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Peritoneall  dialysis 

Jagerr KJ, Merkus MP, Dekker FW, Boeschoten EW, Tijssen JGP, Stevens P, Bos 
WJW,, Krediet RT, for the NECOSAD Study Group: Mortality and technique 
failuree in patients starting chronic peritoneal dialysis: results of the Netherlands 
Cooperativee Study on the Adequacy of Dialysis. Kidney Int 55:1476-1485, 1999 
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Abstract t 

BackgroundBackground and Purpose. Recent studies have shown an association between small 
solutee clearance and patient survival. Thus far, little attention has been paid to the 
potentiall  effects of fluid overload. The aim of this study was to determine the 
relativee importance of baseline patient and treatment characteristics to mortality 
andd technique failure in patients starting peritoneal dialysis. 
Methods.Methods. One hundred and eighteen consecutive new patients were included in this 
prospectivee multicenter cohort study. Cox proportional hazards regression was 
usedd to predict mortality and technique failure. 
Results.Results. There were 33 deaths and 44 technique failures. The two-year patient 
survivall  was 77%, and the two-year technique survival was 64%. Age, systolic 
bloodd pressure, and the absolute quantity of small solutes removed at baseline were 
independentt predictors of mortality. A one-year increase in age was associated with 
aa relative risk (RR) of death of 1.05 (95% CI, 1.01 to 1.09) and a 10 mm Hg rise in 
systolicc blood pressure with a RR of 1.42 (95% CI, 1.17 to 1.73). The removal of 1 
mmol/week// 1.73m2 of urinary and dialysate creatinine was associated with a RR of 
deathh of 0.95 (95% CI, 0.92 to 0.98) and 0.93 (95% CI, 0.89 to 0.98). The removal 
off  urea had a similar association with the RR of death. Predictors for technique 
failuree were urine volume, peritoneal ultrafiltration and systolic blood pressure. 
Conclusions.Conclusions. Dialysate solute removal was an independent predictor of mortality. The 
associationn between systolic blood pressure and mortality shows that the 
maintenancee of fluid balance and the removal of small solutes deserve equal 
attention. . 
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Introduction n 

Dialysiss prolongs the life of patients with end-stage renal disease (ESRD) by 
thee removal of excess water and waste products. Despite this, mortality rates greatly 
exceedd those in the general population.1 Several studies have shown that comorbid 
conditionss at the initiation of dialysis treatment are important predictors of 
mortality,, irrespective of the mode of dialysis therapy.2 5 Furthermore, studies in 
peritoneall  dialysis (PD) patients have documented the importance of cardiovascular 
comorbidityy and parameters of nutritional state to mortality.^9 In PD, technique 
survivall  is much lower than in hemodialysis (HD).10"13 Peritonitis remains an 
importantt cause for transfer from PD to HD.9'13,14 The risk of technique failure is 
higherr in nondiabetics,12 in patients with a low serum albumin,9'15 a low dietary 
proteinn intake7 and a low creatinine clearance.7'9 Data on the role of age are 
contradictory.7'12'13 3 

Inn analogy with HD, many investigators have tried to define adequate PD by 
parameterss of small solute removal. To date, three prospective studies have shown 
ann association between higher small solute clearances and better patient 
survival.9,14,166 This finding has resulted in the formulation of very strict minimurn 
targetss for adequate peritoneal dialysis in the United States, based on urea and 
creatininee kinetics.17 However, it has been suggested that too much emphasis has 
beenn put on the removal of small solutes while underestimating the importance of 
thee maintenance of fluid balance.18 This is supported by the growing evidence that 
highh peritoneal transport of creatinine is independently associated with lower 
patientt survival, probably by the mechanism of ultrafiltration failure.14,19"22 

However,, neither the CANUSA study9 nor the studies of Maiorca et al.16 and 
Daviess et al.14 assessed manifestations of fluid overload as potential risk factors for 
patientt survival. 

Inn the Netherlands Cooperative Study on the Adequacy of Dialysis 
(NECOSAD),, an ongoing prospective multicenter cohort study in new ESRD 
patientss starting dialysis treatment, we collected data on both solute removal and 
onn blood pressure as an indicator of fluid overload. The aim of this study was to 
determinee the relative importance of baseline patient and treatment characteristics 
too mortality and technique failure in PD patients. 

Methods s 

PatientsPatients and follow-up period 
End-stagee renal disease patients who were older than 18 years when starting 

chronicc PD, who had never received renal replacement therapy in the past and who 
hadd survived the first three months on dialysis were eligible for the study. From 13 
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Dutchh dialysis centers, we included consecutive patients who started PD between 
Octoberr 1, 1993 and April 1, 1995 after their informed consent was obtained The 
measurementt at three months after initiation of dialysis was taken as baseline. This 
patientt cohort was followed until July 1, 1997. Data on mortality and dialysis 
techniquee were obtained from the medical records by instructed nurses in the 
dialysiss centers. The causes of death were classified according to the codes of the 
Europeann Dialysis and Transplant Association-European Renal Association 
Registryy by the nephrologist taking care of the patient. At the study coordinating 
center,, these data were checked for completeness using the database of RENINE, 
thee Renal Replacement Registry in the Netherlands. 

DataData collection at baseline 
Dataa were collected on demography, primary renal disease, comorbidity, 

laboratoryy investigations, blood pressure, nutritional status, renal function, therapy 
characteristics,, such as small solute removal, fluid removal and medication, and on 
qualityy of life. Primary renal disease was classified according to the codes of the 
Europeann Dialysis and Transplant Association-European Renal Association 
Registry.. Comorbid conditions present at the start of dialysis were scored. 
Cardiovascularr disease was recorded if one of the following conditions had been 
present:: angina pectoris, myocardial infarction, class III to IV congestive heart 
failure,, or peripheral vascular disease. The comorbidity risk for patient survival was 
expressedd as the Davies risk score.8 

Systolicc and diastolic blood pressures and heart rate were measured once, at a 
routinee visit in the outpatient clinic. Mean arterial blood pressure was calculated as 
diastolicc blood pressure + 1/3 (systolic blood pressure minus diastolic blood 
pressure),, and pulse pressure as systolic blood pressure minus diastolic blood 
pressure.. A blood laboratory investigation included hemoglobin, serum albumin, 
plasmaplasma urea and plasma creatinine. Nutritional status was assessed by the body 
masss index (BMI), the percentage of lean body mass, serum albumin, and an 
estimationn of dietary protein intake. The percentage of lean body mass was 
determinedd by measurement of skinfold thickness at four sites (biceps, triceps, 
subscapularr and iliac).23 These measurements were performed by trained nurses and 
dietitians.. Serum albumin was determined by the method routinely used in the 
centers:: bromcresol green (N=5), bromcresol purple (N=7) or an immunologic 
methodd (N=l). The dietary protein intake was estimated as protein nitrogen 
appearancee (PNA (g/24hr) = 19 + 0.2134 * urea appearance (mmol/24hr))24, 
normalizedd to actual body weight (nPNA). Subsequently, anthropometric 
parameterss and serum albumin were combined to a malnutrition index, corrected 
forr age, sex, height and frame size, similar to the index described by Harty et al.2\ 
butt without the use of the subjective global assessment. A score of 11 or higher 
wass defined as severe malnutrition. 
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AA 24-hour urine collection was used to determine daily urine volume and to 
calculatee residual glomerular filtration rate, renal Kt/Vurea, renal creatinine 
clearance,, and the urinary urea and creatinine appearance. Residual glomerular 
filtrationn rate was defined as the mean of the urea and creatinine clearances. 
Peritoneall  solute removal and ultrafiltration were assessed from a 24-hourr diarysate 
collection. . 

Totall  removal of waste products (renal plus peritoneal removal) was measured 
ass clearance estimated by total weekly K t / V ^ (/week), total weekly creatinine 
clearancee (liter/week/1.73m2), and as absolute mass removal estimated by total 
weeklyy urea and creatinine appearance (mmol/week/ 1.73m2). The urea distribution 
volumee (V) was determined by the formulae of Watson et al. for total body water.26 

Thee dialysate/plasma ratio of creatinine (D/P creatinine) was calculated from the 
concentrationss of creatinine in the 24-hour diarysate and the plasma. Patients were 
classifiedd as high transporters when D/P creatinine was higher than the mean value 
pluss one standard deviation.27 Total fluid removal was estimated as urine volume 
pluss peritoneal ultrafiltration. Data on medication were collected from the medical 
records. . 

Qualityy of life was determined by the Karnofsky index28 and was scored by a 
physiciann or a nurse and by the 3 6-Item Short Form Health Survey Questionnaire 
(SF-36),29,300 which was completed by the patients. The eight scales of the SF-36 
reflectingg physical functioning, well-being and general health concepts were 
combinedd into a physical and a mental component summary score. Higher scores 
inn these instruments indicate better quality of life. 

AA naiytkd methods 
Statisticall  analysis of patient and technique survival was performed by the Cox 

proportionall  hazards model. With this technique, groups of patients can be 
compared,, while adjusting for differences in other characteristics. The influence of 
aa baseline characteristic on the occurrence of an event was expressed in terms of 
thee relative risk (RR), calculated as the hazard ratio from the Cox proportional 
hazardss model. In the analysis of patient survival the event was death, whereas 
transplantationn was a censored observation. Patients alive and on dialysis on July 1, 
19977 were censored at that date. For the analysis of technique survival, transfer to 
HDD was the event, and censored observations were patient death and 
transplantation.. Patients alive and on PD on July 1, 1997 were censored at that 
date. . 

Thee likelihood ratio test was used to determine whether the addition of a 
variablee to a model added significantly to that model. Variables significant at a P-
valuee less than 0.20 in univariate regression were presented to the model, and only 
variabless significant at a P-value of less than 0.05 were kept in the model. Initially, 
demographicc variables, primary renal disease, and different parameters of 
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comorbidityy were presented to the model by forward selection. Thereafter, 
parameterss of residual renal function, hemodynamics, nutritional status, and 
laboratoryy blood investigations were presented to the model, followed by therapy 
characteristicss such as adequacy parameters and antihypertensive medication. 
Separatee models were built for urea and creatinine removal. Finally, parameters of 
qualityy of life were presented to the models that contained all the significant 
demographicc and clinical variables and therapy characteristics. This procedure was 
repeatedd with a backward selection strategy. Subsequently, the results of both 
strategiess were compared To estimate how well the final model predicted patient 
survival,, Nagelkerke's R2 was used31 This parameter provides an estimate of the 
percentagee of explained variance, but it does not adjust for the number of variables 
usedd in the model. All analyses were performed with SAS for Windows 6.10 (SAS 
Institutee Inc., Cary, NQ USA) and SPSS for Windows 6.1.3 (SPSS Inc., Chicago, 
IL ,, USA), with the exception of Nagelkerke's R2 which was calculated on the basis 
off  the SPSS values for -2 log likelihood ratios. 

Results s 

PatientsPatients and baseline characteristics 
Onee hundred and eighteen patients were included One hundred and twelve of 

themm were on continuous ambulatory PD (CAPD), and the remaining six were on 
otherr forms of PD. The mean and median instilled diarysate volumes on CAPD 
weree 7.4 and 8.0 liter per 24 hours, with a mean glucose concentration of 2.15%. 
Dataa on demography, primary renal disease, comorbidity, hemodynamics, 
medication,, and quality of life are shown in Table 1. The baseline values for 
nutritionall  status and adequacy are shown in Table 2. Forty-nine percent of the 
patientss had a total K t / V ^ of less than 2.0 per week, and 26% a total creatinine 
clearancee less than 60 liter/week/1.73 m2. The contribution of the residual renal 
functionn to the overall creatinine clearance was almost 50%. 

Events Events 
Thee total follow-up period was 247 patient years after start of dialysis, with a 

meann of 25 months (range, 4 to 44 months). Thirty-three patients died Causes of 
deathh were classified as cardiovascular or cerebrovascular (N=ll) , infection (N=8), 
malignancyy (N=2), withdrawal from dialysis because the patient refused further 
treatmentt (N=4), and as various other causes (N=8). Forty-six patients received a 
kidneyy transplant. During the follow-up period, 44 patients were transferred to 
HD,, 39 of them for medical reasons, in more than half of the cases because of 
peritonitis.. One patient was transferred for social reasons and one patient preferred 
HD.. In three patients, the reasons for technique change were unknown. On July 1, 
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Tablee 1. Demographic and clinical factors at baseline (3 months after start dialysis) (% or means (SD)). 

Factor Factor 
Agee (years) 
Genderr (% male) 
Primaryy renal disease (%) 
Hypertensionn / renal vascular disease 
Diabetess mellitus 

Comorbidityy (%) 
Diabetess mellitus 
Cardiovascularr disease 
Daviess risk score 

Bloodd pressure (mm Hg) 

Heartt rate (/min) 
Medicationn (%) 

Qualityy of life 
Karnofskyy index 
Shortt Form-36 physical component summary score 
Shortt Form-36 mental component summary score 

gradee I (no comorbidity) 
gradee 11 (intermediate comorbidity) 

gradee III (severe comorbidity) 
systolic c 

diastolic c 
mean n 
pulse e 

antihypertensivee agents 
erythropoietin n 

544 (14) 
64 4 

23 3 
16 6 

20 0 
25 5 
52 2 
41 1 
7 7 

1422 (22) 
855 (11) 

1044 (13) 
577 (19) 
800 (13) 
66 6 
67 7 

800 (16) 
40.00 (8.7) 
46.44 (9.8) 

Tablee 2. Nutritional status and adequacy at baseline (% or means (SD)). 

Factor Factor 
Hemoglobinn (g/dl) 
Serumm albumin (g/1) 
Plasmaa urea (mmol/1) 

Plasmaa creatinine (umol/1) 
nPNAA (g/kg/24hr) 
Leann body mass (%) 
Bodyy weight (kg) 
Bodyy mass index (kg/m2) 
Severee malnutrition (%) 
Residuall  GFR (ml/min) 
Kt/Vureaa (/wk) 

Creatininee clearance (1/wk/1.73m2) 

Ureaa appearance (mmol/wk/1.73m:) 

Creatininee appearance (mmol/wk/1.73m::) 

D /PP creatinine 
Highh transpon status (%) 
Fluidd removal (ml/24 hr) 

total l 
renal l 
total l 
renal l 
total l 
unne e 
total l 
urine e 

total l 
unne e 

11.4 4 
36.0 0 
23.1 1 
804 4 

1.1 1 
76.9 9 
68.5 5 
23.1 1 
19.3 3 
3.1 1 
2.1 1 
0.6 6 
83 3 
40 0 

1671 1 
445 5 
64.3 3 
29.1 1 
0.77 7 
11.9 9 
1547 7 
771 1 

(1.5) ) 
(6.0) ) 
(7.0) ) 
(215) ) 

(0.3) ) 
(8.0) ) 
(13.0) ) 
(3.5) ) 

(2.4) ) 
(0.5) ) 
(0.4) ) 
(29) ) 
(30) ) 
(578) ) 
(380) ) 
(19.2) ) 
(20.3) ) 
(0.14) ) 

(912) ) 
[698) ) 
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1997,, 39 patients were alive, 19 of them were treated by HD and 20 by PD. 

Mortality Mortality 
Patientt survival, the stay on dialysis and the stay on PD are shown in Figure 1. 

Two-yearr patient survival was 77%, and three-year patient survival was 64%. The 
RRss of death associated with the patient and therapy characteristics are shown in 
Tablee 3. Because of the small number of patients in the subgroup with severe 
comorbidityy (Davies risk score), the subgroups of patients with intermediate and 
severee comorbidity were combined. The following variables reached statistical 
significancee at a P-value of 0.20 in univariate relations and were presented to the 
Coxx model: age, primary renal disease, cardiovascular disease, comorbidity, residual 
glomerularr filtration rate, urinary urea, and creatinine appearance, systolic blood 
pressure,, mean arterial pressure, pulse pressure, heart rate, nPNA, serum albumin, 
plasmaa urea and creatinine, total Kt/Vurea, total and dialysate urea and creatinine 
appearance,, the use of antihypertensive medication, the Karnofsky index, and the 
SF-366 physical component summary score. The final Cox proportional hazards 
modelss for patient survival obtained by forward and backward selection were 
identical.. They showed that age, systolic blood pressure, and small solute 
appearancee were all significant predictors of death. Table 4 shows the model 
containingg total creatinine appearance as adequacy parameter. Similar results were 
obtainedd when total urea appearance was used instead (RR = 0.89 (95% CI, 0.81 to 
0.97)) per 100 mmol/week/ 1.73m2). Table 5 shows that both urinary and dialysate 
creatininee appearance were independent predictors of patient survival. Again, 
similarr results were obtained when urinary and dialysate urea appearance were used, 
althoughh the latter did not reach statistical significance (RR=0.86 (95% CI, 0.74 to 
1.00)) and RR=0.91 (95% CI, 0.80 to 1.02) per 100 mmol /week/1.7 3m2). 
Analogouss to this, similar results were obtained when pulse pressure was used 
insteadd of systolic blood pressure (RR= 1.43 (95% CI, 1.15 to 1.78) per 10 mm Hg). 
Theree were only small differences in the percentage of explained variance between 
thesee models, but the model shown in Table 5 was the best one, explaining 32% of 
thee variance in mortality. 

Thee addition of parameters reflecting clearance, such as total Kt/Vurea or total 
creatininee clearance, to a model containing age and systolic blood pressure resulted 
inn RRs of less than 1.00, but without reaching statistical significance (RR=0.94 
(95%% CI, 0.85 to 1.03) per 0.1 /week and RR=0.95 (95% CI, 0.87 to 1.03) per 5 
liter/week// 1.73m2). In multivariate analysis, systolic blood pressure was not 
associatedd with mortality when ESRD was caused by hypertension or renal vascular 
diseasee (RR=1.10 (95%'CI, 0.75 to 1.61) per 10 mm Hg). Conversely, when it was 
causedd by diabetes, the effect of systolic blood pressure was more pronounced 
(RR=2.544 (95% CI, 1.10 to 5.87) per 10 mm Hg). In patients of 65 years of age and 
olderr (N=30), age did not predict survival (RR=1.02 (95% CI, 0.89 to 1.18) 
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Figuree 1. Kaplan-Meier curves for the probability of patient survival (upper line), stay on dialysis (middle 
line),, and stay on peritoneal dialysis (bottom line). Death is the event in die patient survival curve, while 
transplantationn is a censored observation. Death and transplantation are the events in die stay on dialysis 
curve.. Death, transplantation and transfer to hemodialysis are all events in the stay on peritoneal dialysis 

Tablee 3. Mortality and relative risk of death of baseline characteristics in univariate Cox regression 

Factor Factor 
Mortality y 

1%L L 
Relative e 

Risk k 
95%% CI 

DemographicsDemographics and comorbidity 
Agee (1 year)11 

Gender r 

Primaryy renal disease3 

Diabetess mellitus 

Cardiovascularr disease1 

Daviess risk score" 

RenalRenal function 
Residuall  GFR (1 ml/min)' 
Renall  Kt/Vurea (0.1/wk) 
Renall  creatinine clearance (5 1/wk/1.73m2) 
Urinaryy urea appearance (100 mmol/wk/1.73m2)a 

Urinaryy creatinine appearance (1 mmol/wk/1.73m2)a 

Urinee volume (ml/24hr) 

female e 
male e 
DM M 

HT/RVD^ ^ 
GNe e 
other r 

present t 
absent t 

present t 
absent t 
gradee I 

gradee II/II I 

0 0 
> 0 & << 1000 

>1000 0 

26 6 
29 9 
42 2 
33 3 
5 5 

28 8 
42 2 
25 5 
47 7 
22 2 
18 8 
39 9 

44 4 
28 8 
23 3 

1.06 6 
0.88 8 
ref f 

7.61 1 
6.99 9 
ref f 

5.64 4 
1.60 0 
ref f 

2.00 0 
ref f 
ref f 

2.15 5 

0.90 0 
0.96 6 
0.97 7 
0.89 9 
0.98 8 
ref f 

0.57 7 
0.50 0 

1.022 -1.09 
0.433 - 1.83 

--
0.955 - 60.86 
0.888 - 55.19 

--
0.744 - 42.76 
0.766 - 3.36 

1.00-4.00 0 

--
1.04-4.43 3 

0.766 - 1.06 
0.888 -1.05 
0.911 -1.03 
0.79-1.01 1 
0.966 - 1.00 

--
0.20-1.66 6 
0.15-1.72 2 
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Tablee 3. Continued 

Factor Factor 
Mortality y 

(%) ) 
Relative e 

Risk k 
95%% CI 

Hemodynamics Hemodynamics 
Systolicc blood pressure (10 mm Hg) *  b 

Diastolicc blood pressure (10 mm Hg) 
Meann blood pressure (10 mm Hg)J 

Pulsee pressure (10 mm Hg) i 

Heartt rate (l/min) i 

NutritionalNutritional status 
Bodyy mass index (1 kg/m2) 
nPNA(0.1g/kg/24hr)*b b 

Leann body mass (1 %) 
Severee malnutrition 

LaboratoryLaboratory blood investigations 
Serumm albumin (1 g/l)a 

Hemoglobinn (1 g/dl) 
Plasmaa urea (1 mmol/1) * b 

Plasmaa creatinine (100 u.mol/1)a 

Therapy Therapy 

Kt/Vurea(0.l /wk) ) 

Creatininee clearance {5 1/wk/1.73m:) 

Ureaa appearance (100 mmol/wk/173m2) 

Creatininee appearance (1 mmol/wk/1.73m2) 

Highh peritoneal transpon status 

Fluidd removal (500 ml/24hr) 

Antihypertensivee medication'1 

Erythropoietinn use 

QualityQuality of life 

Karnofskyy index i 

SF-366 physical component summary score (1 point) 
SF-366 mental component summary score (1 point) 

present t 
absent t 

total3 3 

pentoneal l 
total l 

peritonea! ! 
to ta lll  b 

dialysate* * 
totall  >-b 

dii  ah/sate3 

present t 
absent t 

total l 
ultrafiltration n 

yes s 
no o 
yes s 
no o 

90-100 0 
70-80 0 
<70 0 

24 4 
26 6 

43 3 
26 6 

23 3 
38 8 
30 0 
23 3 

18 8 
33 3 
50 0 

1.25 5 
0.89 9 
1.18 8 
1.33 3 
1.03 3 

1.01 1 
0.77 7 
0.98 8 
0.79 9 
ref f 

0.94 4 
0.99 9 
0.93 3 
0.86 6 

0.93 3 
0.95 5 
0.96 6 
0.96 6 
0.88 8 
0.88 8 
0.96 6 
0.96 6 
1.55 5 
ref f 
1.02 2 
1.05 5 
0.57 7 
ref f 
1.25 5 
ref f 

ref f 
1.56 6 
2.38 8 
0.94 4 
1.02 2 

1.09--
0.66--
0.92--
1.16--
1.00--

0.91--
0.64--
0.94--
0.30--

0.89 9 
0.80 0 
0.88 8 
0.74 4 

0.85 5 
0.84 4 
0.89 9 
0.81 1 
0.81 1 
0.79 9 
0.94 4 
0.93 3 
0.64 4 

0.85 5 
0.86 6 
0.28 8 

0.58 8 

0.70 0 
0.93 3 
0.89 9 
0.98 8 

1.45 5 
1.21 1 
1.51 1 
1.54 4 
1.05 5 

1.11 1 
0.92 2 
1.02 2 
2.09 9 

0.99 9 
1.24 4 
0.98 8 
1.01 1 

1.02 2 
1.08 8 
1.03 3 
1.13 3 
0.96 6 
0.97 7 
0.99 9 
1.00 0 
3.77 7 

1.22 2 
1.27 7 
1.12 2 

2.69 9 

-3.47 7 
-6.09 9 
-0.99 9 
-1.06 6 

11 The relative risks of these parameters had a P < 0.20 in univariate analysis 
presentedd to the Cox model (results in Tables 4 and 5); b P < 0.01; c P 
hypertension/renall  vascular disease;e GN, glomerulonephritis. 

andd were subsequently 
<< 0.001; d HT/RVD, 
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Tablee 4. Multivariate Cox proportional hazards model for 
appearance. . 

Factor Factor 

Agee (1 year)J 

Systolicc blood pressure (10 mm Hg)b 

Totall  creatinine appearance (1 mmol/wk/1.73m2) > 

patientt survival using 

Relativee Risk 

1.06 6 
1.42 2 
0.95 5 

total l creatinine e 

95%% Confidence 
Interval l 

1.02-1.10 0 
1.17-- 1.73 
0.922 - 0.98 

Tablee 5. Multivariate Cox proportional hazards model for patient survival using urinary and dialysate 
creatininee appearance. 

Factor Factor 

Agee (1 year) 
Systolicc blood pressure (10 mm Hg) * 
Urinaryy creatinine appearance (1 mmol/wk/1.73m2)b 

Dialysatee creatinine appearance (1 mmol/wk/1.73m')b 

Rel l ativee Risk 

1.05 5 
1.42 2 
0.95 5 
0.93 3 

95%% Confidence 
Interval l 

1.011 - 1.09 
1.17-- 1.73 
0.922 - 0.98 
0.899 - 0.98 

11 P < 0.001; b P < 0.01 

perr year). The RRs of systolic blood pressure and creatinine appearance in this 
groupp were similar to those found in the total study population. 

TechniqueTechnique failure 
Two-yearr technique survival was 64%, and the three-year technique survival 

wass 53% (Fig. 2). In multivariate Cox regression using a forward selection strategy, 
totall  fluid removal was the only significant predictor of technique failure (RR=0.79 
(95%,, 0.68 to 0.93) per 500 ml per 24hr). Backward selection resulted in a Cox 
modell  with systolic blood pressure (RR=1.22 (95% CI, 1.05 to 1.41) per 10 mm 
Hg),, urine volume (>0 and <1000 ml/24hr, RR=0.49 (95% CI, 0.19 to 1.31); 
>10000 ml/24hr, RR=0.13 (95% CI, 0.04 to 0.48)), and peritoneal ultrafiltration 
(RR=0.733 (95% CI, 0.61 to 0.87) per 500 ml/24hr). These three variables explained 
16%% of the variance in technique failure. 
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Figuree 2. Kaplan-Meier curve for the probability of technique survival. Transfer to hemodialysis is the 
event;; death and transplantation are censored observations. 

Discussion n 

Usingg a Cox proportional hazards model, we prospectively studied the effect of 
baselinee covariates such as patient and treatment characteristics on patient and 
techniquee survival in a cohort of 118 new PD patients. Age, systolic blood 
pressure,, and urinary as well as dialysate creatinine appearance at three months 
afterr the start of dialysis were independent predictors of patient survival. These 
fourr parameters explained the variance in mortality for 32%. 

Inn the general population high blood pressure is a risk factor for cardiovascular 
morbidityy and mortality. Several studies have shown a relationship with stroke,32 34 

coronaryy heart disease 33"35 and cardiovascular death.34'36 In the older population, 
thee risk of complications of cardiovascular disease is dominated by the systolic 
bloodd pressure.37 Recent studies have shown that borderline isolated systolic 
hypertension344 and high pulse pressure 38 are also associated with an elevated risk of 
cardiovascularr death. Furthermore, treatment of isolated systolic hypertension 
reducess cardiovascular morbidity and mortality.39'40 In PD patients, Foley et al. have 
shownn a relationship between mean arterial blood pressure and cardiovascular 
morbidity,, but they could not establish an association between mean arterial blood 
pressuree and death.41 However, data from our study and from other studies 4'42 did 
showw a relationship between hypertension and death. The data from our study and 
thatt of Kemperman et al.42 also suggest that the effect of blood pressure on 
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survivall  is primarily mediated by the systolic pressure, as has been suggested for the 
elderlyy in the general population.37,42 The prevalence of systolic hypertension in 
ESRDD patients is high.43 In these patients, two specific causes of systolic 
hypertensionn are often present: increased arterial stiffness and fluid overload.44"4 

Arteriall  stiffness increases pulse wave velocity, thereby causing early wave 
reflections.. Consequently, reflected pressure waves reach the ascending aorta 
duringg systole instead of during diastole, which results in elevated systolic and 
decreasedd diastolic blood pressure.47,48 Fluid overload, a condition often present in 
PDD patients,49,50 causes an elevation of the systolic blood pressure and to a lesser 
extentt also of the diastolic blood pressure.51 In this study it is not possible to 
distinguishh between arterial stiffness and fluid overload as the cause of systolic 
hypertension.. However, high systolic blood pressure may accelerate large artery 
stiffnesss and thus perpetuate a vicious cycle.52 A rise in systolic pressure increases 
thee left ventricular afterload as well as the oxygen demand,47,48 and is related to left 
ventricularr hypertrophy.53 The latter condition is a predictor of mortality in ESRD 
patients.2,544 A reduction of the systolic blood pressure, by pharmacological therapy 
orr by the active treatment of fluid overload, may therefore be an important 
approachh to reduce the risk of death in PD patients. 

Off  the parameters representing small solute removal, both creatinine and urea 
appearancee were independent predictors of death, but creatinine appearance was 
slightlyy more powerful. However, the relative mortality risks associated with 
Kt/V ureaa and creatinine clearance did not reach statistical significance. These 
findingss make a case for the use of absolute mass removal parameters as markers of 
adequacyy instead of clearance parameters, provided plasma urea and creatinine are 
nott extremely high. Such an approach has been suggested previously.55"57 The 
clearancee concept, relating the solute mass transported across the membrane to the 
plasmaa concentration, has been developed to characterize the quality of a 
membrane,, but not to estimate the removal of waste products. Creatinine 
appearancee depends on both muscle mass and creatinine transport. In the 
CANUSAA study, creatinine appearance was used to calculate lean body mass.9,58 

Everyy percent of decrease in lean body mass, indicated by a lower creatinine 
appearance,, was associated with a 3% increase in the risk of death. We chose not to 
usee the percentage of lean body mass calculated by creatinine appearance as a 
parameterr of nutritional status because a number of patients in our study 
populationn had values of more than 100%. Moreover, lean body mass calculated by 
anthropometryy was not associated with patient survival, neither in univariate nor 
multivariatee analysis. The results of our study clearly indicate that small solute 
removall  by dialysis and small solute removal by residual renal function are both 
associatedd with a lower risk of death. A reduction in the risk of death by dialysis, 
separatee from the influence of residual renal function, could neither be shown for 
peritoneall  Kt/Vurea or peritoneal creatinine clearance in a recent reanalysis of the 
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CANUSAA data [abstract: Bargman JM, Pent Dial Int 18(Suppl 1):S12, 1998], nor 
forr peritoneal Kt/Vurea in a recently published study by Davies et al.14 

Previouss studies have found that comorbid conditions,2,4"9 serum albumin 
concentration,2,4,6,99 and parameters of nutritional status6,7,9 were all independent 
predictorss of survival in PD patients. We have not been able to confirm these 
results,, which is possibly due to a lack of statistical power. Relatively small studies 
suchh as this one may obtain nonsignificant results, whereas in reality a weak 
relationshipp does exist (Type II statistical error). However, despite this limited 
numberr of patients we were able to detect clinically relevant prognostic factors. An 
additionall  explanation for the lack of statistical significance of known prognostic 
factorss in the multivariate Cox model in our study may also be the fact that age, 
systolicc blood pressure and small solute removal partly explain their variance. 
Potentiall  causes in the case of specific parameters are discussed in the following 
paragraphs. . 

Inn our study, comorbidity risk was expressed by the Davies risk score, which 
takess into account both the presence and the type of comorbid conditions. 
Comorbidityy risk in relation to mortality may, however, better be expressed by an 
indexx that also considers the severity of comorbid conditions. The development of 
suchh an index would also improve the comparability of data between registries,59 as 
itt provides information on the case-mix of the group of patients under study.60 

Ourr data confirm the results of a previous Dutch single center study in PD 
patients,, in which serum albumin was only associated with patient survival in 
univariatee analysis but not in multivariate analysis.61 They also confirm the results 
off  Davies et al., who found that the association of plasma albumin with survival 
wass not statistically significant in multivariate analysis.14 In both these studies the 
numberr of patients was also relatively small. In case of serum albumin, the lack of 
statisticall  significance in our study may also have been caused by the use of 
differentt laboratory methods. 

Inn contrast to what has been suggested in some recent other studies,14,19"22 high 
transporterss of creatinine were not at a higher death risk in multivariate analysis. 
Wee determined D/P creatinine from 24-hour dialysate instead from a standard 
four-hourr peritoneal equilibration test This may have obscured a potential 
relationshipp between transport status and patient survival, because these methods 
producee different results despite a high Pearson correlation.62 However, also in the 
CANUSAA study peritoneal transport status was only borderline significant as a 
predictorr in the analysis restricted to patient survival.22 The fact that parameters of 
fluidd removal did not predict patient survival may be attributed to our lack of 
informationn on the fluid intake of the patients. 

Urinee volume, peritoneal ultrafiltration and systolic blood pressure were 
independentt predictors for technique failure, although they could explain its 
variancee for only 16%. This is probably due to the fact that peritonitis and other 
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technicall  complications during follow-up accounted for a majority of the technique 
failures.. These are not necessarily related to patient or therapy characteristics at 
threee months after the start of dialysis. However, our finding suggests that the 
inabilityy to maintain fluid balance is one of the criteria in the decision for transfer 
too HD. Relative early transfer to HD of patients with fluid overload may also be 
onee of the reasons why the presence of a high transport status was not associated 
withh an increased risk of death in our study. 

Itt can be concluded that high systolic blood pressure, an indicator of arterial 
stiffnesss and fluid overload, was associated with an increased RR of death. 
Furthermore,, small solute removal was an independent predictor of mortality. Both 
thee renal and the peritoneal component were associated with the risk of death. 
Creatininee appearance, reflecting both body composition and creatinine transport, 
wass a slightly more powerful predictor than urea appearance. The results of this 
studyy therefore show that both the maintenance of fluid balance and the removal 
off  small solutes deserve equal attention in the treatment of PD patients. 

References s 

1.. US Renal Data System: USRDS 1997 Annual Data Report. National Institutes of Health, National 
Institutee of Diabetes and Digestive and Kidney Diseases, Bethesda MD, 1997 

2.. Foley RN, Parfrey PS, Harnett JD, Kent GM, Martin CJ, Murray DC, Barre PE: Clinical and 
echocardiographicc disease in patients starting end-stage renal disease therapy. Kidney Int 47: 186-192, 
1995 5 

3.. Parfrey PS, Foley RN, Harnett JD, Kent GM, Murray D, Barre PE: Outcome and risk factors of 
ischemicc heart disease in chronic uremia. Kidney Int 49:1428-1434, 1996 

4.. Mailloux LU, Napolitano B, Belluci AG, Mossey RT, Vernace MA, Wilkes BM: The impact of co-
morbidd risk factors at the start of dialysis upon the survival of ESRD patients. ASAIO Journal 42:164-
169,1996 6 

5.. Khan IH, Campbell MK , Cantarovich D, Catto GRD, Delcroix C, Edward N, Fontenaille Ch, 
Flemingg LW, Gerlag PGG, Hamersvelt HW van, Henderson IS, Koene RAP, Papadimitriou M, Ritz 
E,, Russell IT, Stier E, Tsakiris D, MacLeod AM: Survival on renal replacement therapy in Europe: is 
theree a 'centre effect'? Nephrol Dial Transplant 11:300-307, 1996 

6.. Gamba G, Mejia JL, Saldivar S, Pefïa JC, Correa-Rotter R: Death risk in CAPD patients. Nephron 
65:23-27,, 1993 

7.. Genestier S, Hedelin G, Schaffer P, Faller B: Prognostic factors in CAPD patients: a retrospective 
studyoff  a 10-year period. Nephrol Dial Transplant 10:1905-1911, 1995 

8.. Davies SJ, Russell L, Bryan J, Phillips L, Russell GI: Comorbidity, urea kinetics, and appetite in 
continuouss ambulatory peritoneal dialysis patients: their interrelationship and prediction of survival. 
Amm J Kidney Dis 26:353-361, 1995 

9.. Churchill DN, Taylor DW, Keshaviah PR et al for the CANUSA Peritoneal Dialysis Study Group: 
Adequacyy of dialysis and nutrition in continuous peritoneal dialysis: association with clinical 
outcomes.. J Am Soc Nephrol 7:198-207, 1996 

10.. Gokal R, Jakubowski C, King J, Hunt L, Bogle S, Baillod R, Marsh F, Ogg C, Oliver D, Ward M, 
Wilkinsonn R: Outcome in patients on continuous ambulatory peritoneal dialysis and haemodialysis: 4-
yearr analysis of a prospective multicentre study. Lancet 2: 1105-1109, 1987 

11.. Serkes KD, Blagg CR, Nolph KD, Vonesh EF, Shapiro F: Comparison of patient and technique 
survivall  in continuous ambulatory peritoneal dialysis (CAPD) and hemodialysis: a multicenter study. 



86 86 Ojapter3.2 Ojapter3.2 

Peritt Dialint 10:15-19, 1990 
12.. Gentü MA, Carriazo A, Pavón MI , Rosado M, Castillo D, Ramos B, Algarra GR, Tejuca F, Banasco 

VP,, Milan JA: Comparison of survival in continuous ambulatory peritoneal dialysis and hospital 
haemodialysis:: a multicentric study. Nephrol Dial Transplant 6:444-451, 1991 

13.. Maiorca R, Cancarini GC, Zubani R, Camenni C, Manili L, Brunon G, Movill i E: CAPD viability: a 
long-termm comparison with hemodialysis. Pent Dial Int 16:276-287, 1996 

14.. Davies SJ, Phillips L, Russell GI: Peritoneal solute transport predicts survival on CAPD independently 
off  residual renal function. Nephrol Dial Transplant 13:962-968, 1998 

15.. Blake PG, Flowerdew G, Blake RM, Oreopoulos DG: Serum albumin in patients on continuous 
ambulatoryy peritoneal dialysis - predictors and correlations with outcomes. J Am Soc Nephrol 3:1501-
1507,, 1993 

16.. Maiorca R, Brunori G, Zubani R, Cancarini GC, Manili L, Camerini C, Movill i E, Pola A, d'Avolio G, 
Gelattii  U: Predictive value of dialysis adequacy and nutritional indices for mortality and morbidity in 
CAPDD and HD patients. A longitudinal study. Nephrol Dial Transplant 10:2295-2305, 1995 

17.. NKF-DOQI peritoneal dialvsis adequacy work group: Adequate dose of peritoneal dialvsis. Am j 
Kidneyy Dis 30 (Suppl 2):S86-S92, 1997 

18.. Coles GA: Have we underestimated the importance of fluid balance for the survival of PD patients? 
Pentt Dial Int 17:321-326, 1997 

19.. Wu CH, Huang CC, Huang JY, Wu MS, Leu ML: High flux peritoneal membrane is a risk factor in 
survivall  of CAPD treatment. Adv Pent Dial 12:105-109, 1996 

20.. Fried L: Higher membrane permeability predicts poorer patient survival. Pent Dial Int 17:387-389, 
1997 7 

21.. Wang T, Heimbiirger O, Waniewski J, Bergström J, Lindholm B: Increased peritoneal permeability is 
associatedd with decreased fluid and small-solute removal and higher mortality in CAPD patients. 
Nephroll  Dial Transplant 13:1242-1249, 1998 

22.. Churchill DN, Thorpe KE, Nolph KD, Keshaviah PR, Oreopoulos DG, Page D for the Canada-USA 
(CANUSA)) Peritoneal Dialysis Study Group: Increased peritoneal membrane transport is associated 
withh decreased patient and technique survival for continuous pentoneal dialysis patients. J Am Soc 
Nephroll  9:1285-1292, 1998 

23.. Dumin J VGA, Womersley J: Body fat assessed from total body density and its estimation from 
skinfoldd thickness: measurements on 481 men and women aged from 16 to 72 years. Br J Nutr 32:77-
97,, 1974 

24.. Bergström J, Fiirst P, Alvestrand A, Lindholm B: Protein and energy intake, nitrogen balance and 
nitrogenn losses in patients treated with continuous ambulatory peritoneal dialysis. Kidney Int 44:1048-
1057,, 1993 

25.. Harty JC, Boulton H, Curwell J, Heelis N, Uttley L, Venning MC, Gokal R: The normalized protein 
catabolicc rate is a flawed marker of nutrition in CAPD patients. Kidney Int 45:103-109, 1994 

26.. Watson PE, Watson ID, Batt RD, Phil D: Total body water volumes for adult males and females 
estimatedd from simple anthropometric measurements. Am J Clin Nutr 33:27-39, 1980 

27.27. Twardowski ZJ, Nolph KD, Khanna R, Prowant BF, Ryan LP, Moore HL, Nielsen MP: Pentoneal 
equilibrationn test. Pent Dial Bull 7:138-147, 1987 

28.. Karnofsky DA, Burchenal JH The clinical evaluation of chemotherapeutic agents in cancer, in 
Evaluationn of Chemotherapeutic Agents, edited by McLeod CM, New York, Columbia University 
Press,, pp 191-205, 1949 

29.. Ware JE, Snow KK, Kosinski M, Gandek B: SF-36 health survey manual and interpretation guide. 
Boston,, MA, Health Institute, 1993 

30.. Wrare JE, Kosinski M, Keller SD: SF-36 physical and mental health summary scales: a user's manual 
(2ndd printing, revised), Boston, MA, Health Institute, 1994 

31.. Nagelkerke NJD: A note on a general definition of the coetticient of determination. Biometnka 
78:691-692,, 1991 

32.. Kannel WB, Wolf PA, Verter J, McNamara PM: Epidemiologic assessment of the role of blood 
pressuree in stroke. JAMA 214:301-310, 1970 

33.. MacMahon S, Peto R, Cutler J, Collins R, Sorlie P, Neaton J, Abbott R, Godwin J, Dyer A, Stamler J: 



PeritonealPeritoneal dialysis 87 87 

Bloodd pressure, stroke, and coronary heart disease. Part 1, prolonged differences in blood pressure: 
prospectivee observational studies corrected for the regression dilution bias. Lancet 335:765-774, 1990 

34.. OTJonnell CJ, Ridker PM, Glynn RJ, Berger K, Ajani U, Manson JAE, Hennekens CH: Hypertension 
andd borderline isolated systolic hypertension increase risks of cardiovascular disease and mortality in 
malee physicians. Circulation 95:1132-1137, 1997 

35.. Wilson PWF, Anderson KM, Castelli WP, Kannel WB: Twelve-year incidence of coronary heart 
diseasee in middle-aged adults during the era of hypertensive therapy: the Framingham offspring study. 
Amm J Med 90:11-16, 1991 

36.. Collins R, Peto R, MacMahon S, Hebert P, Fiebach NH, Eberlein KA, Godwin J, Qizilbash N, Taylor 
JO,, Hennekens CH: Blood pressure, stroke and coronary heart disease. Part 2, short-term reductions 
inn blood pressure: overview of randomised drug trials in their epidemiological context. Lancet 335: 
827-838,, 1990 

37.. Vokonas PS, Kannel WB, Cupples LA: Epidemiology and risk of hypertension in the elderly: the 
Framinghamm study. J Hypertens 6 (Suppl 1):S3-S9, 1988 

38.. Benetos A, Safar M, Rudnichi A, Smuiyan H, Richard JL, Ducimetière P, Guize L: Pulse pressure. A 
predictorr of long-term cardiovascular mortality in a French male population. Hypertension 30:1410-
1415,, 1997 

39.. Kostis JB, Davis BR, Cutler J, Grimm RH, Berge KG, Cohen JD, Lacy CR, Perry HM, Blaufox MD, 
Wassertheil-Smollerr S, Black HR, Schron E, Berkson DM, Curb JD, Smith WM, McDonald R, 
Applegatee WB for the SHEP Cooperative Research Group: Prevention of heart failure by 
antihypertensivee drug treatment in older persons with isolated systolic hypertension. JAMA 278:212-
216,1997 7 

40.. Staessen JA, Fagard R, Thijs L, Celis H, Arabidze GG, Birkenhager WH, Bulpitt CJ, de Leeuw PW; 
Dolleryy CT, Fletcher AE, Forette F, Leonetti G, Nachev Q O'Brien ET, Rosenfeld J, Rodicio JL, 
Tuomilehtoo J, Zanchetti A for the Systolic Hypertension in Europe (Syst-Eur) Trial Investigators: 
Randomisedd double-blind comparison of placebo and active treatment for older patients with isolated 
systolicc hypertension. Lancet 350:757-764, 1997 

41.. Foley RN, Parfrey PS, Harnett JD, Kent GM, Murray DC, Barre PE: Impact of hypertension on 
cardiomyopathy,, morbidity and mortality in end-stage renal disease. Kidney Int 49:1379-1385, 1996 

42.. Kemperman FAW, Leusen R van, Liebergen FJHM van, Oosting J, Boeschoten EW, Struijk DG, 
Krediett RT, Arisz L: Continuous ambulatory peritoneal dialysis (CAPD) in patients with diabetic 
nephropathy.. Neth J Med 38:236-245, 1991 

43.. Raine AEG, Margreiter R, Brunner FP, Ehrich JHH, Geerlings W, Landais P, Loirat C, Mallick NP, 
Selwoodd NH, Tufveson G, Valderrabano F: Report on management of renal failure in Europe, XXII , 
1991.. Nephrol Dial Transplant 7 (Suppl 2):7-35, 1992 

44.. London G, Guerin A, Pannier B, Marchais S, Benetos A, Safar M: Increased systolic pressure in 
chronicc uremia: role of arterial wave reflections. Hypertension 20:10-19, 1992 

45.. London G, Marchais S, Guerin AP: Blood pressure control in chronic hemodialysis patients, chapter 
377 in Replacement of renal function by dialysis, edited by Jacobs C, Kjellstrand CM, Koch KM , 
Winchesterr JF, fourth edition, Norwell MA, Kluwer Academic Publishers, 1996 

46.. Mourad JJ, Girerd X, Boutouyrie P, Laurent S, Safar M, London G: Increased stiffness of radial artery 
walll  materia] in end-stage renal disease. Hypertension 30:1425-1430, 1997 

47.. OHourke MF, Kelly RP: Wave reflection in the systemic circulation and its implications in ventricular 
function.. J Hypertens 11:327-337, 1993 

48.. Westerhof N, 0"Rourke MF: Haemodynamic basis for the development of left ventricular failure in 
systolicc hypertension and for its logical therapy. J Hypertens 13: 943-952, 1995 

49.. Rottembourg j : Residual renal function and recovery of renal function in patients treated by CAPD. 
Kidneyy Int 43 (Suppl 40):S-106-S-110, 1993 

50.. Wong KC, Xiong DW, Kerr PG, Borovnicar DJ, Stroud DB, Atkins RC, Strauss BJG: Kt/V in 
CAPDD by different estimations of V. Kidney Int 48:563-569, 1995 

51.. Tzamaloukas AH, Saddler MC, Murata GH, Malhotra D, Sena P, Simon D, Hawkins KL, Morgan K, 
Nevarezz M, Wood B, Elledge L, Gibel LJ: Symptomatic fluid retention in patients on continuous 
peritoneall  dialysis. J Am Soc Nephrol 6:198-206, 1995 



88 88 ChapterChapter 3.2 

52.. Franklin SS, Gustin W, Wong ND, Larson MG, Weber MA, Kannel WB, Lew D: Hemodynamic 
patternss of age-related changes in blood pressure. The Framingham heart study. Circulation 96:308-
315,, 1997 

53.. Saba PS, Roman MJ, Pini R, Spitzer M, Ganau A, Devereux RB: Relation of arterial pressure 
waveformm to left ventricular and carotid anatomy in normotensive subjects. J Am Coll Cardiol 
22:1873-1880,, 1993 

54.. Silberberg JS, Barre PE, Prichard SS, Sniderman AD: Impact of left ventricular hypertrophy on 
survivall  in end-stage renal disease. Kidney Int 36:286-290, 1989 

55.. Krediet RT, Koomen GCM, Struijk DG, Olden RW van, Imholz ALT, Boeschoten EW: Pr.xaic.il 
methodss for assessing dialysis efficiency during peritoneal dialysis. Kidney Int 46 (Suppl 48):S-7-S-13, 
1994 4 

56.. Ronco C, Conz P, Agostini F, Bosch JP, Lew SQ, La Greca G: The concept of adequacy in pentone.il 
dialysis.. Pent Dial Int 14 (Suppl 3): S93-S98, 1994 

57.. Henderson LW: Why do we use clearance ? Blood Punf 13:283-288, 1995 
58.. Keshaviah PR, Nolph KD, Moore HL, Prowant B, Emerson PF, Meyer M, Twardowski ZJ, Khanna 

R,, Ponferrada L, Collins A: Lean body mass estimation by creatinine kinetics. J Am Soc Nephrol 
4:1475-1485,, 1994 

59.. Marcelli D, Stannard D, Conte F, Held PJ, Locatelli F, Port FK: ESRD patient mortality with 
adjustmentt for comorbid conditions in Lombardy (Italy) versus the United States. Kidney Int 50:1013-
1018,, 1996 

60.. Greenfield S, Sullivan L, Silliman RA, Dukes K, Kaplan SH: Principles and practice of case mix 
adjustment:: applications to end-stage renal disease. Am J Kidney Dis 24:298-307, 1994 

61.. Struijk DG, Krediet RT, Koomen GCM, Boeschoten EW, Arisz L: The effect of serum albumin at 
thee start of continuous ambulatory peritoneal dialysis treatment on patient survival. Pent Dial Int 
14:121-126,, 1994 

62.. Rocco MV, Jordan JR, Burkart JM: 24-hour dialysate collection for the determination of peritoneal 
membranee transport characteristics: longitudinal follow-up data for the dialysis adequacy and transport 
testt PATT). Pent Dial Int 16:590-593,1996 

http://Pr.xaic.il
http://pentone.il

