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choice over time
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ABSTRACT
Background Previous analyses have suggested similar patient survival for peritoneal 

dialysis (PD) and haemodialysis (HD). Still, PD use has decreased in 
many European countries, the US and Canada. We aimed to study trends 
in dialysis modality specific patient survival in Europe, and relate these to 
changes in dialysis modality use, transplant rates and technique survival 

Methods We used data from 12 renal registries that contributed data to the ERA-
EDTA Registry since 1992. With Cox regression we calculated hazard 
ratios (HRs) for 5-year patient survival for patients starting dialysis 
between 1992 and 2006 on PD versus HD from day 91 after dialysis 
initiation. The cumulative incidence competing risks method was used to 
explore transplantation activity and technique survival over time. Trends 
in the incidence and prevalence for PD, HD and transplantation on day 91 
after initiation of RRT were quantified using Joinpoint regression.  

Results Five-year patient survival was better in patients who started dialysis 
between 2002-2006 when compared to 1992-1996 both for PD (adjusted 
HR: 0.64, 95% confidence interval [CI]: 0.61-0.67) and HD patients (0.82, 
95%CI: 0.80-0.84). Patient survival on PD relative to HD improved from 
1992-1996 (1.03, 95%CI: 0.98-1.07) to 2002-2006 (0.93, 95%CI 0.90-
0.96). Technique survival improved in this time period for PD (0.94, 
95%CI: 0.90-0.99) and remained stable for HD (0.94, 95%CI: 0.87-1.01). 
Since 2004, the incidence of patients living on a functioning graft on day 
91 increased, whereas the PD incidence decreased as of 2000 and HD 
incidence from 2009.  

Conclusions In Europe, survival of patients starting on PD has increased more than 
that of patients starting on HD. In the perspective of further improved PD 
patient and technique survival, PD should not be abandoned as a first 
dialysis modality choice. 
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INTRODUCTION

Although, with exception of some patient subgroups, survival benefits for haemodialysis 
(HD) have not been demonstrated, recent studies have reported a decrease in the 
percentage of peritoneal dialysis (PD) use.1-7 Jain et al. presented data on the global PD 
utilization over a 12-year period (1997-2008). They showed that PD prevalence in developed 
countries had increased from 69.7 to 91.5 per million population (pmp), which was 
equivalent to a 5.3% decrease in the proportion of PD patients -from 20.6% to 15.3%- in the 
dialysis population as a whole.1

A decreased PD use was also reported from the Netherlands where 15% of all patients 
received PD in 1995 compared to 8% in 2010. The larger percentage of HD utilization 
following an increase of incident patients of 65 years and older was pointed out as main 
reason for the declined PD use. Additionally, a part of this decrease was attributed to an 
increase in preemptive transplants.8  Mehrotra et al. explored the decline in PD utilization in 
the USA. They found that the decrease in PD use could not be attributed to changes over 
time in dialysis population characteristics such as an increased age and body mass index 
(BMI) or to a larger share of patients with hypertension and ischaemic heart disease. 
Moreover, they showed that the survival of PD patients had improved, whereas survival 
outcomes for HD patients did not materially change during the study period (1996-2003).3

With the current study we aimed to assess recent trends in dialysis modality specific patient 
survival in relation to contemporary changes in first dialysis modality choice in Europe. 
Furthermore, we aimed to explain the trends in incidence, prevalence and patient survival by 
putting them in the context of technique survival and (pre-emptive and non pre-emptive) 
transplant rates. 

METHODS

Study population 
For this study we used individual patient data from the European Renal Association-
European Dialysis and Transplant Association (ERA-EDTA) Registry. These data are yearly 
collected via national and/or regional renal registries in Europe and include date of birth, 
sex, primary renal disease (PRD), start date and type of treatment, treatment modality 
changes, and date and cause of death. Data from 12 registries that had contributed 
complete data to the ERA-EDTA Registry since 1992 were used for this study. These 
included the national registries of Austria, Denmark, Finland, Greece, Iceland, The 
Netherlands, Norway, and Sweden, and regional registries of Belgium (French-speaking 
part), Andalusia (Spain), Catalonia (Spain), and Scotland (United Kingdom). The analyses 
were restricted to adult patients of 20 years and older at the start of renal replacement 
therapy (RRT) in the period 1992-2011 who survived the first three months on RRT. The 
treatment modality at day 91 after start of RRT was considered as initial modality.  

Statistical analysis 
Descriptive statistics were used to calculate means with standard deviation (SD), medians 
with inter quartile range (IQR; 25%-75% of observations) and percentages to describe the 
study population by incidence year. Using the Cochran-Armitage test for trends we studied 
changes in dialysis population characteristics, including age, sex and PRD distribution, over 
the 20-year study period.  
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We examined trends in 5-year patient survival from day 91 for patients starting on PD versus 
those starting on HD in three patient cohorts as classified by incidence year (1992-1996, 
1997-2001, and 2002-2006). Stratified Hazard Ratios (HRs) with 95% confidence intervals 
(CI) were calculated for the cohorts using Cox proportional-hazards regression. Where the 
proportional-hazards assumption did not hold, we used an extended Cox model which 
allowed us to specify time-dependent covariates, so that HRs could be calculated separately 
for the time periods before and after the survival curves crossed. Additionally, we calculated 
HRs by age group and diabetic status to examine the 5-year patient survival for PD as 
compared to HD for patients in these three cohorts. Survival analyses were based on an 
intention-to-treat approach whereby patients were classified based on their initial dialysis 
modality and transfers to other modalities were not taken into account. Follow-up time was 
censored at recovery of renal function, kidney transplantation, loss of follow-up or at five 
years follow-up, whichever came first. Multivariable Cox models included the variables age, 
sex, PRD, and country. 
Subsequently we examined for each mode of RRT the trends in incidence and prevalence 
per million population (pmp), PD technique survival and (preemptive) transplant rates. The 
incidence on day 91 was defined as the number of all new patients who had survived the 
first three months of RRT and were receiving PD or HD or were living on a functioning graft 
on that day. The prevalence was defined as the number of patients receiving PD or HD or 
were living on a functioning graft on 31 December of a given year. The age and sex 
distribution of the European standard population (EU27)  in 2005 was used to adjust 
incidence rates and prevalence by applying the weights of this reference population to the 
observed rate per sex and age group. This weighted average provides a single summary 
rate that would be expected if the study population had the age and sex distribution of the 
standard population and allows comparison over time. The trends in the incidence and 
prevalence were analysed using Joinpoint regression analysis.9 This method is based on the 
Poisson distribution and identifies at what moment in time there is a change – a so called 
‘joinpoint’- in trend. Changes in the slopes of these trends were calculated as annual 
percentage change (APC) including a 95% CI for each segment.9

We additionally studied the trends in PD and HD technique survival over time. PD technique 
failure was defined as a transfer from PD to HD within the first five years after day 91 on PD, 
whereas HD technique failure concerned transfers from HD to PD. Other events of interest 
were transplantation and patient death on the initial dialysis modality. To account for these 
competing events we used the Cumulative Incidence Competing Risks (CICR) method.10

Multivariable models including age, sex, PRD and country were subsequently built to 
calculate adjusted cause-specific HRs for technique failure. In a secondary analysis we 
assessed how PD patient and technique failure developed in patients who started dialysis 
after 2006. To this end we calculated adjusted HRs for 2-year patient survival for PD relative 
to HD and for 2-year PD technique failure comparing the cohort of patients starting dialysis 
in the years 2005-2006 with that of those starting in 2007-2008. 
Finally, we examined whether patient selection for PD treatment changed over time. For this 
purpose we compared the proportion of PD on day 91 for dialysis patients with a specific 
PRD; diabetes mellitus, hypertension/renal vascular disease, glomerulonephritis, and adult 
dominant polycystic kidney disease (ADPKD) in 1992-1996, 1997-2001, 2002-2006 and 
2007-2011.  
Subgroup analyses were performed for patients younger than 65 years and for those of 65 
years and older, as well as for patients with diabetes mellitus versus other diseases as PRD.  
All analyses were performed in SAS 9.2 software, with exception of Joinpoint regression
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which used Joinpoint regression software version 4.0.4.9 P-values of <0.05 were considered 
statistically significant. 

Table 1: Baseline characteristics of patients who started dialysis in cohorts between 1992 and 2011. 

1992-1996 1997-2001 2002-2006 2007-2011 
p for
trend

PD      
Incident patients n (pmp) 7382 (18.5) 8606 (21.1) 8861 (21.2) 8959 (20.6)
Age years,  mean ± s.d. 56.0 ± 14.8 57.8 ± 15.0 59.3 ± 15.1 61.3 ± 15.2  
Age 65+ years, % 32.3 37.3 40.4 45.4 <0.001 
Sex, % males 60.5 62.6 61.8 65.0 <0.001 
Primary renal disease % 

DM 24.7 25.0 26.0 23.9 0.48 
Hypertension/RVD 13.6 15.8 18.0 19.4 <0.001 
Glomerulonephritis 20.0 17.4 16.5 16.1 <0.001 
Other 41.2 40.5 38.9 39.3 0.002 

HD
Incident patients n (pmp) 24689 (61.8) 32813 (80.6) 39642 (94.6) 41742 (96.0)
Age years,  mean ± s.d. 60.5 ± 14.8 63.2 ± 14.5 65.4 ± 14.3 66.6 ± 14.3  
Age 65+ years, % 46.2 53.7 59.3 61.4 <0.001 
Sex, % males 60.2 60.8 62.2 63.4 <0.001 
Primary renal disease % 

DM 18.1 21.9 24.8 25.5 <0.001 
Hypertension/RVD 14.6 16.8 18.8 19.8 <0.001 
Glomerulonephritis 17.2 13.9 11.4 9.8 <0.001 
Other 49.5 46.9 44.7 44.1 <0.001 

Abbreviations: s.d. standard deviation, DM diabetes mellitus, RVD renal vascular disease, HD 
haemodialysis, PD peritoneal dialysis. p-values for trend comparisons over the 5 periods. 

RESULTS

Study population 
The baseline characteristics over the 20-year period are presented in Table 1. During the 
study period, the absolute numbers of both PD and HD patients increased. In the first cohort 
(1992-1996) 23% of the dialysis patients received PD as their first treatment modality, 
whereas this percentage had decreased to 17.6% in the period 2007-2011. The mean age 
for PD patients increased from 56.0 (SD 14.8) years in 1992-1996 to 61.3 (SD 15.2) in 2002-
2006 and that of HD patients from 60.5 (SD 14.8) to 66.6 (SD 14.3). In both groups the 
proportion of patients above 65 years increased. Among PD patients the proportion of 
patients with hypertension/renal vascular disease as PRD increased, whereas the proportion 
of glomerulonephritis patients decreased. Similar trends existed for HD patients, but in this 
group there was also an increase in the proportion of patients with diabetes mellitus as PRD. 
Overall, PD patients were significantly younger and more often had glomerulonephritis than 
those on HD. 

Trends in dialysis modality specific patient survival 
The crude median survival time for PD patients increased from 3.4 years for patients who 
started treatment between 1992-1996 to 4.2 years for those who started between 2002-
2006. For HD patients the median survival time in these time periods was 3.6 and 3.4 years.  
After adjustment for age, sex, PRD and country, patient survival was better for patients 
starting dialysis in the third cohort (2002-2006) when compared with those starting in the first 
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cohort (1992-1996), both for PD patients (adjusted HR: 0.64, 95%CI: 0.61 to 0.67) and for 
HD patients (adjusted HR: 0.82, 95%CI: 0.80 to 0.84). Adjusted Cox survival curves and 
stratified HRs for PD versus HD patients in the different cohorts are presented in Figure 1. 
They show an initial survival benefit for PD in the first years after starting dialysis. This initial 
survival benefit for PD lasted for 2.7 years in the first cohort, but increased to 3.2 and 4.9 
years in the second and third cohort. Overall adjusted patient survival on PD and HD was 
similar in the first two cohorts (Table 2). However, in the third cohort there was a 7% survival 
benefit for patients starting on PD versus those starting on HD (adjusted HR: 0.93; 95%CI: 
0.90 to 0.96). Subgroup analysis showed that survival benefits on PD were specifically 
observed for patients younger than 65 years and for non-diabetic patients. For patients 
above the age of 65 years survival was similar for both modalities. In contrast, the data since 
1997 suggested a survival disadvantage for PD patients with diabetes as PRD.  
A secondary analysis of 2-year patient survival in patients who started dialysis in the years 
2007-2008 compared to 2005-2006 showed that the survival remained similar with adjusted 
HRs of 0.96 (95%CI: 0.87 to 1.07) for PD patients and 0.96 (95%CI: 0.92 to 1.00) for HD 
patients. Additionally, the survival benefit for PD relative to HD patients continued after 2006 
(HR 0.79; 95%CI: 0.73 to 0.86).

Figure 1: Five-year patient survival for patients starting dialysis on HD and PD in 1992-1996, 1997-
2001, and 2002-2006, adjusted for age, sex, PRD, and country.The fact that the survival curves cross 
indicates that the proportional-hazards assumption was violated. For that reason, stratum specific HRs 
for starting PD were calculated separately for the time periods before and after the curves crossed, 
using an extended Cox regression model. 
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Table 2: Overall hazard ratios for the 5-year survival for PD patients relative to HD patients, adjusted for 
age, sex, primary renal disease and country.  

Cohort All patients Age < 65 Age 65+ No diabetes Diabetes 
1992-1996 1.03 (0.98-1.07) 0.96 (0.90-1.02) 1.08 (1.02-1.14) 1.03 (0.98-1.08) 0.99 (0.92-1.07) 
1997-2001 1.00 (0.96-1.03) 0.94 (0.88-1.00) 1.03 (0.99-1.08) 0.94 (0.90-0.99) 1.11 (1.04-1.19) 
2002-2006 0.93 (0.90-0.96) 0.82 (0.77-0.87) 0.99 (0.95-1.03) 0.87 (0.84-0.91) 1.05 (0.99-1.12) 
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Period             APC
1992-1998     +5.4 (+4.7; +6.0)
1998-2004     +3.1 (+2.3; +4.0)
2004-2009      -0.8 (-1.9; +0.4)
2009-2011      -3.8 (-7.3; -0.1)
PD
Period             APC
1992-1994     +6.8 (+0.0; +13.9)
1994-2000     +1.5 (+0.1; +3.0)
2000-2009      -0.8 (-1.5; -0.1)
2009-2011      -7.1 (-13.0; -0.9)

Tx
Period             APC
1992-1997       -2.5 (-6.8; +2.1)
1997-2004      +3.3 (-0.2; +6.9)
2004-2011      +11.6 (+8.6; +14.7)
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Figure 2a: Incidence of HD (black), PD (grey), transplantation (Tx, dotted) over the period 1992 to 
2011, adjusted for age and sex
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Period             APC
1992-1998     +5.1 (+4.9; +5.3)
1998-2004     +3.4 (+3.1; +3.7)
2004-2009     +1.5 (+1.2; +3.9)
2009-2011     +0.1 (-1.1; +1.3)

PD
Period             APC
1992-1994     +7.7 (+5.0; +10.5)
1994-2001     +2.8 (+2.4; +3.2)
2001-2009      -0.4 (-0.7; -0.0)
2009-2011      -5.5 (-7.9; -3.0)
Tx
Period             APC
1992-1994     +5.7 (+4.9; +6.5)
1994-1999     +4.9 (+4.7; +5.2)
1999-2005     +3.8 (+3.8; +4.0)
2005-2011     +3.2 (+3.1; +3.4)
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Prevalence HD pmp 307.3 374.9 460.2 523.3 547.3 
Prevalence PD pmp 59.4 73.3 83.6 83.5 72.5 
Prevalence Tx pmp 273.5 336.9 418.3 501.7 590.7 

Figure 2b: Prevalence of HD (black) PD (grey), transplantation (Tx, dotted) over the period 1992 to 
2011, adjusted for age and sex. 
Abbreviations: HD, haemodialysis; PD, peritoneal dialysis; Tx, transplantation; APC, annual percentage 
change; pmp, per million population,  
Changes in the slopes of these trends were calculated as annual percentage change (APC) including a 
95% CI for each segment.9

Incidence HD pmp 77.6 95.8 118.4 125.1 115.5 
Incidence PD pmp 22.3 26.3 29.2 28.1 23.3 
Incidence Tx pmp 3.8 3.5 3.8 5.0 8.6 
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Trends in incidence and prevalence of PD, HD and transplantation 
The incidence of all three modalities increased over the study period (Figure 2a). The 
incidence for PD increased until 2000 and then slightly decreased until 2009 with a sharper 
decline thereafter. On the other hand the incidence for HD patients increased up to 2004, 
then stabilized until 2009 with also a decline thereafter. In contrast, the incidence of 
preemptive transplantation has continued to increase since 2004. Exploring these trends by 
age and diabetic status (Appendix figures 1.1 and 1.2) showed that the decline in PD 
incidence was most pronounced in the youngest age group and occurred simultaneously 
with a strong increase in the incidence of preemptive transplantation. The increasing HD 
incidence could mainly be attributed to increased incidence for elderly and diabetic patients, 
whereas the recent decline occurred in all subgroups.  
Trends in modality specific prevalence are shown in Figure 2b. The PD prevalence 
increased until 2001 but has decreased since then, with a steeper decline after 2009. HD 
prevalence continued to increase at progressively slower rates, resulting in a stable 
prevalence since 2009. The prevalence for transplanted patients on the other hand has 
continued to rise throughout the study period so that currently there are more transplant 
recipients than HD patients. Subgroup analyses by age and diabetes yielded similar trends 
(Appendix figures 2.1 and 2.2). Both in diabetic patients and in the elderly the number of 
transplant recipients is now almost half of that on HD.   

Technique survival 
To study PD technique survival a competing risk approach was used in which transfers from 
PD to HD, to transplantation and to death that took place within five years after the start of 
PD were all taken into account (Figure 3). Unadjusted 5-year PD technique survival 
remained stable or slightly improved from 7.4% in the first cohort to 8.9% in the third cohort. 
The data suggested that over time there was a decrease in the unadjusted probability of 
receiving a transplant while on PD, whereas the probability of transfer to HD increased 
(Figure 3). Similar changes were found in elderly and diabetic patients (data not shown). 
Adjustment for age, sex, PRD and country in a Cox model showed a 6% reduction in PD 
technique failure in cohort 2 and 3 when compared to the first cohort (HRs of 0.94 [95%CI: 
0.89 to 0.98] and 0.84 [95%CI: 0.90 to 0.99], respectively) (Table 3).  
The secondary analysis for the most recent cohort including patients who started dialysis in 
2007-2008, showed that after 2008 PD technique failure did not change (adjusted HR:1.04 , 
95%CI:0.95 to 1.15 as compared to 2005-2006). We adopted a similar approach to study 
HD technique survival over time (Figure 4) showing that the percentage of patients with a 
transfer from HD to PD remained stable between 3 and 4%. Also after adjusting for age, 
sex, PRD and country, there was no change in HD technique failure over time (Table 4). 

Modality choice in specific patient groups 
Finally, patient selection for PD as initial dialysis treatment as opposed to HD for patients 
with diabetes, hypertension/renal vascular disease, glomerulonephritis and ADPKD as PRD 
is shown in Table 5. For diabetic patients the proportion of patients starting on PD 
decreased from 29 to 17% and for those with hypertension/renal vascular disease from 22 to 
17%, whereas no trends were observed for the other two groups. In patients younger than 
65 years with diabetes mellitus PD as a start modality fell from 36% to 22%. On the other 
hand in this youngest age group, the proportion of patients with glomerulonephritis treated 
with PD first slightly increased from 28 to 31% (P=0.004). Except for patients with ADPKD, 
all patients of 65 years and older less often received PD as their first treatment modality. 
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Figure 3: Unadjusted cumulative incidence survival curves for event-free PD survival, transfers to HD, 
transplantation and death on PD for patients who started PD in 1992-1996, 1997-2001, and 2002-2006 
for all (upper panel), elderly (65+ years) and diabetic patients. 

Table 3: Hazard ratios for PD technique failure, adjusted for age, sex, PRD and country. 
 all age <65 age 65+ no diabetes diabetes 
1992-1996 (ref) 1.0 1.0 1.0 1.0 1.0 
1997-2001 0.94 (0.89-0.98) 0.90 (0.85-0.95) 1.00 (0.92-1.08) 0.93 (0.88-0.98) 0.96 (0.87-1.05) 
2002-2006 0.94 (0.90-0.99) 0.94 (0.89-1.00) 0.94 (0.87-1.02) 0.93 (0.88-0.98) 1.00 (0.91-1.10) 

Figure 4: Unadjusted cumulative incidence survival curves for event-free HD survival, switches to PD, 
transplantation and death on HD for patients who started HD between 1992 and 1996, 1997 and 2001, 
and 2002 and 2006.
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Table 4: Hazard ratios for HD technique failure, adjusted for age, sex, PRD and country. 
 all patients age <65 age 65+ no diabetes diabetes 
1992-1996 1.0 (reference) 1.0 1.0 1.0 1.0 
1997-2001  0.96 (0.89-1.03) 0.93 (0.84-1.02) 1.00 (0.88-1.13) 0.94 (0.86-1.02) 1.02 (0.87-1.20) 
2002-2006  0.94 (0.87-1.01) 0.97 (0.88-1.06) 0.90 (0.80-1.01) 0.91 (0.84-0.99) 1.01 (0.87-1.17) 

Table 5: Proportion (%) and incidence rate (pmp) of patients receiving PD on day 91 after initiation of 
dialysis in the different patient cohorts  
 1992-1997 

% (pmp) 
1997-2001 
% (pmp) 

2001-2006 
% (pmp) 

2007-2011 
% (pmp) 

Test for 
 trend* 

Diabetes mellitus 29 (31.5) 23 (35.7) 19 (10.4) 17 (31.1) <0.0001 
Hypertension/renal vascular 22 (17.9) 20 (22.9) 18 (22.7) 17 (25.0) <0.0001 
Glomerulonephritis  26 (25.3) 25 (24.6) 24 (25.1) 26 (21.1) 0.78 
ADPKD  24 (9.3) 21 (9.5) 23 (36.1) 22 (9.2) 0.61 

Age 20-65      
Diabetes mellitus 36 (29.5) 29 (29.9) 25 (27.8) 22 (22.3) <0.0001 
Hypertension/renal vascular 26 (10.1) 26 (11.8) 24 (11.5) 21 (9.3) 0.0004 
Glomerulonephritis  28 (24.3) 29 (23.5) 30 (21.6) 31 (19.5) 0.004 
ADPKD 25 (9.4) 23 (9.5) 26 (10.4) 24 (8.6) 0.80 

Age 65+      
Diabetes mellitus 19 (39.1) 16 (56.9) 13 (66.2) 13 (63.6) <0.0001 
Hypertension/renal vascular 19 (46.5) 17 (63.4) 15 (74.9) 16 (82.7) <0.0001 
Glomerulonephritis 20 (29.1) 17 (28.6) 16 (26.7) 18 (26.9) 0.07 
ADPKD 19 (8.9) 16 (9.6) 16 (10.4) 18 (11.7) 0.91 

* The cochran-armitage test for trends was used to study trends over time for the proportion of patients 
on PD. Abbreviations: pmp per million population, ADPKD adult dominant polycystic kidney disease 

DISCUSSION

In this large European registry study time trends in PD and HD specific patient survival were 
related to the frequency of their use. Long-term patient survival substantially improved for 
both dialysis modalities, with the strongest improvement in PD. Currently, the time period of 
initial survival benefit of starting on PD as compared to HD has increased to almost five 
years. Also PD technique survival improved substantially. These trends in patient and 
technique survival are in contrast with the decline in PD use, as expressed as a lower 
prevalence, and as compared to the stabilization of HD use over the last decade. In general, 
a lower prevalence of dialysis can be caused by a decreased patient and technique survival, 
higher transplant rates or a drop in the incidence of dialysis.  In the following sections these 
possible explanations for the changes in PD and HD use will be discussed. 

Patient and technique survival 
Before the turn of the century, PD was characterized by relatively high peritonitis and exit–
site infection rates. Updated recommendations on PD-related infection, the launch of “flush 
before fill” systems and mupirocin prophylaxis, led to marked decreases in these 
complications and to an improved PD technique survival.11-14 After 2000, a further 
improvement in technique survival may have resulted from the shift from a strong emphasis 
on the magnitude of small solute removal to the prevention of overhydration.15 Initially, 
higher PD solute removal was suggested to be associated with better patient survival16 and 
it is conceivable that PD may have been discontinued in patients not meeting the targets for 
that removal. In more recent years, it appeared not to be the peritoneal solute removal but 
the presence and magnitude of residual renal function that was associated with the better 
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survival outcomes for PD patients.17;18 Since dialysis solutions containing icodextrin as 
osmotic agent became available for clinical use in Europe from 1996 onwards,19 the fluid 
status of prevalent PD patients has improved20-22 and an important contribution of these 
solutions to the lower mortality rates and improved technique survival can be expected. 
Additionally, there was a secular tendency to start dialysis at higher levels of glomerular 
filtration rate,23;24 which made it possible to remain on PD for a longer period of time.25;26

Around 2002, so–called biocompatible dialysis solutions with less glucose degradation 
products and a higher pH than conventional solutions entered the market. Some but not all 
studies showed an association between their use and a reduction of peritonitis27;28 and 
recently one study has shown less peritoneal damage compared to conventional solutions.29

Together with an increased experience with PD,30;31 these factors all may have contributed 
to an improved patient and technique survival for PD patients. 
Also for HD efforts have been made to expand the improvement in therapy beyond a 
previous focus on small solute removal. Examples include the evaluation of non-traditional, 
intensified dialysis schedules including nocturnal and daily dialysis. Several recent studies 
have shown that longer treatment times with slower ultra-filtration rate and more consistent 
attainment of ‘dry weight’ are associated with fewer hospitalizations and improved patient 
survival when compared to conventional HD regimens.32-34 In addition, more attention has 
been paid to the individualization of dialysate prescriptions with regard to potassium and 
bicarbonate concentrations. Adjustment of the dialysate prescription may be beneficial in 
minimizing the risk of sudden cardiac death due to rapid short-term electrolyte and fluid 
shifts.35 Also the active stimulation of the use of arteriovenous fistulas rather than catheters 
as vascular access over the last decade may have contributed to an important extent to the 
improvement of clinical outcomes on HD.36 Finally, the introduction of new procedures such 
as haemodiafiltration has been suggested to improve patient and technique survival, 
although results are inconclusive.37;38

Transplant rates  
The prevalence of dialysis is affected by the number of dialysis patients receiving a kidney 
transplant. If the transplant rates while on dialysis increase, a lower prevalence can be 
expected. However, both for patients on HD and PD there was a lower probability of 
receiving a kidney transplant, indicating that increased transplant rates cannot have 
contributed to the decline in PD prevalence or the stabilization of the HD prevalence over 
time.

Incidence of dialysis 
We have demonstrated that the decrease in PD prevalence can neither be explained by a 
lower patient or technique survival on PD or by an increased transplant rate while on PD. 
Therefore the most important explanation must be the decrease in PD incidence, which was 
most evident since 2006. The same reasoning holds true for HD as the drop in the HD 
incidence from 2009 likely constitutes the main factor for the stabilization of HD prevalence. 
The incidence of both modalities has likely been affected by the substantial increase in 
preemptive transplants since 2004. As more patients received a preemptive transplant, 
fewer patients started RRT on dialysis and particularly fewer of them on PD.39;40

Furthermore, over the study period the incident dialysis population showed a substantial 
increase in age, and in the proportion of patients with diabetes mellitus as PRD. Especially 
elderly and diabetic patients have a lower chance to receive PD as initial treatment modality, 
and this trend partly explains the fall in PD incidence.  
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Is PD an underutilized dialysis modality? 
Taking into account the improvements in patient and technique survival one may wonder 
why PD incidence decreases. For end-stage renal disease patients without medical or social 
contraindications for one of the treatment modalities, PD has some important advantages. 
The possibility to receive dialysis at home and to retain independence and autonomy to a 
higher extent than when treated with HD have been pointed out as main reasons for patients 
to prefer PD over HD.41;42 Nevertheless, the increasing age and likely concomitant increase 
in the proportion of patients with comorbidities may have resulted in more patients having 
perceived medical or social contraindications for PD.  
A greater use of PD would likely decrease costs of dialysis. Recently Karopadi et al. have 
shown that PD continues to be the cheaper dialysis modality due to its lower costs for 
consumables and staffing. They concluded that overall healthcare expenditure can be 
reduced with a higher uptake of PD.43  It is regrettable that further improving treatment 
outcomes, both in absolute and relative terms, and lower economic costs have been 
insufficient to tip the balance of modality choice more in favour of PD.  

Strengths and limitations 
To the best of our knowledge this is the first study to link recent trends in dialysis modality 
specific patient survival to the trends in utilization of specific dialysis modalities. Strengths of 
this study include the large sample size, the long follow-up period and the large 
representation of European countries and regions. However, for the interpretation of our 
results, also some limitations need to be taken into account. An important limitation is the 
confounding by indication that was left as we were unable to adjust for unknown 
confounders such as the level of GFR and the presence and severity of comorbidities at the 
start of dialysis. However, as we did adjust all comparisons for age, sex, country and PRD 
distribution the expected residual confounding by differences in comorbidity may be 
limited.44 Other factors that could not be studied as explanations for changes in dialysis 
modality choice were patient preference and facility-related factors like HD capacity and 
physicians’ preference or education.  

Conclusion 
In conclusion, we found that the prevalence of PD has decreased since 2001 whereas HD 
prevalence continued to increase until 2009 and stabilized thereafter. The decrease in 
prevalence of PD could neither be explained by a decrease in patient or technique survival 
on PD nor by higher transplant rates in PD patients. Our findings demonstrate that the sole 
reason for the decrease in PD use was a decrease in its incidence starting in 2000. This 
decrease was only partly due to the increase in preemptive transplants. In the presence of a 
better survival for patients starting on PD, an improved PD technique survival and the lower 
costs of the PD treatment, PD should not be abandoned as a first dialysis modality choice. 
Future studies and initiatives should focus on the possibilities to stimulate the use of PD in a 
higher number of ESRD patients. 
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APPENDIX TO CHAPTER 8 

Figure 1.1: Incidence of HD (black), PD (grey), transplantation (Tx, dotted) over the period 
1992 to 2011, by age, adjusted for age and sex  
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Figure 1.2: Incidence of HD (black), PD (grey), transplantation (Tx, dotted) over the period 1992 
to 2011, by diabetic status, adjusted for age and sex 
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Figure 2.1: Prevalence of HD (black), PD (grey), transplantation (Tx, dotted) over the period 
1992 to 2011, by age, adjusted for age and sex
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Figure 2.2: Prevalence of HD (black), PD (grey), transplantation (Tx, dotted) over the period 
1992 to 2011, by diabetic status, adjusted for age and sex
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