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Summar y y 

Background.Background. Recent guidelines from the US National Kidney Foundation Dialysis 

Outcomess Quality Initiative recommended an earlier start of dialysis treatment 

thann has been common practice. Their implementation would have a substantial 

effectt on patients' daily lives and would increase costs. The guidelines are 

largelyy opinion-based, because evidence is still lacking. 

Methods.Methods. As part of a prospective multicentre study in the Netherlands, we 

included,, between January, 1997, and May, 1999, all new patients with end-

stagee renal disease, for whom data were available on residual renal function 0-4 

weekss before the start of dialysis. We recorded date of death or censoring until 

August,, 2000. 

Findings.Findings. 94 (37%) of 253 patients started dialysis treatment later than 

recommendedd by the US guideline. There was an increased mortality risk for 

thesee patients compared with those who started dialysis in time, although it was 

nott significant {adjusted hazard ratio 1.66 (95% CI 0.95-2.89)). The adjusted 

differencee in estimated survival time after 3 years on dialysis treatment was 2.5 

monthss (1.1-4.0) in favour of timely starters. Conversely, the average delay in 

dialysiss initiation for late starters, the extra time free of dialysis, was at least 4.1 

months. . 

Interpretation.Interpretation. Although we observed a gain in survival time with a timely start of 

dialysis,, it is probably a reflection of initiating dialysis earlier in the disease. We 

questionn the benefit of putting this guideline into daily practice, given the current 

clinicall evidence and the effects it would have on patients and dialysis resources. 
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Introductio n n 

Theree are no uniform objective criteria for the initiation of long-term dialysis 

therapy,, despite major improvements in technology and advances in knowledge. 

Nephrologistss initiate dialysis treatment in most cases on the basis of the 

observedd evolution of uremic symptoms and laboratory investigations, such as 

plasmaa creatinine concentration and creatinine clearance. 1 However, the 

evolutionn of uremic symptoms varies from patient to patient, 2 so there is 

substantiall variation in timing of initiation of dialysis initiation.3-5 

Inn an attempt to improve the quality and outcome of dialysis care, the US 

Nationall Kidney Foundation Dialysis Outcomes Quality Initiative (DOQI) was 

established.. 6 Multidisciplinary work groups developed recommendations for 

optimumm clinical practice, with the intention of establishing evidence-based 

guidelines.. However, no pertinent information was available on many issues. For 

others,, the available evidence was flawed or weak. Consequently, the work 

groupss had to formulate many of their recommendations on the basis of opinions. 

Inn 1997, the DOQI peritoneal-dialysis work group published an opinion-based 

guidelinee on the initiation of long-term dialysis therapy. 7 This guideline was 

basedd mainly on urea clearance (renal Kt/Vurea) and estimated protein intake, 

calculatedd from the urea excretion in the urine (normalised protein equivalent of 

nitrogenn appearance (nPNA)). Intakes of protein and energy decrease with 

deterioratingg renal function, leading to changes in nutritional status. The work 

groupp advised that dialysis should start when renal Kt/Vurea had fallen to 2.0 per 

week.. This value equals a creatinine clearance of about 14 mL/min. A lower 

Kt/Vureaa would be acceptable only when nPNA was at least 0.8 g/kg daily. 

Severall studies from the USA 4>8 and Europe 59 reported lower renal Kt/Vurea 

orr creatinine clearance at the start of dialysis in many patients. Implementation of 

thee new guideline would therefore lead to earlier initiation of dialysis treatment in 

similarr cases. It would have a major impact on the daily life of patients, exposing 

themm at an earlier stage to the risks and inconvenience of dialysis. Earlier 

initiationn would also necessitate an increase in dialysis staff and probably in 

dialysiss units also, inevitably leading to an increase in costs. 

Beforee implementation, the advantage of timely initiation has to be weighed 

againstt the negative effects. 10 We explored empirical support for the DOQI 

recommendationn by looking at the association between timing of dialysis initiation 
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andd differences in survival in a prospective study of new dialysis patients in the 

Netherlands. . 

Method s s 

Patients Patients 

Alll patients with new end-stage renal disease (ESRD) at 29 Dutch dialysis units 

weree invited to take part in the Netherlands Cooperative Study on the Adequacy 

off Dialysis (NECOSAD), a large multicentre prospective study. The study aims to 

monitorr the quality and adequacy of dialysis treatment in the Netherlands. 

Eligibilityy criteria were age 18 years or older, availability of data on residual renal 

functionn 0-4 weeks before the start of chronic dialysis treatment, and no previous 

renall replacement therapy. The inclusion period was January, 1997, and May, 

1999.. The number of participating units increased during this period. The study 

wass approved by all local medical ethics committees. 

Becausee we intended to examine the effects of the guideline for the timely 

initiationn of dialysis therapy, we had to exclude patients for whom the guideline 

couldd not be applied. The first category excluded was patients with inadequate 

baselinee data (i.e., those whose urine collection was presumed to be inaccurate). 

Onn the basis of physiological impossibilities and clinical experience, the urine 

collectionn was classified as inaccurate when one of the following criteria was 

met:: a 24 h urine collection of less then 750 ml_ more than 7 days before the 

startt of dialysis; a urinary urea concentration of less than 90% of the plasma urea 

concentration;; urinary creatinine excretion of less than 2 mmol in 24 h; or an 

increasee in renal Kt/Vurea of more than 0.75 per week during the first 3 months 

afterr the start of dialysis. We also excluded patients with malignant disease, 

becausee they have a high mortality risk whether or not dialysis is initiated. The 

lastt category of patients excluded was those who did not receive predialysis 

care,, because the appropriateness of dialysis initiation could not be assessed. 

Alll invited patients gave informed consent before inclusion. 

Procedures Procedures 

Demographicc and clinical data were obtained. Primary kidney disease was 

classifiedd according to the codes of the European Renal Association - European 
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Dialysiss and Transplantation Association (ERA-EDTA). Comorbidity was defined 

accordingg to the method of Khan and colleagues; 11 it relies on a combination of 

thee number of comorbidities and advanced age, resulting in three risk categories 

(low,, medium and high). 

AA plasma sample and a 24 h urine collection were obtained simultaneously 

0-44 weeks before the start of chronic dialysis treatment. Serum albumin, plasma 

creatinine,, and plasma urea concentrations were measured. Urea and creatinine 

weree analysed in the urine sample. Renal function was expressed as glomerular 

filtrationn rate (GFR; calculated as the mean of creatinine and urea clearance, 

correctedd for body surface area), and as renal Kt/Vurea per week {calculated as 

ureaa clearance, corrected for the urea distribution volume (V) according to 

Watsonn and colleagues). 12 nPNA was calculated according to Bergström and 

colleagues,13144 normalised to actual bodyweight. 

Patientss were classified as timely or late starters of dialysis according to the 

DOQII guideline.7 A patient started dialysis treatment in time if the renal Kt/Vurea 

att the start was above 2.0 per week. When the renal Kt/Vurea was below that cut-

off,, but the patient's nPNA was above 0.8 g/kg daily and the body-mass index 

wass at least 20 kg/m2, the patient was also classified as a timely starter. All other 

patientss were classified as late starters. 

Thee date of starting dialysis, the initial treatment modality, and the date of 

deathh if applicable, were documented. For surviving patients, survival times were 

censoredd at the date of leaving the study for a renal transplant, a transfer to a 

non-participatingg unit, recovery of renal function, or at the end of the follow-up 

periodd on August 1, 2000. 

StatisticalStatistical analysis 

Unadjustedd and adjusted hazard ratios were calculated for timely and late 

starterss by Cox's proportional-hazards regression analysis. Hazard ratios were 

alsoo calculated for renal KtA/urea, GFR, and nPNA because the criteria of DOQI 

relyy on these variables. We adjusted all ratios for age, sex, comorbidity, and 

primaryy kidney disease. Since we were interested in the relations between renal 

functionn and protein intake and survival, no further correction was applied for 

clinicall variables judged to be direct indices of renal function or nutritional status 

(serumm albumin or plasma creatinine) or direct consequences of these variables, 

suchh as blood pressure. 
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WeWe explored whether an observed lower mortality risk, and thus longer 

survivall time, in patients who were classified as a timely starter, could have been 

simplyy a reflection of initiating dialysis at an earlier stage of the disease: the so-

calledd lead-time. If this were the case, an observed advantage would not 

representt an improvement in the course of the disease. Per patient we calculated 

ann estimated survival time during the first 3 years on dialysis treatment, by 

meanss of SURV3, a program for relative survival analysis developed at the 

Finishh Cancer Registry. 15 Estimated survival time was based on a combination 

off expected annual mortality risk, derived from the general population matched 

forr age and sex, and an additional annual mortality risk, estimated conditionally 

onn comorbidity, primary kidney disease, and the timing of dialysis initiation 

(timelyy versus late). The average difference in estimated survival time between 

timelyy and late starters was calculated. 

Result s s 

Three-hundred-and-eighteenn patients met the inclusion criteria. We excluded 14 

patientss because of inaccurate urine collections, 20 with malignant disease, and 

311 who had not received predialysis care. 

Off the 253 patients available for the analysis, 94 (37%) had started dialysis 

latee according to the DOQI guideline. As a consequence of study the definitions, 

meann initial renal function and estimated protein intake were significantly higher 

inn timely than in late starters (Table 1). The mean renal Kt/Vurea of the timely 

starterss was below 2.0 per week, but their nutritional status was still adequate, 

withh an nPNA above 0.8 g/kg daily and a body-mass index of at least 20 kg/m2, 

soo they met the definition of timely starters. Diabetes mellitus was the primary 

kidneyy disease in a larger proportion of late than of timely starters, whereas renal 

vascularr disease was the primary kidney disease in a smaller proportion; late 

starterss had more comorbidity and lower serum albumin concentrations than the 

timelyy group. None of these differences was significant. 
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Tablee 1: Patients' characteristics at baseline 

Numberr of patients 
Agee (yrs.) 
Genderr {% male) 

Primaryy kidney disease (%) 
Diabetess mellitus 
Glomerulonephritis s 
Renall Vascular Disease 
Other r 

Khan-scoree (%) 
Low w 
Medium m 
High h 

GFR(ml/min/1.73m2) ) 
Renall KWurea (/week) 
NPNAA (g/kg daily) 
Body-masss index (kg/m2) 
Serumm albumin (g/L) 
Modalityy (%) 

Hemodialysis s 
Peritoneall dialysis 

Latee starters 

94 4 
56(16) ) 
65 5 

22 2 
15 5 
10 0 
53 3 

43 3 
36 6 
21 1 

4.9(1.7) ) 
1.0(0.4) ) 
0.77 (0.2) 

25.44 (5.0) 
36.4(10.9) ) 

40 0 
60 0 

Timelyy starters 

159 9 
57(16) ) 
60 0 

13 3 
14 4 
14 4 
58 8 

53 3 
30 0 
18 8 

7.11 (2.4)* 
1.5(0.6)* * 
1.11 (0.3)* 
24.66 (3.2) 
38.22 (6.2) 

38 8 
62 2 

Meann values (SD) are given for continuous variables. 
** p<0.05 Late versus timely starters 

Patientss were progressively enrolled in the study, to the same extent for late 

andd timely starters. Mean follow-up was 33.3 months for late starters and 34.2 

monthss for timely starters. Reasons for and timing of censoring were similar in 

bothh groups. 25 (27%) of the late starters underwent transplantation at an 

averagee of 18.5 months after the start of dialysis, compared with 36 (23%) of the 

timelyy starters at an average of 19.3 months. Survival time for one patients was 

censoredd owing to recovery of kidney function, and that for another owing to a 

transferr to a non-participating unit. Dialysis intensity, frequency, and dose were 

thee same in both groups during follow-up. 

Twentyy five (27%) late starters and 28 (18%) timely starters died during follow-

up.. There was no significant difference in survival between the groups (Figure 1). 
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Two-yearr survival was 75% (95% CI: 64-85) in late starters and 84% (77-90) in 

timelyy starters. 
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Figuree 1: Crude survival on dialysis of late and timely starters 

Thee unadjusted hazard ratio for late compared with timely starters was 1.64 

(95%% CI: 0.95-2.81; Table 2). After adjustment for age, sex, comorbidity, and 

primaryy kidney disease, the hazard ratio was 1.66 (0.95-2.89), indicating a small, 

althoughh not significant, survival benefit for timely starters. 

Thee criteria of DOQI for the initiation of dialysis therapy rely on renal function 

andd estimated protein intake. In our analysis, we found a significant effect of a 

betterr initial renal function (expressed as GFR) on survival. The adjusted hazard 

ratioo for GFR was 1.22 (1.06-1.39); i.e., the risk of mortality would increase by 

22%% with a delay in the start of dialysis that leads to a decrease in the GFR of 1 

mL/minn per 1.73m2. No significant relation was seen for estimated protein intake, 

withh an adjusted hazard ratio of 1.09 (0.98-1.21). 
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Tablee 2: Unadjusted and adjusted hazard ratio's for survival. 

Variable e 

Agee (yrs) 

Genderr (male) 

Comorbidity y 

Loww comorbidity 

Mediumm comorbidity 

Highh comorbidity 

Primaryy Kidney Disease 

Diabetess Mellitus 

Renall Vascular Disease 

Latee vs timely start (DOQI) 

NPNAA (0.1 g/kg/day) decrease 

Kt/Vureaa (0.1 /week) decrease 

GFRR (ml_/min/1.73m2) decrease 

Unadjustedd hazard 
ratioo (95% CI) 

1.07(1.04-1.10) ) 

0.855 (0.49 - 1.47) 

1.00 0 

5.24(2.26-12.18) ) 

8.47(3.611 -19.90) 

2.49(1.29-4.81) ) 

4.26(2.20-8.24) ) 

1.64(0.95-2.81) ) 

1.09(0.98-1.21) ) 

1.03(0.98-1.08) ) 

1.15(1.02-1.31) ) 

p-value e 

<0.001 1 

0.55 5 

<0.001 1 

<0.001 1 

0.01 1 

<0.001 1 

0.07 7 

0.13 3 

0.29 9 

0.03 3 

Adjustedd hazard ratio* 
(95%% CI) 

1.66(0.95-2.89) ) 

1.09(0.98-1.21) ) 

1.05(1.00-1.11) ) 

1.22(1.06-1.39) ) 

p-value e 

0.08 8 

0.11 1 

0.05 5 

0.01 1 

** adjusted for age, gender, comorbidity and primary kidney disease 

Too explore whether the observed survival benefit of a timely start could have 

beenn simply a reflection of initiation of dialysis at an earlier stage of the disease 

insteadd of a real gain in survival time, we calculated the estimated survival time 

perr patient during the first 3 years after the initiation of long-term dialysis 

treatment.. The mean difference in estimated survival time between timely and 

latee starters was 2.5 months (95% CI: 1.1-4.0) during the first 3 years on dialysis 

inn favour of timely starters. 

Discussio n n 

Inn this prospective cohort study better residual renal function at the start of 

dialysiss was associated with better survival. We found a small beneficial effect of 

thee Dialysis Outcomes Quality Initiative guideline for the optimum time to initiate 

dialysis;; we observed a gain in survival time of 2.5 months in the first 3 years 
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afterr the start of dialysis. However, this gain could be an overestimation of the 

reall beneficial effect caused by lead-time. We do not know the rate of renal loss 

beforee the start of dialysis in our patients, so it had to be estimated from previous 

reports.. Information on this subject is scarce. Mean yearly rates of loss in 

creatininee clearance range from 3.2 to 6.4 mL/min per 1.73m2 in previous 

studies.. 1618 We assumed the decline in loss of renal function before the start of 

dialysiss in our patients to be of the same order. The difference in initial GFR 

betweenn late and timely starters of our study (2.2 mL/min per 1.73m2) represents 

aa delay (lead-time) of between 4.1 months (calculated from a yearly decline of 

6.44 mL/min) and 8.3 months (yearly decline of 3.2 mL/min). The difference in 

estimatedd survival time in the first 3 years after the start of dialysis between 

timelyy and late starters was, however, only 2.5 months (95% CI: 1.1-4.0). 

Consequently,, the apparent gain in survival from a timely start was presumably 

duee to lead-time in stead of actual improvement in the course of the disease. 

Onee possible reason for underestimating the beneficial effect of earlier 

initiationn of dialysis based on residual renal function would be that the mean 

valuess and ranges in our study did not accord with those in other countries. 

However,, this was not the case; various US studies showed a mean estimated 

GFRR at onset of dialysis between 7.1 and 7.4 mL/min, 4 8 and in our study mean 

GFRR at the start was 6.2 mL/min per 1.73m2. In a UK study, Kt/Vurea was 1.05 

(SDD 0.4) per week at the initiation of dialysis, 5 and that in our study was 1.3 (SD 

0.6)) per week. A European multicentre study described a creatinine clearance of 

7.44 mL/min at the start of dialysis, 9 compared with 8.2 mL/min in ours. The 

similarityy of our values and those from other countries suggests that the 

observedd effect is unlikely to be an underestimation of the real effect. 

WeWe excluded three types of patients from our analyses. The classification 

criteriaa for the timing of the start of dialysis treatment are based on urine 

collection.. Including patients whose urine collection was presumably incorrect 

wouldd have obscured differences between late and timely starters because some 

patientss would have been misclassified. Similarly, inclusion of patients who did 

nott obtain pre-dialysis care would have mixed up the effect of the timing of the 

startt of dialysis with the effect of the timing of referral to the nephrologist. 

Patientss with malignant diseases have a high mortality risk irrespective of the 

timingg of dialysis onset, so their inclusion might have obscured the effect of 

timingg of dialysis on survival. We included patients with diabetes mellitus in our 

88 8 



WhenWhen to initiate dialysis - effect on survival 

analyses;; perhaps other considerations on the initiation of dialysis would apply in 

thesee patients. Analysis without the 51 patients with diabetes mellitus, however, 

gavee similar results. 

Inn both late and timely starters, over 50% of the patients were treated with 

peritoneall dialysis. Inclusion of treatment modality as a potential confounder in 

thee survival analysis did not affect the hazard ratios. Moreover, treatment 

modalityy itself did not contribute significantly to survival. 

AA few previous studies have investigated the relation between initial renal 

functionn and survival, with inconclusive results. Bonomini and colleagues 19 

observedd higher survival in patients who started dialysis early {mean initial 

creatininee clearance 11 mLVmin) than in patients who started late (initial 

creatininee clearance < 5 mL/min). In a retrospective study by Tattersall and 

colleagues,, 5 initial KtA/urea was lower in patients who died than in those who 

survivedd during the first 10 months, whereas Davies and co-workers 20 reported 

noo difference in initial renal function between survivors and non-survivors. Fink 

andd colleagues 21 recorded an inverse relation between GFR and survival. 

Possiblee shortcomings of these studies are their retrospective design, estimation 

off renal function from a serum sample, or the small number of patients. 

Moreover,, most studies did not take into account the possible effect of lead-time. 

Thee US DOQI guideline for the optimum initiation of dialysis is largely opinion 

based.. Before implementation, the question to be answered is whether its 

applicationn will improve outcome. The best way to obtain evidence is by random 

allocationn of dialysis initiation time. The second best is a well-designed 

prospectivee cohort study. Two recent studies have shown that, in contrast to the 

vieww that cohort studies generally overestimate treatment effects, well-designed 

cohortt studies can have results that are remarkably similar to those from 

randomisedd controlled trials. 2223 This finding emphasises the importance of 

cohortt studies where randomised studies are difficult to establish. 

Wee found no convincing support for the DOQI guideline for the optimum time 

off initiating dialysis. The apparently beneficial effect of earlier initiation was 

presumablyy counteracted by the dialysis delay of a late start. We conclude that 

ann earlier start of chronic dialysis in patients with end-stage renal disease than 

currentlyy applied in the Netherlands, and probably in other more developed 

countries,, is not warranted. 
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