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C ompared with the general population,
patients with chronic kidney disease
(CKD) suffer from a dramatic increase

in cardiovascular morbidity and mortality. The
incidence increases as CKD progresses. The
relative increase is particularly marked in young
as compared with elderly patients. Since its
beginning, Kidney International has published
numerous articles dealing with all aspects of
this issue including diagnosis, pathophysiology,
epidemiology, treatment, and prevention. The
articles presented below have greatly contrib-
uted to a better understanding and manage-
ment of cardiovascular disease in the setting
of CKD.

Ischemic heart disease in patients on hemodi-
alysis therapy

Rostand SG, Gretes JC, Kirk KA, et al. Ischemic
heart disease in patients with uremia undergoing
maintenance hemodialysis. Kidney Int.
1979;16:600–611.1 The prevalence of cardio-
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Figure 1 |
vascular disease
and mortality is
markedly higher
in patients with
CKD than in the
general popula-
tion.2,3 The rela-
tive contribution
of atherosclerosis
to cardiovascular
Editor’s Note

This article is part of the KI 60th anni-
versary series. This month’s topic is
related to seminal contributions to car-
diovascular disease in patients with
chronic kidney disease.
disease in such patients has long been a matter
of debate.4 In the early 1970s, Lindner et al.5

proposed the occurrence of “accelerated
atherosclerosis” in chronic hemodialysis pa-
tients. However, Rostand et al. subsequently
questioned this hypothesis.1 The authors
examined the 6-year cumulative incidence of
ischemic heart disease (IHD; angina pectoris,
myocardial infarction) in 382 hemodialysis
patients in Birmingham, AL. The group was
relatively young (mean age, 43 years) and was
distributed nearly evenly between men and
women and between whites and blacks. A total
of 62 patients had evidence of IHD before
starting dialysis, 39 patients developed
symptomatic IHD after the onset of hemodi-
alysis, and 281 patients never exhibited IHD
either before or after starting hemodialysis
therapy. More than 80% of the 382 patients had
risk factors of IHD including arterial hyper-
tension and left ventricular hypertrophy (LVH).
Few patients had diabetes. Information on
smoking or body habitus was not available.
Despite the above risk factors, only 26% of the
patients exhibited signs of IHD, and only 10%
developed IHD after dialysis initiation (half of
them in the first year). Analysis by sex and race
showed similar rates of IHD in men and
women, but the rate in whites was twice that in
blacks. In men, the rate was not different from
nondialysis men with similar coronary risk
factors, whereas in women, the rate was twice
that of nondialysis cohort. Figure 1 shows that
development of IHD did not adversely affect
long-term survival as compared with patients
with prior evidence of IHD or those without
IHD. Death from myocardial infarction
occurred in 3 of 320 patients at risk. Autopsy
data in 33 patients revealed 70% stenosis of
coronary arteries in only 7 patients, 4 of whom
had antecedent disease. Thus only 1% of the
320 patients at risk for developing de novo IHD
died of myocardial infarction, and autopsy data
did not suggest accelerated atherosclerosis.
Ischemic heart damage must therefore have
been due to causes other than atheromatous
disease in the majority of these relatively young
and mostly nondiabetic hemodialysis patients.

Figure 1 shows the effect of ischemic heart
disease on cumulative survival of patients on
maintenance hemodialysis. Open circles
represent patients with IHD before onset of
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hemodialysis (N ¼ 62). Closed circles are pa-
tients developing IHD after onset of hemodi-
alysis (N ¼ 39). Open triangles are patients
exhibiting no symptoms of IHD (N ¼ 281).
Adapted with permission from Rostand SG,
Gretes JC, Kirk KA, et al. Ischemic heart disease
in patients with uremia undergoing mainte-
nance hemodialysis. Kidney Int. 1979;16:600–
611.1 Copyright � 1979 by the International
Society of Nephrology.

Uremia-associated increase in myocardial
interstitial fibrosis

Mall G, Rambausek M, Neumeister A, et al.
Myocardial interstitial fibrosis in experimental
uremia—implications for cardiac compliance.
Kidney Int. 1988;33:804–811.6 One among
Figure 2 |
several possible
causes of IHD in
the uremic state
may be the devel-
opment of myocar-
dial fibrosis, as
shown by Mall
et al.6 The authors
used an experi-
mental rat model of
5/6th nephrectomy
to examine the ef-
fect of uremia on
cardiac morphology
in the presence
or absence of
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Figure 3 |
concomitant treatment of hypertension. Blood
pressure was measured by tail plethysmog-
raphy, and cardiac structure by macro- and
micromorphometric analyses using light and
electron microscopy. At day 21, the authors
observed a significant increase of total heart
weight in the uremic rats compared with
normal controls (1040 � 73 vs. 871 � 81 mg
wet wt, means �SD) with an increase of both
right and left ventricular weight. This was
accompanied by the reduction of capillary
cross-sectional area despite unchanged capil-
lary length. The volume density (cm3/cm3) of
cardiomyocytes was unchanged, but volume
density of interstitial tissue (excluding capillary
lumen) had more than doubled. This was
associated with signs of activation of interstitial
cells, that is, increased volume of interstitial cell
nuclei and interstitial cell cytoplasm (Figure 2)
and a significant increase of noncellular inter-
stitial ground substance. After 3 months of
uremia, electron microscopy showed collagen
fiber deposition in the interstitium. When
5/6th-nephrectomized rats received the angio-
tensin converting inhibitor ramipril, this
reduced blood pressure and heart weight but
not interstitial expansion compared with
placebo-treated rats. Comparable interstitial
myocardial fibrosis was not observed in hearts
of nonuremic rats with renovascular (one clip-
two kidney) hypertension. Thus, the uremic
state increases myocardial fibrosis by mecha-
nisms independent of hypertension. This
finding may explain, at least partially, the
observation of diastolic heart dysfunction sec-
ondary to impaired compliance in patients with
CKD. Subsequently, Amann et al.7 from the
group of E. Ritz showed in a postmortem study
of chronic hemodialysis patients that in parallel
to the augmented volume density of myocardial
interstitial tissue, cardiomyocyte diameter was
also enlarged, whereas myocardial capillary
length was reduced, resulting in “myocyte/
capillary mismatch” and hence myocardial
ischemia.

Figure 2 shows the (a) myocardial interstitial
cell of a control animal (electron micrograph,
magnification 12,100:1). Cytoplasm without
evidence of cell activation. (b) Activated inter-
stitial cell of a uremic rat 3 weeks after 5/6
nephrectomy (magnification 14,300:1). Note
the increase in cytoplasm. Adapted with
permission from Mall G, Rambausek M, Neu-
meister A, et al. Myocardial interstitial fibrosis
in experimental uremia—implications for car-
diac compliance. Kidney Int. 1988;33:804–811.6

Copyright � 1988 by the International Society
of Nephrology.

Aortic pulse wave velocity index and mortality
in end-stage renal disease

Blacher J, Safar ME, Guerin AP, et al. Aortic
pulse wave velocity index and mortality in end-
stage renal disease. Kidney Int. 2003;63:1852–
1860.8 Because of the dramatic increase
in cardiovascular
morbidity and mor-
tality of patients
with CKD, it is of
utmost importance
to identify poten-
tially reversible risk
factors. The groups
of London and Safar
were among the first
to identify an asso-
ciation of increased aortic pulse wave velocity
(PWV) with mortality in maintenance hemo-
dialysis patients,8 and that survival was
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positively associated with angiotensin convert-
ing enzyme inhibitor use.9 The aim of the
present study by London et al. in mortality in
maintenance hemodialysis patients was to
examine the place of aortic stiffness relative to
that of other strong predictors of mortality
including age, blood pressure, heart rate, and
gender.8 They measured aortic PWV in a cohort
of 242 patients using Doppler ultrasonography.
Based on a nomogram established on 469
nonuremic subjects, a theoretical value of PWV
was determined in mortality in maintenance
hemodialysis patients according to age, blood
pressure, gender, and heart period. The PWV
index (measured minus theoretical PWV) was
then calculated for each individual patient.
Based on Cox analysis, the PWV index, but
neither pulse pressure nor cardiac mass, was a
strong and independent predictor of both car-
diovascular and overall mortality, together with
age and time on dialysis before inclusion. Pa-
tients with positive (vs. negative) PWV indices
had a 2-fold adjusted risk of mortality during
the follow-up. Per each 1 m/s PWV index
increment, they observed a 34% (crude) and a
14% (adjusted) increase in both cardiovascular
and overall mortality (P < 0.02 for all). The
optimal cutoff value of PWV index to predict
cardiovascular mortality was 1.63 m/s with 62%
sensitivity, 74% specificity, 43% positive pre-
dictive value, and 86% negative predictive value
(area under receiving operating characteristic
curve ¼ 0.72 � 0.12) (Figure 3). Thus in
maintenance hemodialysis patients, the PWV
index provides information about cardiovascular
and overall mortality risk with high predictive
power, showing that PWV measurements pro-
vide discriminatory prognostic power over and
above conventional cardiovascular risk factors.

Figure 3 shows receiving operating charac-
teristic curves: pulse wave velocity index in the
detection of cardiovascular and overall mor-
tality. Area under curves, respectively, 0.72 �
0.11. Adapted with permission from Blacher J,
Safar ME, Guerin AP, et al. Aortic pulse wave
velocity index and mortality in end-stage renal
disease. Kidney Int. 2003;63:1852–1860.8

Copyright � 2003 by the International Soci-
ety of Nephrology.

Effect of anemia correction on established LVH
in patients undergoing hemodialysis therapy

Foley RN, Parfrey PS, Morgan J, et al. Effect of
hemoglobin levels in hemodialysis patients with
asymptomatic cardiomyopathy. Kidney Int.
2000;58:1325–1335.10 Anemia has long been
Kidney Int
known to be an
important contrib-
utor to the cardio-
myopathy of patients
with advanced CKD,
together with hyper-
tension and volume
overload.11 An inde-
pendent association of anemia with LVH was
subsequently shown to also hold true for earlier
stages of CKD.12 The question then arose
whether anemia correction by erythropoietin
treatment might lead to a regression of LVH
and cardiac dysfunction. Foley et al. randomly
assigned 146 chronic hemodialysis patients
with either concentric LVH or LV dilation to
epoetin alpha designed to achieve hemoglobin
levels of either 10 or 13.5 g/dl.10 The study
duration was 48 weeks. The primary outcomes
were the change in LV mass index in those with
concentric LVH and the change in cavity vol-
ume index in those with LV dilation. The au-
thors found that the patients with concentric
LVH had comparable changes of LV mass in-
dex, although a trend to a lesser increase over
time was observed with full anemia correction
(blue) compared with partial correction (red),
as shown in Figure 4. In patients with overt LV
dilation, full anemia correction had no bene-
ficial echocardiographic effects either. Note that
the extent of LV dilation in this group was se-
vere. Despite these negative results, the authors
speculated whether normalization of hemo-
globin at earlier CKD stages might be benefi-
cial. Another possible explanation for this
negative finding is the degree of anemia at
baseline. A decade earlier, London et al.13

showed that erythropoietin treatment of
chronic hemodialysis patients led to a decrease
in LV end-diastolic diameter and mass index,
together with a decrease in cardiac index and
heart rate but no change in fractional ejection.
In these patients, hemoglobin levels were raised
from a mean of 6.8 to 10.6 g/dl, whereas in the
trial by Foley et al. baseline hemoglobin levels
were 9.5 to 10.5 g/dl. Thus, partial anemia
correction in patients with kidney failure and
severe anemia improves cardiac structure and
function, whereas full anemia correction does
not appear to provide further benefit. It has
even been shown to be harmful for clinical
outcomes in patients with CKD.14

Figure 4 is adapted with permission from
Foley RN, Parfrey PS, Morgan J, et al. Effect of
hemoglobin levels in hemodialysis patients
with asymptomatic cardiomyopathy. Kidney
ernational (2020) 98, 522–526
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Int. 2000;58:1325–1335.10 Copyright � 2000 by
the International Society of Nephrology.

Sevelamer attenuates the progression of
coronary and aortic calcification in
hemodialysis patients

Chertow GM, Burke SK, Raggi P, et al. Seve-
lamer attenuates the progression of coronary and
aortic calcification in hemodialysis patients. Kid-
ney Int. 2002;62:245–252.15 Cardiovascular
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calcification has
long been recog-
nized to be both a
risk factor and a
possible contrib-
utor to morbidity
and mortality in
patients with
CKD. Its preva-
lence in such pa-
tients is high and is favored by an imbalance
between promoting and inhibitory factors.16 A
major persistent issue is its treatment, preven-
tion, and potential regression.17,18 Because
calcium and phosphate overload are major
contributors to cardiovascular calcification in
CKD, Chertow et al. conducted a randomized
controlled trial comparing sevelamer, a
calcium-free nonabsorbed polymer, with
calcium-based phosphate binders in 200 prev-
alent chronic hemodialysis patients.15 Study
outcomes included biochemical parameters
(serum phosphorus, calcium, and intact para-
thyroid hormone) and calcification of the cor-
onary arteries and thoracic aorta using a
calcification score derived from electron beam
tomography. The authors first showed that
sevelamer and calcium-containing phosphate
binders provided equivalent control of serum
phosphorus. Second, serum calcium concen-
tration was significantly higher in the calcium-
treated group, and hypercalcemia was 3 times
more common (16% vs. 5%). Third, more
subjects in the calcium group had end-of-study
intact parathyroid hormone levels below the
target of 150 to 300 pg/ml (57% vs. 30%).
Fourth, and most importantly, at study
completion, the calcium scores in the coronary
arteries and aorta had increased significantly
more in the calcium-treated group compared
with the sevelamer-treated group. Figure 5
shows the greater increase in coronary calcifi-
cation scores in the calcium group (green col-
umns) than in the sevelamer group (orange
column). Thus, sevelamer was found to protect
the patients better than calcium-based
phosphate binders against the progression of
vascular calcification associated with CKD.
These findings were subsequently questioned
based on another trial, comparing sevelamer
with calcium acetate plus statin administration
in such patients.19 However, patients in this
latter study had a higher prevalence of diabetic
nephropathy and smoking, unlikely to be
affected by the choice of phosphate binders, and
a much faster progression of coronary calcifi-
cations, questioning the validity of the conclu-
sions.20 Many other approaches to halt progress
of cardiovascular calcifications in CKD have
been proposed or are under investigation.16,18

Figure 5 is adapted with permission from
Chertow GM, Burke SK, Raggi P, et al. Seve-
lamer attenuates the progression of coronary
and aortic calcification in hemodialysis pa-
tients. Kidney Int. 2002;62:245–252.15 Copy-
right � 2002 by the International Society of
Nephrology.
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