (due to more prox-
imal sodium retention and low RBF), combined with neurohormonal

activation, results in renal sodium avidity in the loop of Henle.10

Sodium retention in this segment also further builds the medullar
interstitial gradient which drives free water reabsorption. Fourthly,
enhanced renal sodium avidity more proximal to the macula densa
results in less chloride uptake by the macula densa, thereby evoking
signals of ECV depletion such as neurohormonal activation or tubulo-
glomerular feedback (vasodilation of the afferent arteriole, leading to
enhanced hydrostatic glomerular capillary pressures and potentially
accelerated nephron loss). Fifthly, reduced tubular flow in the distal
nephron (distal convoluted tubule and collecting ducts), elevated al-
dosterone concentrations, and the breaking phenomenon (hyper-
trophy of distal tubular cells) enhance distal nephron sodium
avidity.10 In AHF the goal of therapy is to induce a net negative so-
dium and fluid balance eventually leading to decongestion, while in
CHF the goal is to maintain a neutral balance, preventing occurrence
of decompensation (Graphical Abstract, panel C). Therapies in AHF
and CHF that target the five aforementioned renal sites determining
enhanced sodium avidity are reflected in the Graphical Abstract, panel
B. In CHF, due to medical therapy optimization, not all patients re-
quire a loop diuretic (if medical therapies are capable of inducing a
state of sufficient baseline renal natriuresis). However, in patients
with CHF requiring a loop diuretic, we have recently shown that ter-
mination of this loop diuretic results in a significant drop in
natriuresis.14

Cox and colleagues provide interesting data in the setting of AHF
showing that CPDSR does not influence diuretic resistance.
Furthermore, they provide the insight that in AHF patients with a
poor diuretic response and positive sodium balance, the use of tar-
geted diuretics can bolster diuretic response without inflicting
CPDSR. Additional studies will need to determine which diuretic
strategy (an increase in loop diuretic dose, adding acetazolamide,
adding an SGLT2-I, adding thiazide, etc.) is most appropriate in which
patients. The ongoing ADVOR (Acetazolamide in patients with
Decompensated heart failure and Volume OveRload) trial, for in-
stance, will test the effect of acetazolamide for this purpose in AHF.15
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