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A b s t r a c t: Patient survival is a key index of the overall adequacy of treatment 
in most chronic diseases. Analyses of survival of patients undergoing haemodialysis is 
very important, as it may offer clues and ideas for prolonging survival of patients with 
end-stage renal disease (ESRD). The aims of this study were to describe the characte-
ristics of the patients on maintenance haemodialysis therapy over a period of 20 years, 
to determine the survival rate of these patients according to ages at the onset of haemo-
dialysis, the primary renal diseases, and the cause of death, and to determine the sur-
vival rate at five, ten, fifteen and twenty years of haemodialysis treatment at our centre.  
 The charts of 518 unselected patients, 282 male and 236 female, treated with 
maintenance haemodialysis therapy in a period of 20 years (1985–2005) were reviewed. 
At the time of evaluation, 164 patients were currently being treated, and 354 patients overall 
had been diseased. Statistical analysis was performed to evaluate the relationship between 
survival and patient characteristics such as age, gender, primary renal disease, and age at 
dialysis onset. Actual survival rates were determined by the Kaplan-Meier method. 
 The survival rate of our patients treated with maintenance haemodialysis was 
60% at 5 years, 37% at 10 years, 25% at 15 years and 9% at 20 years. Female patient 
survival was superior to male. Patients aged under 40 at the start of dialysis had a better 
survival probability compared to older patients. Patients with diabetes mellitus and 
nephroangiosclerosis, had a lower survival rate compared to patients with glomerulo-
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nephritis and with adult dominant polycystic kidney disease. Cardiac death was the 
most common cause of death in patients involved in the study. About 52% of the 
patients died from cardiovascular disease.  

Death is the most severe consequence of inadequate dialysis and can be used as 
an index of the adequacy of the dialysis therapy. Treatment factors that may improve 
outcomes include an early start of dialysis therapy, a high dose of dialysis (Kt/V over 
1.2), correction of anemia, adequate protein and caloric intake, control of calcium and 
phosphate metabolism, and the use of biocompatible dialyzers. 
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Introduction 
 
 Patients with end-stage renal disease (ESRD) on maintenance haemo-
dialysis (HD) therapy have an exceptionally high mortality rate compared to 
that of the general population. As with many chronic medical conditions, the 
life expectancy of patients undergoing therapy for ESRD is markedly reduced. 
Without renal replacement therapy, however, these patients would live only a 
few weeks before becoming uremic and dying [1]. Several factors for such a 
high mortality rate have been identified, including advanced age, cardiovascular 
disease and infection. Among them, cardiovascular disease remains the leading 
cause of death. The cause of cardiovascular disease in haemodialysis patients is 
multifactorial. Traditional risk factors like hypertension, diabetes and disorders 
of lipid and calcium metabolism are particularly common among haemodialysis 
patients, but other non-traditional factors such as chronic inflammation and 
malnutrition may be more important for the excess of cardiovascular disease in 
this patient group [2].  

Patient survival is a key index to the overall adequacy of treatment in 
most chronic diseases. Analyses of survival of patients undergoing haemodia-
lysis is very important, as it may offer clues and ideas for prolonging the sur-
vival of ESRD patients. A good source for survival studies is the data released 
at regular time intervals through national or international renal data registries, 
such as the European Dialysis and Transplant Registry [3].  

The aims of this study were to describe the characteristics of the pati-
ents on maintenance haemodialysis therapy over a period of 20 years, to dete-
rmine the survival rate of these patients according to age at the onset of haemo-
dialysis, the primary renal diseases and the cause of death, as well as to deter-
mine the survival rate at five years of haemodialysis treatment at our centre.  

 
 

Patients and Methods 
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 The charts of 518 unselected patients, 282 male and 236 female treated 
with maintenance haemodialysis therapy over a period of 20 years (1985–2005), 
were reviewed. At the time of evaluation, 164 patients were currently being 
treated, and 354 patients had been diseased. The mean (± SD) age of the pati-
ents at the initiation of HD was 51.9 ± 13.9 years. The demographic data on the 
patients involved in the study are presented in Table 1.  
 
Table 1 – Табела 1 
 

Demographic data of the patients involved in the study 
Pri~ini za smrtta kaj pacientite od studijata 

 
 Number % 

Gender   
Female 236 45,6 
Male 282 54,4 
Renal disease   
GN  79 15,3 
IPN 128 24,7 
ADPKD  30   5,8 
NAS  77 14,9 
DM  96 18,5 
unknown 108 20,8 
Age at the onset of HD (years)    
< 20  14   2,7 
21–30  33   6,4 
31–40  60 11,6 
41–50 134 25,9 
51–60 129 24,9 
61–70 118 22,8 
> 71  30   5,8 

 
GN: glomerulonephritis 
IPN: interstitial pyelonephritis 
ADPKD: adult dominant polycystic kidney disease 
NAS: nephroarteriolosclerosis 
DM: diabetes mellitus 
 

All patients received the same treatment. Standard acetate or bicarbo-
nate haemodialysis treatment was offered. The dialysis duration was 12 hours 
per week. Cellulose membranes of 1.0–1.3 m2 were used. Most of the machines 
were Gambro AK 10 and Gambro AK 100 models (Gambro, Lund, Sweden). 
The water for the haemodialysis treatment was processed by reverse osmosis. 
The blood flow rate was 250–280 ml/min, and the dialysate flow rate was 500 
ml/min. There was no reuse of dialysers. The Cimino-Brescia arterial-venous 
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fistula was typically used for permanent vascular access. Only a few patients, 
less than 3%, had subclavian catheters or arterio-venous grafts. There were no 
selection criteria for admittance to the haemodialysis treatment. The recommen-
ded diet was low salt intake with mean protein intake of approximately 1 g/kg 
body weight per day. Calcium carbonate was the principal phosphate binding 
agent used. Anaemia was corrected by blood transfusions until 1997, and there-
after erythropoietin was widely given. 
 Statistical analysis was performed to evaluate the relationship between 
survival and patient characteristics such as age, gender, primary renal disease 
and age at starting dialysis. Actual survival rates were determined by the Kap-
lan-Meier method. The z-test was used for estimation of mutual differences. 
The results obtained are presented graphically. We have used ERA/EDTA 
recommended abbreviations for diagnosis and codes for the causes of death. 
 
 

Results 
 
 The overall cumulative probability of patient survival was 0.89 (12 
months), 0.60 (60 months), 0.37 (120 months), 0.25 (180 months), and 0.09 
(240 months), respectively. The cumulative survival probabilities of the patients 
are shown in Fig. 1. Female patient survival was superior to male. The survival 
probabilities of patients according  to gender are  presented in Fig. 2. Age  at the  
 

 
Figure 1 – Cumulative probability of patient survival 

Slika 1 ‡ Zbirna kriva na pre`ivuvawe 
 
start of dialysis had, as expected, a significant effect on patient survival. 
Patients aged under 40 at the start of dialysis had a better survival probability 
compared to the older patients. The worst survival probability was observed in 
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patients aged over 71 at the initiation of haemodialysis treatment. The 
cumulative survival probabilities according to the age of the patients at the onset 
of haemodialysis therapy are presented in Fig. 3. Patients with diabetes mellitus, 
systemic diseases, nephroarteriolosclerosis and interstitial pyelonephritis had a 
lower  survival  rate  compared  to  patients  with  glomerulonephritis  and  adult  

 
Figure 2 – Probability of patient survival according to gender 

Slika 2 ‡ Verojatnost na pre`ivuvawe kaj pacientite 
vo odnos na polot 

 

 
 

Figure 3 – Probability of patient survival according to age at start  
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of hemodialysis therapy 
Slika 3 ‡ Verojatnost na pre`ivuvawe kaj pacientite vo odnos  

na vozrasta pri zapo~nuvawe na lekuvaweto so hemodijaliza 
dominant polycystic kidney disease. Diabetic patients had a worse prognosis 
compared to non-diabetic patients. Fig. 4 shows the probability of survival for 
patients with primary renal disease. Cardiac death was the most common cause 
of death in patients involved in the study. About 52% of the patients died from 
cardiovascular disease. The causes of death in patients are presented in Table 2. 

 
Figure 4 – Probability of patient survival according to primary renal disease 

Slika 4 ‡ Verojatnost na pre`ivuvawe vo odnos na osnovnoto  
renalno zaboluvawe 

 
Table 2 – Tabela 2 
 

The causes of death in patients involved in the study 
Pri~ini za smrtta kaj pacientite od studijata 

 

Cause of death Number % 
Cardiac 184 52
Vascular (CVI) 76 21,5
Infection 53 15
Liver disease 16 4,5
Malignancy 14 4
Cachexia 4 1,1
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Dementia 4 1,1
Accident 1 0,3
Suicide 2 0,6

Discussion 
 
The survival rate of our patients treated with maintenance haemodia-

lysis was 60 % at 5 years, 37 % at 10 years, 25% at 15 years, and 9% at 20 years. 
The latest annual report from the ERA–EDTA Registry (2005) showed a patient 
survival rate of 55.2% at 5 years [3]. Charra et al. presented an excellent 20-
year survival experience, calculated with 445 haemodialysis patients. Their ex-
perience was 87% at 5 years, 75 % at 10 years, 55% at 15 years, and 43% at 20 
years [4]. Their arguments for the better survival data than usually reported were 
the achievement of adequate blood pressure control, adequate protein and energy 
intake, and a dose of dialysis that was high enough to provide a Kt/V of 1.6. 

Some studies have indicated that female patients have a better survival 
rate than males [5, 6, 7]. This was in agreement with our results, when we 
compared the survival probabilities of the patients according to gender. Age at 
the start of dialysis is a significant risk factor for the survival of dialysis pa-
tients. The survival rates inversely correlated with the age at the start of dialysis 
therapy in our study, as well as in the study of Charra et al. [4]. 

One of the major prognostic indicators of early mortality in patients 
starting dialysis in the study of Gmar-Bouraoui S et al. was primary renal 
disease [8]. They found that diabetes mellitus and amyloidosis were associated 
with the highest rate of early mortality, 29.7% and 33.3% respectively, and 
glomerulonephritis and polycystic kidney disease were associated with a low 
risk of mortality. The same finding was noted in our study and many other 
series [8, 9, 10, 11]. In the study of Iseki K et al., diabetic patients on dialysis 
had a significantly worse prognosis when compared to non-diabetic patients 
(HR: 1.88; 95% CI: 1.55 to 2.28). The probability of survival at 5 years was 
0.731 for non diabetic patients and only 0.418 for diabetic patients [12]. 

Beside the basic factors such as gender, age, and cause of ESRD, co-
morbid conditions substantially modify the basal mortality risk. Most patients 
when starting on dialysis had had renal disease for a variable number of years 
and presented with anemia, hypertension, salt and water retention, some degree 
of bone disease and deficiency of vitamin D. One of the most common causes 
of ESRD was diabetes mellitus, with systemic complications usually quite 
pronounced by the time ESRD was reached. More co-morbid conditions are 
expected among patients with diabetic nephropathy than among those with 
ESRD due to all other causes. 

Cardiac disease is the single most important cause of death among 
haemodialysis patients. The National Institute of Diabetes and Digestive and 
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Kidney Diseases, in their annual report of 1997, reported a mortality of 44% 
due to cardiac disease, slightly lower compared to the 52% in our study [13]. 
Cardiovascular causes accounted for 50% of the reported causes of mortality in 
dialysis patients and included pericarditis, severe cardiac failure, and myocar-
dial infarction in the study of Gmar-Bouraoui S et al. [8]. The most powerful 
independent predictors of overall morbidity and mortality from cardiac disease 
in the study of Herzog CA et al. were "older age" and "diabetic nephropathy". 
Their data suggested that dialysis patients who had acute myocardial infarction 
had high rates of death from cardiac cause and poor long term survival [14].  

Survival rates of dialysis patients depend on the dose of dialysis 
delivered. The HEMO Study was the largest randomized clinical trial designed 
to determine whether increasing the dose of dialysis would alter survival among 
HD patients [15]. The conclusion was that patients who were on HD three times 
per week had no major benefit from a higher dialysis dose than that recom-
mended by the current US guidelines. However, the study conducted by The 
Japanese Society of Dialysis Therapy reported an improvement in morbidity 
and mortality at a dialysis dose well above a Kt/V of 1.8, the recommended 
dose in the current guidelines [16]. Ajiro et al suggested single pool Kt/V of at 
least 1.28 to improve survival in patients who were on HD for more than 10 
years. In the study they evaluated the effect of the dialysis dose in a selected 
group of patients on long-term HD [2].  

The nutritional status of the dialysis patients is also a strong predictor of 
mortality: undernourished patients had an elevated mortality risk. Greater 
attention to nutritional therapy might be of benefit to the survival of dialysis 
patients, since hypoalbuminemia and malnutrition are independent predictors of 
mortality [17, 18]. In a cross-sectional study of 12000 HD patients, Lowrie et 
al. performed regression analysis to evaluate the association of various labo-
ratory tests with the probability of death. They concluded that a low serum albu-
min level (< 40 g/l) was strongly associated with the probability of death [19]. 
Good evidence suggested that restricting dietary protein to less than 1 g/kg body 
weight was potentially harmful to dialysis patients and that attention to protein 
and caloric intake was important for generally undernourished patients [20]. 

Anaemia also plays an important role in the survival of dialysis patients. 
Several reports from the literature stated that there was an optimal haemoglobin 
level of 120 g/l to be suggested for dialysis and predialysis patients [21, 22]. 
However, lower haemoglobin levels were associated with increased mortality 
[23]. Our previous experience clearly documented the relation between anaemia 
and left ventricular hypertrophy [24]. We also found that treatment with recom-
binant human erythropoietin had a beneficial effect on red cell survival in 
patients with end-stage renal disease [25]. 

Calcium, phosphate, parathyroid hormone and vitamin D have been 
shown to be important determinants of survival associated with kidney disease 
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[26]. Hypercalcaemia and hyperphosphataemia were robust predictors of higher 
death risk. Serum alkaline phosphatase had an incremental association with 
mortality [27, 28]. 

Conclusions 
 
The survival rate of our patients treated by maintenance haemodialysis 

was 60% at 5 years. More efforts to improve survival are needed, since the 
relative risk of death is still very high for patients on dialysis. Death is the most 
severe consequence of inadequate dialysis and can be used as an index of the 
adequacy of dialysis therapy. Treatment factors that may improve outcomes 
include the early start of dialysis therapy, a high dose of dialysis (Kt/V over 
1.2), adequate protein and caloric intake, correction of anaemia, correction of 
calcium and phosphorus metabolism, and the use of biocompatible dialyzers. 
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Pre`ivuvaweto na pacientite pretstavuva osnoven pokazatel za 
adekvatnosta na tretmanot, re~isi, kaj site hroni~ni bolesti. Analizata 
za pre`ivuvaweto na bolnite lekuvani so hroni~na hemodijaliza e mnogu 
va`na. Taa mo`e da uka`e na re{enija i da dade idei za prodol`uvawe na 
pre`ivuvaweto kaj bolnite so terminalna bubre`na slabost. Celta na ovaa 
studija be{e da se prika`at karakteristikite na bolnite lekuvani so hro-
ni~na hemodijaliza vo tekot na 20-godi{niot period, kako i da se odredi 
nivnoto pre`ivuvawe vo odnos na vozrasta, polot i primarnoto bubre`no 
zaboluvawe, a isto taka i da se odredi petgodi{noto, desetgodi{noto, pet-
naesetgodi{noto i dvaesetgodi{noto pre`ivuvawe vo na{iot centar. 

Analizirani bea istoriite na 518 bolni, 282 ma`i i 236 `eni, 
lekuvani so hroni~na hemodijaliza vo tekot na 20-godi{niot period 
(1985‡2005). Vo momentot na obrabotkata na podatocite, aktivno se lekuvaa 
164 bolni, a 354 pacienti bea po~inati. Podatocite bea statisti~ki obra-
boteni, so cel da se utvrdi korelacijata pome|u pre`ivuvaweto i vozrasta, 
polot i primarnoto bubre`no zaboluvawe. Krivite na pre`ivuvawe bea 
presmetuvani spored metodata na Kaplan i Meier.  

Pre`ivuvaweto na pacientite lekuvani so hroni~na hemodijaliza 
iznesuva{e: 60% za pet godini, 37% za 10 godini, 25% za 15 godini i 9% za 
20 godini. Pre`ivuvaweto na `enite be{e podolgo od ma`ite. Pre`ivu-
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vaweto korelira{e inverzno so vozrasta. Pacientite so dijabet, nefro-
skleroza i sistemsko zaboluvawe pre`ivuvaa pokratko od tie so hroni~en 
glomerulonefrit i adultna policisti~na bubre`na bolest kako primarno 
bubre`no zaboluvawe. Kardijalnata pri~ina za smrt, so 52% be{e najzasta-
pena vo odnos na site drugi pri~ini za smrt kaj bolnite.  

Smrtta kako najseriozna posledica na neadekvatnoto lekuvawe bi 
mo`ela da poslu`i kako indeks na adekvatnosta na dijaliznata terapija. 
Faktorite koi mo`at da go podobrat pre`ivuvaweto se: rano zapo~nuvawe 
so dijalizno lekuvawe, pogolema doza na dijalizata (KT/V > 1.2), korekcija 
na anemijata, adekvaten proteinski i kaloriski vnes, kontrola na metabo-
lizmot na kalcium i fosfor, upotreba na biokompatibilni membrani.  
 
Klu~ni zborovi: terminalna bubre`na slabost, hemodijaliza, pre`ivu-
vawe.  
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