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INTRODUCTION: THE BURDEN OF CARDIAC DISEASIE IN ESRD.

End-stage renal disease seems to be inextricably tied to cardiac disease. Clyde Shiclds. the

first patient with end-stage renal disease sustained on dialysis over a long period. died ol

myocardial infarction in 1970. at age 50, after 11 years of' I

fysis therapy (1. i 1y

half of all deaths seen in end-stage renal discase (ESRD) patients are attributed 1o cardiovaseular

disease: this figure is remarkably similar throughout the world (2.3.4.5.6.7.8.9.10). Cardiovascular

di

sease s frequently already present in patients reaching end-stage renal discase and undoubtedly

contributes heavily to the excessive cardiovaseular morbidity and morality seen in patients on renal
replacement therapy (2,3.4.6). For example. in the United States Renal Data System (USRDS)

Special Study of Case Mix Severity of 3.399 patients starting chronic hemodialysis, coronary artery

disease was alrcady present in 40.8% of patients: for cardiae fuilure, the corresponding figure was
41.1% (2). In patients beginning renal replacement therapy in Canada in 1992, 21.9% had a history

of angina pectoris. 17.5% myocardial infarction, 29.0% pulmonary edema. 8.3% cercbrovascular

accident. while 14.8% had peripheral vascular disease (4). Pre-clinical cardiovaseular abnormalities

are even commoner, Non-invasive studics, principally using echocardiography. have consistently
shown that up to 80% of patients starting renal replacement therapy have structural or functional

abnormalitics of the left ventricle (11,12,13.14) as was scen in the current study (15).

There is a high incidence of de novo cardiovascular discase in ESRD paticr

Japanese study followed 1609 dialysis patients prospectively for 3 years. Using the

general population as reference category, the relative risk of cerebral infarction was 2.0, cerchral

10.7, i 4.0 and acute lial infarction 2.1 (16). In the



ion and

Canadian Hemodialysis Morbidity Study. the annual incidence of myocardial infz

congestive heart failure were both 10% per year (17).

The high burden ol discase. and the need for high quality clinical studies were strongly
highlighted in a recent consensus document from the United States National Institute of Health

(18).

Between 1982 and 1991, @

cohort of 433 inception dialysis patients was followed
prospectively for an average of 41 months. All these patients survived for greater than 6 months on
ESRD therapy. and had an echocardiogram within a year of starting therapy. The primary purpose

of this study were to delineate the prevalence. natural history. prognosis and risk factors for the

s in

different manifestations of cardiae dis ISRD. The ultimate aim of this study was to identify

arcas amenable to intervention, preferably by means of randomised controlie-! trials.



OVERVIEW OF METHODS
PATIENTS. This prospective study was started in the Royal Victoria Hospital, Montreal. Quebee
in 1982, in the Health Sciences Centre St. John's, Newfoundland in 1984, and in the Grace

Hospital. St. John's. Newfoundland in 1985. Patients were cligible for entry to the study if' (1) they

had survived for 6 months and (b) they had a it isfactory i within a year

of initiating renal repl. therapy. Patient i atall 3 centers linished in June 1991,

Of 518 patients who survived at least 6 months from the start of end-stage renal discas

therapy a cohort of 433 (83.6% of those sereened) entered the study. 85 patients were excluded
from the study for the following reasons : failure to obtain a technically satisfactory
cchocardiogram within a year of starting therapy - 71 patients; started therapy elsewhere - 7 patients
< patients' charts mislaid - 5 patients: 2 patients did not wish to participate in the study.

Baseline echocardiography was performed at a mean (standard deviation) interval of 3.3
(3.9) months from the time of first dialysis. The mean (standard deviation) duration of total follow-
up was 41.1 (25.7) months. Hemodialysis, peritoneal dialysis and renal transplantation aceounted

onaverage for 18.8. 12.8 and 9.5 months respectively of the total follow-up,

The clinical and demographic characteristics of the patient cohort. at the time of study entry,
are shown in Table 1. Overall, the age and proportion of diabetic patients were similar o other
Canadian end-stoge renal discase programs (17). Compared  to a typical program in the United

States there were more males (64% vs.52%) and fewer diabetics (27% vs. 32%) (2). The study

group was almost entirely Caucasian,



DATA COLLECTION. At bascline, and at yearly intervals thereafier. a clinical assessment was

undertaken to detect risk factors for and the presence of cardiovaseular discase. Bascline and

annual echocardiography was performed using M-mode and 2-dimensional ultrasonography. Leit

r mass index was calculated using the Penn convention (19). Left ventricular cavi

ventri
volume was calculated by the formula of Pombo ct al. (20) Left ventricular mass and cavity volume
were indexed to body surface arca, presented in p_-sz and ml/m’, respectively.  Where possible.
imaging was carricd out when the patient had achieved "dry weight", the weight below which
hypotension or symptoms such as muscle eramps occur.

DEFINITIONS. The following definitions were used.

Coronary artery discase: history of myocardial infarction. coronary artery bypass surgery or
percutancous transluminal angioplasty.

Angina pectoris: precordial chest pain. precipitated by exertion or stress, relieved by rest or nitrates.

Ischemic heart discase: angina pectoris or coronary artery discase.

Cardiae failure: dyspnea plus 2 of the following - raised jugular venous pressure. bibasalar crackles,

pulmonary venous hypertension or interstitial edema on chest X-ray.

Peripheral vascular discase: symptoms of, or surgery for peripheral vascular disease.

Dysrhythmia: atrial or i thythm disorder requiring therapy.
Arterial pulse pressure: systolic minus diastolic blood pressure.
Mean arterial pressure: diastolic blood pressure + 1/3(arterial pulse pressure).

LV dilatation: cavity volume > 90 ml/m? (20).



LV hypertrophy by mass index : mass index > 100g/m? in females. mass index > 131 w/m® in males
@n

Concentric LV hypertrophy: hypertrophy with normal cavity volume (2:

actional shortening
greater than 25%.

Eccentric left ventricular hypertrophy: hypertrophy with LV dilatation, fractional shortening greater
than 25% (22).

Systolic dysfunction: fractional shortening

than or equal o 25% on echocardiography.

Abnormal left ventricle: any of the following - LV hypertrophy. LV dilatation or s

dysfunction.

Cardiac mortality: death recorded as "myocardial infarction, "sudden demh” or "other cardiae
causes”.

ANALYSIS, Patient follow-up started with the first dialysis treatment. The primary outcone

measure was death on dialysis therapy. Overall mortality and death afier 2 years were l. We

chose the latter end-point for the following reasons: firstly, because a time interval between
exposure to arisk factor and subsequent mortality might be needed. and secondly. because we felt it
likely that the independent hazards associated with ditferent variables might not remain constant in

time [rames a study. For the analyses

fong as those scen in this

in this report, patients were
censored at the time of renal transplantation or at final follow-up. The survival analyses presented
here used the day of first dialysis as entry point. Using 6 months on dialysis as entry point led to

almost identical results. Cardiac mortality was a secondary end-point. Clinical episodes of cardiae



lure and ischemic heart discase following the initiation of ESRD therapy were analyzed

similarly.

Normally distributed continuous variables were compared using t-tests. Categorical

variables were compared using chi-squared analysis. Stepwise logistic regression analysis was used

to assess the associations of the different left ventricular abnormalities present on first and follow-

aphy. Stepwise multiple lincar regression was used to as:

ess the independent

up echocardiog

ons of continuous variables, such as |

50

U ventricular mass index. cavity volume and

{ractional shortening. Univariate survival analysis was carried out using the product-limit method .

“The independent power of different variables 1o predict death, ischemic heart discase and cardiac

Failure was ion analysis. The suitability of this model was assessed by

sed using Cox's regress
split validation, in which data derived from a randomly generated sample of 2/3rds of all patients
(test sample) were used to predict the survival of the remaining 1/3rd (validation sample). The
Cox's regression model aceurately predicted the actual survival of both the test sampie (suggesting
high a degree of goodness of fit) and the validation sample (suggesting the ability of the model to

future mortality.

Additionally. because variables such as mean calcium level could vary directly as a function
of time on dialysis and could lead to a spurious association between calcium levels and mortality,

we examined this ly by testing these as i variables given by the
formula : [X]g; = [X].In(survival time). where X is the level of the variable being tested (23). Such

an adjustment procedure gives more weight to an abnormal variable which has been present for a



longer time period.  All statistical tests are 2-tailed. with a p-value of less than 0.05 taken to

indicate statistical significance.



RESULTS
PRINCIPAL OUTCOMES DURING THE STUDY (Table 2).
‘The overall median survival for the patient cobort was 50 months. The 149 deaths observed

during the study period were attributed to: myocardial infarction-10.1%. sudden death-25.5%. other

cardiac causes-11.4%, other vascular discase-10.7%, infection-14.0%. treatment withdrawal-12.1%

and other causes-15.4%. The other major clinical and echocardiographic outcomes are shown in

‘Table 2, which shows a very large burden of cardiac disease, bath clinical and echocardiographic.
CLINICAL AND ECHOCARDIOGRAPHIC ABNORMALITIES AT BASELINE :
PREVALENCE AND PROGNOSIS (Tables 1 to3).

Abnormalities of lefl ventricular structure and function were very frequent on baseline

73.9% had left i hypertrophy. 35.5% had lefl ventricular dilatation and

14.8% had systolic dysfunction.

Initial Cox's models were constructed (o as:

overall mortality and mortality afier2 years

(Table 3, basic models). In these models lefl ventricular fractional shortening showed an inverse

and systolic dysfunction a direct iation with all-cause mortality. independently of
age. diabetes. coronary artery discase, angina pectoris, cardiac failure and baseline serum albumin.
For patients who survived more than 2 years, left ventricular mass index. ecccentric as opposed to
concentrie left ventricular hypertrophy. lefl ventricular cavity volume, left ventricular dilatation.

fractional sk ing and systolic dysfunction were all with late mortality. Systolic

niction, lefl ventricular cavity volume and left ventricular mass were all directly corrclated



with cach other. When these 3 variables were added together 1o the hasic Cox's model, only keft
ventricular cavity volume retained its statistical significance in the prediction of late mortalit: .
‘When cardiac mortality was chosen as end-point the conclusions were virtually identical to

those for all<ause mortality: cardiac left fractional shoricaing. sysiolic dysfinction and.

in addition. left ventricular cavity volume. were associated with cardiae mortality in all time {rames,
whereas left ventricular mass index was independently associated with death after 2 years (clata not
shown).
LV GEOMETRY: THEORETICAL FRAMEWORK AND PROGNOSTIC IMPACT.
(Tables 410 6).

L.V dilatation is commonly observed in states of LV volume overload whereas pressune
overload leads primarily to an increase in left ventricular mass. with normal cavity volume. The
Law of Laplace. whereby wall tension is directly proportional o wall mdius and inversely
proportional fo wall thickness. would suggest that an increase in LV wall thickness would be an

appropriate physiological response to LV dilatation. Many patients with 1.V dilatation also have

increased LV mass (cecentric LV hypertrophy. 22). Failure to inerease 1V wall thickness may be
pathological because wall tension increases and leads to increased oxygen utilization. This may be

revealed on echocardiography by an increased Iefl ventriculs

cavity volume and a low m;

0~
volume ratio. In states of L'V pressure overload the resultant inerease in wall tension s offset by an
increase in left ventricular wall thickness, reflected on echocardiography by hypertrophy wilh

normal cavity YT phy 22).and a high s | ratio.




Dialysis patients have many risk fartors for both LV volume and pressure overload.
Furthermore. the clinical importance of LV hypertrophy may be critically effected by LV geometry.

as has been in cssential hyp ive patients (24).  Our hypotheses in this study

followed direetly froms the Law of Laptace: we postulaied that in ic hypertraphy the major

adverse prognostic impact would be associated with increased LV mass and high mass-to-volume
ratios, while in states of LV dilatation, an adverse prognosis would be associated with high cavity
volume and low mass-to-volume ratios. Ultimately. we speculated that in-depth consideration of
left ventricular geometry would enhance our ability to prognosticate on fuiure adverse events.

Patients with systolic dyslunction were excluded from the mortality analyses that follow.

All Patients, Considered as continuous variables. no single echocardiographic abnormalities was
independently associated with overall mortlity. afier adjustment was made for bascline age.
diabetes mellitus and ischemic heart disease (Table 4. all subjects). In contrast, both LV mass
(adjusted RR 1,010 per g/ml) and cavity volume (adjusted RR 1.015 per ml/m?) were associated
with mortality after 2 years. These results were virtually identical when cchocardiographic valvular
discase was added as a covariate: the latter covariate had no independent association with overall or
late mortality.

Patients With Normal Cavity Volume, Considered as continuous variables, only LV mass-to-
volume ratio (adjusted RR 1.307 per g¢/ml) was independently associated with mortality in all time
frames, although this trend did not quite reach statistical significance (Table 4, subjects with normal
cavity volume), Both high LV mass (adjusted RR 1009 per g/mz) and high mass-to-volume ratio

(adjusted RR 1,664 per g/ml) were associated with mortality afier 2 years on dialysis therapy. LV



cavity volume was of no prognostic

ignilicance in this group. In models that included all three
parameters, only mass-to-volume ratio (adjusted RR 1.304 per g/ml. p = 0,076) predicted overall
mortality, while left ventricular mass index (adjusted RR 1.009 per g/m:' p = 0.045) was the only
predictor of death after 2 years. These results were virtually ideritical when  echocardiographic
valvular disease was added as a covariate: the latter covariate had no independent association with
overall or late mortality.

Patients With LV_Dilatation, Considered as continuous variables. no single echocardiographic

parameter showed a statistically signi i fation with overall mortality (Table

4, subjects with LV dilatation). In contrast, both high cavity volume (adjusted RR 1.030 per mi/m?)

and low mass

o-volume ratio (adjusted RR 0.204 per w/ml) were strongly associated with late

mortality. In models that included all three no single eeh i hic parameter

predicted mortality in all time frames: only lefi ventricular cavity volume (adjusted RR 1031 per

ml/m?, p = 0.001) was associated with mortality after 2 years. These results were virtually identical
when echocardiographic valvular discase was added as a covariate; the latter covariate had no

independent associatior: with overall or late mortality.

Echocardiographic parameters were assc: as continuous variables in the analyses
presented above. Assuming a lincar relationship between the level of a given risk factor and

subsequent mortality, the potential impact of different variables on late mortality can be

conveniently compared by computing the relative risk of a subject at corresponding percentiles for
cach variable. For example, for patients with normal cavity volume the 25th and 75th percentiles

for mass index were 116 and 163 respectively. The computed relative risk in this situation would be



(1.009)"* ~ "%, or 1.524. For mass-to-volume ratio the ing figure is 1.664>7 %% or

1.526. This suggests that in patients with normal cavity volume, LV mass index and mass-to-
volume ritios show similar abilities to predict late mortality. For subjects with dilated left ventricles
at bascline, the corresponding figures was 1.821 for high cavity volume and 2,675 for low mass-to-
volume ratio. suggesting that mass-to-volume ratios may be a more sensitive marker of late
mortality than cavity volume.

‘The previous analyses assumed a lincar relationship between the level of a given risk factor

and sl mortality. This jon was checked by systematically testing different
dichotomous cut-olT values in patients with normal and elevated LV cavity volume. In patients with
normal cavity volume, patients with higher LV mass index had a higher adjusted relative risk of
death as cut-ofT points were increased in 10 /m? inerements fom 90 through 160 g/m?>, However,
increased late mortality was most clearly observed when LV mass index was > 120 g/m’,
equivalent to 125 g/m’ for males and 112 g/’ for females in this cohort (adjusted RR 3.291. p =
0.029). For mass-to-volume ratio, there was a clear increase in late mortality when this ratio
exceeded 2.0 gl (adjusted RR 224, p = 0.041). For paticnts with cavity volume > 90 m/m? at
baseline, late mortality increased stepwise with rising cavity volume and falling mass-to-volume
ratio, Cavity volume > 120 ml/m? (adjusted RR 4.146, p = 0.01) and mass-to-volume ratio less than
1.8 (adjusted RR4.27. p=0.030) were clearly associated with an increased risk of late mortality.
AN ECHOCARDIOGRAPHIC PROGNOSTIC CLASSIFICATION SYSTEM (Table 5).
Patients were subdivided into 4 groups on the basis of their baseline echocardiograms : normal

cavity volume, LV mass < 120 1;/“\z (group LN = 62). normal cavity volume, LV mass > 120 g/m’



(zroup 1L N = 163). LV dilatation. 1.V volume 90-120 mlin® (group 111 N = 86) and LV dilatation.

LV volume > 120 ml/m® (group IV. N = 28). Each group was compared separately to group Las o

relerence category. After adjusting for age. diabetes and ischemic heart disease. the relative risk of”

death after 2 years was 3.29 (p < 0.001) for group [1, 2.5 (p not statistically significant) for group
1L and 17.14 (p < 0.001) for Group IV. Thus patients in groups 11 and 1V clearly had a poorer

prognosis than those in group 1. Looked at in this way, 193 of 341 patients (57%) with nomal

systolic function fell into a high-risk cchocardiographic classification (11 or V).
We wondered how this LV geometric classification impacted on mortality in more

expanded multivariate models. applied to all groups (Table 5), including paticnts with systolic

dysiunction. The baseline factors independently associated with overall mortality in these analyses

were age, diabetes mellitus, cardiac failure and echocardiogrphic systolic dysfunction, ‘The
association with morlality was strongest for cardiac failure, followed by age. diabetes mellitus and

systolic dysfunction. The baseline factors independently predictive of” mortality after 2 years were

age, diabetes mellitus, systolic dysfunction and LV geometry, b

volume. As judged by its associated yf value, LV geometry

the strongest predictor of luter
mortality, followed by age. diabetes mellitus and systolic dyslunction. In otherwise identical
models in which both left ventricular hypertrophy (nofyes) and left ventricular dilatation (nofyes)

were used instead of this classification system, only left icular dilatation was i y

associated with late mortality (adjusted RR 1.659. p = 0.048), with a < value = 3.904. Similurly.
when LV mass index and cavity volume were added as continuous variables. only cavity volume

was independently associated with late mortality (RR 1011, p = 0.010). with an associated 72 vilue



of 6.231. In a similar model in which risk was stratificd as I - No hypertrophy or dilatation. Il -
hypertrophy. normal cavity volume, 111 - LV dilatation. ! value was 4.539 (RR 1.302 per stratum.
p=0.033). The proposed classification system. witha % value of 15.972. was clearly superior inits
ability to predict Iate mortality than considerations of massand volume alone.

It has been shown in essential hypertensive patients (hat prognosis can be stratified as: |-
LV mass index < 125 g™, relative wall thickness < 0.45, Il - LV mass index < 125 gin. relative
wall thickness > 0.45, 111 - LV mass index > 125 g/mz. relative wall thickness < 0.45and TV - 1LV
mass index > 125 g/n* and relative wall thickness > 0.457 (24). We compared the ability of the 2

systems o i predict different cvents in patients free of symptomatic

heart discase at baseline. with fractional shortening > 25% on initial echocardiography (Table 6).
According to the standard classification system (25). the 246 subjects were distributed as follows :
Group I - 23.6%. Group I - 134%. Group 1.. - _44% and Group IV - 38.6%. Using the system
proposed in this study. the patients were distributed as follows : Group [ - 23.5%. Group I - 23.9%,
CGiroup 11 - 44.8%. Group 1V -7.8% There were 52 deaths (31 afler 2 years. 26 cardiac in naturc)
in this subgroup. In addition. there were 23 de novo episodes of ischemic heart disease (myocardial
infarction or angina pectoris) and 55 de novo episodes of cardiac failure. The classification system
proposed here was independently associated with each event. The geometric classification proposed

by Koren el al.(24) showed o statistically  significant association with cardiac death and an

association bordering on statistical significance with de novo ischemic events. In patients with

symplomatic cardiac discase at baseline neither cl system was i d

withany of the outcomes studied (data not shown).
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ASSOCIATIONS OF ECHOCARDIOGRAPHIC ABNORMALITIE

PRESENT AT BAS “Table 7).

Cornpared to patients with normal cavity volume and LV mass an 120 g/nﬂ patients

with mass > 120 /m and normal cavity volume were more likely (p <0.05) to be older, diabetic,

have a history of chronic hypertension and anemia at first dial,

male gender (p = 0.062) and

ischemic heart discase (p=0.071) were of borderline s Teanee in this anal

Using patients with normal mass and cavity volune as reference category, patients with 1.V

dilatation were more likely (p < 0.05) to be older, male. to have low in

al hemoglobin and bload

urea levels. and to have higher inorganic phosphate levels: low serum albumin (p = 0.062) levels

were of b line statistical signifi The i d

of more severe degrees of

LV diltation (cavity volume > 120 ml/m’) were similar: ischemic heart discase

(OR 6.7, p

0.038) and wide pulse pressure (OR 1.48, p = 0.076) wer ociated with this abnormality,
Low serum albumin Ievels were unassociated with more severe LV dilatation,

Using an identical analytic stratcgy, systolic dysfunction on baseline echocardiography was

associated with older age, female gender, coronary artery discase and low serum albumin levels.
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ECHOCARDIOGRAPHIC ABNORMALITIES WHILE ON DIALYSIS THERAPY
(Tables 810 12).
OF the 432 patients who entered into the study, 298 patients remained on dialysis at one
year, the remainder having died or received a renal transplant. A total of 275 patients had a second
echocardiogram while on dialysis therapy, a median of 13 months following the bascline study.

‘I'his paticnt subset was very similar to the parent study population at baseline, from a clinical and

echocardiographic perspective (Table 8). The following potential predictors of echocardiographic

abnommality on the second echocardiogram were assessed: age. gender, diabetes mellitus. ischemic

heart disease prior to second echocardiogram. as well as the mean hemoglobin, blood pressure
albumin and calcium levels, obtained at monthly intervals between the first and second

echocardiogram,

lichocardiographic Outcome (Table 9). A total of 245 patients had adequate data to enable a

categorical diagnosis to be made on bascline and follow-up echocardiography. It can be seen that

most paticnts had abnomial LV structure both at baseline and on follow-up, although there was

quite a high degree of interchange between abnormd categorics.

of lich i L

(Tables 10 to 12), In multiple logistic
regression models, in which patients with normal left ventricles were used as reference category
(Table 10), the presence of coneentric hypertrophy was weakly associated with older age and
female gender, LV dilatation with ischemic heart disense. anemia and hypertension, while systolic

dysfunction was

ocialed with previous ischemic heart discase. In similar multiple linear

regression models (Table 10). the degree of ic LV hyp phy was iated with older



3

age. anemia and hypertension, the degree of LV dilatation with ischemic heart disease, anemia,
hypertension and hypoal buminemia. while the degree of systolic dysfunction was associated with

ischemic heart disease and anemia.




TTIOCARDIOGRAPHIC ABNORMALITIES BEFORE AND AFTER RENAL

TRANSPLANTATION
(Tables 13 1o 15).
102 subjects had an echocardiogram within 1 year prior to renal transplantation. as well as
another study at an interval greater than 1 year following successful renal transplantation. Where

had more than on one following ion. the last study was chosen

subje
for the current study. Selected pre-transplantation characteristics are shown in Table 13,

Renal transplantation was associated with dramatic echocardiographic changes (Tables 14
and 15). Decreases in 1.V mass index and cavity volume and increases in fractional shortening were
seen. The most dramatic observation was the normalization of [ractional shortening in all 12
subjects with systolic dysfunction prior to transplantation.

Although all echocardiographic parameters tended to improve, on average, most (76%)
subjeets had abnormal - cchocardiograms at final follow-up. In multivariate models. the only
potentially reversible factor was the strong relationship between mean arterial blood pressure

following transplantation and the failure of left ventricular hy pertrophy to regress (data not shown).



ISCHEMIC HEART DISEASI
(Tables 17and 18).

BURDEN OF DISEASE,

22% of patients had a history of clinically apparent ischemic heart. discase at ineeption of

dialysis therapy. 40 of 337 (11.9%) patients free of ischemic heart disease at baseline were

subscquently admitted forischemic heart discase while on dialysis therapy.
PROGNOSIS.
When adjustment was made for age and the presence or absence of diabetes mellitus,

paticnts with ischemic heart at baseline were more likely to have systolic dysfunction on repeat

(OR4.36. p=0.004) echocardiography. more likely to be admitted for recurrent cardiac fiilure (RR
2.03. p = 0.003) while on dialysis therapy and more likely to dic carly (RR 148, p - 0.026),

Ischemic heart discase at baseline was unassociated with concentric LV hy pertrophy on follow-up

echocardiography and de novo cardiac filure). Most of the impact on mortality was via the

occurrence of cardiac failure: in a similar prognostic model that also included eardiae filure asa

covariate. ischemic heart discase was no longer independently associated with mortality,

ASSOCIATIONS (Tables 17:and 18).

In stepwise logistic regression models (Table 17), patients starting ESRD therapy  with

ischemic heart disease were more likely to older, diabetic, less anemic and Lo have systolic

dyslunction on initial cchocardiogram.



Using the Cox's model (Table 18). applied to subjects without ischemic heart discase at

ne, the independent predictors of new ischemic heart discase were : at baseline - older age.
diabetes, smoking and in particular, the presence of concentric LV hypertrophy. LV dilatation or

systolic function on baseline ecl while on dialysis therapy - hypertension and

hypoalbuminemia.



CARDIAC FAILURE (Tables 1910 21).
BURDEN OF DISEASE
31% of all patients had a history of cardiac failure at the time of inception of dialysis
therapy. OF these 133 patients 75 (56.4%) went on to have at least one clinical recurrence while on

dialysis therapy. OF the 299 patients free of cardiac failure at bascline. 76 (25.4%) had an

isode of
new-onset cardiac failure while on dialysis therapy.
PROGNOSIS

Cardiac failure at baseline carried a very poor prognosis. Patients with cardiae failure died
2.6 times more quickly than those without cardiac failure (p < 0.0001). Afier adjustment for
bascline age. diabetes and ischemic heart discase using the Ox model. the excess mortality
remained very high (RR 1.93. p <0.001).

ASSOCIATIONS (Tables 19 and 20).

Using logistic regression analysis (Table 19). the i
of patients with baseline cardiac failure were older age. diabetes mellitus. ischemic heart disease

and the presence of LV dilatation or systolic d; ion on bascline

Using the Cox model (Table 20). the independent predictors of de novo cardiae failure
among those free from the condition at bascline were: at bascline - older age and the presence of
concentric LV hypertrophy, LV dilatation or systolic dysfunction; while on dialysis therapy -
anemia, hypoalbuminemia and hypertension.

The independent predictors of recurrent cardiac failure (Table 21) were ischemic heart

diseasc at baseline, as well as anemia and hypoalbuminemia (p = 0.06) while on dialysis therapy.



THE IMPACT OF ANEMIA (Tables 22 to 24).

OBSERVED AND ASSOCIATIONS (Table 22).

‘I'he mean hemoglobin level while on dialysis was 89 + 15 g/l higher in peritoneal dialysis
(964 15 /1) than hemodialysis patients (84 & 14 g/l. p < 0.0001). The mean transfusion rate during
the study was 5.2 & 7.5 transfusions per year. Erythropoictin was first used in this patients sample
in 1989. 26% of patients received erythropoietin at some stage during the study.

We divided patients into 4 time intervals according to year of study entry: 1982 - 1984
(20.3%). 1985 - 1986 (17.3%). 1987 - 1988 (27.5%) and 1989 - 1991 (34.9%). Mean hemoglobin
levels - 84 & 16, 88 + 19, 89+ 16 and 91 % 12 (p for trend 0.003) - rose progressively with year of
study entry, as did the proportion of patients receiving erythropoietin - 10.2%. 23.0%. 22.0% and
41.2% (p for trend 0.04). The mean hemoglobin levels observed were not a function of time spent
on dialysis therapy.

We divided patients according to tertile of mean hemoglobin level (Table 22). Patients with
adverse prognostic features at bascline - diabetes, ischemic heart disease and cardiac failure- were

maintained at higher hemoglobin levels.

PROGNOSTIC IMPACT OF ANEMIA (Tables 23 and 24).
Alter adjustment for baseline age. diabetes, ischemic heart discase as well blood pressure
and serum albumin levels measured serially, anemia was independently associated with the

following outcomes : LV dilatation on follow-up cchocardiography, de novo cardiac failure,



recurrent cardiac failure and death. It was also i

on follow-up echocardiography in hemodialysis paticnts.

d with systolic



THIE IMPACT OF ITYPERTENSION (Tables 25 10 28).
LEVELS OBSERVED AND ASSOCIATIONS (Table 25).

“Ihe average mean arterial blood pressure level while on dialysis was 101 £ 11 mm g
similar in peritoneal dialysis (101 % 11 mm Hg) and hemodialysis patients 102 + 11 mm Ilg. p =
(1.35). On average patients received 1.2 £ 2.1 antihypertensive medications while on dialysis
therapy (10th pereentile - zero, median - 0.9, 90th percentile -3.0). Calcium channel blockers (3,147
patient months) were the most frequently used agent, followed by beta blockers (2,707 patient
months). ACE-inhibitors (1,546 patient months). vasodilators (1.457 patient months) and centrally
acting agents (520 patient months).

We divided patients into 4 time intervals according to year of study entry: 1982 - 1984
(20.3%). 1985 - 1986 (17.3%). 1987 - 1988 (27.5%) and 1989 - 1991 (34.9%). Mean arterial blood
pressure levels - 10349, 101 £ 10, 101 £ 12 and [01 £ 11 (p for trend 0.42) were similar in the
four time periods. The mean arterial blood pressure levels observed were not a function of time
spent on dialysis therapy.

We divided patients according to tertile of mean arterial blood pressure level (Table 25).
Patients with adverse prognostic features at baseline - older age. ischemic heart disease. cardiac
failure and hypoalbuminemia- exhibited lower mean arterial blood pressure levels.

PROGNOSTIC IMPACT OF
MEAN ARTERIAL BLOOD PRESSURE LEVELS (Tables 26 to 28).
Aller adjustment for bascline age. diabetes. ischemic heart disease as well as hemoglobin

and serum albumin levels measured serially. higher mean arterial blood pressure levels were



0

independently associated with the following outcomes : concentric LV hypertrophy. LV dil

ation,
increased mass index and cavity volume on follow-up echocardiography, de novo ischemic heart
disease. and de novo cardiac failure.

Paradoxically. low. not high. average mean arterial blood pressure levels were associated
with mortality. It is likely that this observation reflected the occurrence of cardiae failure prior o
death: 65% of all deaths in dialysis patients were preceded by an episode of cardiae failure: mean
arterial blood pressure levels fell from 103 £ 10 mm Hg before to 98 £ 13 mm fg (p+ 0.0001)
following the occurrence of cardiac failure. Among patients admitted for cardiae failure while on
dialysis therapy. low blood pressure was the major independent predictor of death (adjusted RR

1.43 per 10 mm Hg fall in mean arterial blood pressure. p < 0.001).



THE IMPACT OF HYPOALBUMINEMIA (Tables 29 to 31)
LEVELS OBSERVED AND ASSOCIATIONS (Table 29)

‘The mean serum albumin level while on dialysis therapy was 37 + 15 g/, higher in
hemodialysis (39 + 5 g/) than peritoncal dialysis patients (35 + 5 g/, p < 0.0001). There were no
differences in mean serum albumin level according to year of entry into study or according to time
spent on dialysis therapy.

One third of patients had mean serum albumin levels less than or equal to 36 g/, one third
between: 36 and 39 g/l and one third had levels greater 39 g/l. The characteristics of patients in the
different tertiles are shown in Table 29. Patients with lower albumin levels while on dialysis
therapy had adverse prognostic features at baseline - older age (p = 0.0002). dibetes (p = 0.0005)
and ischemic heart disease (p = 0.02).

PROGNOSTIC IMPACT OF HYPOALBUMINEMIA (Tables 30 and 31).

Alfter adjustment for age. diabetes and ischemic heart discase at baseline, as well as mean
arterial blood pressure levels and hemoglobin levels while on dialysis therapy, hypoalbuminemia
was independently associated with cach of the following outcomes: LV dilatation on follow-up

cchocardiography. de novo cardiac failure. recurrent cardiac failure. de novo ischemic heart discase,

mortality, non-cardiac mortality and overall mortality.



ABNORMALITIES OF CALCIUM-PHOSPHATE HOMEC

SIS (Tables 29 to 31).
LEVELS OBSERVED.
22.6% of patients had mean calcium levels below 2.2 mmol/l (18.8% in 1D vs. 29.9% in
PD, p = 0.008). After adjustment for mean serum albumin levels. mean caleium levels were below
2.2 mmol/l in 9.0% (11.7% in HD vs. 5.5% in PD. p = 0.03).

‘There was no impact of study entry period on mean caleium, phosphorus or alkaline

levels. The with | leemia were 20% for patients enrolled up to 1984
(N=84). 23% for 1985 to 1986 (N=74). 26% for 1987 to 1988 (N=118) and 22% for patients
enrolled rom 1989 on (N=148) (p=0.79). For high mean inorganic phosphorus levels the
corresponding figures were 43%. 45%. 49% and 43% (p=0.72). For high alkaline phosphatase
levels the figures were 30%. 24%. 25% and 22% (p=0.59). There was a clear association between
time on dialysis and calcium levels: in patients with mean serum calcium levels less than 2.2
mmol/l. 40% were on dialysis <1 year, 32% were on dialysis 1 (o <2 years, 14% were on dialysis 2
10 3 years. 8% were on dialysis 3 to < 4 and 4% were on dialysis > 4 years (p = 0.0001). 43.9% had
inorganic phosphorus levels greater than 1.9 mmol/l (51.6% in 11D vs. 34.1% in DD, p < 0.001),
24% had alkaline phosphatase levels greater than 120 U/ (23.0% in 11D vs. 26.9% in PD. p = 0.36).
There was no relationship between mean inorganic phosphorus and alkaline phosphatase levels and
time on dialysis therapy.

PROGNOSTIC IMPACT OF CALCIUM, PHOSPHATE AND

ALKALINE PHOSPHATASE LEVELS (Tables 32 and 33)



On univariate analysis, applicd to the entire cohort, patients with mean serum calcium levels
below 2.2 mmol/l had a relative risk of death 2.90 (p < 0.001) times that of patients with values
above 2.2 mmol/l. Alkaline phosphatase levels above 120 U/l (RR 1.63. p = 0.004) were also

sciated with carly mortality. while inorganic phosphorus levels had no impact. The impact of

both low mean caleium levels and high alkaline phosphatase levels persisted when adjustment was
made for multiple possible confounding factors. including mean serum albumin level. The
conclusions were identical when albumin-adjusted calcium was instead of actual calcium levels in

similar ivariate models. | ia retained its i in

patients treated predominantly with hemodialysis and in patients treated with peritoncal dialysis.
Adding mean interdialytic weight gain as a covariate had no impact on the results obtained in

hemodialysis patients. High phosphorus levels were of prognostic significance in neither group.

statistical signi in ialysis patients

High alkaline phosphatase levels were of

only (adjusted RR 1.78. p = 0.063).

In otherwise-identical anal; in which mean calcium. phosphorus. alkaline phosphatase,

albumin, hemoglobin and mean arterial blood pressure levels were included as time-dependent

. hy ia was with mortality in the overall group
(adjusted RR 1.28, p = 0,004). in hemodialysis patients (adjusted RR 1.33, p = 0.005) and in
peritoneal dialysis patients (adjusted RR 1.36, p = 0.028). In these analyses. high alkaline

phosphatase levels were associated with mortality in the combined group of hemodialysis and

peritoneal dialysiz gatients (adjusted RR 1,13, p = 0.019), and in hemodialysis patients alone



(adjusted RR 1.18. p = 0.040). but were not associated with mortality in peritoneal dialy:

alone. High phosphorus levels had no impact on mortality in these models.

Using Cox's regression analysis, calcium levels below 2.2 mmol/l were associated with

cach of the following outcomes: de novo ischemic heart disease (adjusted RR 5.23. p - 107,

recurrent ischemic heart discase (adjusted RR 2.46, p = 0.006). de novo cardi

ed

ure (adj:

RR 2.64. p < 10™) and recurrent cardiac failure (adjusted RR 3.30. p < 10™). High phosphorus
levels and high alkaline phosphatase levels had no independent association with any of these
outcomes.

In otherwise-identical analyses in which mean caleium, phosphorus, alkaline phosphat

albumin. hemoglobin and mean arterial blood pressure levels were included as time-dependent

covariates, | lcemia was i fated

with de novo ischemic heart discase
(adjusted RR 1.49, p = 0.025). de novo congestive heart fuilure (adjusted PR 1,34, p = 0.010) and
recurrent congestive heart failure (adjusted RR 131, p = 0.038). High mean inorganic phosphorus

and alkaline phosphatase levels had no association with any of these outcomes.



DISCUSSION
LEFT VENTRICULAR ABNORMALITIES IN ESRD
DIAGNOSIS. Echocardiography has been the most widely-used cardiac non-invasive cardiac
imaging test in the general population. because of accuracy, simplicity. lack of radiation and
relatively low cost (25). In the general population, left ventricular mass, measured by

cchocardiography, is a stronger predictor of cardiovascular morbidity than blood pressure or other

«l al risk factors, with the exception of age; this has been shown in patients with hypertension,
in patients with or without angiographically determined coronary artery disease or heart faiiure, as
well as in the general population (24.26,27,28,29,30.31.32).

In dialysis patients, M-mode echocardiography has been shown to have high reliability and
validity (33). Ventricular diameters, however, increase with fluid reaccumulation following

dialysis, as one would expect: this effects the calculated left ventricular mass index (33). A practical

consequence of this observation is that the time period when the study is performed and fluid gains

need to be dardized in echocardiographic studies on dialysis patients. In our current studics,
echocardiograms arc carried out the day after a hemodialysis session. with the patient at dry weight
and a maximum allowable weight gain of 1 kg following the dialysis session. The assessment of
dry weight, [requently defined as the weight at the termination of dialysis below which the patient
is  likely to become hypotensive (34) is problematic in dialysis patients; none of the
echocardiographic studies on ESRD patients have employed methods (such actual central venous

pressure or invasi i such as bioi itoring or inferior

vena caval i (35.36.37)) that measure blood volume. In practical terms,



the impact of hypervolemia on calculated mass index is small, of the order of' Y g/m: for cach litre
of fluid accumulated (33): this obscrvation partially reflects the fact that both the numerator

(calculated mass) and the denominator (calculated body surface area) used to caleulate mass index

(mass/surface area) tend to increase in parallel with fluid accumulation.
BURDEN OF DISEASE. Abnormalitics of cardiac structure or function are very much the rule in
ESRD patients. In our study we defined systolic dysfunction as echocardiographic fractional

shortening < 25%. left ventricular dilatation as cavity volume > 90 mlim? (20). and left ventricular

in males and > 100 g/m® in females (21). On baseline

hypertrophy as mass index > 131 g/n
echocardiography only 14.8% of patients had normal left ventricles: 14.8% had systolic
dysfunction; 39.0% had hypertrophy with normal cavity volume (“concentric hypertrophy” (22);

27% had lefl ventricular dilatation; among patients with left ventricular dilatation 88% also had left

yp phy ("cceentric hy"(22)). Several cross-sectional studies have shown a

high preval of left i ities in ESRD patients (11,12.13.38,39.40,41,42,43).

RISK FACTORS. Left ventricular abnormalitics can occur in response to both LV volume

overload and pressure overload. LV volume overload leads to proliferation of sarcomeres in series,
chamber dilatation and augmented cardiac output (44). In this situation, the trade off for increased
LV volume is an increased wall tension (and oxygen consumption), by the Law of Liplace
(Tension = Pressurc x Radius/2Wall Thickness). In situations of pressure overload, sarcomeres
proliferate in parallel with existing sarcomeres, leading to wall thickening. leading to increased

cavity pressure. This increased cavity pressure allows cardiac output to be maintained. The trade off”

in this situation is increased wall stiffness (44). ESRD are exposed to many factors leading to



volume overload. such as anemia, arteriovenous connections and chronic fluid overload. They are

also frequently exposed to factors which lcad to pressure overload. such as hypertension and

occasionally aortic stenosis.

In this study. the i iati of systolic ion on bascline
echocardiography were older age, female gender, coronary artery discase and hypoalbuminemia.
On repeat echocardiography, 13 months later. the independent associations were ischemic heart
disease and anemia, LV dilatation at bascline (with normal systolic function) was associated with
older age. male gender, anemia low blood urea levels and high inorganic phosphorus levels. LV
dilatation on follow-up echocardiography was associated with ischemic heart disease, hypertension.

anemia and h inemia, Concentric LV was iated with older age. diabetes

mellitus, chronic hypertension and ancmia at bascline. On follow-up echocardiography. concentric

LV hypertrophy was i iated with older age. hypertension. female gender and
anemia.

Anemia, Itis very likely that anemia is a major player in the cardiac abnormalities seen in ESRD.
Several epidemiological surveys. including the current study (15) have suggested that anemia leads
1o left ventricular dilatation and/or left ventricular dilatation (11.14.41). There have been several
studies that have examined the effeet of partial correction of renal anemia with recombinant human

Most of these studies have included

Tyt ietin (rHuEpo) on
small numbers of patients, and have compared mass before and after rHuEpo therapy. in the
absence of an untreated control group. In spite of these limitations, the studics have shown that

treating anemia leads to a decrease in hypoxia- induced vasodilatation. an increased peripheral



resistance. reduced cardiac output. and partial reversal of left ventricular dilatation and hypertrophy

(45.46.47.38.49.50.51.52.53.54.55.56.57). None of the published literature to date has adequate

patient numbers and follow-up to test the hypotl that i ol el

parameters will reduce cardiac morbidity or mortality. Ta date, there has been no study to assess the

risks and benefits of complete normalization of hematocrit in ESRD patients. The studies

completed to date have shown that partial correction of anemia leads to only partial reversal of

cchocardiographic abnormalities. Whether complete correction of anemia leads to further

regression of these abnormalities, and the cost of such an approach in terms of finances,

hypertension (58,59). seizures (58.59). and access loss (58.60.01.

63.04) is currently unknown,
One study showed that hypertension abrogated the impact of anemia correction on lelt ventricular
hypertrophy (65).

Age and Gender, Several studies. including the current study (15). have implicated age as a risk

factor for cchocardiographic abnormalitics in ESRD (39.66,67). There are no data from other

investigators. to date, to suggest that gender i the I of I in

ESRD. In tile normal population, the clfects of ageing include an increase in myocyte size,

increased rate of degenerative change, fibro and calcification

loss of myoctyes

myloidos

(68.69). The specific effects of age on the uremic heart are unknown.

Hypertension. Several studies have shown that left ventricular hypertrophy is commoner in ESRD
patients with hypertension (14.15.67). In general. the correlation between left ventricular
hypertrophy and blood pressure has been relatively weak. For example. in the study of Greaves and

co-workers, variability in systolic blood pressure could explain 10.3% of the variability in left



ventricular posterior wall thickness, while variability in diastolic blood pressure could explain 6.7%

of the variability in left ventricular wall thickness (14). The current study clearly shows that

y is i with LV in end-stage renal diseasc paticnts.

Jigbetes Mellitus, There is evidence for a specific diabetic cardiomyopathy in diabetic patients

without ESRD. This is usually manifested by left ventricular diastolic dysfunction, in the absence

sociated with microvascular coronary i

of large vessel discase, and may be a

(70.71.72.73.74.75.76.77.78). Left venwicular hypertrophy is found more frequently in
hypertensive diabetics than hypertensive non-diabetics (76.77). In @ post-mortem  study,

hypertensive-diabetic hearts were heavier and had more fibrosis than diabetic-non-hypertensive and

hypertensive-non-diabetic hearts (78). We found an iation between ic left
hypertrophy and diabetes, while Greaves and co-workers found an association with the presence off
diabetic nephropathy and left ventricular hypertrophy(14).

Lschemic Leart Disease, 1t is well known that poor systolic function is a major complication and is
the principal determinant of outcome following myocardial infarction. In our patient cohort (15) as

well as in the cros:

ctional study ol Greaves and co-workers (14). patients with a history of

myocardial infarction were much more likely to have systolic

Antecedent ischemic heart discase was independently associated with
iremia and Malnutrition, There is direct evidence from animal studies to suggest that the uremic

environment is detrimental to the myocardium. Induction of uremia in Sprague-Dawley rats leads

to iner

¢ deposition of inter:

tial ground substance. followed by collagen deposition. as well as a

reduction in capilla

surface density. These effects appear to be independent of blood pressure
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(79.80). Uremic serum is a direct myocardial depressant (81.82). The specitic factors responsible

for this effect have not been identified. Some authors believe that the depressant factors are water

soluble and filterable, with a molecular weight between 10.000 and 30.000 daltons (83).

There is indirect evidence that uremia is cardiotoxic in human ESRD. In the National Co-operative
Dialysis Study there were more clinically important cardiac events in patients who were
randomized to reccive less intensive dialysis (84). In chronic renal failure left ventricular
echocardiographic abnormalities arc commoner in dialysis patients than in predialysis paticnts (14).

Churchill and co-workers found that more intensive dialysis ameliorated cardiae abnormalit

n i

randomized crossover trial (8.

Renal transplantation is a convenient. though extreme. natural experiment that allows one to

as the impact of uremia, There have been a number ol case reports documenting dramatic

improvements in cardiac function in patients with severe dilated cardiomyopathy (86.87). In our
study. a total of 102 patients had an ecl. cardiogram within 1 year prior to transplantation as well as
a year or more following transplantation. In this population, which was largely Iree of coronary
artery discase the following changes were observed: left ventricular mass index fell from 175 g/m?
10 148 g/m’ (p < 0.0001); left ventricular cavity volume fell from 86 mi/m? 1o 77 ml/m? (p = 0.003);
left ventricular fractional shortening rose from 35% to 37% (p = 0.036). Multivariate analysis
suggested that paticnts with high left ventricular mass index prior to transplantation and those with
better blood pressure control following transplantation were most likely (o have a fall in left
ventricular mass index. The most dramatic changes were seen in the 12 patients with systolic

dysfunction (fractional shortening less than 25%) immediately prior to transplantation. Systolic
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dystunction reversed in all these patients. with fractional shortening increasing from a mean of 22%
(0 34% (p < 0.0001). These data suggest that renal transplantation can have a profound impact on

dilated eardiomyopathy, at least in patients without coronary artery disease. Indircetly. therefore,

these data suggest a role for uremia in the is of uremic cardiomyop

Iypery a major ce of ESRD and the uremic syndrome. The current
study was unable to directly test the hyy sis that hyperparathyroidism is a major ctiological
factor in the develoy ol uremic cardi pathy. as other authors have suggested (88).

It is not clear how ition might lead to i pathy is patients.
Malnuwition can have pronounced effects on cardiac structure and function in non-uremic

individual

‘or example, "brown atrophy™ of the heart was seen in autopsy studies of individuals
who died of starvation in the Warsaw ghetto in World War [1 (89). Low cardiac output. cardiac

librosis. fatty infiltration and myofibrillar atrophy leading to frank cardiac failure have been seen in

individuals with kwashiorkor (90-92). Both cardiac atrophy and cardiac hypertrophy (93) are seen

inmarasmus. “The diets of many ESRD patienis show similarities to those that result in kwashiorkor
(inadequate protein intake, with adequate caloric intake) and marasmus (inadequate intake of both
protein and calories). In this study serial albumin Ievels were inversely associated with the extent of®

LV dilatation in hemodial

s patients and the presence of concentric LV hypertrophy in peritoneal

dialysis patients on follow-up echocardiography . The vast majority of ESRD patients already have
left ventricular abnormalities at the time they start dialysis therapy (15). Very large patient numbers.
with long-term follow-up, would be needed to show that low albumin levels predate the

development of LV abnormalities in patients free of LV abnormalities at bascline.
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PROGNOSIS. There has been very little prospective res

arch on the prognostic impaet of

left ventricular abnormalities in

RD patients. although Silberberg et al. (94) showed a strong,

hip between left

hypertrophy and subsequent mortality on dialysis

therapy.  In this study systolic d on baseline echocardi was independentl;

associaled with the subsequent development of de novo ischemic heart dis

ise, de novo: cardiae

failure and death. The prognostic impact of left ventricular index and cavity volume was eritically

dependent on the underlying state of the lefl ventricle: mass index was ol prognostic impact only in

those without left ventricular dilatation: mass index was of no prognostic impact in the latter

patients - in these patients left ventricular cavity volume the eritical prognostic variable,

Looked at in this way. it was clear that subclinical abnormalitics of the left ventricle were
ly

harbingers of ischemic heart disease. cardiac failure and death. even in the absence ol systolic

dysfunction.



ISCIHEMIC HEART DISEASEIN ESRD

DIAGNOSIS. In mechanical terms. myocardial ischemia could be the result of disorders at several

levels : large and medium size arterial disease (including luminal narrowing and/or inability to
dilate when required); small vessel disease: an inappropriately small density of vascular channels

relative o myocardial mass; Ischemia can also oceur in the absence mechanical problems, if’ blood

is  delivered too slowly. has inadequate nutrients for energy production. or the myocardial
machinery for energy production is inadequate even though substrate delivery is adequate.
Adequate sensory mechanisms are needed formyocardial ischemia to be perceived as pain.

Ischemic heart disease is not a homogeneous entity. especially in ESRD patients. At least 4

factors make the delineation of the natural history of ischemic heart discase difticult:
1. Many ESRD patients have non-atherosclerotic ischemic heart disease, with typical symploms of

any pectoris but patent coronary arteries (95.96.97). For example Rostand and co-workers found

that about 25% of patients with typical anginal symptoms had cither no discase or trivial disease on
coronary arteriography, These patients were more likely to be African-American, anemic and to

have severe left ventricular hy pertrophy (96.97).

2. Itisalso known that many ESRD patients with advanced anatomical coronary artery stenosis are
asymptomatic, without typical clectrocardiographic changes, The reported frequency of silent

ischemia in ESRD patients (diagnosed by continuous ST scgment monitoring), scen most often

during. or just afler. dialysis, ranges from 150 37% (98.99.100.101.102).
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3. The non-invasive tests used to diagnose coronary artery discase in the general population are
problematic in dialysis patients. Creatinine phosphokinase. including its MB fraction. and lctate
dehydrogenase levels are clevated in renal failure, which makes the diagnosis of acute miyocardial
infarction more diflicult (103.104). The limited data concerning the use of stress testing in ESRD
patients have generally been disappointing. The physical condition of many LSRD patients. the
frequent use of drugs effecting heart rate. and the frequent oceurrence of non-specific ST segment
changes limit the usefulness of standard exercise stress (esting in ESRD patients. Rostand and co-
workers, for example. reported that 80% of ESRD patients Failed to reach a target heart rate of 85%

of predicted maximum (97). The use of dipyridamole and dobutimine as siressing agents, and the

use of other di; ic techni such as

to deteet regional wall motion

or thallium scintij have  shown mixed resuls in ESRDD  patients
(104.105.106.107.108.109) and cannot yet be fully endorsed. Larger studies are needed, where
selection bias is minimised. and patients are stratified by diabetic status and symiptoms of ischemic
heart disease.
RISK FACTORS FOR ISCHEMIC HEART DISEASE IN ESRD. 20% of the patient cohort we
studies were admitted with an episode of ischemic heart disease. (angina pectoris. coronary artery
revascularization or myocardial infarction) while on dialysis therapy. Half of these episodes were
de novo cpisodes, in patients who had not had ischemic heart disease at the inception of dialysis
therapy. The independent associations of baseline ischemic heart disease included older age,
diabetes. echocardiographic systolic function and higher iniill hemoglobin levels. The last

obscrvation most likely reflects physician practice to maintain higher hemoglobin levels in those
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with symptomatic ischemic heart disease. The independent risk factors for de novo ischemic heart
discase were older age, diabetes, the presence of concentric hypertrophy, LV dilatation or systolic
dysfunction on initial echocardiogram, as well as high blood pressure, low serum albumin and low
calcium levels averaged over the total time on dialysis therapy. The study also illustrates that many

of the risk factors (age, diabetes, hyp ion and for ischemic

heart disease are common o the general and ESRD populations, 1t also suggests that factors related

10 the uwemic state. such as hypocalcemia and  hypoalbuminemia, may be important in the

pathoger ofischernic heart disease in ESRD.

Age. Advancing age is associated with an increased risk of coronary artery disease in the general
public (1101 11). The vascular changes associated normally with advancing age include atheroma
deposition, increased intimal heterogeneity and subendothelial hardening (68.69). Age has been
associated with arteriographic coronary artery disease in the general ESRD population as a whole
(15.112)and in asymptomatic diabetic patients (113).

Uyperension. Tlypertension is a well established risk factor for coronary artery disease in the
general population (114). Hypertension is very prevalent in ESRD populations (115.116.117)
hemodynamic studies have shown that the sustained hypertension of ESRD is due (o elevations of
peripheral resistance (118). Suggested factors leading to inappropriately high peripheral resistance
in ESRD include inability to excrete salt and water (119,120), activation of the renin angiotensin

{ of the

dothelin (121), and activation of the

system, increased p
sympathetic nervous system (122,123). The relationship between hypertension and ischemic heart

discase in end-stage renal disease has long been suspecled, though the amount of supporting data is



sparse. In a retrospective study of 320 patients high diastolic blood pressure levels at first dialy

were inds dentl d with sut

ischemic heart discase while on renal replacement
therapy (124).
Diabetes Mellius. Diabetes mellitus is an independent risk lactor for the development of coronary

artery disease in the non-ESRD population, although these also patients have an excess burden of

other risk factors, such as hypertension and dyslipoproteinemia (125.126). Our study defined
ischemic heart diseasc on the basis of clinical symptoms. Such an approach almost certainly
underestimates the degree of coronary artery discase in diabetic patients, in whom there is a very
marked prevalence of ischemic heart discase. It has been estimated that about a third ol

asymptomatic diabetic patients on renal replacement therapy have 50% or more stenosis of at least
ympt pa P py

one coronary artery (127.128,129.113). The prevalence of ischemic heart disease rises markedly

with age. For example Manske and co-workers found that 88% of asymptomatic diabeti

undergoing  pre-transplant screening  coronary  angiography had significant a

erial stenc

patients under 45 years of age, only patients with cach of” the following - diabetes less than § ycars,

normal ST scgments on arteriography and a smoking history less than 5 pack years- could be

predicted not to have angiogaphic coronary artery disease with any degree of confidence
(sensitivity 97% and negative predictive accuracy 96%) (113). These latter studics are likely subject
to selection bias; it is highly likely that the true prevalence of asymplomatic coronary artery discase

is much higher when the diabetic-ESRD population s considered in its entirty.

Smoking, Smoking is a powerful risk factor for coronary artery d in the general population,

approximately doubling the risk of cardiovascular di

in the Framingham Study (130). In the



USRDS Special Study of Case Mix Severity (N=3.399) smoking was associated with an excess
mortality of 26%, even alier extensive covariate adjustment, among incident hemodialysis patients
(131). The independent effect of smoking appears to be especially marked in diabetics with ESRD,

in whom it more than doubles mortality rates (132).

byslipidemia, Increased low density lipoprotein (LDL). decreased high density lipoprotein (HDL),
u high ratio of total cholesterol to HDL cholesterol and high li in(a) levels are clearly

associated with coronary arlery discase in the general population (132.133.134,135). It is less clear

whether high triglyeeride levels are associated with coronary artery discase. Recent evidence

suggests that hypertriglyceridemia may be a powerful risk factor when it coincides with a high LDIL

to HDL, cholesterol ratio (136).

1ESRD is associated with quantitative lipid distarbances. Hligh triglyceride levels and decreased
HDL levels are typical of both hemodialysis and peritoneal dialysis. while peritoneal dialysis
patients may also have high LDL levels (137.138). Several studies have shown that ESRD patients
tend to have higher lipoprotein  Lp(a) levels than in the general population
(139.140.141.142,143.144.145). Qualitative abnormalities are also common in ESRD. Remnant
particles of chylomicrons and very low density lipoproteins (VLDL) are very atherogenic, as are
oxidized LDL. Some of the defects seen in ESRD patients include (a) @ profound defect in
postprandial lipid disposal, which exposes the vasculature to high chylomicron remnant

concentrations (146), (b) clevated intermediate density lipoprotein levels (147). (c) increased

heterogeneity of DL and HDL ap ins (147). (d) itics of size and ition of
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LDL and HDL particles (147). (e) increased LDL. suseeptibility to oxidation (148) and (1) altered
cell surface LDL cpitope recognition (149).
In general the design of studies relating outcome to dyslipidemia in ESRD has been less than

optimal. However recent reports have associated dyslipidemia with cardiac death in diabetic 2 51R1>

patients (150.151), lipopratein(a) levels with cardi lar disease (152)and vaseular aceess loss

(153) in ESRD patients.

Other Factors, Other factors suggested as ris}

factors for vascular disease in ESRD patients include
chronic endothelial activation and injury with activation of prothrombotic factors (154). high
homocysteine levels (155). high aluminum levels (156) and defective clearance of advanced
glycosylation end-products (157.158).

In our study hypocalcemia was strongly related to both de novo and recurrent ischemic heart
discase, cven afier adjusting for age, diabetes, blood pressure, hemoglobin and several other

possible confounding variables. The effect was as marked in peritoneal dialysis patients as in

hemodialysis patients. and could not be explained away by the clear (direet) refationship between

mean serum calcium and time spent on dialysis therapy. Another group has shown that Tow ci

ium

levels are independently associated with mortality in a very large cros:

ection of dialysis paticnts

(159.160). F feemia induces idism, which may lead o profound disturbances

of myocardial bioenergetics and myocardial ischemia (161) Hyperparathyroidism has also been

associated with dyslipidemia (162) and L'V hypertrophy (163).

We observed a very strong hip between It and ischemic heart disease in

this study. In the cohort without ischemic disease at baseline, the association hetween




h incmia and  the of ischemic  di

se suggests  that

hypoalbuminemia is an important predisposing risk factor. Tlow hypoalbuminemia could cause

ischemic heart dis s unclear, but some possible mechanisms are suggested

(i) Low albumin levels fead toa state, In clderly. non-uremic patients, malnutrition

is associated with heparin co-factor 1 and antithromin I deficiency, which attenuates the ability to

inhibit thrombin generation (164). It is interesting that low serum albumin levels were the single

factor most predictive of” access in the Canadian E is Morbidity Study. leading

to speculation that low oncotic pressure associated with hypoalbuminemia leads to a

hypereoagulable state, as in the nephrotic syndrome (17). Low albumin levels reflect more severe
uremiz_uremia leads to is, As discussed above, quantitative and qualitative lipid

abnormulities are common in ESRD patients, and probably influence prognosis. The contribution of

malnutrition and low serum albumin levels to these abnormalities is unclear. In this study. the

ciation between serum albumin levels and ischemic heart discase was independent of

total levels. The fation between and ischemic heart discase

could be a surrogate marker for a more severe uremic state with endothelial cell activation, as

discussed above. Uremia and its therapy may be a chronic, low-grade inflammatory state. There is

evidence that infl ion may play a major role in atheroma formation (165). It is
of interest that Helicobacter pylori, Chlamydia pneumoniae and Cytomegalovirus infections have
been associated with an excess incidence of coronary artery disease in non-uremic patients
(166.167.168). 1tis well known that low serum albumin levels may be a response to inflammation,

independent of protein intake. Whether such mechanisms may explain the recently reported
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excessive mortality scen with pro-i v, bio-i ible | ialysi: b (169)

is unknown, (iii) Low albumin levels are assogiated with other itional d that lead to

ischemic_heart disease, Recent evidence suggests that hyperhomocysteinen

s arisk factor for
atherothrombotic cardiovascular disease in the general (170) and ESRD populations (155).
Homocysteine levels are markedly elevated in chronic renal failure (171). In the general population.

dictary deficiencies of pyridoxine .folic acid. pyridoxal 5‘~plmsphulc and vita

in 13, are thought to
be the major determinants of high plasma homocysteine levels (172).

PROGNOSIS. The natural history of ischemic heart dis

¢ in ESRD patients has not been well

studied. In the USRDS Special Study of Case Mix Severity, ischemic heart disease at baseline was

independently associated with an excess mortality o' 22% (131). Ina retrospective study., we found
that both the presence and severity of ischemic heart discase in patients starting maintenance
dialysis therapy were strongly associated with 6-month mortality rates (6). In the  current

prospective cohort study. patients were followed from inception of ESRD therany. but had to have

survived for 6 months to be included in the study. Afl

djusting for basceline and din

mellitus. patients with ischemic heart disease were 70% more likely to have an admission for

cardiac failure, 50% more likely to die, and 70% more likely to have a cardiac death. In these

patients most of the excess mortality associated with ischemic heart discase uppeared to be via the

development of cardiac failure,
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CARDIAC FAILURE IN EEND: SE

DIAGNOSIS AND BURDEN OF DISEAS!

In general, cardiac results form systolic dysfunction
or diastolie dyslunction. Ischemic heart disease can lead to cither functional abnormality: to further
complicate the situation, myocardial ischemia can also be the result of systolic or diastolic
dysfunction. Cardiac filure is always a clinical diagnosis: it occurs when cardiac function is
inadequate for bodily needs. ‘There is no diagnostic test for cardiac faiture, because it can result
from several different mechanisms. which can often coexist ina given individual.

“I'he clinical epidemiology of cardiac failure in ESRD is very incomplete. The burden of

dis appears to be very high. In both our retrospective study (6) and the cument cohart

prospective study (15) clinically defined cardiac fuilure was present in approximately one third of’

subjects. Approximately one quarter of patients initially free of’ cardiae failure went on to have an

episode ofardiae filure while on dialysis therapy.

RISK FACTORS. "To our knowledge, there has been no prospective study concering the risk
tactors for cardiac failure in ESRD patients.  In this study older age (baselinc and de novo cardiac
failure). ischemic heart disease (bascline and recurrent), diabetes mellitus (baseline), systolic
dysfinction (baseline and de novo), concentric LV hypertrophy (de novo). LV dilatation (de novo),
hypertension (de novo). anemia (de novo). hypoalbuminemia (de novo and recurrent) and
hypocaleemia (de novo and recurrent) were all independently associated with cardiac failure. Tt was

ble to say whether these risk factors are connected to cardiae failure via coronary artery

impos:

e or viamyocardial abnomaliti

s per se.



PROGNOSIS. The presence of cardise failure was strongly. and independently

heiated with
carly demise, underscored by the observation that 60% of all deaths seen in this study were
preceded by an episode of cardiac failurc. Similar findings have been reported retrospectively by

Hutchinson ct al (173). as well as prospectively by the USRS (131),



THE FUTURE.
Itis clear from this study that many epidemiological questions need answers:

1. What is the target hemoglobin level for dialysis patients % will normalization (as compared to

partial i i i i itics 2z if’ so. will this be translated into a
reduction in cardiac morbidity and mortality ?

2. Will intensification of dialysis delivery have an impact on echocardiographic and clinical cardiac
disease?

3. What is the target blood pressure level that minimizes echocardiographic and clinical cardiac
disease? What are the most appropriate antihypertensive agents to achieve this? Is the inverse
l:

relationship between blood pressure and mortality a marker for underlying cardiomyopathy and/or

drug therapy? IF the latter is true, is iatrogenic hypotension predisposing to death?

4. Is the association between malnutrition and cardiac discase causal. or dose it mark for some other

factor? Will intensification of nutritional intake have an impact on echocardiographic and clinical

5. What is the target calcium level for dialysis patients? Does hypocalcemia predispose to death via

or via other 7

6. What is the relationship between total lipid levels, lipid subfractions and lipid turnover and

cardiae disease in ESRD patients ?

With the possible exception of #6. these questions are probably best answered by means of

randomized controlled clinical trials. The following chapter focuses on the design of 2 clinical trials



which may help determine the optimum hemoglobin and dialysis intensity levels necessary to treat

the various manifestations of cardiomyopathy in chronic uremia,



NORMALIZATION OF HEMOGLOBIN LEVEL.

Question 1 is probably the most casily studied given the efficacy of recombinant human

erythropoictin, A large multicentre clinical trial is currently underway in the United States to study

the impact of full of it, in patients with ic cardiac discase.
Mortality is the primary outcome for this study. which is being sponsored by the Amgen
Corporation. Secondary end-points include the changes seen in left ventricular mass index. Data

from our cohort study have been used in the trial design.

“The following Canadian multicentre trial is proposed.

OBILECTIV

The primary objective of the study is to assess the effect of hemoglobin

pared to partial ion of anemia, using epoctin alfa in hemodialysis without
symplomatic cardiac disease who have cither left ventricular hypertrophy or left ventricular
dilatation on echocardiography.

RATIONALE. Anemia is an independent risk factor for LV dilatation and concentric hypertrophy

in ESRD patients, as shown in this and other studies.
DIESIGN. This is an open label study to assess the effect of two target hemoglobin levels, 100 g/l
and 135 @/1 on cardiomyopathy. Patients will be stratified according to whether or not they have left

ventricular dilatation. Essentially, there are two studics: (1) to assess the extent of regression of LV

mass in patients with concentric LV hypertrophy and (2) to assess the extent of regression of LV

v volume in patients with LV dilatation,

PATIENTS, Patients entering the study must fulfil the following principal criteria:



1. Age > 18 years.

2. On hemodialysis > 3 months.

3. No myocardial infarction, admission for angina or cardiac failure within the last 12 months.

4. On epoctin alfa>3 months. with hemoglobin between 95/l and 105 g/l in the previous month.
5. Stable vascular access for the last 3 months.

6. Life expectancy > 18 months.

INTERVENTION. Paticnts will be randomly assigned to cither the high (130 - 140 /1) or normal
(95 - 105 /1) hemoglobin target group. Paticnts in the high target group will have their

hemoglabins ramped upwards using a pre-sel epoctin dosing schedule. “The ramping will

ke place

over a six months period.

OUTCOMES. Echocardiography will be performed at baseline. 12 months and at 18 months. The
change in mass index (component 1 above ) or cavity volume (component 2 above) at 12 months
will be the primary outcome.

Secondary outcomes will include the change in LV parame!

at 18 months. morbidity. mortality,

safety. quality of life and pharmacocconomic efficts.

SAMPLE SIZE CALCULATIONS.
Study 1: Assuming a = 0.05 (2-tailed). b = 0.80 and that the standard deviation of the change in

mass index at | year is 37 g/m” (as was seen in this study), the number of paticnts needed to detect
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a27 g/m2 difference between the low and high hemoglobin groups is 30 per treatment arm (174).

Assuming a dropout rate of 12.5%, 35 subjects per patient arm are required.

Study 2: Assuming a = 0.05 (2-tailed). b = 0.80 and that the standard deviation of the change in
cavity volume at 1 year is 31 ml/m? (as was seen in this study). the number of patients needed to
deteet a 24 ml/m? difference between the low and high hemoglobin groups is 27 per treatment arm

(174). Assuming a dropout rate of 12.5%, 35 subjects per patient arm are required.

ANALYSIS. The intention to treat principle will be used primarily, where patients will be analyzed
according to the group they were randomized to. regardless of whether or not they achieved the
hemoglobin level. Pure efficacy analyses will also be performed where only patients who reached

their target hemoglobin will be assessed.

The change in mass index (study 1) and cavity volume (study 2) in the two treatment groups will be
compared using a parametric test. Multivariate analysis of variance may be used should any
imbalances between patient groups oceur during the study. in terms of blood pressure levels or

dialysis intensity.



INTENSIFIED DIALYSIS THERAPY
OBJECTIVES: To test the hypothesis that increased amounts of dialysis will improve diminished
contractility in patients with end-stage renal discase.

DESIGN. This is a multi cross Canada. randomised. open-label. Hled clinical trial. 70

chronic hemodialysis patients with ech i ic systolic

dy (fractional sh
less than or equal to 30%) will be randomly assigned to receive cither standard dialysis intensity
(KT/V 1.2 -range 1.1 to 1.3 inclusive) or intensified therapy (K'T/V 1.6 -range 1.5 o 1.7 inclusive)

for a total of 15 months. 3 months will be used to ramp dial

intensity to the target range:
patients will be maintained at target range for a further 12 months. Echocardiography will be

repeated at 6 and 12 months of the maintenance period.

PATIENTS. All patients with the following characteristics are eligible:

1. On hemodialysis therapy for at lcast 3 months.

2. Stable arteriovenous access.

3. Predicted survival > | year.

4. Technically satisfactory echocardiogram within 6 months of randomization.
5. No myocardial infarction or unstable angina within the previous year,

6. Absence of Class IV NIHAU congestive heart failure.

7. Not pregnant or judged capable of becoming pregnant.
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INTERVENTION. Random assignment to cither standard KT/V (1.2) or intensified KT/V (1.6).
Dialysis will be intensified by increasing time on dialysis, and by increasing the performance of the
patients dialyzer membrane.
OUTCOME. The primary outcome measure will be the change in fractional shortening between the
baseline echo, and that performed at 12 months into the study.
Secondary outcomes will be (i) the change in fractional shortening between the baseline echo. and
that performed at 6 months into the study, (ii) time to death or congestive heart failure.
SAMPLE SIZE. 78 patients in our prospective study had fractional shortening less than or equal to
30% on initial echocardiography. and had a second echo one year later. The fall in fractional
shortening was 4.2%. with a standard deviation of 7.3%. To detect a change of 5%. with a 2-tailed a
ol 0.05 and a b of 0.1, the required sample size is 28 subjects per group. Assuming a 25% loss to
follow-up (to death or change in mode of ESRD therapy) during the 15 months of the study the
required sumple size is 35 per treatment arm.
ANALYSIS. The intention to treat principle will be used primarily. where patients will be analyzed
according to the group they were randomized to. regardless of whether or not they achicved the
hemoglobin level. Pure efficacy analyses will also be performed where only patients who reached
their target KT/V will be assessed.

“The change in [ractional shortening in the two treatment groups will be compared using a
parametric test. Multivariate analysis of variance may be used should any imbalances between
patient groups be present at baseline or oceur during the study. in terms of hemoglobin or blood

pressure levels.
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“Table 1. Bascline Characteristies” (N=432).
).

Age (years)
Male/lemale (%)

Diabetes mellitus (%)

Coranary artery discase (%)

Angina pectoris (%)

Cardine failure (%)
1V hypertrophy (%)

Systolic dysfunction (%)

Renal discase(%):
Glomerulonephritis
Diabetic nephropathy
Nephrosclerosis
Genetie

Other

Unknown

Hypertension > 10

Current smoker (%)

Serum cholesterol (mmol/l)

5117

64/36

27

14

19

31

74



‘Table 2. Echocardiographic and Clinical Outcomes.
OUTCOME HEVENTS/H AT RISK

Diagnosis on follow-up echocardiography:

Normal 351259 (14%)
Concentric left ventricular hypertrophy 102/259 (39)%
Left ventricular dilatation 05/259 (25%)
Systolic dysfunction 571259 (22%)

Cardiac failure:

De novo 721299 (24%)
Recurrent T1/133(33%)
Ischemic heart disease:

De novo 40/337 (12%)
Recurrent 46/95 (48%)
Death: 137/432 (35%)
Cardiac 67/432 (16%)

Non-cardiac T0/432 (16%)



“Table 3. Prognosis. Adjusted” Relative Risk of Overall Mortality and Late Mortality (> 2 Years).

Using Cox's Regression.

Basic Model Overall Mortality Late Mortality
HDeaths/H AL 145/420 701290
Risk

RR P RR P
Age (years) 1.031 <10 1.035 0.0009
Diabetes mellitus - 1.952 0.0002 1915 0.009
Cor artery dis 1.022 0.931 1.156 0.697
Angina Pectoris 1218 0.409 1.034 0923
Cardi ailure 1.846 0.0006 1.790 0.015

Albumin (g/dl) 0.744 0.079 0.674 0.046

Atrial 1403 0.391 1.390 0353
dysrhythmia
PvD 1.825 0.014 2718 0.004

Lelt ventricular:

Mass (g/m®) 1003 0.107 1009 0.0007
Hyperirophy 0853 0.555 1779 0214
Volume (mlin) 1,009 0.071 Lol <10”

LV dilatation 1.375 0.093 1.858 0.019
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Table 3. cont

FS(%) 0978 0.047 0.9601 0.013
LV systolic 1.596 0.027 2.034 0015
dysfunction

o, Adjusted for age. diabetes. coronary artery disease. angina pectoris, cardiae

failure. serum
albumin,

b. Added one at a time to basic model.



Left

Table 4. Patients Without Systolic Dysfi

Prognostic

Parameters, listimated Separately For All Subjects (N=343), Those With Normal Cavity Volume

(N=229) and Those With Left Ventricular Dilatation (N=114)",

Mass
index (g/m’)
Volume (ml/m?)

Mass/Vol (g/ml)

Mass
index (g/m’)
Volume (ml/m’)

Mass/Vol (¢/ml)

OVERALL
MORTALITY
RR"

ALL SUBJECTS

NA

1.006
NA
NORMAL

NA

NA

1418

NA

0.085

NA

CAVITY

NA

NA

0.004

LATE
MORTALITY

RR"

1.o11

1.017

NA

VOLUME

1.014

1777

0.002

0.002

NA

0.005

NA

0.024



Lv DILATATION

RR" »
Mass NA NA
index (¢/m”)
Volume (mi/m®) ~ 1.010 0080
Mass/Vol (g/ml)  NA NA

a. 1 V.RR and NA denote “lefi ventricular™, “relative risk™ and “not associated™,

b. Adjusted for baseline age. diabetes and ischemic heart di

RR"

NA

1.028

0.185

NA

0.001

0.019



“Table 5. Impact of Echocardiographic Classification on Overall Mortality and Late Mortality in

Expanded Multivariate Models.

OVERALL
MORTALITY
Step

1

i

LATE
MORTALITY
Step

1

)

Cardiac failure
Age (years)
Diabetes
Systolic

dysfunction

Variable

LV geometry®
Diabetes

Age (years)
Systolie

dysfunction

ne
2.1
10.6
175

35

1.03

219

1.52

RR

1.80

P

<0.001

<0.001

<0.001

0.062

P

<0.001

0.001

<0.001

0.015



Table 5, continued.

a. The variables included in cach Cox

s Regression anal,

were LV geometry, age, gender,

iae

diabetes mellitus. coronary artery disease. angina pectori lure, hypertension - 10 yea

baseline serum albumin and hemoglobin levels.

b. Entered as 1: Normal LV volume. mass £ 120 g/m: 2: LV dilatation. volume £ 120 mlin’; 3:

Normal LV volume. mass > 120 w/m™ 4: LV dilatation, volume > 120 ml/m’.

The relative risk is that associated with a change of 1 stratum. The refative risk of death for patient

iin stratum 4 would be 1.802", or 5.85 times that of an otherwise comparable patient in stratm 1.



Table 6. Prognostic Impact of Proposed Classification System (11) Compared to the Classification

System of Koren et al” (1), In Patients Frec of Symptomatic Heart Discase at Baseline”
Y

SYSTEM | SYSTEM I
& RR! P RR’ P
Death 1.00 0.98 1.51 0.029
Late death 115 0.4 233 0.003
MI or angina 1.62 0.06 1.83 0.044
Cardiac failure 1.08 0.56 1.50 0.015

. RR denotes relative risk. MI myocardial infarction.

b. Entered as 1: LV mass < 125 g/, relative wall thickness < 0.45: 2: LV mass <125 g/m’,
relative wall thickness > 0.45: 3: LV mass > 125 g/m’. relative wall thickness < 0.45: LV mass >
125 /', relative wall thickness > 0.45. The relative risk is that associated with a change of 1
stratum.

¢. Entered as 1: Normal LV volume, mass < 120 g/m:: 2: LV dilatation. volume < 120 ml/m’ 3:

Normal LV volume, mass > 120 g/m’: 4: LV dilatation. volume > 120 ml/m’.

ociated with a change of 1 stratum.

d. Adjusted for baseline age and diabetes mellits.
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Table 7. Associations” of (1) Concentric LV Iypertrophy (LV Mass Index > 120 g/ml.

Cavity Volume < 90 ml/m’, Fractional Shortening > 25%) (11) 1.V Dilatation (Cavity

Volume > 90 ml/m?, Fractional Shortening > 25%). and (111 Systolie Dysfunction

(Fractional Shortening £ 25%) Using Patients With Normal LV as Reference Category',

ABNORMALITY ASSOCIATIONS
Concentric LVH Age (ycars)
Male gender
Diabetes mellitus
Coronary artery
discase
Hypertension > 10 yrs

Hemoglobin

LV Dilatation Age (years)
Male gender
Hemoglobin (/1)
Urea (mmol/l)
Phosphate

Albumin (g/l)

OR

103

223

240

2.65

225

0.98

1.03

4.52

0.96

0.99

0.94

P

<0.001

0.062

0.027

0.071

0.033

0.032

0.010

< 0.001

= 0.001

0.040

0.042

0.062



“Table 7, continued.

ABNORMALITY ASSOCIATIONS OR

Systolic dysfunction Age (years) 1.06
Female gender 4.45
Coronary artery 7.25
discase
Albumin (g/l) 0.93

<0.001

0.003

0.007

0.05

a. The covariates included in cach analysis were age. gender. diabetes mellitus, coronary artery

disease, angina pectoris, hypertension > 10 years, arterial pulse pressure, mean arterial blood

presssure, hemoglobin, blood urea. serum creatinine, inorganic phosphate, calcium | alkaline

phosphatase and serum albumin levels. The global p-value was < 0.001 for each analysis.

b. LV denotes "left ventricular”, OR "odds ratio" .



Table 8. Patient Characteristics. All Patients (Group I. N = 432) and Patient

Subset with Repeat Echocardiograms (Group 11 N=278)".

BASELINE DATA

Age (years)

Malc/Female (%)

Renal disease (%):
Glomerulonephritis
Diabetic nephropathy
Tubulointerstitial
Genetic
Nephrosclerosis
Other
Unknown

Hypertension > 10 years (%)

Ischemic heart disease (%)

Cardiac failure (%)

SERIAL DATA

Mean arterial BP (mm Hg)

Serum albumin (g/1)

Hemoglobin (/)

GROuUP 1
51+

64/36

29
22

31

10111
3745

89+

GROUP I

St

03/37

30

kx]

101411

kYET3

90+



“T'uble &, continued.
a1 Continuous variables are expressed as mean plus or minus standard deviation.

“There were no statistically significant differences between Group I and Group 11



Table 9. Echocardiographic Diagnosis on Baseline and Follow-Up Echocardiography.,

Performed At A Median Interval of 13 months”,

™ ECHO

1M ECHO Normal Concentric LV Systolie TOTAL

Lvn Dilatation  Dysfnction
Normal 15 10 5 1 3
Concentric 11 58 a 8 98
LVH
LV 5 20 29 15 (]
Dilatation
Systolic 2 1 9 25 47
Dysfunctio
n
TOTAL 33 929 64 49 245

a. LV denotes “left ventricle™, LVH “left ventricular hypertrophy™.



Table 10. Associations of The Presence of Coneentric 1LV Hypertrophy” and LV Mass Index” in
Patients With Concentric LV Hypertrophy (N=102) or Normai LV (N=35) on Follow-Up
Echocardiography*.

OUTCOME ASSOCIATIONS OR P

Concentric Systolic BP (mm Hg)  1.03 0.02

LV hypertrophy

Female gender 2.6 0.03
b b
LV mass index (¢/m?) ~ Systolic BP (mm 1lg) ~ +0.92 0.002
Age (years) +0.57 0.003
Hemoglobin (g/1) -0.52 0.005

a. Using multiple logistic regression.

b. Using multiple linear regression.

ctes mellitus,

¢. The covariates used in cach model were age, gender, hemic heart dise;

and mean hemoglobin, systolic blood gressure, serum albumin and calcium levels up to the the

second echocardiogram.
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Tuble 11. Associations of The Presence of LV Dilatation” and LV Cavity Volume® in Patients With

LV Dilatation (N=65) or Normal LV (N=35) on Follow-Uplchocardiography®

OUTCOME ASSOCIATIONS OR
LV dilatation Ischemic heart discase 5.1
Hemoglobin (/1) 0.96
Diastolic BP 1.04
b

Cavity volume (ml/m?)  Ischemic heart discase  +24.1
Hemoglobin (/1) -045
Diastolic BP (mm Hg) +0.8

Scrum albumin (/) - 0.85

a. Using multiple logistic regression.

b. Using multiple lincar regression.

P

0.008

0.02

0.06

0.009

0.004

0.04

0.04

¢. The covariates used in each model were age. gender. diabetes mellitus, ischemic heart disease

and mean hemoglobin. diastolic blood pressure, serum albumin and calcium levels up to the the

second echocardiogram,
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Table 12. Associations of The Presence of Systofic Dysfunction® and Fractional Shortening” in
Patients  With Systolic Dysfunction (N=37) or Nommal LV (N=35) on  Follow-Up

Echocardiography*.

OUTCOME ASOCIATIONS OR P
Systolic dysfunction Ischemic heart discase 5.2 0.001
b p
Fractional Ischemic heart discase - 6.4 0.02
Shortening (%)
Hemoglobin (/) 0.18 0.02

a. Using multiple logistic regression.
b. Using multiple linear regression.

c¢. The covariates used in cach model were age, gender, diabetes mellitus, ischemic heart dis

and mean hemoglobin, diastolic blood pressure, serum albumin and calcium levels up to the the

second echocardiogram.



“Table 13. The Impact of Renal Transplantation: Patient Characteristics (N=102)".

Age (years)
Male/female (%)

Duration of dialysis (years)
Live-related grafl (%)

Diabetic (%)

Myocardial infarction (%)

Cardae failure (%)

flypertension (%)

Mean arterial blood pressure (mm Hg)
THemoglobin (g/1)

Current smoker (%)

37412

72128

1515

49

10410

83+16

33

refers to mean plus or minus standard deviation.

98



Table 14. The Impact of Renal Transplantation on Echocardiographic Parameters (N=102)",

PRE POST P
LV massindex (g/m”)  175£62 148 +43 <0.001
LV hyertrophy (%) 86 7 <0.001
Cavity volume (ml/m?) 86+35 7425 0,001
LV dilatation (%) 43 29 <0.001
Fractional 3549 37+7 0.036
Shortening (%)
Diagnosis (%)
Normal reference 10 25 <
category
Conentric LVH 44 46 0.06
LV dilatation 34 30 0.03
Systolic dysfunction 12 o 0.00008

a.# refers to mean plus or minus standard deviation. LV denotes left ventricle, LVIT left ventricular
hypertrophy.

b. Total exceeds 100% due to rounding crror.



“Tuble 15. Fichocardiographic Diagnosis Pre and Post Transplantation”.

POST

PREE Normal Concentric LV Systolic TOTAL

Lvi Dilatation Dysfiction
Normal 0 2 2 0 10
Concentric 10 27 6 0 43
LvH
LV 7 20 12 0 34
Dilatation
Systolic 2 6 4 0 12
Dysfimctio
n
TCTAL a5 45 2L 0 9

a. LV denotes “left ventricle™, LVIT *left ventricular hypertrophy™.



Table 16. The Prognostic Impact of Baseline Ischomic Teart Dise:

QUTCOME Adjusted” OR
Diagnosis on follow-up
IEchucnrdiugmm":

Normal (reference category) -

Concentric LV hypertrophy NA

LV dilatation NA
Systolic dysfunction 4.36
Adjusted”
De novo cardiac failure® NA
Recurrent cardiac failure® 2.03
Death® 148

a. OR. RR. and NA denote “odds ratio™, “relatic risk™ and “not associated™,

b. Using multiple logistic regression.
c. Using Cox's regresssion.

d. Adjusted for baseline age and diabetes mellitus.

NA

0.004

P

NA

0.003

0.026

11



“fable 17. Associations™ of Ischemic Ieart Dis

ASSOCIATION

Age (years)

Diabetes melitus

Hypertension > 10 years

Serum cholesterol (mmol/l)

Current smoking

Hemoglobin (/1)

Serum albumin (/1)

Iichocardiographic diagnosis:
Normal (reference category)
Concentric LV hypertrophy
LV dilatation

Systolic dysfunction

Adjusted® OR
1.06

210

NA

NA

NA

104

NA

NA

NA

a. Using multiple logistie regression.

sc at Baseline”.

02

<0.001

0.007

NA

NA

NA

<0.001

NA

NA

NA

0019

b, LV, OR and NA denote "lelt ventricular", "odds ratio” and "not associated"

¢ Adjusted for age. diabetes mellitus. hypertension > 10 years, smoking and cholesterol levels.



Table 18. Associations” of De Novo Ischemic Heart Di

ASSOCIATION Adjusted” RR »
BASELINE

Age (year) 1.05 0.001
Diabetes mellitus 3.97 0.001
Serum cholesterol (mmol/l) NA NA
Current smoker NA NA

Echocardiographic diagnosis:

Normal (reference category) - 5

Concentric LV hypertrophy ~ 5.92 0.014
LV dilatation 535 0.022
Systolic dysfunction 121 0002
SERIAL®
Hemoglbin (g/1) NA NA
Diastolic BP (mm Hg) 1.04 0.034
Serum albumin (/1) 0.93 0.033

a. Using Cox's regression.
b. LV, RR and NA denote "lelt ventricular”, "relative risk" and "not associated”.
c. Averaged from the start of dialysis therapy until the development of ischemic heart discas.

Table 18, continued.



d. Adjusted for baseline age. diabetes, cholesterol, and smoking and serial diastolic blood pressure

levels while on dialysis therapy.




Table 19. Associations” of Bascline Cardiac Failure”.

ASSOCIATION Adjusted® OR P

Age (years) 1.04 <0001
Diabetes mellitus an =< 0.001
Ischemic heart disease 307 <0.001
Hemoglobin (g/1) NA NA
Serum albumin (/1) NA NA

Echocardiographic diagnosis:

Normal (reference category) - &5

Concentric LV hypertrophy NA NA
LV dilatation 332 0.015
Systolic dysfunction 133 <0.001

a. Using multiple logistic regression.
b. LV, RR and NA denote "left ventricular”, "relative risk" and "not associated”.

c. Adjusted for age. diabetes, ischemic heart discase and hypertension > 10 years.



“Table 20. Associations” of De Novo Cardiac Failure.

ASSOCIATIONS
BASELINE
Age (years)
Diabetes mellitus

Ischemic heart discase

Iichocardiographic diagnosis:

Normal (reference category)
Coneentric LV hypertrophy
LV dilatation
Systolic dyslunction
SERIAL
Mean arterial BP (mm Hg)
Hemoglobin (/1)
Serum albumin (/1)

a. Using Cox's regression.

/\djuslcd‘I RR

NA

NA

1.03
0.96

0.93

106

0.044

NA

NA

0.002

0.019

0.032

0.026

<0.001

<0.001

b. LV, RR and NA denote "left ventricular”, "relative risk" and "not associated".

. Averaged [rom the start of dialysis therapy until the development of cardiac failure.

d. Adjusted for bascline age, diabetes. ischemic heart discase and serial mean arterial blood

pressure levels while on dialysis therapy.



Table 21. Associations’ of Recurrent Cardiac Failurc”.

ASSOCIATIONS
BASELINE
Age (ycars)
Diabetes mellitus

Ischemic heart disease

Echocardiographic diagnosis:

Normal (reference category)
Concentric LV hypertrophy
LV dilatation
Systolic dysfunction
SERIAL
Mean arterial BP (mm Hg)
Hemoglobin (g/1)
Serum albumin (g/I)

a. Using Cox's regression.

b. LV, RR and NA denote "lefl ventricular”, "relative risk" and "not ass
¢. Averaged from the start of dialysis therapy until the development of cardiae failure.

d. Adjusted for bascline age, diabetes, ischemic heart disease and serial mean arterial blood

Adjusted” RR

NA
203

NA
NA
NA

NA

0.95

pressure levels while on dialysis therapy.

0.003

NA

NA

NA

NA

0.013

0.004

ciated".
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“Table 22, Patient Characteristies According to Tertile of Mean Hemoglobin Level’.

BASELINE >95 g/ 80-90 g/ <80 g/l p

Age (years) 52416 5315 49+£18 0.08
M 66%34% 64%/35% 64%/37% 093
Diabetic 32% 28% 31% 0.03

Renal discase:

GN 32% 29% 31%

Diabetic 26% 19% 14%

Tubulointerstitial 8% 12% 12%

Genetic 9% % 8%

Nephrosclerosis 9% % a

Other 1% 2% 20%

Unknown 4% 8% 8% 0.07

BP > 10 years 19% 23% 36% 0.005

Ischemic heart dis - 34% 21% 12% 0.00001
38% 35% 20% 0.004

SERIAL

MAP (mm Hg) 10210 10012 101+ 11 0.25

Albumin (g/1) 3744 375 3711 0.31

. Continuous d: d as mean plus or minus standard deiation

ol
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Table 23. Independent Impact of Anemia (Expressed as the Effect of A Fall in Mean Hemoglobin

Level of 10 g/l) on Echocardiographic and Clinical Outcomes in The Combined Group of

Hemodialysis and Peritoneal Dialysis Paticnts and Hemodialy

OUTCOME

Normal (reference category)
LV dilatation

Systolic dysfunction

Cardiac failure:
De novo
Recurrent
Ischemic heart disease:
De novo
Recurrent

Death

HD and PD
Adjusted” OR (p)
NA

142 (0.018)

Adjusted” OR (p)

128 (0.017)

120 (0.046)

NA
NA

114 (0.024)

Atients Only™,

115}

Adjusted” OR (p)

1.49 (0.039)
1.55 (0.048)

Adjusted” OR (p)

124 (0.028)

L3 (0.093)

NA
NA

125 (0.037)

a. HD denotes hemodialysis, PD peritoneal dialysis, OR odds ratio, RR relative risk, and NA no

statistical association . b. Adjusted for age, diabetes, ischemic heart disease (excluded for the

outcomes de novo and recurrent ischemic heart discase) and the average monthly mean arterial

blood pressure, serum albumin and hemoglobin level before the index event.
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‘Table 24. Fchocardiographic and Clinical Outcome According to Tertile of Mean Hemoglobin

Level, in the Combined Group of Hemodialysis and Peritoneal Dialysis Paticnts",

OUTCOMIE

Concentric LV hypertrophy:
> 95 p/l (reference category)
80-95wl
L80

LV dilatation:
>95 g/l (reference category)
80-95 g/l
£80 /1

Systolic dyslunction:
> 95 g/l (reference category)
80-95 i
L8O g/

Admission for cardiac failure:
> 98 g/l (reference category)
8095

L8O

Adjusted” OR (p)

NA

3.73 (0.056)(

NA

2.88 (0.062)

NA

NA

170 (0.035)

266 (<0.0001)



Table 24. continued.

OUTCOME

Admission for ischemic heart discasc:
> 95 g/l (reference category)
80-95 w1
L£80¢1

Death:
> 95 g/l (reference category)
80-95 g/l

£80 /1

a. OR, RR and NA denotc odds ratio. relative risk and no statistical association. The

Adjusted” OR (p)

NA

NA

NA

173 (0.056)

t

b. Adjusted for age, diabetes. ischemic heart discase and the average monthly mean arterial blood

pressure, serum albumin and hemoglobin level before the index event.



‘T'able 25. Patient Characteristics According to Tertile of Mean Arterial Blood

BASELINE <98 mm g
Age (years) 5616
M/F 61%/39%
Diabetic 33%

BP > 10 years 37%
Ischemic heart dis 33%
Cardiac luilure 40%
SERIAL

Hemoglobin (g/l) 87 + 14

Albumin (g/1) 36+5

98- 106 mm g
59517
62%/38%

23%

49%

21%

30%

89+15

37+5

> 106 mm g
48+ 16
71%2%
21%

19%

13%

23%

8916

384

a. Continuous data are expressed as mean plus or minus standard deiation

0.002

013

0.10

0.007

0.0005

0.006

0.46

0.03



Table 26. Echocardiographic and Clinical Outcomes: Associated Mean Arterial Blood

Pressure Levels .
OUTCOME
Diagnosis on repeat
Echocardiogram:
Normal
Concentric LVH
LV dilatation
Systolic dysfunction
Cardiac failure:
De novo
No
Yes
Recurrent
No
Yes
Death after
admission
No

Yes

HEVENTSHATRISK  MAP (mm Hg)

351259 (14%)
102/259 (39%)
65/259 (25%)

571259 (22%)

227/299 (76%)

721299 (24%)

62/133 (47%)

717133 (53%)

47/133 (35%)

86/133 (65%)

99+ 15
104+ 10
10311

9712

102+ 11

104£9

101+£9

101£12

10411

95£13

P

0.02

0.08

0.73

0.84

0.0001
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Table 26, continued.

OUTCOME NTSHAT RISK  MAP (mm H) »

Ischemic heart discase

De novo
No 297337 (88%) 10311 -
Yes 40337 (12%) 10311 0.58
Recurrent
No 49195 (52%) 98+ 10 -
Yes 46/95  (48%) 10110 0.18
Death afier
admission
No 23m3 (32%) 10110 -
Yes 5073 (68%) 9513 0.10
Death
No 282432 (65%) 10310 -

Yes 150432 (35%) 988 <0.0001



ns

Table 27. Independent Association Between Blood Pressure (the Effect off A Rise in Mean Arterial

Blood Pressure Level of 10 mm Hyg) and Echocardiographic and Clinical Outeomes in the

Combined Group of Hemodialysis and Peritoneal Dialysis Patients™.

OUTCOME
Normal (reference category)
Concentric LV hypertrophy
LV dilatation
Systolic dysfunction
Change inLV:

Mass indcx(glmz)

Cavity volume (mifm)

Fractional shortening (%)

Candiac failure:
Denovo
Recurrent

Ischemic heart discase:
Denovo
Recurrent

Death

Adjusted” OR (p)
148 (0.020)
148 (0.063)
NA

b(p)
+5.4(0.027)
+43(0.048)
NA

Adjusted" RR

144 (0.007)

NA

139 0.051)
NA

0.82 (0.009)



“Table 27, continued.

OR denotes odds ratio, RR relative i

and NA no stati

ical association.
b. Adjusted for age, diabetes, ischemic heart disease (excluded for the outcomes de novo and

recurrent ischemic heart di

) and the average monthly mean arterial blood pressure. serum

albumin and hemoglobin level before the index event,

116



Table 28. Independent Association Between Blood Pressure (the

ct of A Rise in Mean Arterial

Blood Pressure Level of 10 mm Hg) on Echocardiographic and Clinical Outcomes Amlyzed

Scparately in Hemodialysis and Peritoncal Dialysis Patients".

OUTCOME HEMODIALYSIS PERITONEAL DIALYSIS
Adjusted” OR (p) Adjusted” OR (p)

Normal (reference category) -

Concentric LV hypetrophy ~ NA 216 (0018)
LV dilatation NA NA
Systolic dysfunction NA NA

b(p) b(p)

Change inLV:
Mass index (g/m?) +72 (0.048NA NA
Cavity volume (ml/n®) NA NA

Fractional shortening (%) NA NA



‘Table 28, continued.

Adjusted” RR

Cardiac filure:

De novo 2.07 (0.004)

Recurrent NA
Ischemic heart dis

De nove NA

Recurrent NA
Death 0.73 (0.004)

a. 1D denotes hemodialysis, PD peritoncal dialysis, OR odds ratio. RR relative risk. and NA no

statistical association .

b. Adjusted for age. diabetes. ischemic heart disca:

reeurrent ischemic heart dis

albuminand hemoglobin level before the index event.

¢ (excluded for the outcomes de novo and

ase) and the average monthly mean arterial blood pressure. serum

Adjusted

NA

NA

195 (0.
NA

NA



1o

Table 29. Patient Characteristics According to Tertile of Mean Serum Albumin Level’,

BASELINE <36 g/l 36 -39¢1 >3l P

Age (yrs) 54£16 5310 404160 0.0002
Male/Female 59%/41% 69%/31% 68%/32% 0.0
Diabetic 4% 27% 14% 0.0005
Hypertension 30% 31% 26% 0.64

> 10 years

Ischemic 26% 25% 13% 0.2

heart disease

Cardiac failure 4% 35% 0.06
SERIAL

Hemoglobin(g/) 88+ 17 88 =+ 14 8915 091
MAP (mm Hg) 10011 101 %11 102+ 10 0.19

a. Continuous variables arc expressed as mean plus or minus standard deviation.



“Table 30. Association Between Mean Serum Albumin (Expressed as the Effect of A Fall of 10 g/1)

and Echocardiographic and Clinical Ouicomes In The Combined Group of Hemodialysis and

Peritoneal Dialysis Patients".
OUTCOME

Degree of

Concentric 1.V hyperrophy‘(@’)
LV dilatation’ (ml/nf)

Systolic dysfunction* (% FS)

Presence oft

Normal (reference category)
Concentrie LY hyperiophy
LV dilatation

Systolic dysfnction

Adjusted
b(p)

NA

+18.8 (0.036)
NA

OR (p)

NA
NA

NA



Table 30, continued.

Adjusted” RR (p)

Cardiac filure:

De novo 1.82 (0.007)

Recurrent 1.80 (0.03)
Ischemic heart discase:

De novo 2.22 (0.037)

Recurrent NA
Death:

Cardiac 2.54 (< 0001

Non-cardiac 2.23 (< 0.000)

a L'VH denotes lelt ventrieular hypertrophy. NA no statistis

ation, I'S fractional shotening,
OR oddsratio and RR relative risk,

b. Adjusted for age, diabetes. ischemic hewt disease (excluded for the outcomes de novo and
recurrent ischemic heart discase) and the average monthly mean arterial blood pressure, serum
albumin and hemoglobin level belore the index event.

c. In the goup with either normal LV or concentric LVIIL

d. In the group with cither normal LV or LV dilatation

e.In thegroup with cithernormal LV or systolic dysfunction.



“Table 31. Association Between Mean Serum Albumin Level (Expressed as the Effect of A Fall of

10 @/ly and Fichocardiographic and Clinical Outcomes Analyzed Separately in Hemodialysis and

Peritoneal Dialysis Patients”,

OUTCOMIE

Coneentric LVIE (g/m?)
LV dilatation" (ml/m?)

Systolic dysfunction® (% FS)

Presence oft

Normal (reference category)
Coneentrie LV hypertrophy
LV dilatation

Systolic dysfunction

HEMODIALYSIS
Adjusted”b (p)
NA

+29.7 (0.031)
NA

Adijusted” OR

PERITONEAL DIALYSIS
Adjusted” b (p)

NA

NA

NA

Adjusted”OR

NA
+4.26 (0.014)
NA

NA



Table 31. continued.

OUTCOME HEMODIALYSIS PERITONEAL DIALY
Adjusted” RR Adjusted” RR

Cardiac failure:

De novo 2.22 (0.001) 416 (0.003)

Recurrent 3.84 (0.003) NA

Ischemic heart discasc:

De novo 529 (0.001) NA

Recurrent 4.24(0.005) NA

Death: 4.33 (< 0.001) 2,06 (< 0.001)

Cardiac 5.60 (0.001) NA

Non-cardiac 3.58 (<0.001) 3.52 (20.001)

a. HD denotes hemodialysis. PD peritoneal dialysis. LVIT lefl ventricular hypertrophy, NA no

statistical association. FS Iractional shortening, OR odds ratio and RR relative ¢

b. Adiusted for age, diabetes, ischemic heart dis

(excluded for the outcomes de Table 31,
continued.novo and recurrent ischemic heart disease) and the average monthly mean arterial blood
pressure, serum albumin and hemoglobin level before the index event,

c. In the group with cither normal LV or concentric L VI,

d. In the group with cither normal LV or LV dilatation

e. In the group with either normal LV or systolic dysfunction.
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“T'able 32. Association Between Mean Serum Calcium. Inorganic Phosphorus and

Alkaline Phosphatase Levels and Mortality.

ALL PATIENTS:
Serum ealcium < 2.2 mmol/l
Phosphorus > 1.9 mmol/
Alkaline phosphatase > 120 U/

HEMODIALYSIS PATIENTS:
Serum ealcium <2.2 mmol/l
Phosphorus > 1.9 mmol/

Alkaline phosphatase > 120 U/l

PERITONEAL DIALYSIS PATIENTS:

Serum caleium <2.2 mmol/l
Phosphorus > 1.9 mmoll

e > 120 U/

Alkaline phosph

a. Adjusted o

mellitus, ischemic heart di

Adjusted” RR (p)

2.10 (0.006)
NA

155 (0.02)

221 (0.01)
NA

1.78 (0.063)
2.67 (0.034)
NA

NA

smoking status and cholesterol level

at bascline, and serial albumin. mean arterial blood pressure, hemoglobin, calcium, phosphorus and

alkatine phosphatase levels,



Table 33. Morbidity: Association Between Mean Serum Caleium, Inorganic Phosphorus and

Alkaline Phosphatase Levels And Admission for De Novo Ischemice Heart Discase, Recurrent

Ischemic Heart Discase. De Novo Cardiac Failure and Recurrent Teast Failure”,

Ca 2.2 mmol/l

Adjusted” RR (p)
Ischemic heart disease:
De novo 5.23 (<0.0001)
Recurrent 2.46 (0.006)
Cardiae failure:
De novo 2.64 (<0.0001)
Recurrent 3.30 (<0.0001)

a. Ca. Pi AP and RR denote serum calcium, inorganic phosphorus. alkaline phosph
o

relative risk respectively.

Pi> 1.9 mmol/l

Adjusted” RR (p)

NA

NA

NA

NA

AP =120 mmold

Adjusted” RR (p)

NA

NA

NA

e and

b. Adjusted for age. diabetes mellitus. smoking status and cholesterol level at baseline, and serial

albumin, mean arterial blood pressure,

calcium,

and alkaline

levels.



“Table 34, Summary of Principal Results. All Associations Are Derived From Multivariate Analysis

Presented in Previc - Tables.

RISK FACTORS PREDICTOR OF
S0 e o o - : = yes yeo ex F
o {w e # - - W
F e s s " - - - ol s ;
relation !
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FIGURES
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