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Hemodialysiss and peritoneal dialysis 

Jagerr KJ, Merkus MP, Boeschoten EW, Dekker FW, Tijssen JGP, Krediet RT for 
thee NECOSAD Study Group: What happens to patients starting dialysis in the 
Netherlands?? (submittedfurptMkadon) 
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Abstract t 

BackgroundBackground and purpose. Despite improvements in dialysis technology-, publications 
aroundd 1990 snowed increasing mortality rates in dialysis patients. The Dialysis 
Groupp of the Netherlands initiated the Netherlands Cooperative Study on the 
Adequacyy of Dialysis (NECOSAD) to investigate the association of patient and 
therapyy characteristics with outcome. 
Methods.Methods. Two hundred and fifty patients were included in this prospective multi-
centerr study 3 months after the start of dialysis. We used Cox regression to predict 
mortalityy and technique failure and repeated measures analysis of variance to study 
thee time course of continuous parameters. 
Results.Results. There were considerable differences in patient populations among dialysis 
centers.. Patient survival was 76% at two years. Technique survival was higher in 
hemodialysis.. Hospitalization decreased from 25 days between 3 to 12 months to 
199 days per patient year in the third year. Residual renal function decreased at a 
similarr rate in both modalities, but blood pressure tended to increase in females 
receivingg peritoneal dialysis. Outcome was predominandy dependent on patient 
characteristics. . 
Conclusions.Conclusions. In the light of the increasing age of patients starting dialysis, increasing 
mortalityy can be expected. Furthermore, if outcome is to play a role in the quality 
assessmentt of dialysis centers, it is essential to know the characteristics of their 
patientt populations. 
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Introductio n n 

Forr patients with end-stage renal disease (ESRD), dialysis treatment is the only 
optionn to survive as long as a donor kidney is not available. The number of dialysis 
patientss has continued to increase since the treatment became available as an 
acceptedd therapy.1 At the beginning of the nineties, reports were published showing 
ann increase in the mortality of US dialysis patients.2 Data from the Dutch renal 
replacementt registry RENINE showed a similar trend for the Netherlands. Despite 
majorr improvements in dialysis technology, mortality rates had increased from 10.5 
too 18.8% in the period between 1981 and 1992.1 Advanced age and increased 
comorbidityy were the obvious causes for the increase in mortality, but a change in 
otherr patient characteristics or in treatment could not be excluded Therefore, the 
Dialysiss Group of the Netherlands (DGN), comprising all Dutch nephrologists 
involvedd in dialysis treatment, initiated the Netherlands Cooperative Study on the 
Adequacyy of Dialysis (NECOSAD). The aim of this study was to investigate the 
associationn of patient and therapy characteristics with outcome. A first cohort of 
2500 patients was included from 1993 to 1995. This paper describes the clinical 
conditionn of these patients, their treatment and outcomes, such as hospitalization, 
techniquee failure and mortality. 

Patientss and methods 

PatientsPatients and jbllow-up period 
ESRDD patients older than 18 years, who started chronic dialysis as their first 

renall  replacement therapy and survived the first 3 months on dialysis, were eligible 
forr the study. From 13 Dutch dialysis centers we included consecutive patients who 
startedd dialysis between October 1, 1993 and April 1, 1995. Informed consent was 
obtainedd from all patients. Measurements at three months after initiation of dialysis 
weree taken as baseline. These patients were followed until July 1, 1997. 

DataData collection 
Inn addition to demographic data we collected the following information. 

Primaryy renal disease was classified according to the codes of the European Renal 
Association-Europeann Dialysis and Transplant Association (ERA-EDTA) Registry. 
Comorbidityy present at the start of dialysis was scored.3 Laboratory blood 
investigationss included hemoglobin, serum albumin, calcium and phosphate. In 
hemodialysiss (HD), the blood samples were taken prior to a dialysis session. Blood 
pressuree was measured before and after each session over a period of two weeks. 
Thesee pressures were averaged. Blood pressure in peritoneal dialysis (PD) was 
measuredd at a routine visit in the outpatient clinic. Urine was collected during the 
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interdialyticc interval in HD and during 24 hours in PD. From this we calculated 
residuall  GFR (rGFR), denned as the mean of the urea and creatinine clearances 
andd expressed in ml/min/1.73m2. 

Totall  clearance of waste products (renal function plus dialysis) was expressed as 
totall  Kt/Vurea (/week). For PD patients we also collected data on total creatinine 
clearancee (liter/week/1.73m2). Data on medication use were obtained from the 
medicall  records. During follow-up dialysis related treatment characteristics were 
assessedd for patients who received that dialysis modality at 12, 24 and 36 months 
afterr the start of dialysis. 

AA nafytkal methods 
Patientss were classified according to dialysis modality at baseline; i.e. start-on-

HDD and start-on-PD. Differences in baseline characteristics were analyzed with t-
testss for continuous variables and with chi-square tests for categorical variables. A 
twoo sided P-value < 0.05 was considered statistically significant. 

Statisticall  analysis of mortality and technique failure was performed by the Cox 
proportionall  hazards model. The influence of a baseline characteristic on the 
occurrencee of an event was expressed in terms of the relative risk (RR), calculated 
ass the hazard ratio from the Cox proportional hazards model In the analysis of 
mortalityy the event was death, while transplantation was a censored observation. 
Forr the analysis of technique failure transfer to the other dialysis modality was the 
event,, censored observations were death, and transplantation. In both analyses, the 
follow-upp of patients alive and on dialysis on July 1, 1997 was censored at that date. 
Thee number of hospital admissions for the first 9 months and the third year were 
calculatedd per patient at risk at 3 and 24 months. Hospitalization rate was defined 
ass the number of days in hospital divided by the number of days alive and on 
dialysiss and expressed as hospital days per patient year. 

Repeated-measuress analysis of variance was used to assess the time course of 
continuouss parameters. To investigate the effect of dialysis modality on the time 
coursee of continuous parameters, we used an intention to treat analysis with start -
on-HDD versus start-on-PD patients, irrespective of changes in treatment modality, 
transplantss and deaths. The analysis was repeated in a per protocol manner for 
patientss who stayed on their initial dialysis modality during follow-up, i.e. stay-on-
HDD and stay-on-PD patients to assess possible effects of patient drop out during 
follow-up. . 

Results s 

PatientPatient characteristics 
Off  267 patients who met the inclusion criteria, 250 were included in the study 
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(94%).. Eleven patients refused to participate and the physical, psychological or 
sociall  condition of six patients was so serious that collection of essential 
parameters,, such as residual renal function or anthropometry, was not possible. Of 
thee 250 patients participating in the study, 132 started on HD and 118 on PD. In 
64%% of the HD patients this modality was chosen for medical reasons, whereas in 
PDD this was the case in 19%. Table 1 shows the baseline patient characteristics for 
thee entire cohort and for the groups starting on HD and PD. Patients starting on 
HDD were older and had more frequently suffered from malignant disease. They had 
higherr systolic blood pressure values, lower diastolic pressures, lower hemoglobin 
levelss and clinical parameters indicated a better nutritional status. In addition, their 
urinee volume was lower. 

Figuree 1 shows the center variation in the percentage of patients of 65 years 
andd older and the percentage of patients with comorbid conditions. The 
distributionn of the rGFR at baseline is shown in Figure 2. 

TherapyTherapy doaracteristks 
Hemodialysis.Hemodialysis. At baseline, the mean total Kt/Vurea was significandy different 

amongg centers. The upper panel of Figure 3 demonstrates that the percentage of 
patientss receiving at least three hemodialysis sessions per week and those receiving 
att least 3.6 Kt/Vurea per week almost doubled between 3 and 36 months. 

PeritonealPeritoneal dialysis. The penetration of PD at 3 months varied from 0 to 68% 
amongg centers. At baseline, 95% of the PD patients were treated by continuous 
ambulatoryy peritoneal dialysis (CAPD), but at 3 years this percentage was reduced 
too 74, due to an increase in automated PD. Other treatment characteristics of PD 
patientss over time are shown in the lower panel of Figure 3. The percentage of 
CAPDD patients receiving at least standard treatment of 8 liter per day showed only 
minorr variation. Similar to HD, the mean total Kt/Vurea and total creatinine 
clearancee differed among centers at baseline. The percentage of PD patients 
receivingg at least 2.0 Kt/V  urea or 60 liter/ 1.73m2 of creatinine clearance per week 
declinedd over time. 

Medication.Medication. More than 95% of the patients used phosphate binders at baseline 
andd during follow-up. At baseline, 64% used antihypertensive medication and 74% 
erythropoetin.. At three years, these percentages were 38 and 87. 

Mortality,Mortality, technique failure and'hospitalization 
Afterr a median follow-up time of 28 months (range, 4 to 44) there were 75 

deaths:: 27 cardio-cerebrovascular, 14 due to infection, 4 due to malignancies, 10 
patientss refused further treatment and 20 patients died of other causes. Two-year 
patientt survival was 76% and three-year patient survival was 66%. In univariate 
analyses,, a higher age and the presence of diabetes mellitus, cardiovascular disease 
andd comorbidity according to the Davies risk score were associated with a higher 
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Figur ee 1. Percentage of patients of > 65 years of age and those with comorbidity according to the Davies 
riskrisk score at the start of dialysis in the entire cohort (left bars) and in each of the 13 participating centers. 
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Figur ee 2. Percentage of patients with an rGFR of < 2.5, > 2.5 and < 5, and > 5 ml/min/1.73m2 at the 
startt of dialysis in the entire cohort (left bar) and in each of the 13 participating centers. 
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Figuree 3. Upper pand, percentage of HD patients over time treated with at least 3 sessions per week and 

thosee receiving a total Kt/Vurea > 3.6/week. Lower pand, percentage of CAPD patients over time treated 

withh > 8 liter of diarysate solution per day, those receiving a total Kt/Vurea > 2.0/week or a total 

creatininee clearance > 60 liter/week. 

riskrisk of death. Also a high systolic blood pressure, a low serum albumin and a low 
totall  urea appearance were univariatery associated with a higher risk of mortality. 
Thee upper panel of Figure 4 shows that in univariate analysis the patient survival on 
bothh dialysis modalities was identical. 

Tablee 2 shows that in multivariate analysis high age, the presence of 
comorbidityy according to the Davies risk score, a high systolic blood pressure and a 
loww serum albumin were risk factors for mortality. Comorbidity and serum albumin 
weree more important risk factors in the patients starting HD, whereas systolic 
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Figur ee 4. Upper pond, patient survival in start-on-HD ( ) and start-on-PD ( ) patients, crude. 

LowerLower pand, patient survival in start-on-HD ( ) and start-on-PD ( ) patients, after adjustment for 
age,, comorbidity, systolic blood pressure and serum albumin levels at baseline. 

bloodd pressure was only a determinant of death in the patients starting PD. The 
lowerr panel of Figure 4 shows that, also after adjustment for the factors included in 
thee Cox model, dialysis modality was not a determinant of mortality (RR for PD, 
1.155 (95% CI, 0.70 to 1.90)). Similarly, in the analysis of the entire cohort the 
clearancee of waste products showed no association with mortality. However, a 
higherr absolute quantity of small solutes removed was associated with a reduced 
riskk of death in PD patients. 
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Tablee 2. Multivariate Cox proportional hazards model for patient survival. 

FactorFactor Relative Risk 95% Confidence 
Interval l 

Age(lyear)aa 1.04 1.01-1.06 
Comorbidityy (present)3 2.58 1.43-4.67 
Systolicc blood pressure (10 mm Hg)b 1.15 1.03-1.29 
Serumm albumin (1 g/1)b 095 0-91 - 1.00 
* P < Q . 0 1 ;b P < 0 . 05 5 

Sevenn patients who started on HD switched to PD: four because of vascular 
accesss problems, one because of frequent hypotensive periods and two because 
theyy preferred PD. Two-year technique survival on HD was 95% and three-year 
techniquee survival was 94%. The number of seven events was too low to analyze 
thee determinants of HD technique survival. 

Duringg follow-up 44 patients were transferred from PD to HD, 39 of them for 
medicall  reasons, in more than half of the cases because of peritonitis. One patient 
wass transferred for social reasons and one patient preferred HD. In three patients 
thee reasons for technique change were unknown. On PD, two-year technique 
survivall  was 64% and three-year technique survival was 53%. The relative risk of 
techniquee failure in PD was higher in patients with high systolic blood pressure, 
loww urine volume and low peritoneal ultrafiltration. 

Thee left bars in Figure 5 show the hospitalization rate for all patients. From 3 
too 12 months after the start of dialysis the hospitalization rate was 25 days (range, 0 
too 365) per patient year, 5 of which were due to dialysis related problems and 3 to 
cardiovascularr problems. These were due to 1.1 hospital admissions (range, 0 to 7) 
perr patient with a mean duration of 12 days (range, 1 to 74). The hospitalization 
ratee decreased over time to 19 days (range, 0 to 219), comprising 1.3 admissions 
(range,, 0 to 7) with a mean duration of 13 days (range, 2 to 81) during the third 
year.. However, the contributions of dialysis related and cardiovascular problems 
increasedd to 9 and 4 days. 

ResidualResidual renal function and blood pressure over time 
Ass other studies suggested an effect of dialysis modality on residual renal 

functionn we compared its time course between start-on-HD versus start-on-PD 
patients.. Both groups had a similar rGFR at baseline. In start-on-HD patients it 
decreasedd to 1.1 rnl/min/1.73m2 at two years after the start of dialysis and in start-
on-PDD patients to 1.4 ml/min/ 1.73m2. Figure 6 demonstrates that, adjusted for the 
baselinee value of rGFR, age, sex and diabetes mellitus, the decrease in rGFR was 
similarr in both groups. The per protocol analysis, comparing patients staying on 
HDD versus those staying on PD, provided similar decline rates for both groups, but 
stay-on-PDD patients had a higher rGFR at baseline and this remained so over time. 
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Figuree 5. Hospitalization rate per patient year in all patients (left bars) and in patients of 65 years or older 
(rightt bars) between 3-12 and 24-36 months after the start of dialysis. 
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Figuree 6. Change overtime in rGFR (ml/min/1.73m2) in start-on-HD ( ) and start-on-PD patients 
(( ), after adjustment for the baseline value of rGFR, age, sex and diabetes mellitus. 
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Timee after the start of dialysis, months 

Figur ee 7. Change over time in systolic (SBP) (upper lines) and diastolic (DBP) (lower lines) blood 
pressuree (mm Hg) in start-on-PD females ( ) and all other patients who stayed on their initial dialysis 

modalityy ( , alter adjustment for the baseline value of blood pressure, age, diabetes mellitus and 
rGFR. . 

Bloodd pressure showed an initial dip in both start-on-HD and start-on-PD 
patientss with a slight increase thereafter. Subgroup analyses showed a different time 
coursee of blood pressure values in start-on-PD females, compared to start-on-PD 
maless and start-on-HD patients. Figure 7 shows that, adjusted for baseline blood 
pressuree values, age, diabetes mellitus and rGFR, the increase in blood pressure was 
higherr in PD females: 15 mm Hg (95% CI, 11 to 24) for systolic and 5 mm Hg 
(95%% CI, 0.3 to 9) for diastolic pressure. 

PatientsPatients of65 years of age or older 
Seventyy percent of the patients starting dialysis in this age group (N=93) had 

cornorbidd conditions according to the Davies risk score. The prevalence of diabetes 
melhtuss was 28% and that of cardiovascular disease 51%. Their rGFR at 3 months 
wass 2.6 (2.1) ml/min/1.73m2. The distribution of total Kt/Vurea in the elderly was 
similarr to that in younger patients in both dialysis modalities. 

Figuree 8 shows that the survival in these patients was lower than in the younger 
agee category with a two-year survival of 62% and three-year survival of 52% (RR 
forr 65 years or older, 2.5 (95% CI, 1.5 to 3.9)). In the first 9 months of follow-up 
theyy were admitted 1.4 times (range, 0 to 7) per patient with a mean duration of 15 
dayss (range, 1 to 74) per admission. The right bars in Figure 5 show that this 
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Figur ee 8. Patient survival in patients of > 65 years of age ( ) and younger patients ( ). 

resultedd in a hospitalization rate of 43 days (range, 0 to 365) per patient year, 9 of 
whichh were due to dialysis related problems and 7 to cardiovascular morbidity. In 
thee third year on dialysis there were 1.5 admissions (range, 0 to 5) per patient with a 
meann hospital stay of 16 days (range, 2 to 81). The hospitalization rate decreased to 
266 days (range, 0 to 365) per patient year with 9 due to dialysis related and 7 to 
cardiovascularr problems. 

Discussion n 

Thiss analysis of the results of chronic dialysis treatment in the Netherlands has 
shownn that the morbidity and mortality in the dialysis population is high. Outcome 
wass predominantly dependent on patient characteristics. There was no difference in 
mortalityy between patients starting HD and PD, but a large difference in technique 
failure.. The decrease in residual renal function over time was similar in both 
modalities,, but blood pressure tended to increase in female PD patients. These 
findingss will be discussed in the following paragraphs. 

PatientPatient and therapy characteristics 
Thee case-mix differences in the patient populations of the participating dialysis 

centerss with respect to important outcome predictors, such as age, comorbidity and 
residuall  renal function were considerable. There were also differences between the 
patientt groups starting on HD and on PD, reflecting the process of patient 
selectionn for dialysis modality. 



HemodialysisHemodialysis and peritoneal dialysis 67 67 

Thee increase in HD frequency over time demonstrates the nephrology practice 
too increase the number of sessions per week along with the decrease in residual 
renall  function. The concurrent increase in the total Kt/Vurea suggests that in HD it 
wass possible to provide a large majority of the patients for over a period of three 
yearss with a dialysis dose, that was defined as adequate in the US.4 Our data also 
suggestt that this was much more difficult in CAPD, where a decreasing renal 
functionn was associated with a decrease in the percentage of patients meeting the 
USS recommendations for total Kt/V ura and creatinine clearance.5 This may explain 
thee increasing use of automated PD. 

OutcomeOutcome in the entire cohort 
Age,, comorbidity and serum albumin levels have shown to be important risk 

factorss of death in dialysis.3,6"9 We have previously reported the importance of 
systolicc blood pressure and the removal of small solutes as risk factors of death 
amongg patients starting PD.10 In our cohort the determinants of death were 
differentt between patients starting different dialysis modalities. More studies are 
neededd to substantiate and clarify this finding. We found a similar patient survival 
inn patients starting HD and PD. Also others did not find clinically relevant 
differences,, provided appropriate correction for case-mix differences had been 
made.11,122 Some studies reported an overall survival advantage for HD13 or PD,14 

butt recently it was suggested that these differences in study results were greatly due 
too differences in statistical methodology.15 However, elderly, especially female, 
diabeticss seem to be at a somewhat higher death risk when treated with PD, 12,16,17 

whereass younger nondiabetics seem to have a slight survival advantage.17 This 
indicatess that in general patient survival is similar in HD and PD, but that 
differencess may exist in subgroups. 

Wee found that technique failure was much higher in PD, compared to HD. 
Thiss confirms the findings of others.111819 A low urine volume, a low peritoneal 
ultrafiltrationn and a high systolic blood pressure were associated with an increased 
techniquee failure in PD. In these patients, especially a combination of the first two 
mayy lead to overhydration. This indicates that in addition to peritonitis,15'11 the 
inabilityy to maintain fluid balance is a criterion in the decision for transfer to HD. 

Ourr hospitalization rates were similar to11 or slightly higher 2 "22 than those in 
otherr studies comprising patients of similar age. Hospitalization for dialysis related 
andd cardiovascular problems became increasingly important over time, whereas 
hospitalizationn for other conditions decreased, possibly because the patients 
sufferingg of those conditions died early in the course of treatment. 

Otherss have shown that residual renal function decreases at a faster rate in HD 
thann in PD.23"25 The cause of this more rapid decline in HD is not quite clear, but 
hypotensivee periods occurring during HD sessions might contribute to the effect. 
Ourr stay-on-PD patients did have a higher rGFR at 3 months compared to stay-
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on-HDD patients, but the decline rates were similar. Recent work by our group 
suggestss that the increased loss of renal function is an early effect of HD taking 
placee in the first three months on dialysis [abstract; Jansen M, Peril Dial Int 
2000;20:128].. Furthermore, another study has shown that the renal function loss in 
HDD was accelerated by the use of bio-incompatible cellulose hemodialysis 
membranes.*66 All our HD patients used cellulose derivatives and synthetic dialysis 
membranes.. This may be an additional explanation as to why we did not find a 
differencee in decline, whereas others did. 

Inn HD patients, the decrease in the use of antihypertensive medication without 
aa rise in blood pressure over time may indicate an increasing success to remove 
fluidd by the dialysis procedure itself. An early decrease in blood pressure in PD 
patientss has also been reported by other investigators.27"29 The rise we found 
thereafterr in PD females may reflect overhydration due to a decreasing residual 
renall  function over time. Moist et al. found that females were at a higher risk with 
respectt to the loss of renal function than males.2"' We did not find a sex difference 
inn the loss of rGFR or urine volume and also the increase of peritoneal fluid 
removall  over time was similar in both sexes. Therefore, a potential different time 
coursee of blood pressure in females receiving PD requires further study. 

PatientsPatients of6 5 years or older 
Att 3 months after the start of dialysis both the residual renal function in the 

elderlyy and the provided dialysis dose in terms of Kt/Vurca were similar to those in 
otherr patients. This suggests that the higher prevalence of comorbid conditions is 
ann important cause of the higher mortality and hospitalization rates within this 
group.. A study from the US reported a hospitalization rate of approximately 16 
dayss per patient year,30 whereas in a joint Canada-USA study the elderly patients 
stayedd in hospital for 29 days per year.6 It seems likely that differences in health 
caree and health insurance systems contribute to these differences in hospital stay. 

Cxyndusion Cxyndusion 
Thiss study provides insight in what happened to patients, who started dialysis 

inn the Netherlands in the middle of the nineties. Thus far, there are no indications 
thatt there are large differences in clinical outcome between hemodialysis and 
peritoneall  dialysis, with the exception of a difference in technique survival in favor 
off  HD. An association of the dialysis dose with the risk of death could only be 
demonstratedd in PD and, so far, not in HD patients. Despite a decrease over time, 
thee hospitalization rate remained substantial in the third year on dialysis with 19 
dayss per patient in the entire cohort and 26 days per patient in the elderly. In the 
lightt of increasing numbers of patients starting dialysis and their increasing age, not 
onlyy higher mortality rates are to be expected, but also a growing need for hospital 
back-upp facilities. The latter has to be taken into account, when planning new 
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dialysiss centers or extending existing ones. Furthermore, this study has shown that 
dialysiss outcome is largely dependent upon patient characteristics at the start of 
dialysis.. If outcome is to play a role in the quality assessment of dialysis centers, it is 
essentiall  to have information on the characteristics of their patient populations. 
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