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This editorial refers to ‘Changes in renal function during
hospitalization and soon after discharge in patients
admitted for worsening heart failure in the placebo
group of the EVEREST trial’†, by J.E.A. Blair et al., on
page 2563

In a post-hoc analysis of the Efficacy of Vasopressin Antagonism in
Heart Failure Outcome Study with Tolvaptan (EVEREST), Blair and
co-workers found that worsening kidney function shortly after
hospitalization and in the early post-discharge period indepen-
dently predicted cardiovascular mortality and re-hospitalizations
because of heart failure (HF).1 These findings confirmed previous
evidence that worsening kidney function following hospitalization
for decompensated HF is a strong independent predictor of long-
term adverse outcomes. An intriguing finding of the above study,
however, was that worsening kidney function was also associated
with a decrease in body weight and circulating levels of the
B-type natriuretic peptide (BNP), changes that reflected an ameli-
oration of fluid congestion and that per se were expected to
predict improved outcomes in the long term.

To explain this apparent paradox, we have to go back to the
old days of Arthur J. Merril who in 1946 measured renal
plasma flow and the glomerular filtration rate (GFR) by using
the sodium para-amino hippurate and inulin renal clearance tech-
niques, in 37 subjects admitted because of HF from different
aetiologies.2 In these patients, the renal plasma flow was
reduced to one-third to one-fifth of normal, whereas the
cardiac output was rarely reduced below half the resting value.
On the basis of these findings, he suggested that in HF there is
a specific diversion of blood away from the kidneys, organs
which normally receive � 20% of the cardiac output. Despite
the large reduction in renal plasma flow, however, the GFR was
half to one-third normal. This was explained by a concomitant
increase in the filtration fraction, that, according to Merril,

reflected a ‘high intraglomerular pressure from efferent arteriolar
constriction, sustained by enhanced renal renin release’. This was
the first demonstration that in compensated HF the reduced renal
blood flow caused by circulatory impairment leads to a compen-
satory increase in the filtration fraction, which preserves the GFR
despite decreased kidney perfusion (Figure 1A). It is only in more
severe, decompensated, congestive HF, with extremely high renal
vascular resistances and markedly diminished renal blood flow,
that GFR falls without further increase in the filtration fraction.3

In this setting, an extreme activation of the renin–angiotensin
system and of the neurohormonal axis induces a maximized
pre-glomerular vasoconstrition whose aim it is to sustain systemic
blood pressure and redistribute diminished cardiac output mainly
to the brain and heart. These profound haemodynamic changes,
however, eventually lead to diminished intraglomerular pressure
with reduced glomerular ultrafiltration and GFR, despite
enhanced post-glomerular resistances (Figure 1B). Moreover, the
activation of the neurohormonal axis is associated with an
enhanced proximal tubular sodium and water reabsorption in
order to increase the plasma volume and sustain cardiac output
and renal perfusion.4 This maladaptive response, however, even-
tually results in oligoanuria, fluid retention, and worsening of con-
gestion. In this scenario, the only approach is to intensify the use
of diuretics. With diuretics, however, amelioration of congestion
is only achieved to the detriment of effective arterial volume,
with further worsening of arterial underfilling, kidney hypoperfu-
sion, and dysfunction. Thus, worsening kidney function eventually
unmasks those patients with more severe HF who require high-
dose diuretic therapy to maintain fluid homeostasis. This may
explain the paradox observed by Blair and co-workers1 that in
their patients with decompensated HF, worsening kidney function
independently predicted worse outcomes, despite improved
markers of heart congestion such as decreased body weight
and BNP.
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Another reason for concern is that most patients with HF also
have decreased GFR to start with.5 Consistently, Blair et al.1

found that at inclusion . 90% of their patients had some degree
of renal insufficiency, defined as an estimated GFR ,90 mL/min/
1.73 m2. These data, however, should be treated with caution

since prediction formulae underestimate the actual GFR, in particu-
lar in subjects with normal or near normal renal function,6 and
their use in the study of Blair et al. probably led to an overestima-
tion of the real prevalence of kidney dysfunction. In this setting, the
GFR may be reduced because of kidney hypoperfusion or renal
co-morbidities, or both. Since kidney hypoperfusion is a marker
of severe cardiac dysfunction and renal co-morbidities may accel-
erate the progression of cardiovascular disease,7 not surprisingly,
in patients with HF, renal dysfunction is associated with poor out-
comes and appears to be an even stronger predictor of mortality
than left ventricular ejection fraction or New York Heart Associ-
ation functional class.5 Thus, among patients with HF, those with
concomitant renal insufficiency are the patients in most urgent
need of effective treatment.

Despite the above background, however, in the study by Blair and
co-workers,1 patients with more severe renal dysfunction were less
likely than those with a normal GFR to be taking an angiotensin-
converting enzyme (ACE) inhibitor, an angiotensin receptor
blocker, or an aldosterone antagonist at baseline. This is not unex-
pected since prescription rates for ACE inhibitors—as well as
b-blockers, statins, and antiplatelet agents—in patients with HF
have been consistently reported to be inversely related to renal
function, findings that most probably reflect concern about possible
side effects of these medications in patients with more severe renal
insufficiency. In particular, cardiologists and even nephrologists do
not start or even withdraw ACE inhibitors in patients with acute
decompensated HF for fear of worsening serum creatinine. Serum
creatinine increases associated with ACE inhibitor therapy,
however, do not indicate changes in a patient’s clinical conditions
that might portend worse outcomes, but simply reflect the inhi-
bition of adaptative mechanisms, namely post-glomerular vasocon-
striction, aimed to sustain glomerular hydraulic pressure and
ultrafiltration despite decreased kidney perfusion. This effect
almost invariably translates into worsening kidney function when
the mean arterial pressure decreases to , 70–80 mmHg, that is
the threshold of kidney autoregulation below which kidney per-
fusion becomes directly pressure dependent.3 This explains why
in the Cooperative North Scandinavian Enalapril Survival Study
(CONSENSUS) serum creatinine increased by 10–15% over the
first 2 weeks of enalapril treatment and why this change was
largely driven by serum creatinine increases observed in patients
with mean blood pressure reduction below 75 mmHg. After this
initial increase, however, changes in serum creatinine over time in
patients on enalapril were similar to those observed in controls
and most probably reflected the natural progression of the under-
lying renal disease in this population.8 Thus, early changes in
serum creatinine levels during ACE inhibitor therapy reflect haemo-
dynamic phenomena that do not translate into accelerated renal
function loss in the long term, and that, based on observations in
other clinical settings, might even be renoprotective.9 On the
other hand, ACE inhibitors have effects on the vascular tree that,
in addition to directly improving long-term cardiac outcomes, may
increase cardiac output and ameliorate arterial underfilling and
kidney perfusion and dysfunction. Moreover, they promote natriur-
esis and diuresis by attenuating proximal tubular sodium and water
reabsorption, and by suppressing aldosterone and vasopressin
secretion,4 changes that may further contribute to improving the

Figure 1 (A) Adaptative mechanisms to renal hypoperfusion in
compensated heart failure. Activation of the renin–angiotensin
system induces a predominant vasoconstriction of the efferent
arteriole with a secondary increase in post-glomerular resist-
ances. Increased post-glomerular resistances increase the intraca-
pillary hydraulic pressure despite decreased kidney perfusion
secondary to decreased systemic blood pressure. Thus, the per-
centage or the renal plasma flow that is ultrafiltered through the
glomerular barrier (filtration fraction) increases, which allows
maintainenance of the GFR despite decreased kidney perfusion.
(B) Pre-renal kidney failure in decompensated heart failure. In
decompensated heart failure, activation of the neurohormonal
axis induces a maximized vasoconstriction of the afferent arter-
iole with a secondary increase in pre-glomerular resistances
aimed at sustaining systemic blood pressure and redistributing
decreased cardiac output mainly to the brain and heart. Increased
pre-glomerular resistances reduce the glomerular perfusion
pressure and the intracapillary hydraulic pressure despite
increased post-glomerular resistances. The glomerulus is hypo-
perfused and the glomerular filtration area decreases. Thus, the
percentage or the renal plasma flow that is ultrafiltered
through the glomerular barrier (filtration fraction) decreases.
Decreased plasma flow and filtration fraction both contribute
to decreased GFR.
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cardiac performance in particular in patients with concomitant renal
insufficiency. This may explain why ACE inhibitor therapy improved
1-year survival compared with placebo in patients with baseline
GFR ,60 mL/min/1.73 m2 at least as effectively as in those with
higher GFR.10

Altogether, the above data suggest that some increase in serum
creatinine levels should be tolerated with the use of ACE inhibi-
tors. Changes in serum creatinine can be limited or prevented
by decreasing diuretic therapy to limit systemic hypotension and
kidney hypoperfusion. Since almost all ACE inhibitors are fully
cleared by the kidneys, these drugs may accumulate in the circula-
tion of patients with renal insufficiency, which may further worsen
the kidney function in a vicious circle that may end in anuria and
need for renal replacement therapy. Thus, careful dose titration
to blood pressure and serum creatinine is mandatory in these
patients.

Evidence that cardiac function may improve after renal transplan-
tation in patients with primary kidney disease suggests that chronic
renal insufficiency may play a pathogenic role in the progression of
HF. Renal insufficiency may contribute to multiple changes in vascu-
lar pathobiology that may worsen cardiovascular outcome, such as
salt and water retention, hyperactivation of the sympathetic nervous
and renin–angiotensin system, endothelial dysfunction, insulin
resistance, chronic inflammation, abnormalities in the coagulation/
fibrinolytic systems, and abnormal vascular calcification associated
with elevated calcium phosphorus product and secondary hyper-
parathyroidism.7 Thus, preventing the onset and progression of
chronic kidney disease might be instrumental in improving cardio-
vascular outcomes in patients with HF. ACE inhibitors and angioten-
sin II receptor antagonists have been consistently found to prevent
the onset of nephropathy in subjects with diabetes11 and to limit the
progression of diabetic and non-diabetic chronic nephropathies to
end-stage kidney disease.12,13 In a relevant proportion of cases
they may also achieve regression or remission of established
kidney disease.14 Thus, it is conceivable that these medications
might also slow the progression of chronic kidney disease in patients
with HF, which might translate into significant cardioprotection,
independent of the direct effects of these drugs on the heart. In
this regard, it is worth mentioning that angiotensin II receptor antag-
onists have been reported to reduce the incidence of hospitaliz-
ations because of worsening HF in type 2 diabetes patients with
overt nephropathy,13 an effect that was even larger in patients
with more severe renal insufficiency.15 Finding that these benefits
also extend to patients on chronic dialysis therapy because of end-
stage renal disease further reinforces the concept that these medi-
cations should be offered to all patients with HF, independent of the

presence and severity of renal dysfunction. Due to their well-
established life-saving effects, ACE inhibitors should be started as
soon as the diagnosis of HF is established and should never be
stopped.
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