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Chronic kidney disease (CKD) and congestive heart failure (CHF) are epidemiologically
and pathophysiologically linked. A recent study in patients with severe CHF demonstrated
that renal plasma flow was inversely correlated with pulmonary capillary wedge pres-
sure, right atrial pressure, pulmonary pressure, and right ventricular ejection fraction.
This article reviews the utility of B-type natriuretic peptide (BNP) levels in assessing
cardiac function and volume status in patients with CKD and examines the safety
and efficacy of BNP therapy in patients with renal insufficiency and decompensated
heart failure. 
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Only 16% of chronic kidney disease (CKD) patients who have reached
end-stage renal disease (ESRD) have echocardiographically normal left
ventricles,1 and 40% have clinically diagnosed congestive heart failure

(CHF).2 The activation of the renin-angiotensin-aldosterone system (RAAS),
sympathetic nervous system (SNS), and endothelin-1 by heart failure reduces
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renal perfusion acutely and confers
acquired diuretic resistance.3,4 Chronic
RAAS activation causes glomeru-
losclerosis, tubulointerstitial fibrosis,
and proteinuria, as well as abnormal
left ventricular remodeling and pro-
gressive cardiomyopathy.5,6

B-type natriuretic peptide (BNP),
produced by the cardiac ventricles
and, to a small degree, by the renal
glomerular epithelial and mesangial
cells,7,8 is a counter-regulatory hor-
mone that physiologically opposes

and suppresses the RAAS endothe-
lin-1 and the SNS.8,9 Endogenous
BNP and atrial natriuretic peptide
(ANP) production maintain renal
function and sodium balance when
cardiac function acutely deterio-
rates.10 However, as with other
pathophysiologic derangements,
further worsening of cardiac func-
tion, accompanied by greater activa-
tion of vasoconstrictive and sodium
retentive hormonal systems, even-
tually overwhelms the capacity of
the endogenous natriuretic peptides
to maintain compensation. 

Administration of exogenous
intravenous (IV) BNP increases cir-
culating levels by 2- to 6-fold11,12 and
has been empirically shown to rap-
idly improve hemodynamic, vol-
ume, neurohormonal, and sympto-
matic abnormalities in patients with
acute decompensated heart failure13-15

and to decrease rates of rehospitaliza-
tion.16,17 Nesiritide IV (human recom-
binant BNP) is approved for the treat-
ment of acute decompensated CHF.

The physiologic effects of nesiri-
tide include veno- and arterial
dilatation18 (without reflex tachycar-
dia), diuresis, and natriuresis (with-
out reduction in renal perfusion or

function).14 Thus, nesiritide increas-
es cardiac index and reduces pul-
monary capillary wedge pressure
(PCWP).14 In addition, nesiritide is
lusitropic, anti-fibrotic, and inhibits
the RAAS8; thus, nesiritide should
stabilize renal function acutely and
chronically while improving cardiac
function and hemodynamics in
CHF patients.

This paper reviews the utility of
BNP levels in assessing cardiac func-
tion and volume status in CKD

patients. It further summarizes the
safety and efficacy of BNP as thera-
py for managing heart failure in
patients with acute and chronic
renal insufficiency.  Emerging appli-
cations of BNP therapy in inpatients
and outpatients with decompensat-
ed heart failure that are relevant to
the practice of nephrology and car-
diology are specifically discussed.  

Chronic Kidney Disease and
Congestive Heart Failure 
Patients with CKD have a dispropor-
tionate burden of cardiovascular dis-
ease, including CHF. Undoubtedly,
CKD is complicating the CHF epi-
demic we have observed over the
past 15 years.19 According to the U.S.
Renal Data System (USRDS), 40% 
of incident dialysis patients have 
a known diagnosis of CHF.2 When
such patients are examined system-
atically, left ventricular abnormali-
ties are highly prevalent.1 In one
study, cardiac echocardiography was
performed in 432 consecutive dialy-
sis patients. Of this group, only 16%
had echocardiographically normal
left ventricles and the rest had myriad
abnormalities: systolic dysfunction
(16%), concentric left ventricular

hypertrophy (LVH) (41%), and 
left ventricular dilatation (28%).
Although the rates of diastolic dys-
function in those with CKD and
ESRD are currently unknown, they
are expected to be high.20 Left ven-
tricular abnormalities are apparent
long before CKD patients become
end-stage. A multicenter Canadian
cohort study of 446 patients21 found
the prevalence of concentric left
ventricular hypertrophy among
patients with glomerular filtration
rates (GFRs) of 50 mL/min to 75
mL/min, 25 mL/min to 50 mL/min,
and less than 25 mL/min to be
approximately 30%, 33%, and 49%,
respectively.  

The common co-occurrence of
CKD and CHF is not surprising
given that classical cardiovascular
risk factors, such as hypertension
and diabetes, are also risk factors for
CKD. It is also plausible that chron-
ic CHF and CKD may aggravate the
progression of each other, leading to
an inexorable vicious cycle and
accelerated cardiac and renal fibro-
sis (Figure 1).22 Systemic and tissue-
level activation of the RAAS, as seen
in heart failure, is strongly implicat-
ed in numerous adverse functional
and structural cardiac and renal
effects (Table 1).5,6,23 

Indeed, many of the therapeutics
that improve chronic heart failure
and/or CKD outcomes, such as
angiotensin-converting enzyme
(ACE) inhibitors24,25 and aldosterone-
receptor blockers,26 inhibit the
RAAS. Selective aldosterone block-
ade with spironolactone27 also
reduces mortality in subsets of
patients with chronic CHF; there is
a strong rationale for utilizing aldos-
terone blockade to reduce the rate of
renal functional loss in CKD
patients.5,6,23 The limitations of the
aforementioned therapeutics in the
population of patients with CKD
and CHF are hyperkalemia and

Chronic CHF and CKD may aggravate the progression of each other, leading
to an inexorable vicious cycle and accelerated cardiac and renal fibrosis.
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acute worsening of renal filtration
function. The difficulty of use of
ACE inhibitors in this high-risk pop-
ulation is reflected by studies of
patients with advanced CHF (and
mean serum creatinine (Cr) of
1.5–1.6 mg/dL) in which baseline
therapy with ACE inhibitors was far
from universal (VMAC, 69%15;
OPTIME, 69%28).  

Renal Function as a Predictor
of Outcome 
The major prognostic importance of
renal insufficiency, volume status,
and systemic perfusion was evident
with blood urea nitrogen (BUN) and
serum creatinine as 2 of the 3
strongest independent predictors of
mortality among U.S. patients who
were hospitalized with a primary
diagnosis of acute CHF.29 A discharge
serum Cr greater than 2.5 mg/dL
also was a significant predictor of
60-day hospital readmissions among
a Medicare cohort (N = 2176) with
an index hospitalization for acute
CHF.30 In addition, several studies
have found that, independent of age,
left ventricular ejection fraction,
diabetes, and discharge Cr level,
even small deteriorations in renal
function (Cr elevations of 0.2 mg/dL)
during hospitalization for acute
CHF, are predictors of increased

mortality.31,32 Worsening renal func-
tion during hospitalization is the
most frequent reason for the use of

the intensive care unit and IV
inodilators in patients with acutely
decompensated CHF.33

Neurohormonal Activation 
Worsening of renal function during
treatment of CHF and acute worsen-
ing of renal function at the time of

presentation with acute decompen-
sated CHF are typically due to renal
hemodynamic alterations mediated
by activation of myriad renal vaso-
constrictive hormonal systems.
Such systems include the RAAS, 
the SNS, thromboxane A2, and
endothelin-l.9,34,35 RAAS and SNS acti-
vation is further aggravated by the
universal utilization of loop and thi-
azide diuretics during treatment of
acute CHF. IV diuretics have been
shown to cause significant increases
in plasma renin and norepinephrine
within 20 minutes of administra-
tion.36 Hence, while helpful in clear-
ing pulmonary congestion, the early
and singular use of IV loop diuretics
further activates the RAAS and SNS

while leading to elevations in Cr in
many patients.

Natriuretic Peptides and Acute
Heart Failure
ANP and BNP are produced by the
atria in response to volume overload
and by the ventricles in response to

Table 1
Adverse Consequences of Chronic Systemic and 

Tissue Level RAAS Activation

Kidney Heart

• Hypoxia/vasoconstriction • Adverse left ventricular remodeling

• Intra-glomerular hypertension • Left ventricular hypertrophy

• Proteinuria/increased nephrin • Myocardial fibrosis

• Glomerulosclerosis • Endothelial dysfunction

• Tubulointerstitial fibrosis • Coronary atherosclerosis vasoconstriction

• Prothrombotic effects/increased plasminogen 
activator inhibitor

RAAS, renin-angiotensin-aldosterone system
Data from: Epstein M,5 Brewster UC, et al,6 and Hostetter TH, et al.23

Volume overload
Hypertension
Anemia

Glomerulosclerosis
Tubulointerstitial fibrosis
Proteinuria

LV remodeling
Myocardial Fibrosis
LVH

Decreased
renal perfusion

Aldosterone
Angiotensin II

CHF

CKD

Figure 1. Central role of the renin-angiotensin-aldosterone axis in progressive cardiomyopathy and chronic kidney
disease. CHF, congestive heart failure; CKD, chronic kidney disease; LVH, left ventricular hypertrophy.

Hence, while helpful in clearing pulmonary congestion, the early and
singular use of IV loop diuretics further activates the RAAS and SNS
while leading to elevations in Cr in many patients.
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pressure overload, respectively.8 BNP
is also expressed under physiologic
conditions by human glomerular
epithelial and mesangial cells in
smaller quantities.7 Both peptides
agonize the guanylate cyclase-cou-
pled natriuretic peptide receptor A
(NPR-A) and are cleared by the clear-
ance receptor, natriuretic peptide
receptor C (NPR-C), both of which
are present in high density within
renal parenchyma.8 Evidence also
exists for a novel receptor that binds
BNP, but not ANP.37,38 Both ANP and
BNP are cleared by neutral endopep-
tidase (NEP 24.11), which is found
on endothelial cell surfaces and
within the kidneys. Interestingly,
renal NEP appears to degrade ANP
with much greater efficiency than it
degrades BNP.39 The 50-fold lower
potency of ANP compared with BNP
in increasing cGMP in kidney cells
was equalized by an inhibitor of
NEP, suggesting that the higher
potency of BNP may be related to a
longer half life within the  kidney.39

The production of BNP by renal
epithelial and mesangial cells and
lower renal degradation of BNP
compared with that of ANP suggests
that BNP may serve as a renal
paracrine hormone.

Compared to ANP, equimolar
doses of BNP produce a greater
increase in GFR and sodium excre-
tion40 and more reduction of filling
pressures and increases in cardiac
output.38 The physiologic response
to ANP may be less than that of BNP
because of a decoupling, in heart
failure, of cGMP response of the
NPR-A receptor to ANP, mediated by
a protein phosphatase (PP5).41

Shorter circulating half life of ANP
(3 minutes) versus BNP (18 min-
utes)11 may also contribute to the
differences in physiologic response.

Acute inhibition of the NPR-A in
dogs with rapid ventricular pacing-
induced acute heart failure leads to

a reduction in the glomerular filtra-
tion and sodium excretion rates,42

suggesting that the elevated levels
of ANP and BNP seen in acute heart
failure are important in preventing
volume overload and maintaining
renal function. The mechanism for
preservation of renal function and
sodium excretion likely include the
peptides’ ability to directly inhibit
the vasoconstrictive and sodium-
and water-retentive hormones and
hormonal systems, RAAS, norepi-
nephrine, and endothelin-1, and
vasodilatory effects that serve to
lower filling pressures. At the cellu-
lar level, interaction of BNP with 
the renal RAAS on GFR may be, 
at least in part, related to modula-
tion by BNP of the voltage response
of mesangial cells induced by
angiotensin II. (BNP increases potas-
sium conductance and hyperpolar-
ization of renal mesangial cells.)
Further, this increase in the K+ con-
ductance seems to be additive to
that inducible by adenosine, indi-
cating that different K+ channels are
activated by BNP.43 In addition,
vasodilatory action of BNP—at least
in coronary circulation—is attenuat-
ed by prostaglandin blockade, sug-
gesting that BNP’s effects may be, 
in part, mediated by effects on
prostaglandins.44

Although it is commonly believed

that renal perfusion in CHF is pre-
dominantly a function of cardiac
index and blood pressure, a recent
study in patients with severe CHF
demonstrated that renal plasma
flow was inversely correlated with
PCWP, right atrial pressure, pul-
monary pressure, and right ventric-
ular ejection fraction. Renal perfu-
sion did not correlate with cardiac
index, systemic vascular resistance,
or blood pressure (Table 2).45

Both ANP and BNP have direct
renal tubular sodium excretory
effects.46 Interestingly, BNP levels
achieved during sodium loading or
seen in mild heart failure produce
distal tubular effects, whereas BNP
levels achieved with pharmacologic
administration of this peptide have
both proximal and distal tubular
effects.46 This phenomenon may be
explained by the observation that
human proximal tubular cells
express new NPR-A receptors when
exposed to exogenous BNP.47 The
clinical trial data have supported
the idea that the physiologic
response to exogenously adminis-
tered natriuretic peptide is of a
greater magnitude than what was
observed with endogenously pro-
duced peptide. For example, when
127 patients with acute decompen-
sated CHF and mean baseline
(endogenous) BNP level > 1000

Table 2
Correlation of Systemic Hemodynamic Parameters to 

Renal Plasma Flow in Heart Failure Patients45

Hemodynamic Parameter r-value for Correlation With RPF P Value

PCWP -0.69 < .001

PAP -0.65 < .01

RAP -0.47 < .05

RVEF +0.49 < .05

Renal plasma flow did not correlate significantly with cardiac index, systemic vascular resistance
index, or blood pressure.
PCWP, pulmonary capillary wedge pressure; PAP, pulmonary artery pressure; RAP, right atrial
pressure; RVEF, right ventricular ejection fraction. Data from: Kos, et al.45
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pg/mL were randomized to 1 of 2
doses of nesiritide or placebo as
first-line monotherapy, patients
who received nesiritide had a dose-
dependent increase in urine volume
(Figure 2A).14

BNP Levels in Patients With
Renal Disease 
A number of studies have examined
BNP levels in dialysis patients48-51

and in patients with lesser degrees
of renal insufficiency.52 Whereas the
studies typically have reported that
higher-than-normal mean BNP lev-
els are associated with estimated
glomerular filtration rate less than
60 mL/min/1.73 m2,52 BNP levels
were not elevated in patients with
ESRD who had normal cardiac func-
tion and no LVH on echocardiogra-
phy.48 Therefore, the abnormalities
in BNP levels frequently observed in
patients with renal insufficiency
and ESRD are a reflection of a high
prevalence of left ventricular abnor-
malities, such as LVH and the ensu-
ing cardiac pressure overload.
Consistent with a lack of accumula-
tion of endogenous BNP in ESRD
patients are clinical observations
that physiologic effects of exogenous-
ly administered BNP are similar in
patients with moderate-to-severe
renal insufficiency, compared to indi-
viduals with normal renal function.

BNP levels in ESRD patients do
not appear to correlate well with

venous and interstitial volume sta-
tus. In one study, the r-value for the
correlation between BNP levels in
dialysis patients with echocardio-
graphic measurements of inferior

vena cava diameter was 0.27 and
was 0.39 for total body water using
bioimpedance.53 BNP levels do not
normalize following hemodialy-
sis50,53 and, in some studies, are

Figure 2. (A) Effect of nesiritide
(NES) on urine volumes over 6 hours.
(B) Effect of nesiritide on clinical 
improvement over 6 hours judged 
by blinded patients (PT) and physi-
cians (MD).

Table 3
Physiologic Effects of B-Type Natriuretic Peptide

Observed Physiologic  
or Clinical Effect Known or Presumed Mechanism Reference

Increased urine volume  Increased proximal and distal tubular 14,15,62
and/or reduced sodium (and water) excretion
diuretic need Direct inhibition of aldosterone, renin, 

norepinephrine

Improvement in renal perfusion 
secondary to improvements in cardiac 
function and inhibition of endothelin-1, 
norepinephrine, and angiotensin II

Maintenance of glomerular  Angiotensin II inhibition balanced by 13,62
filtration rate and renal  inhibition of renal vasoconstrictive 
blood flow hormones and improved cardiac 

function

Neutral effects on Enhanced potassium secretion secondary 55
serum potassium to natriuretic effects balanced by 

aldosterone inhibition

Reduction in cardiac filling  Direct venodilation 14,15
pressures and pulmonary Direct arterial dilation
artery pressures Direct pulmonary vasodilation

Decreased PA pressures due to cardiac 
functional improvements

Neutral effects on Arterial dilatation and potential reflexive 14,15
heart rate effect on heart rate balanced by 

suppression of norepinephrine

Absence of proarrhythmia Suppression of norepinephrine 14,69,70
Absence of inotropic effects

Improved coronary Direct coronary vasodilation 15,71
blood flow Improved diastolic and systolic function

Reduced longer  Anti-fibrotic/anti-remodeling effects 8,16,66,67,69
term mortality Neurohormonal suppression
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apparently unchanged after patients
are returned to their clinically deter-
mined stable dry weight, suggesting
that BNP is not significantly (if at all)
cleared by hemodialysis. The fact that
BNP does not decrease in parallel with
fluid removal on dialysis also suggests
that it is not an optimal marker of
volume status; however, the relative
reduction in BNP with a dialysis ses-
sion may prove to be an important
indicator of optimally reduced left
ventricular wall tension.54

Physiologic Effects of BNP 
BNP has myriad physiologic and
clinical effects (Table 3), many of
which are relevant when managing
patients with combined kidney fail-
ure and CHF. As a therapy, BNP is
the only available compound that
creates improvements in both renal
and cardiac function when used
short-term. Although other avail-
able IV therapies, including nitro-
glycerin, nitroprusside, phosphodi-
esterase inhibitors (amrinone, milri-
none), catecholamines (dobuta-
mine, dopamine), and diuretics
(furosemide, torsemide) improve
some aspects of cardiac hemodynam-
ics, they either reduce renal filtration
function or activate adverse neuro-
hormonal systems (SNS, RAAS,
endothelins).

Improvements in
Cardiopulmonary
Hemodynamics and Heart
Failure Symptoms
Nesiritide consistently and rapidly
lowers elevated filling pressures,
such as PCWP, right atrial pressure,
and pulmonary artery pressures,
and it increases cardiac index in a
dose-dependent manner. In addi-
tion, it has no significant inotropic
or chronotropic effects (Table 4).
Nesiritide produced favorable reduc-
tions in systolic blood pressure (SBP)
in patients with elevated baseline

SBP and did not negatively impact
patients with low baseline SBPs.
Decreases in SBP were proportional
to baseline SBP and consistent with
the low incidence of symptomatic
hypotension in all patients (including
those with low baseline SBP), indicat-
ing that the vasodilatory effects of
nesiritide may be self-regulatory.55

In a large, randomized, double-
blind clinical trial15 (N = 489), nesir-
itide, nitroglycerin, or placebo was
added to existing therapies (includ-
ing IV diuretics, oral and transder-
mal nitrates, ACE inhibitors, ß-
blockers, digoxin, hydralazine,
dopamine, and dobutamine).  The
trial was conducted in hospitalized
patients with refractory CHF, PCWP
> 20 mm Hg, and dyspnea at rest or
with minimal exertion despite ongo-
ing standard treatment. Nesiritide
was significantly better at reducing
PCWP than were placebo plus stan-
dard therapies and IV nitroglycerin

plus standard therapies. The find-
ings among patients with systolic
and diastolic dysfunction were simi-
lar (Scios Inc., data on file). Dyspnea
was improved with nesiritide, but 
not nitroglycerin, over placebo.
Hemodynamic effects of nesiritide
were statistically significant within
15 minutes of initiating therapy.

Nesiritide was associated with sig-
nificantly fewer adverse events than
nitroglycerin in this trial. Incidence
of symptomatic hypotension was
similar (4% with nesiritide and 5%
with nitroglycerin, over 24 hours). 

In patients with renal insufficiency
(serum Cr > 2, mean 3 mg/dL, range
2–11.1 mg/dL), nesiritide was safe
and improved hemodynamics and
dyspnea to an extent similar to that
in nesiritide-treated patients with
serum Cr < 2.0 mg/dL (mean Cr =
1.2 mg/dL). Effects of nesiritide ver-
sus nitroglycerin in patients with
renal insufficiency mimicked the

Nesiritide was significantly better at reducing PCWP than placebo plus
standard therapies and intravenous nitroglycerin plus standard therapies.

Table 4
Hemodynamic Effects of Nesiritide

Nesiritide Nesiritide 
Placebo 0.015 µg/kg/min 0.030 µg/kg/min P Value

PCWP (mm Hg) +2.0 ± 7.2 -6.0 ± 7.2* -9.6 ± 6.2* < .001

RAP (mm Hg) +0.4 ± 4.6 -2.6 ± 4.4† -5.1 ± 4.7* < .001

SVR (dynes/s/cm-5) +161 ± 481 -247 ± 492* -347 ± 499* < .001

CI (L/min/m2) -0.1 ± 0.47 +0.2 ± 0.49† +0.4 ± 0.69* < .001

SBP (mm Hg) +0.3 ± 11 -4.4 ± 10.2 -9.3 ± 12.6* < .001

Values are means + SD. P values are for the comparison among all three groups, calculated with the
omnibus F test.
* P < .001 for the pairwise comparison with placebo, by the F test.  
† P < .05 for the pairwise comparison with placebo, by the F test.
PCWP, pulmonary capillary wedge pressure; RAP, right atrial pressure; SVR, systemic vascular resistance;
CI, cardiac index; SBP, systolic blood pressure. 
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overall results of the Vasodilation in
the Management of Acute CHF
(VMAC) trial.56,57 It was noted that
the presence of oliguric ESRD did not
prevent robust hemodynamic and
symptomatic effects of nesiritide,
even in the absence of urine output.

The latter observation suggests
that the significant and rapid reduc-
tions in pulmonary artery pressures
and filling pressures and sympto-
matic improvement seen with nesir-
itide are not only a function of its

diuretic and natriuretic effects.
Indeed, in the efficacy trial
described above,14 the extent of
urine output observed, although
statistically significant and dose-
dependent, did not appear to fully
explain the even greater magnitude
of improvements in clinical status
(Figure 2B). It previously has been
shown that ANP can improve oxy-
genation in oligo-anuric patients
with CHF without affecting urine
volume.58 One study reported that
hemodialysis patients presenting in
the “middle of the night” with acute
CHF were successfully stabilized
with improvements in oxygenation,
filling pressures, and symptoms
with nesiritide administration until
dialysis could be performed.59

Natriuresis and Renal
Function Preservation in
Heart Failure
The presence of CKD or acute dete-
rioration of renal function in the
setting of CHF portends a poor 
outcome and heralds a significant
therapeutic challenge, including
inability to adequately diurese. The
addition of diuretics in this setting,

although necessary, is associated
with the risk of further neurohor-
monal activation,36 sodium reten-
tion between doses or diminishing
efficacy of continuous infusions,
and worsening renal function.60

The ability of nesiritide to sup-
press sodium retentive and renal
vasoconstrictive neurohormonal
systems while exerting natriuretic
effects predicts that its use as a natri-
uretic should not be hindered by
worsening renal function, as occurs

with conventional diuretics. Indeed,
in studies in CHF patients,13,61-63 no
reductions in either renal blood flow
or GFR occurred (despite natriuresis).

In theory, nesiritide (by suppress-
ing renin and, in turn, angiotensin
II) may cause an ACE inhibitor-
like effect on renal hemodynamics;
however, one would expect this
phenomenon to be balanced by
increased renal perfusion and
glomerular filtration occurring in
conjunction with improved cardiac
function. Whereas the new addition
of an ACE inhibitor in patients with
severely decompensated CHF would
be intolerable due to renal function-
al decline in a large fraction of
patients, such acute deteriorations
in renal function are not observed
in nesiritide clinical trials in this
population of patients. In the
VMAC trial, a study of highly com-
promised and refractory acute CHF
patients, mean change in serum Cr
from baseline (after a typical treat-
ment course of 48 hours) was: 0 +/-
0.41 mg/dL on day 2; 0.1 ± 0.59
mg/dL on day 5; 0.2 ± 0.85 mg/dL
on day 14; and 0.1 ± 0.75 mg/dL on
day 30 (Scios Inc., data on file).

In fact, in patients with acute
worsening of renal function in the
setting of acute CHF, nesiritide
would be expected to improve renal
function by inhibiting renal vaso-
constrictive hormones that are
mediating the renal functional
decline. The current literature on
this potential use of nesiritide is
encouraging64,65; however, no large
trials in patients with CHF and
acute renal insufficiency have been
conducted. It may be possible, with
the early use of nesiritide in com-
bined kidney failure and CHF, to
reduce the use of additional thera-
pies, including inodilators. Thus,
the use of additional hospital
resources and risks of invasive hemo-
dynamic monitoring and arrhyth-
mias could be avoided. 

Management of Patients With
Chronic Kidney Disease and
Chronically Decompensated
Heart Failure
Patients with moderate and severe
CKD and advanced cardiomyopathy
are difficult to manage because both
their renal function and cardiac
function are exquisitely sensitive to
circulating volume. Both renal and
cardiac function in these patients
typically decline progressively despite
attempts to treat with ß-blockers,
ACE inhibitors, spironolactone, and
angiotensin receptor blockers. Is
there a rationale for treating such
patients with nesiritide in an
attempt to break the vicious cycle
leading to progressive nephropathy
and cardiomyopathy? (See Figure 1.)

Mouse transgenic models that
overexpress BNP have greatly atten-
uated tissue damage, mesangial
expansion, and proteinuria in
response to immune-mediated renal
injury compared with littermates
that do not overexpress BNP.66

Mice overexpressing BNP also have
reduced glomerular injury and pro-

It may be possible, with the early use of nesiritide in combined kidney
failure and CHF, to reduce the use of additional therapies, including
inodilators.
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teinuria after subtotal nephrectomy
induced by resection of the renal
poles.67 In the BNP over expressing
transgenic mice, expressions of
transforming growth factor-ß (TGF-
ß) and fibronectin are suppressed.
Long-term hydralazine treatment in
nephrectomized, nontransgenic mice
failed to inhibit glomerular hypertro-
phy, suggesting that the observed
effects of BNP under reduced renal
mass are not due merely to systemic
blood pressure reduction. 

In cultured mesangial cells, natri-
uretic peptides counteract the
effects of angiotensin II with regard
to extracellular signal-regulated
kinase phosphorylation and fibrotic

action. Because angiotensin II has
been shown to play a pivotal role in
the progression of nephritis through
induction of TGF-ß and monocyte
chemoattractant protein-1 (MCP-1)
that may be extracellular signal-reg-
ulated kinase-dependent, the pro-
tective effects of BNP are likely to be
exerted, at least partly, by antago-
nizing the RAAS locally.66

The duration of beneficial clinical
effects of acute neurohormonal 
suppression following short-term
treatment of CHF with nesiritide is 
not known. In one randomized 
trial of 306 patients, short-term 
(< 5 days) treatment with nesiritide
.015 µg/kg/min was associated with
significantly lower CHF readmission
rates over 21 days and a lower 6-
month mortality rate compared
with treatment with dobutamine.16

In another trial of 237 patients 
randomized to treatment with nesir-
itide or placebo added to standard
emergency department manage-

ment, the use of nesiritide (mean
duration < 24 hours) was associated
with reduced readmissions over 30
days (10% vs 23%, P = .06), and the
number of hospital days during the
30-day follow-up period was signifi-
cantly lower in patients receiving
nesiritide than in those receiving
standard therapies (5.5 vs 10.2 days,
P = .05).17

Based on the above observations
and the hypothesis that chronic
neurohormonal suppression with
nesiritide may improve outcomes
by reducing left ventricular remod-
eling and maintaining renal func-
tion over time, an open-label pilot
study was recently conducted.

Follow Up Serial Infusions of
Nesiritide (FUSION) used serial out-
patient infusions of nesiritide in
patients with advanced CHF at a
high risk for rehospitalization.
Investigators enrolled 210 patients
(NYHA class III/IV; 6-min walk test
= 400 m) receiving optimal therapy
(as determined by the investigators)
(71% ß-blockers; 57% ACE
inhibitors; 14% ARBs) who had
more than 2 acutely decompensated
HF events requiring intravenous
(IV) therapy in the past 12 months.
Patients were randomized to stan-
dard care (which could include
inotropes at the investigator’s dis-
cretion) or weekly nesiritide, admin-
istered intravenously at a dose of
.005 or .01 �g/kg/min over 6 hours
and preceded by a bolus as high as 
2 µg/kg. Nesiritide-treated patients
were not permitted to receive outpa-
tient IV inotropic therapy. Patients
in all three groups were required to
visit the clinic weekly irrespective of

treatment with IV therapies. The
frequency of nesiritide infusions
could be adjusted based on sympto-
matology, from every other week to
twice weekly. Patients were treated
for 12 weeks and further followed for
another month. Echocardiograms
were obtained at baseline and at week
12 in 92 patients, and measurements
were conducted in a blinded fashion
using a central laboratory. Random-
ization was stratified by low or high
risk for rehospitalization based on 
7 prognostic factors. Patients with 
4 of the following criteria were 
stratified into a high-risk group: SCr 
> 2.0 mg/dL, NYHA class IV, age 
> 65, history of sustained ventricular
tachycardia, ischemic etiology of
CHF, history of diabetes, outpatient
use of nesiritide or inotropes in the
past 6 months.68

FUSION demonstrated that week-
ly infusions of nesiritide in an out-
patient setting in patients with
advanced CHF were well tolerated.
Compared to use of standard care,
the use of nesiritide infusions was
associated with trends towards fewer
hospitalizations, reduced mortality,
reduced aldosterone and endothelin
levels, improved ejection fraction,
and an improvement in clinical sta-
tus as assessed by the physician.

Patients identified as high risk for
rehospitalization appeared to have
the greatest benefit from nesiritide
treatment; for example, this group
had a reduced incidence of worsen-
ing heart failure, less hypotension,
and fewer adverse renal events (such
as increased serum creatinine).
There was also a trend towards
reduced mortality in this group.68

FUSION data suggest that serial
outpatient infusions of nesiritide
given to patients with advanced
heart failure who are at high risk for
hospitalization potentially reduces
morbidity and mortality due to heart
failure. The observed reduction in

FUSION data suggest that serial outpatient infusions of nesiritide given to
patients with advanced heart failure who are at high risk for hospitalization
potentially reduces morbidity and mortality due to heart failure.
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neurohormonal activation and
known antifibrotic effects of BNP may
underlie the clinical benefit seen.

The above results suggest that
there may be a role for long-term
intermittent treatment with nesiri-
tide in high-risk patients with
advanced cardiomyopathy and CKD.
Additional clinical trials are planned. 

Conclusion
Patients with CHF and CKD and
those with acute worsening of renal
function are challenging to manage
because of increased vulnerability to
further deterioration of renal func-
tion, diminished sensitivity to diuret-
ics, and proarrhythmia potential. The
neurohormonal suppressive, lusitrop-
ic, vasodilatory, and blood pressure
effects of nesiritide, as well as its safe-
ty, make it an attractive drug for man-
aging such patients. Clinical trial data
indicate that patients with renal
insufficiency respond well to nesiri-
tide in the acute setting. Results from
an open-label pilot study using serial
outpatient infusions of nesiritide in
patients with advanced CHF show
that chronic administration of nesir-
itide is safe and may improve clinical

outcomes in high-risk patients with
advanced decompensated CHF. The
role of nesiritide in “bridging”
patients with acute heart failure to an
acute dialysis treatment or of “bridg-
ing” patients with CKD and advanced
CHF until the initiation of chronic
dialysis is yet to be fully defined.      

References
1. Parfrey PS, Foley RN, Harnett JD, et al.

Outcome and risk factors for left ventricular
disorders in chronic uremia. Nephrol Dial
Transplant. 1996;11:1277-1285.

2. Sarnak MJ. Cardiovascular complications in
chronic kidney disease. Am J Kidney Dis. 2003;
41:11-17.

3. Dzau VJ. Renin-angiotensin system and renal
circulation in clinical congestive heart failure.
Kidney Int Suppl. 1987;20:S203-S209.

4. Kramer BK, Schweda F, Riegger GA. Diuretic
treatment and diuretic resistance in heart fail-
ure. Am J Med. 1999;106:90-96.

5. Epstein M. Aldosterone as a mediator of pro-
gressive renal disease: pathogenetic and clini-
cal implications. Am J Kidney Dis. 2001;
37:677-688.

6. Brewster UC, Setaro JF, Perazella MA. The
renin-angiotensin-aldosterone system: car-
diorenal effects and implications for renal and
cardiovascular disease states. Am J Med Sci.
2003;326:15-24.

7. Lai KN, Leung JC, Yandle TG, et al. Gene
expression and synthesis of natriuretic pep-
tides by cultured human glomerular cells. J
Hypertension. 1999;17:575-583.

8. Chen HH, Burnett JC. The natriuretic peptides
in heart failure: diagnostic and therapeutic
potentials. Proc Assoc Am Physicians. 1999;
111:406-416.

9. Aronson D, Burger AJ. Intravenous nesiritide
(human B-type natriuretic peptide) reduces

plasma endothelin-1 levels in patients with
decompensated congestive heart failure. Am J
Card. 2002;90:435-438.

10. Stevens TL, Burnett JC, Kinoshita M, et al. A
functional role for endogenous atrial natri-
uretic peptide in a canine model of early left
ventricular dysfunction. J Clin Invest. 1995;
95:1101-1108.

11. Full Prescribing Information for NATRECOR
(nesiritide), Scios Inc., 2001.

12. Maisel A, Cremo R, Gardetto N. The effects of
nesiritide on serum levels of B-type natriuretic
peptide (BNP) in patients admitted for decom-
pensated congestive heart failure [abstract]. J
Card Fail. 2002;(suppl):S49.

13. Abraham WT, Lowes BD, Ferguson DA, et al.
Systemic hemodynamic, neurohormonal, and
renal effects of a steady-state infusion of
human brain natriuretic peptide in patients
with hemodynamically decompensated heart
failure. J Card Fail. 1998;4:37-44.

14. Colucci WS, Elkayam U, Horton DP, et al.
Intravenous nesiritide, a natriuretic peptide,
in the treatment of decompensated congestive
heart failure. Nesiritide Study Group. N Engl J
Med. 2000;343:246-253.

15. Publication Committee for the VMAC
Investigators. Intravenous nesiritide vs nitro-
glycerin for treatment of decompensated con-
gestive heart failure: a randomized controlled
trial. JAMA. 2002;287:1531-1540.

16. Silver M, Horton D, Ghali J, Elkayam U. Effect
of nesiritide versus dobutamine on short-term
outcomes in the treatment of patients with
acutely decompensated heart failure. J Am Coll
Cardiol. 2002;39:798-803.

17. Peacock WF, Emerman CL, for the PROAC-
TION Study Group. Safety and efficacy of
nesiritide in observation patients. Presented at
the 52nd Annual Scientific Session of the
American College of Cardiology; March 30-
April 2, 2003; Chicago, IL.

18. Protter AA, Wallace AM, Ferraris VA, Weishaar
RE. Relaxant effect of human brain natriuretic
peptide on human artery and vein tissue. Am J
Hypertens. 1996;9:432-436.

19. McCullough P, Philbin E, Spertus J, et al.

Main Points
• B-type natriuretic peptide (BNP), produced by the cardiac ventricles and, to a small degree, by the renal glomerular

epithelial and mesangial cells, is a counter-regulatory hormone that physiologically opposes and suppresses the RAAS
endothelin-1 and the SNS.

• Baseline renal function and renal functional changes are important predictors of outcome in acute heart failure. 

• Independent of age, left ventricular ejection fraction, diabetes, and discharge Cr level, even small deteriorations in renal
function (Cr elevations of 0.2 mg/dL) during hospitalization for acute CHF, are predictors of increased mortality.

• As a therapy, BNP is the only available compound that creates improvements in both renal and cardiac function when
used short term.

• The ability of nesiritide to suppress sodium retentive and renal vasoconstrictive neurohormonal systems while 
exerting natriuretic effects predicts that its use as a natriuretic should not be hindered by worsening renal function,
as occurs with conventional diuretics.

• In patients with acute worsening of renal function in the setting of acute CHF, nesiritide would be expected to improve
renal function by inhibiting renal vasoconstrictive hormones that are mediating the renal functional decline.

• FUSION demonstrated that weekly infusions of nesiritide in an outpatient setting in patients with advanced CHF were
well tolerated.

• There may be a role for long-term intermittent treatment with nesiritide in high-risk patients with advanced 
cardiomyopathy and CKD.



VOL. 5 NO. 1  2004    REVIEWS IN CARDIOVASCULAR MEDICINE    25

Utility of B-Type Natriuretic Peptide

Confirmation of a heart failure epidemic: find-
ings from the Resource Utilization Among
Congestive Heart failure (REACH) study. J Am
Coll Cardiol. 2002;39:60-69.

20. McCullough P.  Cardiorenal risk: an important
clinical intersection. Rev Cardiovasc Med.
2002;2:71-76.

21. Levin A, Thompson CR, Ethier J, et al. Left ven-
tricular mass index increase in early renal dis-
ease: impact of decline in hemoglobin. Am J
Kidney Dis. 1999;34:125-134.

22. Silverberg DS, Wexler D, Blum B, Iaina A.
Anemia in chronic kidney disease and conges-
tive heart failure. Blood Purif. 2003;21:124-130. 

23. Hostetter TH, Ibrahim HN. Aldosterone in
chronic kidney and cardiac disease. J Am Soc
Nephrol. 2003;14:2395-2401.

24. The SOLVD Investigators. Effect of enalapril on
survival in patients with reduced left ventricular
ejection fractions and congestive heart failure. N
Engl J Med. 1991;325:293-302.

25. Agodoa LY, Appel L, Bakris GL, et al. Effect of
ramipril vs amlodipine on renal outcomes in
hypertensive nephrosclerosis: a randomized
controlled trial. JAMA. 2001;285:2719-2728.

26. Brenner BM, Cooper ME, de Zeeuw D, et al.
Effects of losartan on renal and cardiovascular
outcomes in patients with type 2 diabetes and
nephropathy. N Engl J Med. 2001;345:861-869.

27. Pitt B, Zannad F, Remme WJ, et al. The effect of
spironolactone on morbidity and mortality in
patients with severe heart failure. Randomized
Aldactone Evaluation Study Investigators. N Engl
J Med. 1999;341:709-717.

28. Cuffe MS, Califf RM, Adams KF, et al. Short-term
intravenous milrinone for acute exacerbation of
chronic heart failure: a randomized controlled
trial. JAMA. 2002;287:1541-1547.

29. Fonarow G, Adams K, Abraham W. Risk stratifi-
cation for in-hospital mortality in heart failure
using classification and regression tree (CART)
methodology: Analysis of 33,046 patients in the
ADHERE Registry. J Cardiac Fail. In press, 2003.

30. Krumholz HM, Chen YT, Wang Y, et al.
Predictors of readmission among elderly sur-
vivors of admission with heart failure. Am Heart
J. 2000;139:72-77.

31. Gottlieb SS, Abraham W, Butler J, et al. The prog-
nostic importance of different definitions of
worsening renal function in congestive heart
failure. J Card Fail. 2002;8:136-141.

32. Smith GL, Vaccarino V, Kosiborod M, et al.
Worsening renal function: what is a clinically
meaningful change in creatinine during hospi-
talization with heart failure? J Card Fail. 2003;
9:13-25.

33. Krumholz HM, Chen YT, Vaccarino V, et al.
Correlates and impact on outcomes of worsen-
ing renal function in patients > or =65 years of
age with heart failure. Am J Cardiol. 2000;
85:1110-1113.

34. Dzau VJ. Renal and circulatory mechanisms in
congestive heart failure. Kidney Int. 1987;
31:1402-1415.

35. Chen HH, Redfield MM, Nordstrom LJ,
Cataliotti A, Burnett JC. Angiotensin II AT1
receptor antagonism prevents detrimental renal
actions of acute diuretic therapy in human heart
failure. Am J Physiol Renal Physiol. 2003;
284:F1115-F1119.

36. Francis GS, Siegel RM, Goldsmith SR, et al. Acute
vasoconstrictor response to intravenous
furosemide in patients with chronic congestive
heart failure. Activation of the neurohumoral
axis. Ann Intern Med. 1985;103:1-6.

37. Goy MF, Oliver PM, Purdy KE, et al. Evidence for
a novel natriuretic peptide receptor that prefers
brain natriuretic peptide over atrial natriuretic
peptide. Biochem J. 2001;358:379-387.

38. Brunner-La Rocca HP, Woods RL, Kaye DM, et al.
Divergent effects of ANP and BNP in acute heart
failure: evidence for a putative BNP-selective
receptor? J Hypertens. 2002;20:1195-1201.

39. Kishimoto I, Hamra FK, Garbers DL. Apparent B-
type natriuretic peptide selectivity in the kidney
due to differential processing. Can J Physiol
Pharmacol. 2001;79:715-722.

40. Chen H, Boerrigter G, Catalliotti A, et al. The
Cardiac Peptide BNP and the Renally Derived
Peptide Urodilatin Are Superior to ANP in
Enhancing Renal Function in Overt
Experimental CHF. In: J Card Fail, Heart Failure
Society of America, Boca Raton, FL, 2002.

41. Chinkers M. Regulation of the atrial natriuretic
peptide receptor guanylyl cyclase. Proc Soc Exp
Biol Med. 1996;213:105-108.

42. Stevens TL, Rasmussen TE, Wei CM, et al. Renal
role of the endogenous natriuretic peptide sys-
tem in acute congestive heart failure. J Card Fail.
1996;2:119-125.

43. Cermak R, Kleta R, Forssmann WG, Schlatter E.
Natriuretic peptides increase a K+ conductance
in rat mesangial cells. Pflugers Arch.
1996;431:571-577.

44. Zellner C, Protter AA, Ko E, et al. Coronary
vasodilator effects of BNP: mechanisms of action
in coronary conductance and resistance arteries.
Am J Physiol. 1999;276:H1049-H1057.

45. Kos T, Pacher R, Wimmer A, et al. Relationship
between kidney function, hemodynamic vari-
ables and circulating big endothelin levels in
patients with severe refractory heart failure.
Wien Klin Wochenschr. 1998;110:89-95.

46. Beltowski J, Wojcicka G. Regulation of renal
tubular sodium transport by cardiac natriuretic
peptides: two decades of research. Med Sci Monit.
2002;8:RA39-52.

47. Mistry SK, Chatterjee PK, Weerackody RP, et al.
Evidence for atrial natriuretic factor induced
natriuretic peptide receptor subtype switching in
rat proximal tubular cells during culture. Exp
Nephrol. 2001;6:104-111.

48. Cataliotti A, Malatino LS, Jougasaki M, et al.
Circulating natriuretic peptide concentrations in
patients with end-stage renal disease: role of
brain natriuretic peptide as a biomarker for ven-
tricular remodeling. Mayo Clinic Proceedings.
2001;76:1111-1119.

49. Ishizaka Y, Yamamoto Y, Fukunaga T, et al.
Plasma concentration of human brain natriuret-
ic peptide in patients on hemodialysis. Am J
Kidney Dis. 1994;24:461-472.

50. Ishikura F, Ando Y, Park YD, et al. Changes of
plasma atrial and brain natriuretic peptide levels
during hemodialysis. Ren Fail. 1996;18:261-270.

51. Akiba T, Tachibana K, Togashi K, et al. Plasma
human brain natriuretic peptide in chronic renal
failure. Clin Nephrol. 1995;44(suppl 1):S61-64.

52. McCullough PA, Duc P, Omland T, et al. B-type
natriuretic peptide and renal function in the
diagnosis of heart failure: an analysis from the
Breathing Not Properly Multinational Study. Am
J Kidney Dis. 2003;41:571-579.

53. Lee SW, Song JH, Kim GA, et al. Plasma brain
natriuretic peptide concentration on assessment
of hydration status in hemodialysis patient. Am
J Kidney Dis. 2003;41:1257-1266.

54. McCullough P, Sandberg K. B-type natriuretic
peptide and renal disease. Heart Fail Rev. In press,
2003.

55. Emerman C, et al. Nesiritide added to standard

care results in favorable reduction in systolic
blood pressure and heart rate compared to stan-
dard care alone. J Card Fail. 2003;9:S61.  

56. Mathur V, Butler J, Emerman C, Young J. Efficacy
of B-Type Natriuretic Peptide (BNP) in Patients
with Renal Insufficiency and Acute Heart Failure:
Results from the VMAC Trial. J Am Soc Nephrol.
2002;13:442A. 

57. Butler J, Emerman C, Mathur V. Nephrol Dial
Transplant. In press.

58. Seta K, Hayashi T, Sugawara A, et al. Atrial natri-
uretic peptide as a preload depressor in acute
renal failure secondary to congestive heart fail-
ure. Ren Fail. 1998;20:717-723.

59. Mathur V, Joseph K. Use of nesiritide (B-type
natriuretic peptide) as a bridge to urgent "mid-
dle-of-the-night" hemodialysis. J Am Soc Nephrol.
2003;14:494-495A.

60. Rudy DW, Voelker JR, Greene PK, Esparza FA,
Brater DC. Loop diuretics for chronic renal insuf-
ficiency: a continuous infusion is more effica-
cious than bolus therapy. Ann Intern Med.
1991;115:360-366.

61. Yoshimura M, Yasue H, Morita E, et al.
Hemodynamic, renal, and hormonal responses
to brain natriuretic peptide infusion in patients
with congestive heart failure. Circulation.
1991;84:1581-1588.

62. Marcus LS, Hart D, Packer M, et al.
Hemodynamic and renal excretory effects of
human brain natriuretic peptide infusion in
patients with congestive heart failure. A double-
blind, placebo-controlled, randomized crossover
trial. Circulation. 1996;94:3184-3189.

63. Jensen KT, Eiskjaer H, Carstens J, Pedersen EB.
Renal effects of brain natriuretic peptide in
patients with congestive heart failure. Clin Sci
(Lond). 1999;96:5-15.

64. Mathur V. Use of Nesiritide (NES) for Treatment
of Acute Renal Failure (ARF) Due to
Decompensated Congestive Heart Failure (CHF).
Am Soc Nephrol. 2002 Annual Meeting Online
Publications 2002; Publication 111.

65. Tann S. B-Natriuretic Peptide improves hemody-
namics and renal function in heart transplant
patients immediately after surgery. International
Heart Lung Transplant Meeting. Vienna, Austria,
2003.

66. Suganami T, Mukoyama M, Sugawara A, et al.
Overexpression of brain natriuretic peptide in
mice ameliorates immune-mediated renal
injury. J Am Soc Nephrol. 2001;12:2652-2663.

67. Kasahara M, Mukoyama M, Sugawara A, et al.
Ameliorated glomerular injury in mice overex-
pressing brain natriuretic peptide with renal
ablation. J Am Soc Nephrol. 2000;11:1691-1701.

68. Yancy CW, Saltzberg M, Berkowitz RL, et al.
Management of patients with congestive heart
failure after hospitalization: Results from the
Follow Up Serial Infusion of Nesiritide
(FUSION) trial. J Card Fail. 2003;5(supple-
ment):S11(Abstract 034). 

69. Burger AJ, Elkayam U, Neibaur MT, et al.
Comparison of the occurrence of ventricular
arrhythmias in patients with acutely decompen-
sated congestive heart failure receiving dobuta-
mine versus nesiritide therapy. Am J Cardiol.
2001;88:35-39.

70. Roden R. Inotropic Effect of Human B-Type
Natriuretic Peptide in the Failing Human Heart.
J Card Fail. 1998;4:19.

71. Michaels AD, Klein A, Madden JA, Chatterjee K.
Effects of intravenous nesiritide on human coro-
nary vasomotor regulation and myocardial oxy-
gen uptake. Circulation. 2003;107:2697-2701.


