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Conclusions Cardiovascular diseases were the leading cause of death in hemodialysis patients. There was also high
prevalence of cardiovascular risk factors and pre-existent cardiovascular diseases. Several of them were
independent predictors of the hemodialysis treatment outcome.

Cardiovascular diseases are the most
common cause of death among patients on the
maintenance hemodialysis (1). Identification of
the cardiovascular risk factors is important to de-
vise preventive and interventional strategies. The
end-stage renal disease is becoming a serious pub-
lic health problem worldwide (1). In Croatia, ac-
cording to the Croatian Registry for Renal Replace-
ment Therapy, there is a substantial increase in
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both incident, and prevalent patients with end-
stage renal disease. Most patients on the renal re-
placement therapy are treated with maintenance
hemodialysis (76%) and have the highest mortality
(15%), particularly cardiovascular (70%) (2). Car-
diovascular death rates reported for patients with
end-stage renal disease receiving dialysis are sub-
stantially higher than for the general population,
especially for younger patients (3). Most hemo-
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dialysis patients have a higher prevalence of car-
diovascular risk factors compared to general popu-
lation, but the relative contribution of traditional
versus non-traditional risk factors for the develop-
ment of pre-existent cardiovascular disease, and
their influence on hemodialysis treatment out-
come, remains unclear (4). We postulated that the
presence of pre-existing cardiovascular risk factors
and diseases at the beginning of the hemodialysis

treatment predicted its outcome.

The aim of the study was to identify in-
dependent predictors of hemodialysis treatment
outcome among major cardiovascular risk factors
and the pre-existent cardiovascular diseases in pa-
tients with end-stage renal disease who were on
maintenance hemodialysis.

Patients and Methods
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Patients

From January 1998 to December 2001
194 prevalent hemodialysis patlents o
tenance hemodialysis
Nephrology and D|
bility (Fig. 1). O tlen h end- enal
disease who were\on maij ce hemodialysis
as a renal replacement therapy were included in
the study. We excluded patients undergoing he-
modialysis because of acute renal failure or kidney
transplantation and patients undergoing perito-
neal dialysis as a replacement therapy of end-stage
renal disease at any time. There were 162 patients
included in the study, and 144 were analyzed at
the end of the follow-up (Fig. 1, Table 1). The pati-
ents were followed-up to December 2003.

r ellgl-

Methods

The underlying renal disease in patients
enrolled in the study was identified on the basis of
the anamnestic and clinical data and previous
medical records. The end-stage renal disease was
defined as a permanent and irreversible loss of re-
nal function requiring renal replacement therapy.
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Hemodialysis was performed three times a week
for 4 hours each session. Conventional bicarbon-
ate-buffered dialysate and either semi-synthetic
(cellulose diacetate) or synthetic (polysulfone) di-

Assesed for
eligibility
(n=194)
Excluded (n=32):
- acute renal failure (n=1)
- history of kidney transplantation (n=24)
- peritoneal dialysis (n=7)
N
Included
(n=162)
Lost to follow-up (n=18):
- transferred to other centres (n=2)
- died within three months of the follow-up (n=4)
- underwent transplantation (n=12)
N
Analyzed
(n=144

Died Reached the en:

of follow-up

Table 1. Demographic characterlstlcs, vas Ia access data,
underlying renal diseases, an

t ci rdlovascular

No /A) of patients

71(49.3)
73(50.7)
Age at the b of the study (years):
1(0.7)
20-49 16 (11.1)
50-69 61 (42.4)
>70 66 (45.8)
Age at the beginning of hemodialysis (years):
<19 4(2.8)
20-49 23 (16)
50-69 79 (54.9)
>70 38(26.4)
Vascular access type:
arteriovenous fistula 114 (79.1)

arteriovenous synthetic graft 4(2.8)

central venous catheter (permanent type) 26 (18.1)
Underlying renal disease:
diabetic nephropathy 44 (30.6)
glomerulonephritis 30 (20.8)
vascular disease 25 (17.4)
pyelonephritis 14 (9.6)
polycystic disease 11 (7.6)
interstitial nephritis 5(3.5)
other 15 (10.5)
Pre-existent cardiovascular diseases:
hypertensive heart disease 90 (62.5)
ischemic heart disease 48 (33.3)
peripheral vascular disease 44 (30.6)
cerebrovascular disease 20 (13.9)
valvular disease 19 (13.2)
dilated cardiomyopathy 9 (6.3)
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alysis membrane were used in all patients. The
standard method of blood sampling and calculat-
ing urea reduction according to the present clini-
cal guidelines was used to measure the delivered
dialysis dose. The following procedure was used:
at the end of hemodialysis session, we set ultra-
filtration rate to zero, decreased the blood flow to
100 mL/min for 15 s, and than drew the blood
sample from the arterial sampling port nearest to
the patient. The result was calculated according to
the following formula: eKt/V = spKt/V-(0.47xspKt/
V/T)+0.02. The target eKt/V value was >1.2. A
standard procedure was used to calculate urea re-
moval once a week (middle session), as it has been
standard procedure at our Department (5,6).

The stratification of cardiovascular risk
factors included identification of the traditional
risk factors according to the Framingham stud

I)
ercholesterolemia was de-

cholesterol concenttatlon
habit of current smoking
was determined from mnest%&ata. Non-tradi-
tional (uremia s were also deter-
mined. Anemia was defined as hemoglobln con-

centration <110 g/L in the presence of suff nt

iron supplementation (serum ferrj |n
tion >100 mg/L), regar
therapy. Malnut tlo in progre55| e

weight loss of > °/ urin
fore hemodialysis ‘treatment;”low body mass in-
dex, and serum albumin concentration <35 g/L.
Hyperphosphatemia was defined as serum phos-
phorus concentration > 1.6 mmol/L. The chronic
overhydration was defined as interdialytic weight
gain over three liters and inadequate “dry weight”
achievement three months after beginning of
hemodialysis treatment.

The pre-existent cardiovascular disease
was defined according to clinical criteria and
electrocardiographic (ECG), radiologic, and echo-
cardiographic findings. The standard clinical pro-
cedure was used. Hypertensive heart disease,
ischemic heart disease, dilated cardiomyopathy,
valvular disease, cerebrovascular disease, and pe-
ripheral vascular disease were defined according
to present clinical criteria (11).

0 5 we@w dered significant!
performed yithMedCalc, release 7.5
edCaIc akerke, Belgium).

Primary outcome measure was the pa-
tient’s death as a treatment outcome and related
causes of death. Secondary outcome measure was
the hemodialysis treatment outcome for the pa-
tients who reached the end of the follow-up de-
fined as a period of time from the beginning of
hemodialysis treatment to the end of the study or
patient’s death.

A panel of three physicians reviewed
and assigned an underlying cause to each patient’s
death. As a part of the review process, all available
medical information on each death was collected.
This information always included study and hospi-
talization records. In the case of an out-of-hospital
death, family members were interviewed by tele-

data of hemodi
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Results

During the follow-up, 66 (45.8%) pa-
tients died, with median hemodialysis treatment
duration of 25 months (range, 3-144 months). The
major cause of death was cardiovascular disease
in 40 (60.6%) patients. Acute myocardial infarc-
tion in 15 (22.7%) patients was the major single
cause of death (Table 2). Seventy-eight (54.2%) pa-
tients reached the end of follow-up, with median
duration of hemodialysis treatment of 54 months

Table 2. Major causes of death in patients with end-stage re-
nal disese

Cause of death No. (%) of patients

Myocardial infarction 15 (22.7)
Heart failure 13(19.7)
Cerebrovascular disease 12 (18.2)
Sepsis 12 (18.2)
Malignant tumors 7(10.6)
Hyperkalemia 4(6.1)

Pneumonia 3(4.5)
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(range, 30-178 months). The overall median dura-
tion of hemodialysis treatment in this study was 41
months (range, 3-178 months). Several variables
strongly influenced the hemodialysis treatment
outcome.

Cardiovascular risk factors were com-
mon in patients included in the study. There was a
high prevalence of both traditional and non-tradi-
tional cardiovascular risk factors. To analyze the
influence of these risk factors, we performed a
stepwise multiple linear regression in a model
constructed with four traditional (high blood pres-
sure, hyperglycemia, hypercholesterolemia, and
current smoking), and six non-traditional (anemia,
malnutrition, chronic overhydration, delivered di-
alysis dose, hyperphosphatemia, and use of semi-
synthetic membrane) risk factors potentially rela-
ted to hemodialysis treatment outcome. Four car-

orrelation with the lheme

vascular risk factors*

Independent variable\
Hyperglycemia
Semi-synthetic membrane
Delivered dialysis dose
Anemia

*Included variables were hig
emia, current smoking, ane
alysis dose, hyperphosphatemia
ables were presented as categorica
Adjusted R?=0.309.

data, coded as 1 for present or O for absent.

Cardiovascular diseases were common
in the patients developing end-stage renal disease.
At the beginning of hemodialysis treatment, there
was a high prevalence of pre-existent cardiovascu-
lar diseases (Table 1). To analyze the influence of
pre-existent cardiovascular diseases on the hemo-
dialysis treatment outcome, we performed a step-
wise multiple linear regressions, using the model
constructed with six major pre-existent cardiovas-
cular diseases observed in the hemodialysis popu-
lation: hypertensive heart disease, valvular dis-
ease, ischemic heart disease, dilated cardiomyo-
pathy, cerebrovascular disease, and peripheral
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come, and were removed:

vascular disease. Analysis revealed that three
pre-existent cardiovascular diseases were inde-
pendently associated with the hemodialysis treat-
ment outcome in decreasing order of significance:
hypertensive heart disease, ischemic heart dis-
ease, and dilated cardiomyopathy (Table 4). Other
pre-existent cardiovascular diseases had no signifi-
cant independent correlation with the hemodial-
ysis treatment outcome, and were removed from
the model.

Table 4. Stepwise multiple linear regression analysis of
hemodialysis duration as a dependent variable on related car-
diovascular diseases*

Independent variable B P

Hypertensive heart disease -1.947 <0.001
Ischemic heart disease -1.836 <0.001
Dilated cardiom: 443 0.016

variables were hypertensive heart disease, ischemic heart disease, di-
ated cardiomyopathy, valvi disease, cerebrovascular disease, and peripheral
vascular disease. The varial were presented as categorical data, coded as 1
for present or O for absent. sted R?=0.209.

treatment outcome of the maintenance hemodia-
lysis patients. We found.th sence of hypergly-

@ dialysis dose, and

se, and dilated cardiomyopathy, were responsible
for premature patient’s death.

Patients with end-stage renal disease,
particularly those on hemodialysis, have a high
cardiovascular mortality (12). The burden of pre-
existent cardiovascular diseases and its impact on
the survival of maintenance hemodialysis patients
has recently received increased attention (1,13).
The HEMO Study (14) also identified cardiovascu-
lar disease, particularly ischemic heart disease, to
be a major cause of cardiac hospitalizations and
cardiac deaths. There are many predictive factors
of the hemodialysis treatment outcome. Beside the
traditional cardiovascular risk factors, such as high
blood pressure, hyperglycemia, and hypercholes-
terolemia, the progressive cardiovascular risk as-
sociated with end-stage renal disease may be ex-
plained by other factors that become increasingly
important in renal decline (15-17). The most im-
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portant non-traditional cardiovascular risk factors
are uremia related, and include inflammation, mal-
nutrition, progressive atherosclerosis, endothelial
dysfunction, oxidative stress, anemia, hyperphos-
phatemia, chronic overhydration, low delivered di-
alysis dose, and use of semi-synthetic dialysis
membranes (18-22).

An interesting finding was that low de-
livered dialysis dose independently predicted the
hemodialysis treatment outcome. The data from
large HEMO Study showed no benefits of high-tar-
geted dialysis dose (14). As opposed to HEMO
Study, Held et al (23) obtained the same results as
we did.

Another interesting finding was that hy-
pertensive heart disease, rather than high blood
pressure, affected the hemodialysis treatment out-
come. Obviously, hypertensive heart disease de

id not afcht the
tcome. Slmllarflndm%‘I
lished by Kalantar-iade 7

1 l

have bee

(DOQI) guideli
vant data (25)

g ourth, cardiovascular
diseases that developed during the follow-up were
not addressed. Finally, concomitant medication
was not assessed.

of inconsistent drug.dose:

In conclusion, the burden of cardiovas-
cular diseases in end-stage renal disease patients
on the maintenance hemodialysis has to be pre-
vented by early detection of cardiovascular risk
factors when renal function declines. The future
research has to be conducted identifying the car-
diovascular risk factors, particularly uremia re-
lated, and possible treatment strategies to influ-
ence the hemodialysis treatment outcome, be-
cause the hemodialysis population carries a high
risk for the cardiovascular disease, and death rates.
Modern bioadequate hemodialysis could have
cardioprotective effects.

Kannel WB. BIoo
_tor: prevention and treatment. JAMA. 199
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