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CONSENSUS DEFINITION of the cardio-
renal syndrome has not been established.

Many believe that it is the final manifestation
of deteriorating renal function in the presence
of heart failure.

Not much is understood about the patho-
physiology of the cardiorenal syndrome. An
imbalance in interactions between the failing
heart, neurohormonal systems, and host
inflammatory responses has been implicated,
leading to structural and functional damage to
the heart and kidneys. Worsening renal func-
tion is common in decompensated heart failure
and is associated with greater hospital resource
utilization and mortality.

Because the process is complex, treatment
can be a challenge. The worsening renal func-
tion in patients with this syndrome can also
lead to resistance to many standard therapies
and exacerbation of symptoms.

This article will explain the relationship
between changes in creatinine clearance and
prognosis in patients with acute heart failure
exacerbations, the challenges in managing
this syndrome (including diuretic resistance),
and several alternate approaches to diuretic
therapy to reduce salt and water retention.

■ CREATININE CLEARANCE 
PREDICTS PROGNOSIS

A rise in serum creatinine or diminishment in
creatinine clearance in patients with acute
decompensated heart failure is associated with
a worsened prognosis.1 The prognosis is even
poorer if the increase in serum creatinine or
the decrease in creatinine clearance is accom-
panied by oliguria (≤ 50 mL/hr), edema,
hyponatremia, or refractoriness to diuretics.

Any detectable decrease in renal function
in patients with heart failure is associated with
increases in mortality and length of hospital
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■ ABSTRACT

The cardiorenal syndrome is not well understood, and a
uniform definition is lacking. Worsening renal function as
determined by a decline in creatinine clearance in
patients with decompensated heart failure is an identifier
of patients with this syndrome. Treatment is a challenge.
Diuretic therapy is valuable in treating congestion but
may worsen renal function. Patients with decompensated
heart failure are often refractory to diuretics, in which
case higher doses must be used or alternate methods
explored to reduce salt and water.

■ KEY POINTS

Worsening renal function is common in acute heart
failure and increases mortality and hospital resource
utilization.

A decrease in creatinine clearance or glomerular filtration
rate can identify patients with cardiorenal syndrome.

Loop diuretics remain the mainstay of therapy but may
worsen renal function, and patients may become
refractory to them.

Fluid removal by ultrafiltration may be useful in the
setting of chronic volume overload when renal function is
declining with the use of loop diuretics.
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Any detectable
decrease in renal
function is
associated with
increases in
mortality and
hospital stay

stay, and although a rapidly rising creatinine
level is more specific for these outcomes,
smaller changes in creatinine are encoun-
tered more often in practice. Traditionally,
loop diuretics or inadequate blood flow to the
kidney have been blamed for these changes
in renal function, but the actual cause is likely
to be more complex.

Although the terms creatinine clearance
and glomerular filtration rate (GFR) are often
used interchangeably, creatinine clearance is a
clinical laboratory test that requires 24-hour
urine collection and a blood sample, whereas
GFR is largely a research tool performed in
general clinical research units. Calculation of
GFR requires inulin or iothalamate infusion.
Creatinine clearance tends to overestimate
the GFR, which is the gold standard for meas-
uring kidney function. GFR can be estimated
by the Modification of Diet in Renal Disease
(MDRD) equation, which can be found on
many handheld computers.

Renal insufficiency is common
The Acute Decompensated Heart Failure
National Registry (ADHERE) of 100,000
patients admitted with acute decompensated
heart failure reveals that moderate and severe
renal insufficiency, and even renal failure, are
common in this population, and that normal

renal function is rare. Most institutions use
large doses of loop diuretics in an attempt to
rescue these patients. Intravenous medica-
tions used less frequently are dobutamine,
dopamine, milrinone, nitroglycerin, and
nesiritide.  

Diuretic therapy falls short
Unfortunately, diuretic-based strategies are
not always effective in reducing edema. In
ADHERE, 21% of patients admitted for
decompensated heart failure were discharged
without weight loss or with a gain in weight
(Figure 1).2 In my experience, patients who
do not manifest weight loss in the hospital
tend to have a poor prognosis.

■ IDENTIFYING CARDIORENAL SYNDROME

Disconnect between serum creatinine and GFR
Commonly, a lower creatinine clearance or
GFR, and not always an increase in serum cre-
atinine, identifies patients with the cardio-
renal syndrome. Relative to a decline in ejec-
tion fraction, a fall in GFR is more important
to prognosis in patients with heart failure.3

Measuring serum creatinine alone is probably
misleading. Approximately two thirds of
patients admitted to the Cleveland Clinic for
acute heart failure have an inadequate GFR or

FIGURE 1. Nearly one fourth of patients with acute decompensated heart failure failed to lose weight from admission to
discharge despite treatment with intravenous (IV) diuretics. Data are from the Acute Decompensated Heart Failure
National Registry (ADHERE),2 in which 90% of the patients received IV diuretic therapy.

Diuretic-based clinical strategies are not effective in reducing edema
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CARDIORENAL SYNDROME

a reduced creatinine clearance, despite many
of them having relatively preserved levels of
serum creatinine.4 Remarkably reduced rates
of clearance are possible with levels of serum
creatinine that are only slightly elevated. In a
series of 585 patients with congestive heart
failure at our institution, those with the low-
est levels of creatinine clearance had the high-
est mortality when followed for more than 3
years (Figure 2).5

Cardiac output is not a reliable indicator
The presence of low filling pressures, a low
cardiac index, or even reduced renal perfu-
sion is not necessary to identify cardiorenal
syndrome, as often believed. More often than
not, in fact, cardiac output will be normal.
Modest increases in serum creatinine and
blood urea nitrogen rarely indicate reduced
cardiac output or left ventricular filling pres-
sure (ie, overdiuresis), but more often reflect
a low creatinine clearance at baseline.

■ PROBLEMS WITH LOOP DIURETICS
Furosemide is the most commonly used loop
diuretic for the treatment of patients hospi-
talized for an acute exacerbation of conges-

tive heart failure. Although furosemide pro-
motes diuresis, it does so at the cost of a fur-
ther reduction in GFR (Figure 3).6

Hemodynamic response
In the 1980s it was recognized that tran-
sient hemodynamic abnormalities occurred
with high-dose furosemide administration
in patients with heart failure, and that
these abnormalities subsided with adequate
diuresis. A mechanism was proposed for
this phenomenon, in which stimulation of
the renin-angiotensin system and sympa-
thetic nervous system by loop diuretic ther-
apy was responsible for vasoconstriction,
an increase in levels of arginine vasopressin
(AVP), and an increase in afterload and
preload, resulting in adverse hemodynamic
effects.7

The hemodynamic response after adminis-
tration of large doses of furosemide consists of
an increase in heart rate, a slight increase in
mean arterial pressure, a slight reduction in
stroke volume, an increase in systemic vascu-
lar resistance, and a transient increase in fill-
ing pressure and right atrial pressure.7 Levels
of plasma norepinephrine and AVP increase,
as does plasma renin activity, mimicking the
changes in hemodynamics. Soon after
administration, cardiac function is depressed,
but as diuresis occurs, filling pressures fall and
stroke volume increases. So although loop
diuretics remain the mainstay of treatment
for patients in a volume-overloaded state and
achieve effective diuresis, they may be con-
tributing to the worsening hemodynamics
and progressive renal dysfunction in patients
with heart failure.

Chronic diuretic therapy 
may also worsen renal function
This same deleterious effect on neurohor-
mones occurs with chronic diuretic treat-
ment. Bayliss and colleagues found that 4
weeks of furosemide and amiloride treatment
resulted in an increase in plasma renin and
aldosterone activity.8

Inadequate renal perfusion is not the entire
explanation behind worsening renal function
in acute heart failure. Deterioration in renal
function occurs in patients with decompen-
sated heart failure, increased right atrial pres-
sure, and peripheral tissue congestion, even

FIGURE 2. Among 585 ambulatory patients with chronic congestive heart
failure, estimated creatinine clearance predicted all-cause mortality with fol-
low-up of more than 3 years. Mortality increased with decreasing quartile of
estimated creatinine clearance. Reprinted from reference 5, copyright 2002,
with permission from the American College of Cardiology.

Mortality and creatinine clearance in heart
failure patients: Cleveland Clinic experience
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though cardiac systolic function is preserved.9

This decline in renal function despite pre-
sumed preserved blood flow to the kidney sug-
gests that some mechanism in heart failure
that is associated with a rise in atrial pressure
and peripheral congestion is a major contrib-
utor to the cardiorenal syndrome.

■ MANAGING CARDIORENAL SYNDROME
Body weight is probably the single most
important measurement in managing the car-
diorenal syndrome. Hemodynamic monitor-
ing is often required, especially if there is low
blood pressure and uncertain filling pressure. 

Free water restriction, although difficult, is
advised if the patient is hyponatremic. In my
practice, I restrict free water to less than
1,000 mL per 24 hours. In a few cases, volume
expansion is required, especially if the patient
has documented low filling pressure and
hypotension.

In patients with oliguria and rising creatinine
levels, a nephrology consultation is desirable.

Before starting loop diuretics, patients are
often primed with 250 or 500 mg of intra-
venous chlorothiazide. It is difficult to obtain,
however; hospital pharmacies may not carry
it because it is used so infrequently.
Furosemide drips, 5 to 10 mg per hour, may be
useful. If the patient can take medications
orally, 5 to 10 mg of metolazone may enhance
the response to the loop diuretic. 

Treating diuretic resistance
Overcoming diuretic refractoriness is part of
the management of the cardiorenal syn-
drome. The braking phenomenon (short-
term tolerance) is said to occur when the
response to a diuretic is reduced after the first
dose has been administered.10 In this
instance, we use a continuous infusion of
furosemide, starting at 5 to 10 mg per hour,
following an intravenous thiazide diuretic.

Other methods to reduce salt and water
Nesiritide. Although some choose to use
nesiritide to treat patients with cardiorenal
syndrome, the data are not supportive of this
practice. Wang et al11 found that urine flow,
sodium excretion, GFR, and effective renal
plasma flow were no different when compar-
ing placebo and nesiritide infusions in
patients with chronic heart failure and wors-

ening serum creatinine. In a meta-analysis of
five randomized studies, Sackner-Bernstein et
al12 reported that nesiritide significantly
increased the risk of worsening renal function
compared with controls not receiving
inotrope-based therapy.

Ultrafiltration has been used in patients
with therapy-resistant chronic volume over-
load.13–26 Conventional ultrafiltration requiring
central venous access is most often used, par-
ticularly if the patient is extremely edematous. 

Generally, the hemodynamic changes pro-
duced by ultrafiltration are fairly modest.19

The reduction in water with ultrafiltration is
accompanied by decreases in right atrial pres-
sure and wedge pressure. Cardiac output and
stroke volume are unchanged or increase
slightly. Importantly, the weight loss is sus-
tained relative to furosemide treatment.15

The typical volume of water removed per
ultrafiltration session is 3,000 to 4,000 mL. In
a randomized study of 40 patients with
decompensated heart failure, Bart et al24

found that fluid removal after 24 hours was
4,650 mL in patients assigned to ultrafiltra-
tion and 2,838 mL in those assigned to usual
care (P = .001)

A newer ultrafiltration method in which
peripheral venous blood is removed was
recently compared with standard intravenous
diuretic therapy in 200 patients with acute
decompensated heart failure.27 Weight loss
and net fluid loss at 48 hours were signifi-
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Body weight
may be the 
most important
measure in
managing the
cardiorenal
syndrome

FIGURE 3. In a study of 63 patients with congestive heart failure, treatment
with intravenous furosemide caused a decline in glomerular filtration rate
compared with placebo. Adapted, with permission, from reference 6.

Furosemide monotherapy may cause significant
decline in glomerular filtration rate 
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The typical
volume of water
removed per
ultrafiltration
session is 3,000
to 4,000 mL

cantly greater in the patients undergoing
peripheral ultrafiltration. Moreover, the
rehospitalization rate, the number of rehospi-
talization days, and the number of unsched-
uled office or emergency department visits at
90 days were also significantly lower in
patients managed with ultrafiltration. There
was no significant deterioration in renal func-
tion, but dyspnea was not improved.

AVP receptor inhibitors, which will be
discussed in detail later in this supplement,
tend to be aquaretic and may have a possible
therapeutic role in volume-overloaded
patients who are hyponatremic.

Targeted renal delivery of drugs has been
proposed to increase local drug concentration
in the hopes of enhancing renal effects or
providing a previously unattainable effect.
Direct intrarenal delivery will lead to renal
first-pass elimination, resulting in less sys-
temic exposure and reduction or elimination
of serious adverse effects. Intrarenal delivery
of fenoldopam was associated with a lower

incidence of hypotension than intravenous
fenoldopam,28,29 which is also true of intra-
renal vs intravenous administration of nesiri-
tide (unpublished data). Given its potential
advantages, intrarenal drug delivery is worthy
of further study.

■ SUMMARY
Management of the patient with cardiorenal
syndrome is fraught with difficulty given the
absence of a consensus definition. The patho-
physiology is not well understood but seems
only loosely coupled to central hemodynam-
ics, ejection fraction, and GFR. Creatinine
clearance is more valuable than serum creati-
nine level in identifying patients with this
syndrome, and creatinine clearance is tied to
prognosis.

Treatment is challenging, as the syndrome
can be aggravated by diuretics and is not pre-
dictably responsive to inotropic agents or
nesiritide. Ultrafiltration and selective renal
artery infusion of drugs require further study. 
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