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Heart failure is a major public health problem and

a leading cause of hospitalization in adults in the

United States. Renal dysfunction is emerging as a

critical feature of patients hospitalized with heart

failure and as a strong predictor of increased mor-

tality. Despite the challenges and unique problems

of patients with heart failure who have end-stage

renal disease, evidence-based data regarding opti-

mal management of these patients are limited. Here,

we explore recent advances in the understanding of

cardiorenal interactions and future directions in

management strategies for patients with congestive

heart failure on dialysis.
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Introduction

Congestive heart failure (CHF) is a chronic progres-

sive disorder that accounts for substantial morbidity

and mortality. Approximately 5 million Americans

have heart failure, and these patients are at signifi-

cant risk for decompensation and resulting hospital-

ization (1). From 1990 to 1999, the annual number of

hospitalizations for heart failure as a primary diagno-

sis increased from approximately 810,000 to more

than 1 million and for heart failure as a primary or

secondary diagnosis from 2.4 million to 3.6 million.

In 2001, heart failure was listed as the primary cause

of death in nearly 53,000 patients (2).

Renal dysfunction is commonly seen in patients

with heart failure, and the prevalence of chronic kid-

ney disease (CKD) in these patients is 36% – 50%

(3). Among patients with end-stage renal disease

(ESRD), up to 64% present with heart failure at the

time of initiation of dialysis (4). With heart failure

and end-stage renal disease both reaching epidemic
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proportions in the U.S. population, optimal manage-

ment strategies need to be further explored.

Discussion

Cardiorenal interactions

Congestive heart failure causes progression of re-

nal disease, and conversely, worsening of kidney

disease can lead to cardiac damage. This strong in-

terconnection between cardiac and renal dysfunc-

tion, causing amplified damage to individual

organs, has been linked to various potential mecha-

nisms. Recently implicated is the modified

Guytonian theory that describes a feedback loop

involving the renin–angiotensin system (RAS), ni-

tric oxide balance, the sympathetic nervous system,

and inflammation (5). This highly interactive model

and its underlying mechanisms promote accelerated

atherosclerosis, cardiac remodeling, and progres-

sion of renal disease to the detriment of cardiac

function and long-term survival.

Activation of RAS by low perfusion pressure is a

normal regulatory mechanism of the body, maintain-

ing blood flow to vital organs. But in patients with

heart failure, the resorptive and hemodynamic actions

of angiotensin II (A-II) can be associated with delete-

rious effects. Activation of nicotinamide adenine di-

nucleotide phosphate (NADPH)–oxidase by A-II leads

to formation of reactive oxygen species (ROS) that

cause oxidative stress (6). Furthermore, A-II leads to

vascular inflammation by activating nuclear factor

kappa B, which is a potent stimulator of chemotactic

and adhesion molecules (5).

Nitric oxide, which is vital to endothelial func-

tion and regulation of extracellular fluid balance, is

inhibited in the milieu of A-II–induced ROS produc-

tion (7), resulting in impaired renal regulatory mecha-

nisms and fluid retention.

Together with increased oxidative stress, inflam-

mation is found in patients with concomitant ESRD

and CHF. Although Zebrack and colleagues showed

a nice correlation between coronary artery disease and

renal insufficiency, little information is available to
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demonstrate a correlation between inflammation and

patients with combined ESRD and CHF (8).

Excess sympathetic nervous system (SNS) activ-

ity also plays an important role in long-term regula-

tion of extracellular fluid volume and blood pressure.

Recently, excessive catecholamine exposure was pro-

posed to accelerate organ failure in patients with both

ESRD and CHF (5). Thus, SNS activity has emerged

as a key therapeutic target in patients with CHF.

Management strategies

CURRENT THERAPEUTIC INTERVENTIONS

Many current treatments for CHF have undergone only

limited study in patients with advanced CKD or

ESRD. Most trials of CHF medications either ex-

cluded patients with a serum creatinine level above

2 mg/dL or did not report a subgroup analysis. Be-

cause of a lack of information and theoretical concerns,

many agents—such as angiotensin converting-enzyme

(ACE) inhibitors and aldosterone inhibitors—are

underutilized in patients with heart failure. However,

new data are emerging to suggest favorable results

with these agents in carefully monitored patients who

have coexistent CHF and CKD.

In patients with heart failure, ACE inhibitors

can improve survival. The Cooperative North Scan-

dinavian Enalapril Survival Study reported similar

survival benefits in patients with heart failure with

or without renal dysfunction (9). The Joint National

Committee Guidelines on Prevention, Detection,

Evaluation, and Treatment of High Blood Pressure

also advocate ACE inhibitors as first-line therapy

for the management of hypertension in patients on

dialysis (10). But ACE inhibitors can be associated

with a risk of hyperkalemia, and their use should

be discontinued in the presence of recurrent or re-

fractory hyperkalemia. In addition, because of in-

hibition of bradykinin degradation by ACE

inhibitors, cases of anaphylaxis have been reported

in patients on hemodialysis exposed to synthetic

membranes. Angiotensin receptor blockers have

also been shown to be beneficial in the treatment

of heart failure, although they are not superior to

ACE inhibitors (11).

Beta blockers can reduce mortality in patients with

heart failure. A randomized controlled trial by Cice et

al. reported a 21.6% absolute reduction in 2-year

mortality in patients with heart failure and renal

dysfunction who received carvedilol. A lower rate of

recurrent hospital admission was also observed (12).

Aldosterone receptor antagonists (for example,

spironolactone) have been studied and are potentially

safe in patients with heart failure and ESRD, but no

convincing data show any survival advantage (13).

No published studies with eplerenone are available,

and that agent is currently contraindicated in patients

with ESRD.

Recent data from the Anemia in Chronic Heart

Failure study demonstrated that treatment of even mild

anemia can be crucial in patients with heart failure

(14). However, patients with both heart failure and

ESRD receiving aggressive treatment for anemia have

not realized the same benefit (15). Given the nature

of the foregoing studies, further investigations in a

randomized format are underway.

Despite the proven role of cardioprotective drugs,

Berger et al. reported significant underutilization of

these medications in patients with heart failure and

renal dysfunction (16). Thus, conventional treatment

of heart failure by cardiologists, nephrologists, and

internists is associated with many risk–reward deci-

sions that lack the luxury of excellent evidence on

which to base a decision.

DIALYSIS AND ULTRAFILTRATION

According to the Acute Decompensated Heart Fail-

ure National Registry, patients with heart failure ex-

acerbations experience prolonged hospitalizations,

with 42% of patients being discharged with unresolved

symptoms and 70% with inadequate weight loss, lead-

ing to high rates of readmission (17). In patients with

ESRD, the ineffectiveness of diuretic therapy leaves

dialysis as the only option for removing excess extra-

cellular fluid volume. And despite the role of dialysis

as a major modality for optimizing extracellular fluid

volume, no large head-to-head randomized controlled

trials are available to assist treating physicians in

choosing a mode of dialysis [hemodialysis or perito-

neal dialysis (PD)]. Further, patients with heart fail-

ure are sensitive to intravascular volume shifts, and

only a small window makes the difference between a

state of pulmonary vascular congestion and one of

hypotension. Extracorporeal ultrafiltration (UF) has

been reported to be the therapy of choice for short-

term management of patients with severe fluid over-

load (17), but PD may be the therapy of choice for

long-term treatment of patients resistant to traditional
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medical therapy for heart failure (18). However, most

of these conclusions derive from observational stud-

ies, which may be affected by selection bias.

New frontiers: pharmacologic and molecular advances

INOTROPIC THERAPIES

Several emerging therapies are now under evaluation

in patients with heart failure. These include the myo-

sin activators, which have had limited clinical trials

largely in phase I exposures (19). At the time of writ-

ing, data regarding the potential long-term use of these

agents were not available. Other agents undergoing

preclinical testing are the Na+,K+-ATPase inhibitors

(19). In animal models, these agents appear promis-

ing, but researchers in the field of heart failure have a

large “medicine cabinet” of promising preclinical

agents that are failing to help heart failure patients.

Our suspicion is that it will take many years before

these agents reach the population of patients with heart

failure and CKD.

ADENOSINE A1 RECEPTOR ANTAGONISM

Selective adenosine A1 receptor blockade has recently

been proposed to be associated with improvement in

diuresis and with maintenance or improvement of

glomerular filtration. The direct renal actions of

adenosine include reduced glomerular filtration, per-

haps by dilation of postglomerular vessels or by vaso-

constrictive effects. Similar effects have been seen

when intravenous adenosine is given. These actions

suggest the possibility that an adenosine antagonist

may be able to reduce afferent arteriolar pressure and

cause diuresis and maintain or improve glomerular

filtration. Gottlieb and coworkers recently reported

that, in 17 patients, a selective adenosine A1 receptor

antagonist produced diuresis comparable to that

achieved with furosemide, but a significantly lesser

reduction in glomerular filtration rate (20). These stud-

ies have limited experience with patients having CKD,

but we believe that they may be the next class of agents

available for use.

VASOPRESSIN ANTAGONISTS

Vasopressin antagonists increase production of the

aquaporin-2 channel and thereby increase water ex-

cretion through the kidney. Initial clinical trials con-

ducted with tolvaptan met with early positive results

that were not long-lasting (21). Currently, whether the

vasopressin antagonists will become standard treat-

ment for patients with heart failure is unclear. The

role that this class of agents may play in patients with

CKD is similarly unclear.

STEM-CELL THERAPY

The concept of the heart as an organ composed of

terminally differentiated myocytes incapable of regen-

eration is being challenged. Experimental studies sug-

gest that stem cells can exert beneficial effects on the

failing heart by transdifferentiating into cardiac cell

types or by providing a source of cardioprotective

paracrine factors. A variety of stem and progenitor

cell populations could potentially be used for cardiac

repair. Each cell type has its own profile of advan-

tages, limitations, and practicability issues in specific

clinical settings. Many investigators have therefore

chosen a pragmatic approach by using unfractionated

bone marrow cells (BMCs), which contain various

stem and progenitor cell populations, including

hematopoietic stem cells, endothelial progenitor cells,

and mesenchymal stem cells.

Clinical trials evaluating the efficacy of stem-

cell therapy for improvement of cardiac function

have been conducted mainly on patients with

ischemic heart failure, acute myocardial infarction,

and coronary artery disease who lack revascular-

ization options. None of these trials have included

patients with ESRD (Table 1).

The BOOST (Bone Marrow Transfer to Enhance

ST Elevation Infarct Regeneration) trial, a recently

conducted randomized clinical trial in patients pre-

senting with acute ST elevation myocardial infarc-

tion, reported that BMC transfer resulted in 6%

improvement in left ventricular ejection fraction at

6 months, which is equivalent to the additional ben-

efit of percutaneous coronary intervention over throm-

bolysis. However, the latest long-term follow-up

results from BOOST failed to show any additional

benefit in left ventricular function at 18 months for

treatment as compared with placebo (22). That find-

ing shows that BMC transfer accelerates recovery of

left ventricular function, although the benefit may not

be sustained in the long term.

A similar trial in patients with acute ST elevation

myocardial infarction was conducted by Lunde et al.

(23). Those authors performed an intracoronary in-

jection of autologous mononuclear BMCs in 47 sub-

jects and studied the impact on global left ventricular
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function. Although this series was small, the results

were negative. No significant improvement in left

ventricular function as assessed by two-dimensional

echocardiography, single-photon emission computed

tomography, and cardiac magnetic resonance imag-

ing was detected.

Schachinger and colleagues also recently reported

the results of the randomized placebo controlled RE-

PAIR-AMI trial, evaluating the effects of

intracoronary administration of autologous progeni-

tor cells after acute myocardial infarction (24). They

found that, at 1 year, intracoronary infusion of BMCs

was associated with a reduction in the combined clini-

cal endpoint of death, recurrence of myocardial inf-

arction, and any revascularization procedure. A recent

study by Assmus and co-workers (25) also reported

that intracoronary infusion of progenitor cells is safe

and feasible in patients with healed myocardial inf-

arction and is associated with significant improvement

in the left ventricular ejection fraction after 3 months.

Thus, these small studies have so far generated

some hope for the future management of patients with

CHF. But variable results and the preliminary nature

of the foregoing research point to a great need for

larger trials that can evaluate the safety and efficacy

of stem-cell therapy.

Conclusions

The management of CHF is complex, and the thera-

peutic environment is changing. Major advances have

been made that are improving the quality of life and

survival of patients with this debilitating and high-

mortality disease, but considerable room for improve-

ment remains, particularly in patients with ESRD and

CKD. Patients on dialysis are especially vulnerable

to the development and exacerbation of CHF. Few

agents under study appear to have major beneficial

effects in this growing patient population. Cardiolo-

gists and nephrologists must work together to improve

care in these patients using both current and uncon-

ventional approaches.
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