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Abstract
Background. Left ventricular disease occurs frequently
in dialysis patients. It may be manifest as concentric
LV hypertrophy, LV dilatation with or without LV
hypertrophy, or systolic dysfunction. Little is known
concerning the clinical outcome and risk factors for
these disorders.
Methods. A cohort of 432 end-stage renal disease
patients who survived at least 6 months had an echo-
cardiogram on initiation of dialysis therapy. Clinical,
laboratory and echocardiographic data was obtained
annually during follow-up.
Results. On initiation of ESRD therapy 16% of
patients had systolic dysfunction, 41% concentric LV
hypertrophy, 28% LV dilatation, and only 16% had
normal echocardiograms. Median time to development
of heart failure was 19 months in patients with systolic
dysfunction, 38 months in concentric LV hypertrophy
and 38 months in LV dilatation. The relative risks of
heart failure in the three groups were significantly
worse than in the normal group, after adjusting for
age, diabetes and ischaemic heart disease. Median
survival was 38 months in systolic dysfunction, 48
months in concentric hypertrophy, 56 months in LV
dilatation, and >66 months in the normal group.

Two hundred and seventy-five patients had a follow-
up echocardiogram 17 months after starting dialysis
therapy together with serial measurement of potential
risk factors prior to the echocardiogram. On follow-
up echocardiogram the degree of concentric LV hyper-
trophy was independently related to hypertension while
on dialysis, older age, and anaemia while on dialysis;
the degree of LV dilatation was related to ischaemic
heart disease, anaemia, hypertension and hypoalbumi-
nemia while on dialysis; the degree of systolic dysfunc-
tion was associated with ischaemic heart disease and
anaemia during follow-up.

Conclusions. Manifestations of left ventricular disease
are frequent and persistent in chronic uraemia, and

Correspondence and offprint requests to: Dr Patrick S. Parfrey,
Memorial University of Newfoundland, The Health Sciences Centre,
St John's, Newfoundland, Canada A1B 3V6.

are associated with high risks of heart failure and
death. Potentially reversible risk factors include anae-
mia, hypertension, hypoalbuminaemia and ischaemic
heart disease.

Key words: left ventricular disease; chronic uraemia;
heart failure; anaemia; hypertension; hypoalbuminae-
mia; ischaemic heart disease

Introduction

Cardiac disease is the major cause of mortality in
dialysis patients, accounting for about 40% of deaths
in most large registries [1,2]. The prevalence of congest-
ive heart failure, myocardial infarction, and angina is
high on initiation of ESRD therapy [3,4], as is their
incidence during dialysis therapy [5]. Morbidity and
mortality from cardiac disease in chronic uraemia
usually result from cardiomyopathy and/or ischaemic
heart disease [6]. Cardiomyopathy may be manifest as
(a) concentric left ventricular (LV) hypertrophy which
results from LV pressure overload, (b) LV dilatation
which results from LV volume overload, or (c) systolic
dysfunction, a reflection of diminished myocardial
contractility. On echocardiogram concentric LV hyper-
trophy is diagnosed by the presence of high LV mass
index with normal LV volume and normal LV contract-
ility, LV dilatation by high LV volume with normal
contractility, and systolic dysfunction by low fractional
shortening of the left ventricle. All these disorders are
frequently observed in dialysis patients [7] and together
with indices of LV geometry, are independent adverse
predictors of mortality [4,7]. The echocardiographic
and clinical outcome of left ventricular disease in
chronic uraemia have received little attention. Previous
studies have been affected by small sample size and
weak study design [8,9].

In chronic uraemia there are multiple predisposing
factors to left ventricular disease. High blood pressure
predisposes to LV hypertrophy [10]. Anaemia, blood
volume overload, and arteriovenous fistulae are associ-
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ated with LV dilatation [11]. In addition, diabetes
mellitus, ischaemic heart disease, malnutrition and
hyperparathyroidism also predispose to cardiomyopa-
thy in non-renal patients [12-16] and occur frequently
in chronic uraemia. The uraemic environment itself is
probably pathogenic [17]. The relative contribution of
these potential adverse cardiac risk factors to the
various left ventricular disorders in chronic uraemia is
unclear, particularly as no prospective studies, with
serial measurement of risk factors, have been
undertaken.

From the initiation of end-stage renal disease therapy
we have prospectively followed a cohort of 432 end-
stage renal disease patients who survived at least 6
months and had an echocardiogram in the first year
of therapy [4,7,18]. Serial echocardiograms were per-
formed at annual intervals, together with clinical
assessment and collection of laboratory data. In this
paper we report on the echocardiographic and clinical
outcome of dialysis patients with (a) concentric LVH,
(b) LV dilatation, and (c) systolic dysfunction, together
with multivariate analyses of the relationships between
these conditions and the following risk factors: age,
gender, diabetes mellitus, high blood pressure, anae-
mia, hypoalbuminaemia, weight gains between haemo-
dialysis sessions, and ischaemic heart disease. As the
cohort started in 1982, data on adequacy of dialysis,
fistula flow rates, and degree of blood volume expan-
sion are not available.

Subjects and methods

Patients

This prospective cohort study was started in the Royal
Victoria Hospital Montreal, Quebec in 1982, in the Health
Sciences Centre, St John's, Newfoundland in 1984, and in
the Grace Hospital, St John's, Newfoundland in 1985. End-
stage renal disease patients were eligible for entry to the
study if (a) they survived for 6 months and (b) if they had
a technically satisfactory echocardiogram within a year of
starting renal replacement therapy. Patient recruitment fin-
ished in June 1991.

Of 518 patients who survived at least 6 months from the
start of ESRD therapy, a cohort of 432 (84% of those
eligible) had a echocardiogram performed within 1 year of
starting dialysis and consequently entered the study. Eighty-
five patients were excluded for the following reasons: failure
to obtain a technically adequate echocardiogram within 1
year of starting therapy (71 patients), started therapy else-
where (7 patients), charts mislaid (5 patients), refusal to
participate (2 patients). Two hundred and sixty patients were
maintained predominantly on haemodialysis and 171 on
peritoneal dialysis. One patient was treated only with renal
transplantation.

Patients were treated in university medical centres. The
quantity of dialysis delivered was not measured. The mean
transfusion rate was 5.2 + 7.5 transfusions per year.
Erythropoietin became available to study patients in 1989:
26% of patients received erythropoietin at some time while
on dialysis and 12% received erythropoietin for more than
50% of their time on dialysis. Patients received 1.2 + 2.1
antihypertensive medications, with calcium-channel blockers

P. S. Parfrey et al.

(3147 patient months) being the most frequently prescribed,
followed by beta blockers (2707 patient months), angio-
tensin-converting enzyme inhibitors (1546 patient months),
vasodilators (1457 patient months), and centrally acting
agents (520 patient months). Clinical and echocardiographic
details related to the original cohort entered in this study
can be obtained from references 4 and 7.

Data collection

At baseline, and at yearly intervals thereafter, a clinical
assessment was undertaken to detect the presence of cardio-
vascular disease. At monthly intervals the data collected
included blood pressure, haemoglobin, serum creatinine,
albumin, and calcium levels, and interdialytic weight gains.
Blood pressure and blood tests were carried out immediately
prior to dialysis in haemodialysis patients. Blood pressure
was measured in the contralateral arm in patients with patent
arteriovenous fistulae or grafts. For each subject, clinical and
laboratory values were recorded as baseline values, and the
mean of the monthly values while on dialysis, up to the time
of the second echocardiogram or the relevant clinical
outcome.

Baseline and annual echocardiography were performed
using M-mode and 2-dimensional ultrasonography. Baseline
echocardiography was performed 3.3 + 3.9 (SD) months from
the time of starting dialysis, and the second echocardiogram
was performed 17.6+10.2 months from the time of starting
dialysis. Two hundred and ninety-eight patients continued
on dialysis after 1 year, the remainder of the cohort having
died or received renal transplantation; 275 patients had a
second echocardiogram while on dialysis therapy. Complete
data from both echocardiograms were available in 245
patients, from which LV mass index, LV volume, and frac-
tional shortening could be calculated. Figure 1 shows the
source of patients at various phases of the study. The subset
of patients who had at least two serial echocardiograms was
very similar to the study population; mean age 51 versus 54
years; proportion males, 63 versus 64%; proportion with
diabetes mellitus 27 versus 26%; proportion who had
myocardial infarction before starting ESRD therapy, 12
versus 14%; proportion with angina pectoria on starting
ESRD therapy, 19 versus 21%; and proportion with heart
failure 31 versus 33%.

In 39% of echocardiograms left ventricular mass index
was calculated using the regression-corrected American
Society of echocardiography cubic formula, and in 61% the
formula of Devereux and Reichek, depending on whether

Patients
Population 518 Survived at least 6 months in 3

hospitals

1
Original Cohort 432 Echocardiogram performed within

first year of starting dialysis

1
298 Survived > 1 year on dialysis and

were not transplanted

1
Follow-up Cohort 275 Had at least 2 echocardiograms

performed
!
245 All data available on 2

echocardiograms permitting
calculation of LV mass index, LV
volume and fractional shortening

Fig. 1. Source of patients at various phases of the study.
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Left ventricular disorders in chronic uraemia 

the endocardium was included in the measurement of ventri- 
cular wall thickness. Both methods give very similar results 
and are closely correlated with true ventricular mass assessed 
at autopsy [19]. Similarly. left ventricular cavity dimensions 
estimated by the Penn convention were regression corrected 
and presented according to the recommendations of the 
American Society of Echocardiography [20]. Left ventricular 
volume was calculated using the formula of Pombo et a/.  
[21]. Both left ventricular mass and left ventricular volume 
were indexed to body surface area, presented in g/mZ 
and ml/m2 respectively. 

Definitions 

The following definitions were used. 
Coronary artery disease. History of myocardial infarction, 
coronary artery bypass surgery or percutaneous transluminal 
angioplasty. 
Angina pectoris. Precordial chest pain, precipitated by exer- 
tion or stress, relieved by rest or nitrates. 
Ischaemic heart disease. Coronary artery disease or angina 
pectoris. 
Cardiac failure. An episode of dyspnoea plus two of the 
following signs: raised jugular venous pressure, bibasilar 
crackles, pulmonary venous hypertension or interstitial 
oedema on chest X-ray. 

It is possible that excess salt and water could contribute 
to cardiac failure. However, it should be remembered that 
the hydrostatic pressure gradient in the pulmonary capillary 
bed does not favour efflux of fluid, in comparison to the 
systemic capillary bed, unless there is preexisting elevation 
in pulmonary venous pressure. . 

Cardiovascular death. Death from myocardial infarction, 
other cardiac cause, vascular causes, or sudden death. 
LV hypertrophy by mass index. Mass 7 100 g/m2 in females, 
and mass > 13 1 g/m2 in males. These values are the upper 
limits of normality among health participants in the 
Framingham Heart Study [22]. 
Lefr ventricular dilatation. Volume>90 ml/m2 [21]. 
Concentric LV hypertrophy. LV hypertrophy with normal 
LV volume and fractional shortening. 
Systolic dysfunction. Fractional shortening < 25% on echo- 
cardiography. 
Normal echocardiogram. Normal LV mass, volume and frac- 
tional shortening. 
Mode of dialysis therapy. 500h of dialysis time on either 
haemo or peritoneal dialysis. 

logistic regression was used to identify the independent 
associations of the different left ventricular disorders. and 
stepwise linear regression to identify predictors of LV mass 
index, LV volume and fractional shortening. Multivariate 
analyses were carried out with BMDP software [23]. 
Potential predictors of disease on follow-up echocardiogram 
analysed were age, gender. diabetes, ischaemic heart disease 
up to second echocardiogram, mean of haemoglobin. blood 
pressure, serum albumin obtained at monthly intervals from 
start of ESRD therapy to second echocardiogram. The 
numbers of patients in each analysis will vary depending on 
whether all the data is available to characterize the patient 
from an echocardiographic and a risk factor perspective. 

Results 

On initiation of end-stage renal disease therapy 41% 
(n= 168) had concentric LV hypertrophy, 28% (n= 
117) had LV dilatation, 16% (n=64)  had systolic 
dysfunction, and 16% (n = 64) had normal echocardi- 
ogram (Figure2). At baseline the subset who had 
serial echocardiograms were very similar to the original 
cohort, from an echocardiographic perspective: 40% 
had concentric LV hypertrophy, 28% LV dilatation 
and 19% had systolic dysfunction. 

Concentric LV hypertrophy 

Echocardiographic outcome (Table I ) .  Of 98 patients 
who had concentric LV hypertrophy on initiation of 
dialysis and had a follow-up echocardiogram, 59'??0 
patients continued to have concentric LVH on second 
echocardiogram, 21% had LV dilatation, 11% had 
normalized, and 8% developed systolic dysfunction. 

Clinical outcome. The median time to development 
of heart failure was 38 months in patients with concent- 
ric LVH, a substantially worse outcome than in those 
with normal echocardiogram (P < 0.001 ) (Figure 3). 
The relative risk of developing heart failure, independ- 
ent of age, gender, diabetes, and ischaemic heart dis- 
ease, was 3.0 (P < 0.001 ). 

The median survival was 48 months in patients with 
concentric LVH, compared to >66 months in those 

Analysis Concentric LVH 

Patient follow-up started with the first dialysis treatment. 
The primary morbidity outcome was time to first episode of 
heart failure. The other major outcome measure was time to 
death on dialysis therapy. Overall mortality and mortality 
after 2 years on dialysis were examined. Patients were cen- 
sored at the time of renal transplantation or at final follow- 
up. The mean (standard deviation) duration of total follow- 
up was 41.1 (25.7) months. 

Univariate survival analysis was carried out using the 
product-limit method. All statistical tests are two-tailed, with 
a P value of less than 0.05 taken to indicate statistical 
significance. The independent power of different variables to 
predict early heart failure or death was assessed using Cox's 
Proportional Hazards models. using the maximum partial 
likelihood method to direct stepping. Significant differences 
between groups was obtained using the Mantel test. Stepwise 

Normal 

15.6% 

LV Dilatation 

Fig. 2. Prevalence of left ventricular disorders, identified by echocar- 
diography, on starting end-stage renal disease therapy. 
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Table 1. Echocardiographic diagnoses on initial and second echocardiograms. Each row reveals the echocardiographic outcome for each
disorder observed on the initial echocardiogram
Second Echo

Initial
Echo

Normal « = 30

Concentric LVH « = 98
Dilated LV n = 69
Systolic dysfunction w = 47
Total n = 245

Normal

14

11

5

2
32

'"

(48)

(11)
(7)

(4)
(13)

Concentric

LVH

n

10

58
20
11

99

(%)

(32)

(59)
(29)
(23)
(40)

Dilated

n

5

21

29

9
64

(%)

(16)

(21)
(42)
(19)
(26)

Systolic

n

1

8

15
25

49

(%)

(3)

(8)

(22)
(53)
(20)

1

0.9

08

0.7

06

05

04

0.3

02

01

Normal

! Concentric LVH

•—-r -.

I

I.T.T.*.*.!

L — 1 _ _ i
Systolic Dysfunction "j ••••••••—

Dilatationj Dil;

0 6 12 18 24 30 36 42 48 54 60 66 72

Time (months)

Fig. 3. Time to development of first episode of heart failure, follow-
ing the initiation of dialysis therapy, in patients with normal
echocardiogram, concentric LV hypertrophy, LV dilatation, and
systolic dysfunction.

with normal echocardiogram (P = NS) (Figure 4). The
proportion of deaths attributed to cardiovascular dis-
ease in the concentric LVH group was 63% (37/59),
compared to 50% (6/12) in the normal group.

Risk factors. In patients with concentric LVH on
follow-up echocardiogram clinical and laboratory data
obtained during follow-up were compared to those

1

0.9

0.8

0.7

£ 0.5

^ 0 . 4

0.3

0.2

0.1

0

c

— ! — - ,

: i

i '""""r ; LV Dilatation

Normal

' j ; > Concentric LVH

u t=.
Systolic Dysfunction • L

6 12 18 24 30 36 42 48

Time (months)

1
 ! • -

 :

54 60 66 72

Fig. 4. Survival following the initiation of dialysis therapy of patients
with normal echocardiogram, concentric LV hypertrophy, LV dilata-
tion, and systolic dysfunction.

with normal echocardiogram on follow-up (Table 2).
In this group independent predictors of the presence
of concentric LV hypertrophy (yes/no) were systolic
blood pressure and female gender (Table 3). The
degree of hypertrophy on second echocardiogram was
independently related to higher systolic pressure during
dialysis therapy, older age, and lower haemoglobin
during follow-up (Table 4). Independent predictors of
change in LV mass index from first to second echocar-
diogram were low haemoglobin level during follow-up
(higher by 7 gm/m2 for each 10 g/1 decrement in hae-
moglobin distribution curve, P — 0.008) and diabetes
mellitus (higher by 14.6 gm/m2 if diabetes present,
P = 0.008).

Left ventricular dilatation

Echocardiographic outcome (Table 1). Of 69 patients
who had LV dilatation at baseline and had a follow-
up echocardiogram 42% continued to have dilatation,
29% had concentric hypertrophy, 7% normalized, and
22% developed systolic dysfunction.

Clinical outcome. The median time to development
of heart failure in patients with LV dilatation was 38
months, significantly worse than those with normal
echocardiogram (P = 0.002) (Figure 3). The relative
risk for development of heart failure, independent of
age, gender, diabetes, and ischaemic heart disease was
2.74 (P = 0.002).

The median time to death was 56 months, which
was not significantly worse than those with normal
echocardiogram (Figure 4). However, late mortality
(after 2 years on ESRD therapy) was worse and
approached statistical significance in those with LV
dilatation, independent of age, gender, diabetes and
ischaemic heart disease (relative risk = 2.3, Z' = 0.07).
The proportion of deaths attributed to cardiovascular
disease was 47% (14/34).

Risk factor. Sixty-five patients who had LV dilata-
tion on follow-up were compared to 35 patients with
normal echocardiogram on follow-up (Table 2).
Independent and significant predictors of the presence
of LV dilatation (yes/no) were anaemia and ischaemic
heart disease (Table 4). Independent predictors of LV
volume (ml/m

2), using multiple linear regression, were
ischaemic heart disease, lower haemoglobin level
during follow-up, together with higher diastolic blood
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Table 2. Clinical, biochemical and echocardiographic characteristics of dialysis patients grouped according to echocardiographic diagnosis

on follow-up echocardiogram

Age (years)
Systolic blood pressure (mmHg)

Diastolic blood pressure (mmHg)
Serum creatinine (umol/1)
Haemoglobin (g/1)

Serum albumin (g/1)
Serum calcium (mmol/1)
LV mass index (g/m

2
)

LV volume (ml/m2)
Fractional shortening (%)

Male

Diabetes mellitus
Ischaemic heart disease up to second echo

Normal

(Mean + SD)

51 + 16
140 + 21
79± 13

834 + 243
93 + 17
38 + 6

2.29 + 0.18
101+20
57+16
37 + 6

25/35 71%
9/35 26%
5/35 14%

Concentric

LVH
(Mean + SD)

55+15
149+18*
83 + 9

941+289*
89+17
37 + 4

2.34 + 0.17
158 + 31
66+14**
36 + 6

59/102 58%
29/102 28%
33/102 32%*

LV

Dilatation

(Mean + SD)

54+15
147+17
82 + 9

894 + 299
84+18*
37 + 5

2.33 + 0.18
192 + 54***
118 + 28
33 + 4**

41/65 63%
11/65 17%
21/65 32%*

Systolic

dysfunction

(Mean±SD)

56± 14
138+18
78 + 10

883 + 318
90±16
38 + 8

2.3 + 0.18
187 + 61***
123 + 58***

19 + 5.3
40/57 70%
22/57 39%
27/57 47%**

Normal echocardiogram (n = 35), concentric LV hypertrophy (n=102), LV dilatation (« = 65), and systolic dysfunction (« = 57). Blood
pressure and biochemical data are the means of serial data from initiation of dialysis to time of second echocardiogram. Echocardiographic
data are derived from the follow-up echocardiogram
*when compared to normal group F<0.05>0.01; "when compared to normal group /><0.01>0.001; ***when compared to normal
group P< 0.001.

Table 3. Significant predictors of (A) the presence of concentric LV hypertrophy and (B) LV mass index on follow-up echocardiography
in patients with concentric LV hypertrophy {n— 102) or normal echocardiogram (« = 35)

Outcome

A Concentric LV hypertrophy
present on 2nd echo

Associations

1. Each increment of 1 mmHg in
mean systolic blood pressure

2. Female

Odds ratio
(Logistic regression)

1.03

2.6

Beta coefficient
(Multilinear regression)

P

0.02

0.03

P

B LV mass index (g/m2)

3.

Each increment of 1 mmHg in
mean systolic blood pressure
Each increment of 1 year of
age
Each decrement of 1 g/1 in
mean hemoglobin

0.92

0.57

0.52

0.002

0.005

0.005

In model A multiple logistic regression was used and in B multilinear regression. In both models covariates included age, gender, diabetes
mellitus, mean of haemoglobin, systolic blood pressure, serum albumin levels obtained at monthly intervals from start of end-stage renal
disease therapy to second echocardiogram.

pressure, and lower serum albumin levels during dia-
lysis therapy (Table 4).

Systolic dysfunction

Echocardiographic outcome (Table]). Of 47 patients
who had systolic dysfunction at baseline and had a
follow-up echocardiogram, 53% continued to have
systolic dysfunction. The latter patients differed from
the group whose contractility normalized by having
significantly lower fractional shortening at baseline
(18.5+4.6 versus 21.0 + 3.8) and significantly lower
blood pressure during follow-up (136+19 versus
149 + 20 mmHg). Of 49 patients who had systolic

dysfunction on follow-up, all but one had echocardio-
graphic disease at baseline.

Clinical outcome. The median time to development
of heart failure in patients with systolic dysfunction was
19 months (Figure 3). The odds ratio for development
of heart failure, independent of age, gender, diabetes,
and ischaemic heart disease was 3.66 (/

>
<0.001).

The median time to death in patients with systolic
dysfunction was 38 months (P<0.001) (Figure 4). The
odds ratio for mortality, compared to those with
normal echocardiograms, independent of age, gender,
diabetes, and ischaemic heart disease was 1:88. The
proportion of deaths attributed to cardiovascular dis-
ease was 67% (20/30).
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Table 4. Significant predictors of (A) the presence of LV dilatation and (B) LV volume on follow-up echocardiography in dialysis patients 
with LV dilatation and normal echocardiogram 

Outcome Associations Odds ratio P 
(Logistic regression) 

A LV dilatation present on 2nd echo 1. Ischaemic heart disease 5.1 0.008 
2. Each decrement of 1 g/1 in 1.04 0.02 

mean haemoglobin 
3. Each increment of 1 mmHg in 1.04 0.06 

mean diastolic blood 
pressure 

Beta coefficient P 
(Multilinear regression) 

B LV volume (ml/m
2
) 1. Ischaemic heart disease 24.1 0.009 

2. Each decrement of 1 g/1 in 0.45 0.004 
mean haemoglobin 

3. Each increment of 1 mmHg in 0.8 0.04 
mean diastolic blood pressure 

4. Each decrement of 1 g/1 in 0.85 0.04 
mean serum albumin level 

In model A multiple logistic regression was used and in B multilinear regression. In both models covariates included age, gender, diabetes 
mellitus, mean of haemoglobin, systolic blood pressure, and serum albumin levels obtained at monthly intervals from start of end-stage 
renal disease therapy to second echocardiogram. 

Risk factors (Table 5). The 57 patients who had 
systolic dysfunction on second echocardiogram were 
compared to 35 patients with normal echocardiogram 
(Table 2). The one independent predictor of the pres
ence of systolic dysfunction (yes/no) was ischaemic 
heart disease (Table 5). The predictors of fractional 
shortening (%) using multiple linear regression were 
ischaemic heart disease and lower haemoglobin level 
during follow-up. 

Modality of dialysis therapy 

Addition of mode of therapy (haemo versus peritoneal 
dialysis) had no impact on the results of the multivari
ate analyses. Haemodialysis patients were analysed 
separately and weight gains between dialyses were 

Table 5. Significant predictors of (A) the presence of systolic dysfunction and (B) fractional shortening on follow-up echocardiography in 
dialysis patients with systolic dysfunction and normal echocardiogram 

Outcome 

A Systolic dysfunction present on 
2nd echo (Yes/No) 

B Fractional shortening 

Associations 

1. 

1. 
2. 

Ischaemic heart disease 

Ischaemic heart disease 
Each decrement of 1 g/1 in 
mean haemoglobin distribution 
curve 

Odds ratio 
(Logistic regression) 

5.2 

Beta coefficient 
(Multilinear regression) 

6.4 
0.18 

P 

0.001 

p 

0.02 
0.02 

In model A multiple logistic regression was used and in B multilinear regression. In both models covariates included age, gender, diabetes 
mellitus, mean of haemoglobin, systolic blood pressure, serum albumin levels obtained at monthly intervals from start of end-stage renal 
disease therapy to second echocardiogram. 

included in the multivariate models. Large weight gains 
between dialyses were not predictive of any of the 
echocardiographic abnormalities. 

Discussion 

Left ventricular disease is a frequent occurrence in end 
stage renal disease, being present in 84% of dialysis 
patients on initiation of dialysis and in 86% during 
follow-up 1-2 years later. This may manifest itself as 
concentric LV hypertrophy, LV dilatation, or systolic 
dysfunction, all of which occur frequently in chronic 
uraemia. Differentiation of concentric LV hypertrophy 
from LV dilatation is probably important as their 
aetiology is different, the former resulting from LV 
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pressure overload and the latter from LV volume 
overload. Furthermore LV geometry has a major 
impact on clinical outcome: the ratio of LV mass to 
volume is of prognostic importance in both conditions, 
but in diametrically opposite directions [7]. In concent
ric LV hypertrophy the degree of LV hypertrophy 
predicts adverse outcome, whereas in LV dilatation 
this is not the case: the degree of LV dilatation predicts 
adverse outcome [7]. 

In chronic uraemia normalization of LV mass, 
volume or contractility may occasionally occur, but 
more frequently persistence of the abnormality is 
observed. Concentric hypertrophy or LV dilatation is 
usually present prior to the development of systolic 
dysfunction. The evolution of concentric hypertrophy 
into LV dilatation, or vice versa, may be partly related 
to when the echocardiogram is performed in relation 
to haemodialysis. When echocardiograms are per
formed pre- and post-haemodialysis LV mass index 
may vary by 25 g/m

2
 because of reduction in LV end-

diastolic diameter [24], It may also be related to 
relative importance of various risk factors present at 
the time the echocardiogram was performed. 

Compared to patients with normal echocardiograms 
the clinical outcomes of patients with left ventricular 
disorders are adverse. The median survival for dialysis 
patients with systolic dysfunction was 38 months, for 
concentric LV hypertrophy 48 months and LV dilata
tion 56 months. Time to onset of heart failure was 19 
months in the former group and 38 months in both 
latter groups. It is likely that each underlying cardiomy
opathy is prognostically important, as both the adverse 
cardiac morbidity and mortality outcomes are inde
pendent of age, gender, diabetes mellitus, and isch-
aemic heart disease. 

Multiple potential risk factors for left ventricular 
disease exist in chronic uraemia. The prospective design 
of this study permits an evaluation of the relative 
importance of several risk factors, particularly as a 
substantial amount of data was collected while patients 
were on dialysis prior to their second echocardiogram. 
It was not possible to determine the importance of 
inadequate dialysis, volume overload, or fistula flow 
rates. 

Patients with normal echocardiogram at baseline 
who went on to develop left ventricular disease, would 
have been the optimal cohort to study. Comparison of 
patients with and without progressive concentric LV 
hypertrophy or LV dilatation would also have provided 
greater insight. Unfortunately there were small num
bers of patients in the various subgroups. However, 
the analyses presented in this paper of associations 
between potentially reversible risk factors and various 
LV disorders do permit hypothesis generation. 

Age 

In the current study older age was associated with 
concentric hypertrophy and in another study with 
systolic dysfunction [25]. In the normal population the 
effects of ageing include increase in myocyte size, 

increased rate of degenerative change, and loss of 
myocytes [26]. 

Diabetes mellitus 

In the current study diabetes was associated with 
increasing LV mass index in the subset with concentric 
LV hypertrophy when compared to those with normal 
echocardiogram. Diabetes has been identified as a 
predictor of LV hypertrophy in chronic renal failure 
[25]. In the Framingham study increased LV mass 
attributable to diabetes was observed in females 
without renal disease [12]. Echocardiographic LV 
hypertrophy is probably more frequently found in 
hypertensive diabetic patients than in hypertensive 
non-diabetic patients [27]. A comparison of the patho
logical spectrum of hypertensive, diabetic, and hypert
ensive-diabetic heart disease shows that the latter had 
a significantly higher heart weight and a higher total 
fibrosis score than either of the other two groups [28]. 

Hypertension 

In chronic uraemia the correlation between LV mass 
and blood pressure, obtained in cross sectional studies, 
was often weak or absent [ 11,25]. The current prospect
ive study identifies hypertension as a predictor of both 
concentric LV hypertrophy and LV dilatation. In a 
prospective study of dialysis patients older age and 
systolic hypertension were associated with the develop
ment of LV hypertrophy [10]. Furthermore control of 
blood pressure in a small group of hypertensive patients 
induced regression of LV hypertrophy [29]. 

Anaemia 

The current observations suggest that anaemia may 
predispose to not only concentric LV hypertrophy and 
to LV dilatation, but also to systolic dysfunction. The 
improvement of LV mass and volume following partial 
correction of anaemia with erythropoietin demon
strates that both increased LV mass and volume can 
be partly attributed to anaemia [30-33]. 

Hypoalbuminaemia 

Low serum albumin levels in chronic uraemia exert an 
adverse impact on survival [34,35], are associated with 
the subsequent development of de novo, heart failure 
[18], and in this report are associated with LV 
dilatation. 

Ischemic heart disease 

The role of coronary artery disease is difficult to 
determine in dialysis patients, because of the impor
tance of non-atherosclerotic disease in the causation 
of ischaemic syndromes [36,37]. Obviously it was not 
possible to perform coronary arteriograms in all 
patients in this study, and as in the Framingham study, 
a clinical definition was used to define ischaemic heart 
disease. Ischaemic disease is an important cause of 
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systolic dysfunction of nonrenal patients [14]. In the 
current study ischaemic disease was a significant pre
dictor of LV dilatation and of systolic dysfunction. 

Aetiology of cardiomyopathy in chronic uraemia 

(Figure 5) 

The following hypothesis is proposed. LV pressure 
overload leads to concentric LV hypertrophy, which 
in dialysis patients is induced by high blood pressure, 
exacerbated by older age, diabetes and anaemia. LV 
volume overload leads to LV dilatation, which is 
accompanied by compensatory LV hypertrophy to 
maintain normal wall tension. Anaemia is one cause 
of LV dilatation, but it is highly likely that salt and 
water overload and arteriovenous fistulae also induce 
LV dilatation [11]. Initially the hypertrophic response 
in chronic uraemia is adaptive to pressure or volume 
overload, but becomes maladaptive as overload per
sists, contributing to an unnatural growth response in 
the hypertrophied heart [38]. Premature cell death 
occurs as result of the continuing overload [38], the 
cell death being exacerbated by ischaemic heart disease, 
anaemia, and malnutrition. It is also possible that 
hyperparathyroidism predisposes to LV dilatation, as 
it may cause cell death [39] and inadequate hyper
trophy [40]. Thus, it is likely that cell death in the 
presence of either concentric LV hypertrophy or LV 
dilatation would be catastrophic, predisposing to fur
ther LV dilatation, and eventually in some patients, 
systolic dysfunction. 

This interpretation is supported by the adverse clin
ical outcomes of the left ventricular disorders that 
occur in chronic uraemia, with the worst outcome in 

Hypertension 

Older Age 

Diabetes 

Anemia 

Gender 

' ' 

Concentric 
LV Hypertrophy 

1 

Anemia 

Older Age 

Volume Expansion 

A-V Fistula 

Hypertension 

Hypoalbumlnemia 

Ischemic Heart Disease 

i 

LVDil 

1 

' 
ation 

' 

Ischemic Heart Disease 

Anemia 
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' ' 

Systolic Dysfunction 

1 

Uremic Cardiomyopathy 

Heart Failure 

Fig. 5. Potential risk factors for the development of LV disorders in 
chronic uraemia. 

those with systolic dysfunction. In patients with LV 
dilatation the worst outcome occurred in those with 
high LV volumes (> 120 ml/m2) and low LV mass to 
volume ratios (<1.8) [7]. In patients with concentric 
LV hypertrophy adverse prognosis is not associated 
with LV volume, but with high LV mass, and the 
higher the mass to volume ratio the higher the sub
sequent mortality [7]. 

Conclusions 

In chronic uraemia left ventricular disease manifests 
itself as concentric LV hypertrophy, LV dilatation or 
systolic dysfunction, all of which occur frequently and 
are persistent in dialysis patients. These manifestations 
have adverse clinical outcomes, with the worst pro
gnosis in those with systolic dysfunction. Risk factors 
for concentric LV hypertrophy may include older age, 
diabetes mellitus, hypertension and anaemia, for LV 
dilatation anaemia, hypertension, ischaemic heart dis
ease and hypoalbuminaemia, and for systolic dysfunc
tion ischaemic heart disease and anaemia. 
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