In-Depth Review

Kidney-Heart Interactions: Epidemiology, Pathogenesis, and
Treatment
Tomas Berl* and William Henrich†
*University of Colorado Health Sciences Center, Denver, Colorado; and †University of Maryland, Baltimore, Maryland
Clin J Am Soc Nephrol 1: 8 –18, 2006. doi: 10.2215/CJN.00730805

H

eart disease accounts for approximately half of the
deaths of patients with ESRD (1–3). In the past 5 yr,
there has been increasing recognition of both coronary artery disease (CAD) and left ventricular hypertrophy
(LVH) in ESRD patients, as these are the two typical presentations of heart disease in ESRD patients. It is also clear that many
patients with chronic kidney disease (CKD) and a GFR of ⬍60
ml/min are at risk for heart disease; many of these patients
succumb to heart disease before reaching dialysis (4 – 6). This
review includes a brief overview of the problem, a discussion of
CAD and LVH, and an examination of the benefits of reducing
BP and proteinuria on both the heart and the kidney and
concludes with a brief section on treatment options for individuals with this disorder.

Overview of the Problem of Cardiovascular
Disease in Patients with Kidney Disease
A growing awareness of heart disease in individuals with
kidney disease as a major public health concern has increased
sharply because of the revelation that there are millions of
Americans with reduced kidney function (2). This fact, coupled
with the understanding that many individuals with CKD do
not reach dialysis because they die of heart disease (6), has
expanded the concern about heart disease in both patients with
CKD and patients with ESRD. Of interest is that whereas many
superb prospective, randomized clinical trials have defined the
scope of the appropriate therapy for heart disease in patients
with normal kidney function, relatively few trials have addressed the issue in patients with kidney disease. Thus, the
literature on cardiovascular disease (CVD) has focused on individuals without kidney disease, and guidelines regarding the
management of heart disease in patients with ESRD in CKD,
therefore, are largely opinion based (7).
The two clinical presentations of heart disease in patients
with kidney disease are atherosclerotic vascular disease (particularly CAD) and LVH. Atherosclerosis has been known to be
a particular problem in patients with ESRD for ⬎25 yr since
Lindner et al. (8) hypothesized that there was accelerated
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atherogenesis in patients with ESRD. In the Lindner study, 60%
of a cohort who underwent dialysis for 6.5 yr died and 14 of
these deaths were attributed to complications of atherosclerosis. Subsequent postmortem and angiographic studies confirmed that the prevalence of atherosclerosis is increased dramatically in patients who are on dialysis when compared with
age-matched individuals without kidney impairment (9 –13).
Of note, this increase in atherosclerosis and, in particular, CAD
is progressive over a range of reduced GFR. This has been
shown by Anavekar et al. (5) and by Beddhu et al. (14). The
major increase in risk for heart disease and death occurs at a
GFR of ⬍50 to 60 ml/min (5,14) (Figure 1). A major problem
with the issue of coronary disease is that in many patients, there
is a high burden of coronary disease despite that the patient is
asymptomatic. In a recent study by deFilippi et al. (15), 44% of
a large cohort of asymptomatic hemodialysis patients had significant coronary disease. This was confirmed recently by
Ohtake et al. (16), who showed that coronary disease (defined
as ⬎50% stenosis in the coronary artery) was present in as
many as 53% of a cohort of asymptomatic dialysis patients.
A second presentation of heart disease in this patient population is LVH. It is particularly important to understand this
disorder in dialysis patients because as many as 80% of an
incident dialysis population will have LVH as they begin dialysis (17). Individuals with LVH have both eccentric and concentric hypertrophy (18,19). Eccentric hypertrophy results from
volume overload leading to cardiac myocyte dropout; LVH is
characterized by a myocyte to arteriolar capillary mismatch.
Concentric hypertrophy typically is the result of hypertension
and increased afterload and is exacerbated by anemia, hyperparathyroidism, and high angiotensin II concentrations. Eccentric and concentric hypertrophy are relatively equivalent in
prevalence in dialysis patients.
The dominant LV physiology that accompanies heart disease
in patients who are on dialysis is that of diastolic dysfunction
(17,19). This physiology results in a sharp increase in LV diastolic pressure with modest increments in LV volume; the
implication of the physiology is that patients have a lower
threshold to pulmonary edema under these circumstances (Figure 2). Conversely, patients who undergo ultrafiltration on
dialysis can experience a sharp fall in LV diastolic pressure
under circumstances of a modest volume reduction, thereby
risking sudden hypotension and hemodynamic instability. Patients with LVH also often have a reduction in systolic function,
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individuals who were on dialysis. Individuals with a higher
fibrosis score had a shorter survival than individuals with a
lower fibrosis score, suggesting that the presence of dense
fibrosis denotes intrinsic myocardial damage and lowers the
threshold for arrhythmias.
In the aggregate, then, both CAD and LVH contribute to CV
mortality in the dialysis population that dramatically exceeds
that of the general population. This has been demonstrated in
several recent publications and represents the major challenge
for physicians who treat such patients. Figure 3 depicts this
increase in CV mortality that occurs in this patient group
graphically.

Causes of Coronary Disease and LVH in
CKD/ESRD
Figure 1. Kaplan-Meier estimates of the rates of death at 3 yr
from cardiovascular (CV) causes, reinfarction, congestive heart
failure (CHF), stroke, resuscitation after cardiac arrest, and the
composite end point, according to the estimated GFR at baseline. From reference (5).

Figure 2. Diastolic pressure-volume relation in patients with
diastolic heart failure and in control subjects. From reference
(19). ---, Diastolic heart failure; —, control.

and the presence of this abnormality also exposes patients to
the risk for sudden CV death (20).
Cardiac arrhythmias and cardiac deaths are common in dialysis patients of all ages but are particularly problematic in
patients who are older than 65 yr (21). There are many potential
reasons for the problem of sudden death: Abnormalities in the
coronary microcirculation; impaired coronary reserve; reduced
aortic compliance; increased activity of the sympathetic nervous system; the increased plasma concentration of angiotensin
II; and sudden changes in the concentrations of potassium,
calcium, and magnesium (which occur normally during dialysis) all can contribute to this problem. Another recent contributor to the problem of sudden death in this patient population
may be related to the degree of fibrosis in the hearts of individuals on dialysis (22). In a recent study by Aoki et al. (22),
myocardial biopsies revealed abnormal cardiac myocyte anatomy and an interposition of dense fibrosis in the hearts of

A comprehensive discussion of all of the causes of heart
disease in patients with CKD and ESRD is beyond the scope of
this communication. This section provides a brief overview of
several current issues that are relevant to the problem.
It is known that patients with kidney disease have a high
prevalence of other disorders that independently are associated
with poor CV outcomes. For example, the high prevalence of
diabetes in any CKD/ESRD cohort, the presence of hypertension in virtually all of the patients, the presence of LVH by
electrocardiogram or echocardiography in the great majority of
patients, that most patients have reduced physical activity and
low exercise tolerance, that many patients have a lower-thanideal HDL cholesterol concentration, that there is high oxidant
stress in this group of individuals, and that many individuals
have a high concentration of inflammatory biomarkers all contribute to the high prevalence of heart disease in this group. It
should be acknowledged that patients in this group do have a
lower prevalence of some traditional CV risk factors. For example, this group of patients is less typically obese, uses tobacco less frequently, and has less hypercholesterolemia (lower
LDL levels) than the general population. Figure 4 is a schematic
depiction of how many of the factors that contribute to heart

Figure 3. Cardiovascular mortality in general population
(NCHS) and dialysis population (USRDS). Sarnak 2000 KI 58:
1758, 2000
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Figure 4. Risk factors that contribute to heart disease in patients
with kidney disease.
disease in patients with kidney disease could result ultimately
in LVH and CAD in patients with CKD and ESRD. A number
of modifiable risk factors cited above are present in this patient
group. Several uremia-related factors may also contribute to the
problem; for example, anemia contributes to LVH, and a high
calcium/phosphorus product will reduce aortic compliance
that leads to an increased pulse wave velocity and an additional
burden on the left ventricle. Vasoactive peptide concentrations
(e.g., with endothelin and angiotensin II) are elevated and act as
potent vasoconstrictors that exacerbate coronary vasoconstriction. The net result of all of these factors is an increased prevalence of coronary disease and LVH in this patient group.
With regard to coronary disease in patients with ESRD, it is
increasingly apparent that increased oxidant stress and inflammation are present, and this is reviewed in the following section. A number of nontraditional factors for coronary disease
have also been identified in patients with CKD/ESRD. Hyperhomocysteinemia is associated with poorer survival in patients
with coronary disease in the dialysis population (23). Recent
studies on the ability of folic acid to lower the CV event rate by
lowering homocysteine concentrations in patients with ESRD
have been disappointing (24). For example, a recent study that
used high-dose folic acid in 510 patients and had a mean
follow-up of 24 mo did not detect any effect of folic acid on
event-free survival (24). New prospective studies on this subject are under way and should reveal some insight into the best
management of this problem.
Another area of growing interest and focus has been the
heightened recognition that arterial calcification in coronary
vessels is very common in patients with CKD and ESRD (25,26).
There is currently a debate over whether the calcification in
coronary vessels that is detected by electron beam tomography
(EBCT) in patients with CKD/ESRD denotes intraluminal narrowing of these vessels. Much of the calcification in these
coronary vessels of patients with uremia resides in the media of
the vessel, which does not result in intraluminal narrowing of
the vessel. A recent study suggested that the calcification score
of vessels obtained did not correlate with the severity of vessel
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stenosis by coronary angiography (27). However, another recent study suggested that the calcium score that is obtained by
EBCT is reliable in defining the number of coronary vessels
involved in an ESRD population (28).
It is clear that the process of calcification in the coronary bed
and other vascular beds is complicated; one new recently proposed factor that may have a major role to play in this calcification scheme is a substance called fetuin-A, which inhibits the
mineralization of vascular smooth muscle cells both in vitro and
in vivo (29). Even if the calcification of coronary vessels is not
linked directly to intraluminal narrowing in patients with CKD
and ESRD, the increased vascular stiffness in the aorta increases
pulse pressure, which, in turn, results in increased afterload
and the burden of cardiac work (30). An increase in pulse wave
velocity occurs as renal function decreases, suggesting that
there is a continuum of an increased burden on the heart as
renal function declines (30). In summary, vessel calcifications
are common in patients with CKD and ESRD, particularly in
the coronary vascular bed. Having coronary vessel calcifications on EBCT denotes a poorer prognosis than not having
them, but there is still controversy over the degree of coronary
luminal narrowing that can be ascribed to these calcifications in
this patient group.
Another subject of recent interest and study with regard to
the cause of coronary disease has been the role of oxidant stress.
In this regard, the accumulation of asymmetric dimethyl arginine has been shown to be a potent inhibitor of nitric oxide
synthesis in endothelial cells (31). More problematic is the issue
of whether antioxidant therapy can reduce CV events in patients with ESRD. In this regard, a recent study in which 134
patients who were on hemodialysis were followed for 14 mo
received the potent antioxidant N-acetylcysteine (NAC; 600 mg
twice daily) or a placebo. The primary end point in the study
was a composite of myocardial infarction, CV death, coronary
angioplasty, coronary artery bypass grafting, ischemic stroke,
peripheral vascular disease, or peripheral vascular disease with
amputations. The result of the study was mixed; 28% of the
individuals in the NAC group reached one of the end points
versus 47% of the individuals in the control group (P ⬍ 0.03)
(32). However, for individual end points such as cardiac death,
ischemic stroke, and peripheral vascular disease, there was no
difference in the groups.
Finally, there is increasing interest as to whether biomarkers
can predict individuals who are at particular risk for CV death
in the setting of CKD or ESRD. deFilippi et al. (15) suggested
that a combination of high C-reactive protein cardiac troponin-T levels not only predicts CV death in patients with ESRD
but also identifies the subpopulation of patients with ESRD and
multivessel coronary disease (15) (Figure 5). Similarly, the use
of N-terminal pro brain natriuretic peptide levels may have
some utility in predicting outcome in patients with ESRD as
well (33). As more pathophysiologic factors of importance are
identified for LVH and coronary disease and more biomarkers
are linked to these processes, it is likely that there will be an
array of screening tests that will identify a particular patient’s
particular risk for a CV death.
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Figure 5. Predicting angiographic multivessel coronary artery
disease (CAD) by troponin T (n ⫽ 67). From reference (15).

Can Both Heart and Renal Disease Be
Affected Favorably by Lowering of BP,
Inhibition of the Renin Angiotensin System,
and Lowering of Urinary Protein Excretion?
Given that the prevalence of impaired kidney function continues to increase (34) in the context of higher BP and proteinuria (35,36), the question arises as to whether therapies that are
directed at these abnormalities yield both a cardiac and a renal
protective effect. This cardio–renal relationship is particularly
evident in individuals with diabetes (37–39), a population of
patients that accounts for the greatest proportion of the CKD/
ESRD group (40). This section reviews the possibilities that
interventions aimed at lowering BP via the inhibition of the
renin-angiotensin system (RAS) and lowering protein excretion
may be beneficial to both heart and kidney function.
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unclear whether the results of those trials can be readily extrapolated to patients with impaired renal function. Furthermore, although target BP have been lowered progressively, it is
not clear which component of the BP is important and whether
the optimal BP is the same for the heart as it is for the kidney.
In this regard, most CV trials have scant renal end points, and,
conversely, renal trials are frequently devoid of CV outcome
data. Recent trials in patients with overt diabetic nephropathy
(49,50) monitored both renal and CV events, allowing perhaps
for the first time the assessment of the effect of BP reduction on
the CV and renal systems in the same patient population.
An analysis of the effect of achieved BP in the Irbesartan
Diabetic Nephropathy Trial (IDNT) (51) sheds some light on
the question at hand. This trial is a double blind, randomized,
placebo-controlled trial performed in 209 clinics worldwide in
patients with overt diabetic nephropathy (urinary protein ⬎900
mg/24 h) and a serum creatinine concentration up to 3.0 mg/
dl. Of the 1715 patients enrolled in the trial, 1590 had at least a
6-mo follow-up. In this group of patients, over a mean follow-up period of 2.6 yr, an average of eight BP were available
per patient. As is depicted in Figure 6, the relative risk (RR) for
reaching a renal end point (doubling of serum creatinine or
ESRD, grouped by 10-mmHg increments) reveals that the risk
progressively decreases as achieved systolic BP (SBP) decreases
from 180 to 120 mmHg. The group below 120 mmHg did not
have a risk substantially different from that of the 121- to
130-mmHg cohort. A 20-mmHg decrement in SBP was associated with a 47% risk reduction for developing a renal end point.
Furthermore, achieved SBP is an independent risk factor for
adverse renal outcomes, independent of the baseline SBP (51).
These effects of SBP to slow progression of renal disease were
also described in a trial of individuals without diabetes (52) but
were not observed in the African American Study of Kidney
Disease and Hypertension (AASK) trial of black individuals

Is Lowering BP Equally Cardio- and Renoprotective?
A large number of studies have repeatedly confirmed that
treatment of increased BP decreases both cardiac and particularly cerebrovascular events in patients with diabetes (41– 44) as
well as those without diabetes (45,46). Such an effect of lowering BP is also one of the primary findings of a large metaanalysis that was performed by the Blood Pressure Lowering
Treatment Trialist Collaboration that concluded, “Any commonly used regimen reduces the risk of total CV events and
larger reductions in BP produce larger reductions in risk” (47).
A similar protection afforded by decreasing BP on the progression of renal disease emerged from the analysis performed by
Bakris et al. (48), who found a significant (P ⬍ 0.05) relationship
between the achieved mean arterial pressure in 10 trials that
were performed in patients with diabetes and the rate of decline in GFR in the same trials. The trials that demonstrated CV
protection in individuals with diabetes were performed predominantly or almost exclusively in patients who had little or
no underlying renal disease. Because the presence of renal
disease per se, as noted above, imparts an added risk, it is

Figure 6. Natural log of the relative risk (RR) of reaching a renal
end point by level of achieved follow-up systolic BP (SBP). The
number of patients who were at risk for reaching a renal end
point (doubling of baseline serum creatinine or ESRD, defined
as serum creatinine ⱖ6.0 mg/dl or renal replacement therapy)
is tabulated for each level of achieved follow-up systolic BP.
From reference (51).
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(53). The IDNT revealed no significant relation between diastolic BP (DBP) and renal outcomes (51).
An analysis of achieved BP and all-cause mortality/composite CV mortality in this same patient population provides a
somewhat different picture (Figure 7). As is evident from the
examination of Figure 7, the risk for both all-cause mortality
(Figure 7A) and CV mortality (Figure 7B) rose in the subgroup
of patients whose SBP was ⬍120 mmHg by a RR of 3.05 and
4.06, respectively (both P ⬍ 0.001). There were only 53 patients
in this subgroup, and an examination as to how these patients
differed from the other 1537 patients revealed that they had a
much higher prestudy history of heart disease and congestive
heart failure (54). It is of note that when the effect of different
levels of SBP are analyzed in only those patients with an SBP

Figure 7. (A) Natural log of the RR of all-cause mortality by level
of achieved follow-up SBP. The number of patients who are at
risk for death by any cause is tabulated for each level of
achieved follow-up SBP. From reference (51). (B) Natural log of
the RR of cardiovascular mortality by level of achieved follow-up SBP. The number of patients who are at risk for death
by any cause is tabulated for each level of achieved follow-up
SBP. From reference (54).
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⬎120 mmHg, there is a highly significant protection for lowering SBP to this level for all-cause mortality, CV mortality, and
congestive heart failure but not for risk for myocardial infarction or stroke (54).
In contrast to the neutral effect of changes in DBP on renal
outcomes, decrements in DBP were associated with an opposing effect on the rate of myocardial infarction and strokes. Thus,
whereas the former, as depicted in Figure 8, increased markedly at a DBP ⬍85 mmHg per 10 mmHg (RR 1.61; 95% confidence interval 1.26 to 2.02; P ⬍ 0.001), the risk for strokes
decreased (RR 0.65; 95% confidence interval 0.48 to 0.88; P ⬍
0.005) (54).
The increased risk for acute coronary events again raises the
old controversy of whether there is a J-point effect. Its existence
has been championed by some (55) but questioned by others
(56). Cruickshank (55) argued that at a DBP ⬍85 mmHg, there
may be a J-point effect in patients with underlying ischemic
disease, as the coronary circulation is particularly sensitive to a
decrease in DBP. The population studied in IDNT of elderly
patients with type 2 diabetes and overt nephropathy is very
likely to be enriched by such patients. Furthermore, it is of
interest to note that the INVEST trial that studied patients with
hypertension and CAD (57) also found a distinct association of
lower DBP with myocardial infarctions (58). Likewise, a metaanalysis of seven large, randomized trials also revealed a J point
at a DBP of 84 mmHg on all-cause mortality (59). Because
decreasing DBP is associated with increasing pulse pressure,
the possibility that an increment in pulse pressure may be
culpable for these findings has been suggested. The findings in
the Framingham cohort that revealed that an increase in CV
events occurred in patients with a low DBP and an SBP ⬎140
mmHg (60) supports such a contention. Although the effect of
low DBP and increased pulse pressure are difficult to dissociate, it is of interest that in both INVEST and IDNT, the decrement of low DBP was not associated with an increase in strokes,
suggesting that there is no overall vasculotoxic effect of an

Figure 8. RR of myocardial infarction by level of achieved
diastolic BP. The number of patients who are at risk for death
for each level of BP is tabulated at the bottom. From reference
(54).
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increased pulse pressure and that the consequences of a low
DBP are specific to the coronary circulation.
In summary, therefore, as pertains to BP, it seems that the
progressive lowering of SBP to 120 mmHg is associated with
improved renal protection and a decrement in mortality and
CV events. However, at an SBP ⬍120 mmHg, there is continued
renal protection but an increase in all-cause mortality, CV mortality, and congestive heart failure in patients who have more
severe underlying cardiac disease. When examined in populations that are enriched with patients with CAD, a J-curve effect
is observed at a DBP ⬍85 mmHg for acute myocardial infarction but not for renal progression. The effect of low DBP cannot
be readily dissociated from the increase in pulse pressure; the
failure to observe an increment in cerebrovascular events suggests an independent effect that most likely is mediated by
impairment in coronary artery perfusion.

Does Inhibition of RAS Protect Both Heart and Kidney?
Numerous studies that were published in the 1980s and
1990s consistently showed that the inhibition of angiotensinconverting enzyme (ACE) reduces the risk for death and CV
events after myocardial infarction (61– 65) and increases survival in patients with decreased LV function (66 – 68). Such
cardioprotective effects, particularly in hospitalizations related
to congestive heart failure, were observed in both the Reduction of Endpoints in NIDDM with the Angiotensin II Antagonist Losartan (RENAAL) (50) and IDNT (69) studies, which use
angiotensin receptor blockers (ARB). In fact, these two classes
of drugs (ACE inhibitors and ARB) seem to provide a comparable beneficial effect on CV outcomes both in patients with
heart failure (70,71) and in patients with postmyocardial infarction (72,73). Likewise, on the background of a large body of
experimental data suggesting a salutary effect of aldosterone on
progressive cardiac fibrosis (74), the use of aldosterone inhibitors such as with spironolactone (75) or eplerenone (76) have
been found to decrease significantly mortality in patients with
advanced heart failure.
The renoprotective effect of RAS inhibition on the progression of renal disease has also been documented amply in individuals both with (77) and without diabetes (78). In fact, RAS
inhibition may retard the progression of diabetic renal disease
at every stage. Specifically, ACE inhibitors but not calcium
channel blockers decrease the risk for conversion from normoalbuminuria to microalbuminuria (79). Similarly, both ACE
inhibitors (80) and ARB (81) significantly decrease the rate of
progression from microalbuminuria to overt proteinuria, but
the two classes do not seem to differ in the rate at which renal
function is lost in these patients (82). Finally, in patients with
overt proteinuria, two independent studies have demonstrated
a positive effect of ARB on the rate of loss of GFR (49,50).
Whether such protection is also afforded by ACE inhibitors is
not entirely known, as the results in small series have yielded
variable results (83). Because the large trials did not have an
ACE inhibitor component, this question may well remain unanswered. In analogy with the observation described above in
cardiac protection, there is increasing interest in the possibility
that aldosterone, independent of the RAS inhibition, could be
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implicated in the progression of renal disease. This has support
in studies performed in experimental animals (84,85), but there
are studies that suggest an antiproteinuric effect associated
with aldosterone inhibition (86,87). Thus Bianchi et al. (87)
observed in an uncontrolled pilot study a reversible decrease in
protein excretion when 42 patients with CKD received 25 mg of
Aldactone for 8 wk. These observations clearly call for the
study of the effect of such agents on the progression of kidney
disease with more established clinical end points.
The question that arises is whether there is an interaction
between lowering BP and assignment to a RAS inhibitor. This
interaction was examined in recent reports for both reduction
in the rate of loss of renal function (51) and the risk for congestive heart failure (54). For the former, the analysis is depicted in
Figure 9. It is of note that at any quartile of achieved SBP, the
patients who were placed on the ARB had better renal outcomes than those who were assigned to the alternative treatment arms. In fact, assignment to the ARB resulted in a 33% risk
reduction (P ⬍ 0.001) of reaching a renal end point beyond that
achieved by lowering the SBP. The effects of lowering SBP and
treatment with the ARB were completely independent and
additive (51). A similar independent effect was observed for
lowering SBP and assignment to the ARB in the decrement of
congestive heart failure hospitalizations. Thus, while being on
the ARB lowered the risk for heart failure by 29% and lowering
SBP by 20 mmHg did so by 25%, the combination of both
lowered the risk by 53% (54).
In summary, inhibition of the RAS with either an ACE inhibitor or an ARB provides both cardiac and renal protection.
The protection is most marked for congestive heart failure.
Inhibition of aldosterone provides survival advantage in patients with low LV ejection fraction and may also have antiproteinuric effects. The heart failure and renoprotective effects of
RAS inhibition is independent and additive to the benefit obtained from lowering BP.

Figure 9. Simultaneous impact of quartile of achieved SBP and
treatment modality on the RR of reaching a renal end point.
Reprinted from reference (51), with permission.
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Is Lowering Protein Excretion Equally Reno- and
Cardioprotective?
Almost every multifactorial analysis of risk factors that predict the progression of kidney disease consistently points to the
baseline level of proteinuria as an important predictor of such
an event. This was observed in a study in individuals with type
1 diabetes (88), in the Gruppo Italiano di Studi Epidemiologici
in Nefrologia study that also involves individuals without diabetes (89), and in the aforementioned RENAAL (90) and IDNT
trials (91). Likewise, baseline proteinuria also has been found to
be a predictor of CV events in these last two trials (92,93), as
well as in other studies, such as Losartan Intervention for
Endpoint Reduction in Hypertension (LIFE) (94), Heart Outcomes Prevention Evaluation (HOPE) (95) and Framingham
(96). Thus, there is little question that proteinuria is a marker or
even a surrogate for enhanced renal and cardiac risk. What
remains to be proved is whether lowering protein excretion per
se reduces the risk. This was examined in a subanalysis of the
aforementioned trials. Specifically, in RENAAL, a ⬎30% reduction in protein excretion at 6 mo was associated with a significantly decreased risk for reaching a renal end point than those
who did not do so (92). In fact, the analysis suggests that much
of the renoprotective effect of the ARB antagonist that was used
was mediated by lowering protein excretion. The reduction in
protein excretion was also associated with a decrement in CV
events such that halving of the protein excretion resulted in
halving of the CV risk (92). In regard to renal protection, very
similar data emerged from the analysis of IDNT (91), as a 50%
reduction in proteinuria at 12 mo was associated with an approximate 50% reduction in reaching a renal end point. Although further data on this issue would be welcome, it seems
that lowering protein excretion clearly is beneficial in protecting the kidney and probably the heart as well.
In summary, in answering the initially posed question as to
whether what is good for the kidney is good for the heart, it is
clear that lowering BP protects the kidney, but there may be
levels of SBP and DBP below which some increase in risk
emerges. A BP of 120/85 mmHg seems to be a “rational” target
as of now. Inhibiting the RAS clearly is beneficial to both
organs, but the protection that is afforded by aldosterone inhibition remains to been defined convincingly for the kidney.
Finally, lowering urinary protein seems to slow the progression
of kidney disease and also may be cardioprotective, but this
latter observation will require further confirmatory data.

Treatment Options for LVH and CAD
As stated at the outset, relatively few studies have examined
prospectively in randomized trials one therapeutic strategy for
overt heart disease versus another in patients with CKD or
ESRD. With regard to the management of LVH, two studies
have probed the potential benefit of a ␤ blocker in this setting
(97,98). In the first of these studies, the ␤ blocker carvedilol was
used in ESRD patients with classes II and III New York Heart
Association heart failure. During a 12-mo period, there was
some improvement in the carvedilol group as compared with
the placebo-treated group (97). In a follow-up of this patient
group over several years, there was superior survival and fewer
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hospitalizations in the ␤ blocker–treated group as compared
with placebo (98). Taken together, these studies suggest that
there may be a beneficial role for ␤ blockers in the setting of
advanced heart failure in dialysis patients. It should be stressed
that in these trials, the use of a ␤ blocker was not accomplished
easily, as fully 21% of individuals who were exposed to the
carvedilol therapy were forced to drop out of the study.
With regard to the management of CAD, there is an ongoing
debate of the relative advantage of coronary artery bypass
grafting versus percutaneous interventions. Several years ago,
one study suggested that coronary artery bypass grafts were
associated with an improved survival compared with percutaneous procedures (99). There are several reasons for why such
a result might have been obtained, including that many patients with more complicated medical problems (and who
therefore possess a very high risk for death in the periprocedure period) are excluded from coronary artery bypass grafting
surgery. In addition, percutaneous procedures have improved
in recent years. The clinical and angiographic restenosis rate in
patients who undergo percutaneous interventions has been
reduced dramatically recently (100). This field is moving rapidly as reports of improved patency with drug-eluting stents in
this group of patients is now being reported. For example, in
one such report of 10 consecutive patients who were on dialysis, 10 of 10 patients had a very good result that was durable for
⬎1 yr without any deaths, recurrent myocardial infarction, or
the need for target lesion revascularization (100).
Our current strategy in the population of patients with CKD
and ESRD is to use a combination of low-dose aspirin and ␤
blockers in patients with known coronary disease. The potential benefit of ␤ blockers in all patients with stage 4/5 CKD and
ESRD must await a randomized, prospective study. As mentioned above, there is no consensus on whether antioxidants are
beneficial, and new studies are planned to answer this question.
A recent study of the cholesterol-lowering agent atorvastatin in
1255 dialysis patients yielded mixed results over an average
follow-up period of 4 yr (101). On the one hand, cardiac events
were somewhat reduced in the atorvastatin-treated patients,
but the RR of fatal stroke was increased in this group. This
mixed result led to no significant effect on the composite end
point of the study. These findings will require additional analysis and study, but our practice is to use statins to reduce LDL
cholesterol concentrations in concordance with current guidelines (7). For patients with diabetes, tight glucose control is
important, as is evident from the discussion on BP and protein
excretion; the antihypertensive agent of choice in the patient
population is a drug that interrupts the RAS axis, either an ACE
inhibitor or an ARB. Extracellular fluid volume control via
longer dialysis sessions or extra dialysis sessions is currently
also becoming more usual. Whether nocturnal dialysis or quotidian dialysis will be effective and affordable in treating patients in the United States is under active study at present. Strict
management of calcium and phosphorus is currently accomplished through a combination of phosphate binders, including
non– calcium-containing phosphate binders. Guidelines for the
management of the hematocrit and dyslipidemia now suggest
that the hematocrit should be in the middle to upper 30s as a
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minimum and the LDL cholesterol should be lowered to ⬍100
mg/dl in dialysis patients and ⬍70 mg/dl in patients with
known coronary disease.
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This In-Depth Review by Berl and Henrich should provide background for the paper by Khan et al. in JASN (pages
244 –253), which relates mortality from heart failure (systolic) to kidney function.

