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Abstract. Small-solute clearance targets for peritoneal dialysis
(PD) have been based on the tacit assumption that peritoneal
and rena clearances are equivalent and therefore additive.
Although severa studies have established that patient survival
is directly correlated with renal clearances, there have been no
randomized, controlled, interventional trials examining the ef-
fects of increases in peritoneal small-solute clearances on pa-
tient survival. A prospective, randomized, controlled, clinical
trial was performed to study the effects of increased peritoneal
small-solute clearances on clinical outcomes among patients
with end-stage rena disease who were being treated with PD.
A total of 965 subjects were randomly assigned to the inter-
vention or control group (in a 1:1 ratio). Subjectsin the control
group continued to receive their preexisting PD prescriptions,
which consisted of four daily exchanges with 2 L of standard
PD solution. The subjects in the intervention group were
treated with a modified prescription, to achieve a peritoneal
creatinine clearance (pCrCl) of 60 L/wk per 1.73 m? The
primary endpoint was death. The minimal follow-up period
was 2 yr. The study groups were similar with respect to
demographic characteristics, causes of renal disease, preva-
lence of coexisting conditions, residual rena function, perito-
neal clearances before intervention, hematocrit values, and
multiple indicators of nutritional status. In the control group,
peritoneal creatinine clearance (pCrCl) and peritonea urea
clearance (Kt/V) values remained constant for the duration of

the study. In the intervention group, pCrCl and peritoneal Kt/V
values predictably increased and remained separated from the
values for the control group for the entire duration of the study
(P < 0.01). Patient survival was similar for the control and
intervention groups in an intent-to-treat analysis, with a rela-
tive risk of death (intervention/control) of 1.00 [95% confi-
dence interval (Cl), 0.80 to 1.24]. Overall, the control group
exhibited a 1-yr survival of 85.5% (Cl, 82.2 to 88.7%) and a
2-yr survival of 68.3% (Cl, 64.2 to 72.9%). Similarly, the
intervention group exhibited a 1-yr survival of 83.9% (ClI, 80.6
to 87.2%) and a 2-yr survival of 69.3% (Cl, 65.1 to 73.6%). An
as-treated analysis revealed similar results (overal relative risk
= 0.93; Cl, 0.71 to 1.22; P = 0.6121). Mortdlity rates for the
two groups remained similar even after adjustment for factors
known to be associated with survival for patients undergoing
PD (e.g., age, diabetes mellitus, serum albumin levels, normal-
ized protein equivalent of total nitrogen appearance, and an-
uria). This study provides evidence that increases in peritoneal
small-solute clearances within the range studied have a neutral
effect on patient survival, even when the groups are stratified
according to a variety of factors (age, diabetes mellitus, serum
albumin levels, normalized protein equivalent of total nitrogen
appearance, and anuria) known to affect survival. No clear
survival advantage was obtained with increases in peritoneal
small-solute clearances within the range achieved in this study.

The role of small-solute clearances, determined on the basis of
creatinine and urea kinetics, in influencing outcomes among
patients undergoing dialysisis under increased scrutiny (1-14).
Clinical treatment guidelines proposed by professional renal
societies have consistently emphasized small-solute clearance
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targets as a prominent component of the overall adequacy of
renal replacement therapy (3,15-17). In most cases, these
targets are based on the interpretation of observational studies
(1,2,4,7-9,12-14,18-24). Although surveys of adequacy mea-
sures have demonstrated progressively more patients achieving
higher clearance targets with time, they have also identified a
significant proportion of patients who are unable to achieve the
higher targets (25-27). Furthermore, there is a risk that these
targets, which are unsubstantiated by controlled studies, could
become institutionalized by regulatory and governmental
agencies.

For peritoneal dialysis (PD), small-solute clearance targets
have often been established on the basis of the tacit assumption
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that peritoneal and renal clearances are equivalent and there-
fore additive (1,3,10,14,16,17,19,22,23). Total small-solute
clearance targets not only have been defined differently by
various expert nephrology committees (3,15-17) but also have
been modified with time by given committees (3,15). The
quality of the evidence on which recommendations for clear-
ance targets are based has come under increasing scrutiny
(1,5,6). Most studies that examined the relationship between
small-solute clearances and mortality rates noted that patient
survival was directly correlated with rena clearance
(1,2,7,9,11,12,14,23). The contribution of peritoneal clearance
has remained unclear (1,2,12,18,23). However, the assumption
that renal and peritoneal clearances are additive continues to
prevail and drive clinical guidelines that influence current
clinical practice (3,15-17). This hypothesis has become so
widely accepted that even studies that demonstrate no effect of
peritoneal small-solute clearances on outcomes have been in-
terpreted as indicating that maintained levels of total clearance
(renal plus peritoneal) determine survival (28). Furthermore,
this hypothesis has fostered the idea that, as the contribution of
renal clearance decreases with time, it can be replaced in its
effect on survival by increases in peritoneal clearances
(3,15-17).

The perceived need to enhance peritoneal clearance in-
creases the logistic burden of therapy. The drive for higher
volumes and/or more exchanges has resulted in more cost,
lower quality of life, increased rates of withdrawal because of
an inability to meet defined targets, reluctance to initiate PD
for large or anuric patients, and attempts to develop technolo-
gies that would enhance peritoneal small-solute clearances.
What has heretofore been missing is a prospective, random-
ized, controlled, interventional examination of the effects of
increased peritoneal small-solute clearances (beyond a stan-
dard minimal prescription) on survival for patients undergoing
PD.

Materials and Methods
Sudy Design

We conducted a prospective, randomized, controlled, clinical trial
called ADEMEX (ADEquacy of PD in MEXico), which examined the
effects of increased PD small-solute clearances on mortality rates
among patients with end-stage renal disease (ESRD) who were being
treated with continuous ambulatory PD (CAPD). The study protocol
was approved by the local clinical research committees of al partic-
ipating centers, and all study subjects gave written informed consent.
Patients were recruited from 24 dialysis centersin 14 Mexican cities.
Twenty-one of the dialysis centers were part of the Instituto Mexicano
del Seguro Social, and two were part of the Instituto de Seguridad y
Servicios Sociales de los Trabajadores del Estado. The remaining
center was the Instituto Naciona de Ciencias Médicas y Nutricion
Salvador Zubiran in Mexico City. Between June 1998 and May 1999,
the study enrolled 965 patients undergoing CAPD, who were random-
ized into the control group or the intervention group. By design, the
study was terminated in May 2001, when the last enrolled patient had
completed 2 yr of follow-up monitoring. With an intent-to-treat (ITT)
analysis, the total number of patient-months at risk was 10,464.7
patient-mo for the control group (mean follow-up period, 21.6 mo)
and 10,629.0 patient-mo for the intervention group (mean follow-up
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period, 22.1 mo). As-treated follow-up periods averaged 18.9 mo for
the control group and 18.8 mo for the intervention group. The study
was performed in Mexico because the only prescription available at
the time of study initiation was CAPD with four exchanges of 2 L
daily.

Power Calculations

With atarget sample of 800 patients (400 patients/group), the study
was originally powered at 80% to detect a 5% absolute difference in
1-yr surviva or, equivalently, a 30% reduction in the mortality rate
[relative risk (RR) = 0.70]. This was based on the assumptions that
the mortality rate for the control group would be 23 deaths/100
patient-yr, that the accrual period would be 4 mo, and that there would
be 2 yr of follow-up monitoring from the date on which the last patient
was enrolled. The final sample size of 965 patients exceeded the
original study plan and, with the aforementioned assumptions, actu-
aly yields a power of 90% (power = 0.895) to detect a 30% reduction
in the mortality rate or, aternatively, a power of nearly 75% (power
= 0.742) to detect a 25% reduction in the mortality rate (RR = 0.75).
The mortality rate of 23 deaths/100 patient-yr was based on the
assumptions that new patients would average 17 deaths/100 patient-
yr, prevalent dialysis patients would average 25 deaths/100 patient-yr,
and 25% of the patients would be new patients. In actudity, the
observed mortality rate for the control group was 18 deaths/100
patient-yr (157 deaths in 10,464.7 patient-mo) and accrual required 1
yr, thus extending the total length of the study to nearly 3 yr. Under
these actual conditions, the final sample of 965 patients (484 control,
481 test) provides an observed power of 85% to detect a 30%
reduction in the mortality rate (RR = 0.70) and nearly 70% power
(power = 0.69) to detect a 25% reduction in the mortality rate (RR =
0.75). Therefore, with the extended accrual and observation periods
and the increased number of patients, the study achieved an “ observed
power” sufficient to detect a reduction in the mortality rate of 25 to
30%, which is similar to that targeted in the hemodialysis study (29).

Selection of Patients

Study subjects were recruited primarily via screening of patients
with ESRD who were treated with PD at the participating centers.
Chronically treated and new (within 3 mo after initiation of PD)
patients were dligible for participation if they met the inclusion and
exclusion criteria. All patients who were between 18 and 70 yr of age
were eligible if they were undergoing CAPD (with a prescription of
four dally exchanges of 2 L) and exhibited measured peritoneal
creatinine clearance (pCrCl) values of <60 L/wk per 1.73 m?, irre-
spective of their residual renal function. Patients who were unable to
give informed consent, were seropositive for hepatitis B or HIV, were
receiving immunosuppressive drugs, had active malignancies, abdom-
inal hernias, or cardiac failure, or had experienced a peritonitis epi-
sode =1 mo before being screened for the study were excluded.

Randomization

A total of 965 subjectsin 24 centers were randomly assigned to the
intervention or control group (in a 1:1 ratio) through a central ran-
domization center. Subjects in the control group continued with their
existing PD prescriptions, which consisted of four daily exchanges of
2 L of standard PD solution (the only prescription available in Mex-
ico). Subjects randomized to the intervention group were prescribed a
modified PD regimen to achieve a pCrCl value of 60 L/wk per 1.73
mZ2. Only two prescription modifications to achieve that target were
allowed for each patient. The first new prescription was based on body
size; patients with a body surface area (BSA) of =1.78 m? received a
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prescription of four exchanges of 25 L in 24 h (4 X 25 L) and
patients with a BSA of >1.78 m? received a prescription of four
exchanges of 3.0 L in 24 h (4 X 3.0 L). A BSA of 1.78 m?
corresponds to the value separating the highest tertile of the BSA
distribution for an unselected population of patients undergoing PD in
Mexico from the middle tertile. After 2 mo of this therapy, pCrCl was
measured again. If the patients had reached the pCrCl target with the
first prescription change, they continued with the same regimen for
the remainder of the study, provided that they tolerated the increased
fill volume. Patients who failed to reach the clearance goal and who
manifested no intolerance for the increased fill volumes wereissued a
second modified prescription, which was also based on body size.
Patients with a BSA of =1.78 m? received a second prescription of
five exchanges of 25 L in 24 h (5 X 25 L), with the aid of an
automated nighttime exchange device (Quantum; Baxter Healthcare
Corp., Deerfield, IL). Similarly, patients with a BSA of >1.78 m?
who did not reach the clearance target but tolerated the 3.0-L dwell
volumes received five exchanges of 3.0 L in 24 h (5 X 3.0 L), with
the aid of an automated nighttime exchange device (Quantum).

Patients with a BSA of >1.78 m? who achieved a pCrCl above the
clearance target but were intolerant of the increased fill volumes
underwent prescription modification as follows: if the achieved pCrCl
was >70 L/wk per 1.73 m?, the prescription was modified to four
exchanges of 2.5 L; if the achieved pCrCl was between 60 and 70
L/wk per 1.73 m?, the prescription was modified to two exchanges of
25 L (morning and afternoon) and two exchanges of 3.0 L (evening
and night). Patients with a BSA of >1.78 m? who did not reach the
clearance target and did not tolerate the 3.0-L dwell volumes received
three exchanges of 2.5 L (morning, afternoon, and evening) and two
exchanges of 3.0 L with Quantum (night).

Sudy Endpoints

Death was the primary endpoint for the study. The secondary
endpoints were hospitalizations, therapy-related complications, cor-
rection of anemia, and effects on nutritional status (as determined on
the basis of normalized protein equivalent of total nitrogen appearance
[nPNA] measurements and serum abumin, prealbumin, and trans-
ferrin concentrations). Primary and secondary outcome events
(deaths, hospitalizations, and clinical events) were counted from the
time of randomization, whereas clinical and laboratory features were
assessed at scheduled intervals after randomization for the control
group and after stabilization of the dialysis prescription for the inter-
vention group.

Clinical and Biochemical Assessments

Follow-up visits were scheduled at 2-mo intervals, beginning im-
mediately after randomization for the control group and after stabili-
zation with afinal prescription for the intervention group. At baseline
and at each of these visits, aclinical history assessment and a physical
examination were performed. Laboratory assessments were completed
at every other follow-up visit (every 4 mo). At those times, the
patients brought in 24-h dialysate and urine collections, for clearance
measurements, and blood samples were obtained. Hematologic fea-
tures, serum electrolyte, calcium, and phosphate levels, aminotrans-
ferase levels, and bilirubin concentrations were measured in the local
laboratories of the participating centers. Serum samples, as well as
aliquots of dialysate and urine, were sent to the coordinating center for
measurement of glucose levels, blood urea nitrogen levels, and cre-
atinine levels [for Kt/V and creatinine clearance (CrCl) calculations],
as well as cholesterol, triglyceride, HDL, and LDL levels, with
conventional techniques (Synchron CX-5 analyzer; Beckman, Brea,
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CA). Albumin, prealbumin, and transferrin levels were measured by
nephelometry (Array; Beckman). Peritoneal transport characteristics
were determined at baseline for al patients (while they were receiving
a standard 4 X 2 L CAPD regimen) with the dialysis adequacy and
transport test (DATT), the results of which were demonstrated in the
same population to be closely correlated with the classification of
peritoneal transport with the peritoneal equilibration test (PET) (30).

Monitoring

Patient compliance was ascertained via dialysate bag counts during
unscheduled home visits, taking into account the number of bags
delivered and the expected utilization (based on the prescription).
Patient noncompliance was also assessed at each office/clinic visit, in
an interview with the attending nurse or physician. Patients were
asked how many exchanges they had missed in the week before the
current visit, and the results were recorded for analysis. Finally, serum
creatinine levels were recorded as a more objective measure of com-
pliance. Adverse events and deaths were monitored by a safety com-
mittee and an interim analysis was performed at a scheduled time, to
ensure patient safety.

Satistical Analyses

Overall patient survival analysis was performed by using life-table
techniques, with comparisons made on the basis of the log-rank test
(31,32). Adjustments for baseline differences in demographic charac-
teristics and comorbid conditions and for differences in nutritional
parameters were performed by using the Cox proportional-hazards
model (31-34). The model makes use of both time-independent and
time-dependent covariates. To account for possible nonproportional
hazards, a piecewise exponential survival model (or interval Poisson
regression) with time-dependent covariates was also used to compare
the RR between the intervention and control groups at 6-mo intervals
(32). All primary analyses were performed using an ITT approach. In
the ITT analysis, al patients randomized to the intervention and
control groups were analyzed and compared, regardless of the actual
dialysis prescription achieved by each patient (i.e., regardiess of
whether patients in the intervention group achieved a target pCrCl of
60 L/wk per 1.73 m?). To safeguard against informative censoring,
patient follow-up data with respect to death were maintained until the
study end date for all patients who switched to aternative forms of
diaysis (either hemodialysis or PD). Therefore, in the ITT anaysis,
patient survival times were censored only when patients received a
transplant, experienced a return of renal function, were lost to fol-
low-up monitoring, or completed the study. An as-treated analysis
was also performed, in which patients were censored if they withdrew
from the study alive on or before May 6, 2001, regardliess of the
reason for withdrawal. In this analysis, patient data were analyzed
according to the treatment group to which the patients were random-
ized but follow-up monitoring ceased upon death, withdrawal from
the study, or May 6, 2001, whichever came first.

In addition to providing an overall comparison of patient survival
data, ITT analyses were performed for select subgroups of patients.
Two subgroups were formed, on the basis of patient baseline serum
albumin concentrations and baseline NPNA values. For serum albumin
levels, the two subgroups corresponded to patients with baseline
serum albumin levels of <3.0 and =3.0 g/dl. With respect to nPNA,
the two subgroups corresponded to patients with nPNA values of
<0.80 g/kg per d and =0.80 g/kg per d. Another subgroup analysis
examined whether cases were prevalent or incident at the time of
study initiation. Incident cases included all patients for whom dialysis
was initiated =3 mo before the time of randomization. Analyses were
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also performed with stratification according to diabetic status (diabe-
tes mellitus or no diabetes mellitus) and age (<50 or =50 yr).
Separate analyses were performed with adjustments for possible cen-
ter-to-center differences. Lastly, a separate analysis was performed for
patients who were functionally anephric (GFR of <1 ml/min) at
baseline.

Hospitalization and infection rates (e.g., hospital admissions per
patient-years and peritonitis episodes per patient-years) were analyzed
by using Poisson regression techniques for count data. Corrections for
overdispersed Poisson counts were incorporated as necessary, includ-
ing the use of y-Poisson regression (or negative binomial regression)
for peritonitis rates (35,36).

Linear models for repeated measures, including ANOVA and linear
mixed-effects models, were used to analyze continuous measurements
recorded repeatedly with time (37,38). Both normal theory likelihood
methods and semiparametric generalized estimating equations were
applied, using regression procedures included in the SAS software
system (39). Specifically, a repeated-measures ANOVA, incorporat-
ing the effects of time, treatment, and their interaction, was performed
with generalized estimating equations. With this model, |east-squares
means at each time point were computed and compared for the
intervention and control groups, and a test was performed to deter-
mine whether there was any significant treatment-time interaction. In
the absence of such an interaction, overal |east-squares means across
time were computed and compared for the two treatment groups,
using a main-effects ANOVA model. As a precaution against poten-
tial bias resulting from nonignorable missing data attributable to
patient withdrawal, a conditional mixed-effects regression analysis
was performed in which the outcome variable was modeled as a
quadratic function of time, conditional on patient withdrawal times
(37,38). This model was used to assess whether there were any linear
or quadratic trends with time and whether such trends were the same
for the intervention and control groups when data were adjusted for
patient withdrawal times. Using this model, time-averaged values for
the intervention and control groups were also computed and compared
on the basis of least-squares means evaluated at the average with-
drawal times for the two groups. For both analyses, an exchangeable
correlation structure was assumed to account for correlation across
observations recorded for the same patient. However, to safeguard
against possible misspecification of this assumed correlation structure,
al comparisons were performed by using a robust estimate of the
standard errors.

For discrete variables, Pearson’s x? test and Fisher’ s exact test were
used to compare baseline characteristics (e.g., gender and diabetic
status) for patients in the intervention and control groups. The t test
and Wilcoxon's rank-sum test were used to compare baseline differ-
ences between the intervention and control groups for continuous
measurements (e.g., baseline serum albumin levels and NnPNA values).

Finaly, asingleinterim ITT analysis was performed approximately
1 yr after the enrollment phase of the study. The method of O’Brien
and Fleming (40) was used to compute the interim P value necessary
to terminate the study in favor of the intervention group, demonstrat-
ing significantly better patient survival.

Results
Baseline Characteristics of the Patients

Between June 1998 and May 1999, 965 patients undergoing
CAPD were enrolled in the study and were randomized into the
control or intervention group. Baseline clinical and laboratory
parameters are summarized in Tables 1 and 2. The study
groups were similar with respect to demographic characteris-
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tics, causes of renal disease, prevalence of coexisting condi-
tions, residual renal function, peritoneal clearances before in-
tervention, hematocrit values, and multiple indicators of
nutritional status. Total (renal plus peritoneal) CrCl values and
total Kt/V values were similar for the control and intervention
groups (total CrCl, 61.8 = 26.3 versus 59.8 + 20.2 L/wk per
1.73 m?; total Kt/V, 1.95 = 0.67 versus 1.93 + 0.57; mean =
SD; P = NYS). Less than 40% of the patients in either group
reached or exceeded a total CrCl of 60 L/wk per 1.73 m? or a
total Kt/V of 2.0. The incidences of preexisting ischemic heart
disease (control, 4.3%; intervention, 3.1%) and stroke (control,
1.7%,; intervention, 1.5%) were similar for the two groups.
These findings illustrate the success of the randomization
procedure.

Assessment of Intervention Effects

Patients in the control group continued to receive four daily
exchanges of 2 L for the duration of the study. In the inter-
vention group, 64% of the patients were assigned four daily
exchanges of 2.5 L and 36% of the patients received four daily
exchanges of 3 L at the time of the first prescription. Addi-
tional changes were made with the second prescription, with 85
patients (22%) in the intervention group being assigned afifth
daily exchange (with the aid of a nighttime exchange device).
In the intervention group, the total prescribed daily dialysate
volume was 10 L for 37% of the patients, 11 L for 20%, 12 L
for 21%, 12.5 L for 8%, and 15 L for 14%.

Among the patients in the control group, pCrCl and perito-
neal urea clearance (pKt/V) values remained constant, at near-
baseline levels, for the duration of the study (Figures 1 and 2).
In the intervention group, pCrCl and pKt/V values predictably
increased and remained separated from the measurements for
the control group for the entire duration of the study (P <
0.01). In the intervention group, 59% of the patients achieved
a pCrCl of =60 L/wk per 1.73 m?, and 78% reached a total
CrCl at or above this level. A dlightly higher percentage of
patients in the intervention group (83%) reached or exceeded a
total Kt/V of 2.0.

To further examine the separation in achieved peritoneal
clearances between the two groups, we compared the tertile-
defining values for pCrCl and pKt/V in the two groups. We
computed the average postrandomization pKt/V and pCrCl
values for each patient in the intervention and control groups.
Using these values, we then computed the corresponding ter-
tiles. The 33rd and 67th percentile pCrCl values were as
follows: control, 42.5 and 49.1 L/wk per 1.73 m?; intervention,
53.4 and 60.5 L/wk per 1.73 m?, respectively. For pKt/V, the
33rd and 67th percentile values were as follows: control, 1.45
and 1.74; intervention, 1.94 and 2.24, respectively. The clear
separation between the two groupsisillustrated by the fact that
67% of the patients in the control group exhibited an average
pKt/V value of <1.74, whereas 67% of the patients in the
intervention group exhibited an average pKt/V value of >1.94.

Although it is unlikely that a systematic bias would occur
uniformly and consistently in a randomized trial of this size,
measures of compliance were assessed to validate the sustained
separation of the two groupsin terms of peritoneal small-solute
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Table 1. Baseline clinical characteristics for the two study groups®

Parameter Control Group Intervention Group P Vaue

No. of patients 484 481
Age (yr) 47.9 + 14.10 46.6 + 13.7 0.09
Gender, M/F 292/192 (60%/40%) 271/210 (56%/44%) NSP
Cause of ESRD NS

diabetes mellitus 211 (44%) 194 (40%) NSP

hypertension 52 (11%) 50 (10%) NSP

glomerulonephritis 28 (6%) 31 (6%) NSP

polycystic kidney disease 19 (4%) 23 (5%) NSP
Comorbidities

diabetes mellitus 217 (45%) 201 (42%) NSP

hypertension 322 (66%) 311 (65%) NSP
Height (cm) 160.8 + 9.1 161.0 + 9.1 NS
Weight (kg) 65.4 + 12.4 67.0 + 13.8 0.06
BSA (m?) 1.68 + 0.18 1.70 + 0.19 NS
Systolic BP (mmHg) 152.5 + 26.8 151.7 + 24.9 NS
Diastolic BP (mmHg) 89.6 + 13.8 90.5 + 139 NS
Incident prevalent 197/287 (41%/59%) 205/276 (43%/57%) NSP
Anephric (GFR of <1 ml/min) 270 (56%) 257 (54%) NS°

2Values are mean = SD. ESRD, end-stage rena disease; BSA, body surface area.
P %2 test. P values not otherwise indicated are based on the t test or Wilcoxon rank-sum test, with the lower of the two P values

reported. NS, P > 0.1.

clearances. The numbers of missed exchanges per year per
patient were similar for the two groups (control, 15.1 exchang-
eslyr per patient; intervention, 18.6 exchanges/yr per patient; P
= NS), as indicated by the consumption of dialysis solutions.
We could not ascertain compliance with the regimen (timing of
exchanges and length of dwell), but the intended increases in
clearance were consistently achieved during the study. Serum
creatinine and blood urea nitrogen levels were consistently
lower for the intervention group throughout the duration of the
study, whereas the urea generation rates did not differ between
the groups (see below).

The profiles of residual renal function during the study were
also similar for the two groups. The use of larger fill volumes
and particularly the use of the nighttime exchange device for
85 patients in the intervention group resulted in enhanced
peritoneal ultrafiltration, compared with the control group.

Primary Outcomes

Degspite differences in small-solute clearances, patient sur-
vival was similar for the control and intervention groups, as
indicated by ITT anaysis (Figure 3), with a RR of death
(intervention/control) of 1.00 [95% confidence interva (CI),
0.80 to 1.24]. This was also reflected in the similarity of the
6-mo-interval mortality rates computed by Poisson regression
analysis. The time-dependent RR (intervention/control) estab-
lished by Poisson regression analysis for the consecutive 6-mo
intervals were as follows: 0to 6 mo, RR = 1.17 (P = 0.84); 6
to 12 mo, RR = 1.07 (P = 0.91); 12 to 18 mo, RR = 1.07 (P
= 0.93); 18t0 24 mo, RR = 0.73 (P = 0.68); 24 to 30 mo, RR
= 1.06 (P = 0.96); 30 to 36 mo, RR = 0.93 (P = 0.98).

Overadl, the control group exhibited a 1-yr survival of 85.5%
(Cl, 82.2 to 88.7%) and a 2-yr survival of 68.3% (Cl, 64.2 to
72.9%). Similar values were observed for the intervention
group, with a 1-yr survival of 83.9% (ClI, 80.6 to 87.2%) and
a 2-yr survival of 69.3% (Cl, 65.1 to 73.6%). The as-treated
analysis revealed results similar to those obtained with the ITT
analysis (overall RR = 0.93; ClI, 0.71 to 1.22; P = 0.6121).
In additional ITT analyses, mortality ratesfor the two groups
remained similar when patients within each group were strat-
ified according to avariety of measures known to be associated
with patient survival (e.g., age, diabetes mellitus, serum albu-
min levels, nPNA values, and anuria). Age had a significant
effect on outcomes for both groups. Patients <50 yr of age
exhibited significantly better survival than did those =50 yr of
age (P < 0.0001) (Figure 4). In both age strata, however, there
was no difference in survival between the control and inter-
vention groups. As expected, diabetic status negatively af-
fected survival (P < 0.0001). However, within the diabetic or
nondiabetic stratum, no effect of the intervention on survival
could be discerned (Figure 5). Serum abumin levels had an
effect on survival (P < 0.0001), with higher values conferring
a survival advantage (Figure 6). Within the strata for this
measure, however, survival was similar for the control and
intervention groups. Life-table ITT analyses of patient survival
stratified according to nPNA values (>0.8 g/kg per d or <0.8
o/kg per d) and study group revealed a significant nPNA effect
(P = 0.0001) but no significant overall treatment effect (P =
0.8514). Similarly, there was no significant difference in pa-
tient survival between the intervention and control groups
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Table 2. Baseline laboratory measurements for the two study groups®
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Parameter Control Group Intervention Group P Vaue

No. of patients 484 481

BUN (mg/dl) 52.6 = 17.7 52.6 = 18.1 NS
Creatinine (mg/dl) 10.7 = 4.0 10.7 = 3.6 NS
Urine volume (L/d) 0.43 + 0.54 0.44 + 0.52 NS
Rena CrCl (L/wk per 1.73 m?) 17.0 + 249 155 + 19.8 NS
Renal Kt/V 0.36 = 0.57 0.34 = 0.46 NS
GFR (ml/min) 1.66 = 2.45 154+ 20 NS
Dialysate drain volume (ml/24 h) 8560 + 685 8613 = 700 NS
Peritoneal CrCl (L/wk per 1.73 m?) 447 + 9.1 443+ 85 NS
Peritoneal Kt/V 158 = 0.37 1.59 = 0.39 NS
nPNA (g/kg per d) 0.81 +0.22 0.80 + 0.21 NS
Urea generation rate (mg/min) 71+26 72+26 NS
Albumin (g/dl) 2.87 = 0.64 2.95 *+ 0.64 0.06
Prealbumin (mg/dl) 31.7 = 10.8 31.9 = 10.6 NS
Transferrin (mg/dl) 168.7 + 45.9 1741 + 49.7 0.09
Cholesteral (mg/dl) 200.8 = 51.1 198.6 + 51.6 NS
Triglycerides (mg/dl) 203.9 = 1315 206.3 = 146.5 NS
Hematocrit (%) 29.0+ 6.1 284 +59 NS

#Values are mean = SD. BUN, blood urea nitrogen; CrCl, creatinine clearance; nPNA, normalized protein equivalent of total nitrogen

appearance; P values are based on the t test or Wilcoxon rank-sum test, with the lower of the two P values reported. NS, P > 0.1.
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Figure 1. Time courses of peritoneal creatinine clearance (pCrCl)
values for the control and intervention groups during the study. The
groups became significantly separated soon after randomization and
remained distinct during the follow-up period. Vaues shown are
means and 95% confidence limits for the means.

when the two were compared for the subset of functionally
anephric patients (GFR of <1 ml/min).

A variety of factors were observed to have no independent
effects on survival, and no differences in survival between the
intervention and control groups were discernible in subsets
stratified according to these measures, including case type
(incident versus prevalent), gender, and baseline peritoneal
transport characteristics (characterized with the dialysis ade-
quacy and transport test into the four standard classifications of
high, high average, low average, and low transporters). The
relationship between body size and survival was examined in
great detail. Three indices of body size (stratified by tertiles)

0 4 8 12 16 20 24 28 Avg
Months After Randomization

Figure 2. Time courses of peritoneal Kt/V (pKt/V) values for the
control and intervention groups during the study. The groups became
significantly separated soon after randomization and remained distinct
during the follow-up period. Vaues shown are means and 95%
confidence limits for the means.

were examined, i.e., BSA, total body water (estimated by using
Watson's formula [3,15]), and body mass index. No differ-
ences in survival between the intervention and control groups
were discernible in subsets stratified according to any of these
measures of body size. Additionally, no center effect on the
results was discerned.

To further examine the potential interactions between total
body water and Kt/V, we examined the RR of death on the
basis of total body water tertiles and pKt/V quintiles, using the
middle total body weater tertile and the middle pKt/V quintile as
references and ignoring group assignments. This analysis was
performed with a time-dependent Cox regression analysis ad-
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Figure 3. Life-table intent-to-treat (ITT) analysis of patient survival,
comparing the study groups. The P value was 0.9842 (log-rank test).
RR, relative risk; Cl, confidence interval.
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Figure 4. Life-table ITT analysis of patient survival stratified accord-
ing to age and study group. The age effect was significant at P =
0.0001. The overal treatment effect was NS (P = 0.5146).

justed for gender, age, diabetes mellitus, baseline albumin
levels, and GFR. As demonstrated in Figure 7, we observed no
evidence of a size effect or a dose effect within the range of
values studied.

Therewere atotal of 157 deathsin the control group and 159
deaths in the intervention group. Acute myocardial infarction
was the most common cause of death in both groups (control,
22.4%; intervention, 27.8%; P = NS). Greater proportions of
patientsin the control group died as aresult of congestive heart
failure (13.4% versus 5.7% in the intervention group, P <
0.05) or a combination of uremia/hyperkaemia/acidosis
(12.2% versus 5.1% in the intervention group, P < 0.05).
Generalized infections, strokes, and peritonitis were equally
common as causes of death in the two groups.

Multivariate Cox regression analysis in this trial demon-
strated that several factors were powerful predictors of out-
comes for the study population as a whole. Listed in Table 3
are the results of a Cox regression analysis performed by
ignoring the effect of the treatment group. The Cox regression
model was chosen to mirror, as closely as possible, earlier
analyses performed with the Canada-United States (CANUSA)
study data, in which the effects of peritoneal and rena clear-
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Figure 5. Life-table ITT analysis of patient survival stratified accord-
ing to diabetic status and study group. The diabetic status effect was
significant at P = 0.0001. The overall treatment effect was NS (P =
0.7797). DM, diabetes mellitus.
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Figure 6. Life-table ITT analysis of patient survival stratified accord-
ing to serum albumin levels (S. Alb) and study group. The albumin
effect was significant at P = 0.0001. The overall treatment effect was
NS (P = 0.5204).

ances on patient survival were assessed independently of each
other (47). With the exception of subjective global assess-
ments, the model summarized in Table 3 includes the factors
identified in the CANUSA study as being significantly asso-
ciated with patient survival. Age, diabetes mellitus, serum
albumin levels, residual renal function, and, to a lesser extent,
NPNA values were al identified as significant factors associ-
ated with patient survival.

Secondary Outcomes

The results of selected laboratory measures averaged across
the study period are summarized in Table 4. The two groups
were similar with respect to most of the measures. pCrCl and
pKt/V were different by design, and the values for the two
groups remained significantly separated. Serum albumin levels
averaged for the duration of the study were slightly higher for
the intervention group. This finding was thought to be attrib-
utable to the slightly higher baseline value for the intervention
group, because the two groups were similar when changes in
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Figure 7. Results of time-dependent Cox regression anaysis adjusted
for gender, age, diabetes mellitus, baseline albumin levels, and GFR.
RR and 95% CI are plotted according to time-dependent pKt/V values
(divided into quintiles) and baseline total body water (TBW) values
(divided into tertiles).

serum albumin levels from baseline values were considered. A
minimal (approximately 100 ml/d) but statistically significant
increase in peritoneal ultrafiltration was observed in the inter-
vention group. Similar results were obtained with a conditional
linear mixed-effects model, which takes into account the pos-
sible effects of nonignorable missing data attributable to pa-
tient withdrawal.

Although overall withdrawa and technique survival was
similar for the two groups, the specific causes of withdrawal
were different. More patients in the control group withdrew
from the study because of uremia [24 patients (5%) in the
control group versus no patients in the intervention group, P <
0.0001], and more patients in the intervention group withdrew
from the study because of peritoneal exchange volume-related
discomfort [17 patients (3.5%) in the intervention group versus
one patient (0.2%) in the control group, P < 0.001]. Similar
numbers of patients received transplants in the two groups
[control, 37 patients (7.6%); intervention, 26 patients (5.4%); P
= NS] or were lost to follow-up monitoring [control, 48
patients (9.9%); intervention, 42 patients (8.7%); P = NS].
Technique survival, as determined by life-table analysis, was
not affected by treatment group, diabetic status, or baseline
peritoneal transport characteristics (as assessed with the dial-
ysis adequacy and transport test).

Hospitalization rates were similar for the two groups, in both
unadjusted numbers of admissions per patient per year and
rates adjusted for age, gender, diabetic status, serum albumin
concentration, and previous time on dialysis; only the adjusted
analysisis described here (control, 1.03 admissions/patient per
yr; intervention, 1.17 admissiong/patient per yr; P = 0.166).
The adjusted numbers of hospital days were also similar for the
two groups (control, 6.8 d/patient per yr; intervention, 7.2
d/patient per yr; P = 0.593), as were the adjusted peritonitis
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rates (control, 24.4 patient-mo/episode; intervention, 23.3 pa-
tient-mo/episode; P = 0.622). Similarly, no differences in
adjusted exit site infection rates were observed between the
two groups (control, 64.9 patient-mo/episode; intervention,
51.9 patient-mo/episode; P = 0.326).

Discussion

This study provides evidence that variations in peritoneal
small-solute clearances within the range studied have a neutral
effect on patient survival, both for the groups overall and for
the groups stratified according to a variety of measures (e.g.,
age, diabetes mellitus, serum albumin concentrations, NPNA
values, and anuria) known to influence survival. These results
were obtained with arigorous experimental design that ensured
proper baseline randomization of the two groups. Furthermore,
the intervention group was separated from the control group by
significant increases in peritoneal small-solute clearances,
which were maintained for the duration of the study. Therefore,
the goals of comparing two groups that were identical at
baseline and were separated on the basis of distinct peritoneal
small-solute clearances during the study were achieved.

Although surveys of small-solute adequacy measures have
demonstrated progressive improvements in past years in the
numbers of patients achieving higher target clearances, studies
continue to identify significant proportions of patients below
these proposed targets (25-27). The United States core indica-
tor study of 1997 noted that only 47% of patients met or
exceeded the Dialysis Outcomes Quality Initiative (DOQI)
CrCl target and 56% met the Kt/V target. Furthermore, 30 to
50% of the patients who met the DOQI guidelines for Kt/V and
CrCl values did so only with the contribution of residual renal
function (25,26). These findings were observed despite the
frequent use of afifth exchangein CAPD (23%) and a mid-day
exchange in automated PD (APD) (37%). In addition, a large
percentage of those patients were using dwell volumes of >2
L (38% of those undergoing CAPD and 42% of those under-
going APD). In the 2000 ESRD Clinical Performance Mea-
sures report, 65% of CAPD patients and 60% of APD patients
met the weekly DOQI Kt/V goa and 61% of CAPD patients
and 51% of APD patients met the CrCl goa (27). Greater
proportions of patients in the intervention group in our trial
exceeded these measures; 83% (versus 65% in the United
States study) exceeded the Kt/V guideline and 78% (versus
61% in the United States study) exceeded the CrCl guideline.
The corresponding proportions in our control group were sim-
ilar to the values observed in the United States in 1997. The
two groups in our study encompass the spectrum of clinical
experience and bracket the ranges of small-solute clearances
achieved in North America before the introduction of the
DOQI PD adequacy guidelines and after their widespread
adoption in the United States (3,15).

The neutral effect of peritoneal small-solute clearance en-
hancement on patient survival may appear counterintuitive and
discordant with the standard view on PD adequacy that under-
lies the clinical guidelines in use. It is obvious that, in the
absence of any peritoneal clearance, these patients would ulti-
mately have died as a result of their terminal renal failure. The
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Table 3. Predictors of outcomes for the study population as a whole, by multivariate Cox regression analysis®
Creatinine Clearance Urea Clearance as
Factor Reference Group (RR = 1.00) as Adequacy Measure Adequacy Measure
RR P Vaue RR P Vaue
Age Per 10-yr increase 1.16 0.0074 1.16 0.0073
Gender Male 1.09 0.4648 1.10 0.4951
Diabetes mellitus No diabetes mellitus 1.76 <0.0001 1.77 <0.0001
Albumin® Per 0.1 g/dl increase 0.91 <0.0001 0.91 <0.0001
nPNA Per 0.1 g/kg per d increase 0.95 0.0671 0.95 0.0942
Peritoneal CrCIP Per 10 L/wk per 1.73 m? increase 1.03 0.5576
Renal CrCI° Per 10 L/wk per 1.73 m? increase 0.89 0.0135
Peritoneal Kt/\V/° Per 0.10 increase 1.00 0.7809
Renal Kt/VP° Per 0.10 increase 0.94 0.0052
2RR, relative risk.
P Time-dependent factor or covariate.
Table 4. Selected clinical and laboratory measures averaged across the study duration®
Parameter Control Group Intervention Group Difference P Vaue
Weight (kg) 66.3 = 0.61 67.6 = 0.64 1.32 NS
Systolic BP (mmHg) 148 = 0.9 149 = 0.9 11 NS
Diastolic BP (mmHg) 87 =04 88+ 04 0.8 NS
GFR (ml/min) 0.78 = 0.09 0.59 = 0.05 -0.19 NS
GFR change from baseline (ml/min) —-0.85+0.1 —0.99 + 0.08 -0.13 NS
nPNA (g/kg per d) 0.78 = 0.01 0.77 = 0.01 0 NS
Peritoneal CrCl (L/wk per 1.73 m?) 46.1 = 0.45 56.9 = 0.48 10.87 <0.001
Total CrCl (L/wk per 1.73 m?) 541+ 10 62.9 + 0.7 8.8 <0.001
Peritoneal Kt/V 1.62 = 0.01 213 +0.01 0.52 <0.001
Total Kt/V 1.80 = 0.02 2.27 £ 0.02 0.47 <0.001
Prealbumin (mg/dl) 33.7+ 05 343+ 05 0.59 NS
Albumin (g/dI) 2.93 = 0.03 3.05 + 0.03 0.12 <0.01
Albumin change from baseline (g/dl) 0.03 = 0.02 0.06 + 0.02 0.03 NS
Transferrin (mg/dl) 1853+ 24 188.7 + 2.3 33 NS
Peritoneal ultrafiltration (L/d) 0.84 = 0.03 0.97 + 0.05 0.14 <0.05

2Values are estimated mean = SEM. NS, P > 0.1.

issue we have examined in our study, however, is whether
variations within the range of clearances achievable in clinical
practice have effects on patient survival. Our findings suggest
that the range of small-solute clearances used in the study,
reflecting current clinical practice, may represent a “plateau”
on the curve relating clearance dose and mortality rates. Once
this plateau has been reached, further increases in peritoneal
small-solute clearances would not be expected to materially
affect outcomes, unless the increases reach a theoretical next
break point in the relationship between the two parameters.

A closer examination of the pertinent literature indicates that
our findings are consistent with a wealth of studies that also
demonstrate a neutral effect of the ranges of peritonea clear-
ances achievable in current practice. These studies are summa-
rized in Table 5.

The CANUSA trial has played a pivotal role in influencing
the definition of small-solute clearance adequacy, particularly

in North America (1,14). Thetrial was originally interpreted as
indicating that increases in total solute clearances would result
in improved survival (14). Because the renal component of
small-solute clearance decreases with time, the assumption was
made that, if small-solute clearance could be increased via
enhanced peritoneal contributions, then improved outcomes
would be observed. Central to this hypothesis was the assump-
tion that renal and peritoneal clearances are equivalent in
influencing outcomes. What the study assumed, on the basis of
model projections, was that maintenance of constant higher
levels of small-solute clearance (mostly contributed by residual
renal function) should theoretically result in better survival
(14). However, because the CANUSA trial was not a con-
trolled interventional trial, it did not actually test whether
maintenance of high small-solute clearances, via increases in
peritoneal contributions, affected survival rates (14).

The dominant role of renal clearance in the findings of the
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CANUSA trial was recognized by the principal investigators.
Subsequent analyses and reports by the group have repeatedly
emphasized the primary importance of renal clearance (28).

A limitation of the observational studies listed in Table 5
that has been noted as a possible reason for the lack of
correlation between peritoneal clearances and survival is the
narrow range of peritoneal clearance values observed in those
studies. This limitation does not apply to our study, which, by
design, involved a wide range of peritoneal clearances within
the population studied. Our ability to achieve a wide range of
peritoneal small-solute clearances and still demonstrate no
relationship between peritoneal small-solute clearances and
survival strongly suggests that the ranges of peritoneal clear-
ances observed in usual practice indeed have a neutral effect on
survival.

A study of 140 anuric Chinese patients (13) did note a
positive correlation between peritoneal clearances and sur-
vival, suggesting that the effect of peritoneal clearance may
become more apparent in the absence of residua renal func-
tion. In that study, 42.1% of patients were receiving 3 X 2 L
exchanges, 45.0% were receiving 4 X 2 L exchanges, and
12.9% were receiving 10 L/d (13). The effect of peritoneal
clearance was observed at prescription levels below those used
for the control group in our study. We therefore cannot address
the issue of whether increases in peritoneal clearances from
levels lower than those observed for our control group could
affect survival. A study of anuric patients in Canada, however,

Table 5. Summary of pertinent literature®
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has not demonstrated an effect of peritoneal small-solute clear-
ances on surviva (41).

It is important to note the limitations of some of the studies
that are commonly considered to support the role of peritoneal
small-solute clearances in determining survival (3). Many of
those studies did not separate renal clearance from peritoneal
clearance (19-23). Furthermore, they were al retrospective
(19-23), with the majority consisting of <100 total patients/
study (19-23) and some including <20 patients (21). More-
over, careful reading of those reports indicates that their au-
thors were cognizant of the effects of confounding factors
influencing the results and they were not as definitive in their
conclusions as they are frequently quoted as being.

It is clear that our findings are consistent with the existing
body of knowledge in the field and seem counterintuitive only
in comparison with interpretations influenced by preconceived
notions, rather than a thorough and objective examination of
the evidence. It is clear that correlations between small-solute
clearances and survival noted in previous studies reflect almost
exclusively the contribution of residual rena function. Such
findings are also being noted for hemodiaysis (43-45).

In agreement with other studies, ADEMEX has confirmed a
set of clinical and laboratory predictors of outcomes
(1,2,11,28,46). These include age, diabetes mellitus, albumin
concentrations, and residual renal function.

The representativeness of our clinical trial population is an
important issue for the assessment of its relevance. Although

Clearance Effect on Outcomes

Year Reference Study Size Study Type
Total Peritoneal Renal

1990 Teehan et al. (19) 51 Observational Yes>© NE NE
1991 Blake et al. (18) 76 Observational NoP NE NE
1992 Brandes (49) 18 Observational Yes® NE NE
1992 De Alvaro et al. (20) 102 Observational Yes® NE NE
1992 Lameire et al. (21) 16 Observational Yes® NE NE
1995 Genestier et al. (22) 201 Observational Yes>© NE NE
1995 Maiorca et al. (23) 68 Observational Yes,Pd NE Yes> ¢ d

no°®
1996 Fung (50) 31 Observational Yes® NE Yesd
1998 Davies (51) 210 Observational Yes no° NE Yes>©
1999 Diaz-Buxo et al. (2) 673 Observational NE No® Yes*
1999 Merkus (52) 106 Observational NE No° Yes®
1999 Jager et al. (11) 118 Observational NE NoP Yes
1999 Szeto et al. (8) 168 Observational Yes® NE NE
2000 Szeto et al. (7) 270 Observational Yes® No° Yes®
2000 Mak et al. (9) 82 Interventional Yes® NE NE
2000 Rocco et al. (12) 873 Observational NE No°© Yes®
2001 Szeto et al. (13) 140 Observational NE Yes® NE
2001 Bargman et al. (28) 601 Observational NE No® Yes*

2NE, not examined in the study as published.

P Univariate analysis.
¢ Multivariate analysis.
9 Dichotomous analysis.
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the full concordance of our results with the existing body of
knowledge derived from other studies and populations supports
the overall relevance of our study, the issue deserves to be
examined further. The clinical and laboratory profiles for our
trial population are comparable to those for various dialysis
populations around the world (25-27,47,48). Furthermore, we
have documented that, within the trial population, measures
that are predictive of outcomes (e.g., age, diabetes mellitus,
and albumin concentrations) operate in a manner indistinguish-
able from that observed in studies of other populations.

The similarities in survival between the control and inter-
vention groups persisted when both groups were stratified
according to body size, to determine whether a survival advan-
tage of the intervention could be demonstrated for larger pa-
tients. No such survival advantage was observed with the range
of sizesincluded in this study. The lack of association between
body size (expressed as total body water) and outcomes, when
examined according to different Kt/V quintiles, is at variance
with observations for patients undergoing hemodialysis. This
may be attributable to the nature of the therapies examined
(continuous versus intermittent) or the populations in which
these associations have been explored. Associations among
body size, observed clearances, and outcomes must be exam-
ined at two levels, i.e., between the control and intervention
groups and within each of these two groups. It is clear from our
data that the two groups achieved a clear separation of clear-
ances with similar body sizes (Tables 1 and 4), and this
separation in clearances did not result in a difference in out-
comes, overdl or at any level of body size stratification. Two
potential confounding effects must be considered in examina-
tions of the associations of body size, clearances, and survival
within each group. First, in the intervention group, clearance
was adjusted to body size by design, thus narrowing the range
of observed normalized clearances to defined therapeutic tar-
gets. Second, the inclusion criterion of a pCrCl value of <60
L/wk per 1.73 m? with a standard 4 X 2 L regimen would
exclude patients with very small body size, who would have
achieved a high normalized clearance. The latter effect would
also result in a narrowing of the range of clearances observed
within the control group. These limitations on within-group
analyses should not, however, detract from the clear observa-
tion of no differences in survival between groups at similar
body sizes. It remains to be determined, however, whether the
effect of increases in small-solute clearances above the mini-
mum obtained with a prescription of four exchanges of 2 L
would also be neutral in a population with a dominant body
size distribution significantly different than that evaluated in
this study or with a protein intake greater than that observed.

One aspect true of clinica trials in general involves the
relevance to groups of patients who were excluded from the
trial by design. In thistrial, we excluded patients who could be
broadly categorized as being at risk of imminent death (e.g.,
those with active malignancies, HIV, or evident cardiac fail-
ure). These exclusions, however, do not prevent our trial from
being representative of the broader PD population. The out-
comes for PD patients in the control group were comparable to
those achieved in the rest of North America and were also
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similar to those achieved with hemodialysis (47,48). This sug-
gests that reliance on PD as the dominant modality for the
majority of patientsin Mexico does not place these patients at
any survival disadvantage.

Theincreasein peritoneal clearancein thistrial had a neutral
effect on technique survival for the population as a whole.
However, some patients in the control group switched to he-
modialysis because of uremic symptoms; for those patients, an
increase in clearance might have prevented withdrawal. When
acomposite outcome measure of death and withdrawal because
of uremia was used, however, no difference in survival be-
tween the control and intervention groups was detected.

The increase in peritoneal clearance had a neutral effect on
avariety of secondary parameters examined during the study.
It is important to note, however, that this neutral effect was
observed under conditions in which no interventions related to
these factors were performed. In the case of anemia, for ex-
ample, the neutral effect on red cell indices was observed
among patients not receiving exogenous erythropoietin treat-
ment and does not preclude an effect of increased small-solute
clearance on erythropoietin responses when exogenous hor-
mone is administered. Similarly, no nutritional interventions
were undertaken in this study, and it is reasonable to consider
that increases in small-solute clearances would be required to
satisfactorily control the metabolic consequences of increased
protein intake (e.g., higher urea generation and increased acid
and phosphate loads).

The dialytic needs of individual patients cannot be deter-
mined solely from modality outcome studies. Although our
results indicate that survival is not altered by enhancement of
peritoneal small-solute clearances, the welfare of individual
patients may well be better served with higher clearances.
Although not demonstrating a survival advantage, the results of
this study should not be interpreted as indicating that no
clearance enhancement is required for any patient. The neutral
findings of our study should not encourage a sense of compla-
cency regarding PD prescriptions but should focus attention on
the adequacy of dialysis care, rather than on attaining a target
level of small-solute clearance. It would be unfortunate if the
results of our trial were unilaterally interpreted to eliminate the
need to pay close attention to peritoneal clearances or, worse,
to reduce prescriptions below the levels we studied, with
potential underdialysis of patients. Our findings should elicit
further debate and study regarding the overall definition of
adequacy and whether reliance on small-solute clearances
should be reexamined.

Finally, the neutral effect of small-solute clearances on
survival was established within the range of clearances achiev-
able with current dialysis technologies, beginning with a min-
imal standardized dose. Our results do not exclude the possi-
bility that much higher clearances, achievable with future
technologies, might elicit a survival advantage.

Our results demonstrated that variations in peritoneal small-
solute clearances with current prescription patterns, applied in
the absence of adiscrete clinical goal, did not lead to improved
survival. A corollary isthat, when such variations in clearance
are used to address specific clinical needs (such as uncontrolled
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metabolic consequences of renal failure), such interventions
may result in clearly improved outcomes. With respect to this
point, there were many fewer cases of death or withdrawal
resulting from poor metabolic control in the intervention
group, compared with the control group.

In summary, ADEMEX isaunique and provocative study in
the field of PD. ADEMEX isthe only large-scale, prospective,
randomized, interventional study to examine the effects of
enhancement of peritoneal clearances on patient outcomes. The
findings of ADEMEX are consistent with the current body of
knowledge regarding predictors of outcomes for large patient
groups and are in agreement with the observations of other
studies on the neutral role of peritoneal clearances in deter-
mining patient outcomes at the group level. These findings
suggest that the surviva benefit of PD is obtained within a
range of clearances achievable in usual practice. The inability
of a patient to achieve the target clearances defined by current
clinical guidelines should not disqualify the patient from con-
tinuing to undergo PD if other aspects of patient care are
satisfactorily addressed by PD (e.g., an absence of uremic
symptoms and adequate fluid control). Finally, our results
suggest that further research is required to assess factors other
than small-solute clearances and to determine their effects on
survival.
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The following ingtitutions and investigators participated in
the study: steering committee: Ramon Paniagua, M.D., Dante
Amato, M.D., Ricardo Correa-Rotter, M.D., Alfonso Ramos,
M.D., Edward Vonesh, Ph.D., John Moran, M.D., and Salim
Mujais, M.D.; safety committees Ramon Paniagua, M.D.,
Dante Amato, M.D., AuroraMaravilla, M.D., and Ma. de Jeslis
Ventura; coordination and data management: Ramon Paniagua,
M.D., Dante Amato, M.D., Ma. de Jes(s Ventura, and Alejan-
dro B. Hinojosa-Rojas; clinical monitors: Ma. de JesUs Ven-
tura, Olga Lozano, Clara Madonia, Silvia Garnica Salazar, and
Inés Vaguera-Rodriguez; central laboratory: Ramon Paniagua,
M.D., Ernesto Rodriguez, Marcela Avila-Diaz, and Raquel
Becerril-Becerril; advisory committee: Peter G. Blake, M.D.,
John M. Burkart, M.D., Bengt Lindholm, M.D., Karl D. Nolph,
M.D., and Robert E. Wolfe, Ph.D.; managing committee:
Laura Trujillo, Magdalena Nemer, and Angel Rodriguez; par-
ticipating centers and investigators: Ricardo Correa-Rotter,
M.D., Mario Cortés-Pérez, Eduardo Quintana-Pifia, Josefina
Loredo-Alonso, and Yolanda Martinez-Cerca (Department of
Nephrology and Mineral Metabolism, Instituto Nacional de
Ciencias Médicasy Nutricion Salvador Zubiran, Mexico City);
Imelda Hernandez-Reyes, M.D., and Ma. Estela Zepeda-Co-
varrubias (Hospital General 89, Instituto Mexicano del Seguro
Social, Guadalgjara, Jalisco); Enrique Hernandez-Maldonado,
M.D., and Magaly Cevallos-Fernandez (Hospital de Especiali-
dades, Centro Médico Nacional Ignacio Garcia Téllez, Instituto
Mexicano del Seguro Social, Mérida, Y ucatan); Marcos Mar-
tinez-Garcia, M.D., and Alicia Herrera-Molina (Hospital Gen-
eral 11, Instituto Mexicano del Seguro Socia, Jalapa, Vera-
cruz); Guillermo Vaadez-Juvera, M.D., and Alma Leticia
Valenzuela (Hospital de Especialidades 1, Centro Médico Na-

J Am Soc Nephrol 13: 1307-1320, 2002

cional del Noroeste, Instituto Mexicano del Seguro Social,
Ciudad Obregon, Sonora); José Algjandro Garcia-Larumbe,
M.D., and Bertha Espinoza-Pérez (Hospital General 30, Insti-
tuto Mexicano del Seguro Social, Mexicali, Baja California);
José Luis Medina-Gomez, M.D., and Celestina Jiménez-Ron-
quillo (Hospital de Especialidades, Centro Médico Nacional
Manuel Avila Camacho, Instituto Mexicano del Seguro Social,
Puebla, Puebla); Eduardo Aguilar, M.D., and Javier Ortiz,
Elizabeth Almanza-Medina (Hospital General 1, Instituto
Mexicano del Seguro Social, Zacatecas, Zacatecas); Jose Mar-
tinez-Barcenas, M.D., and Eloisa LOpez-Pinales (Hospital
General 33, Instituto Mexicano del Seguro Social, Monterrey,
Nuevo Lebn); Ma. Elena Hurtado-Gonzalez, M.D., and Guada-
lupe Alcantara-Ortega (Hospital General 25, Instituto Mexi-
cano del Seguro Social, Mexico City); Alejandra Cisneros-
Garcia, M.D., Juan Guillermo Oros, M.D., and Josefina Luna-
Tapia (Hospital General 27, Instituto Mexicano del Seguro
Social, Mexico City); Jorge Prieto-Fierro, M.D., and Leonor
Abularach-Nevares (Hospital de Especialidades, Centro
Médico Naciona, Instituto Mexicano del Seguro Social,
Torredn, Coahuila); Abraham Sanjurjo-Gallardo, M.D., Do-
lores Gomez-Noriega, M.D., and Ma. de Lourdes Barron-
Andrade (Hospital General 32, Instituto Mexicano del Seguro
Sacial, Mexico City); Mario Enriquez-Rivas, M.D., and Ma.
Jeslis Galaz-Vadez (Hospital General 2, Instituto Mexicano
del Seguro Social, Hermosillo, Sonora); Cristina Avilés-Her-
nandez, M.D., and Ma. de la Cruz Pérez-Hernandez (Hospital
de Especiaidades, Centro Médico Nacional la Raza, Instituto
Mexicano del Seguro Social, Mexico City); Gerardo Rodriguez
del Villar, M.D., and Ma. Elena Rios-Estrada (Hospital Gen-
eral 1, Ingtituto Mexicano del Seguro Social, Durango, Du-
rango); Roberto Baca-Baca, M.D., and Ma. Graciela Pacheco-
Hernandez (Hospital General 1, Instituto Mexicano del Seguro
Social, Querétaro, Querétaro); Ma. Juana Sil-Acosta, M.D.,
and Ma. Teresa Galindo-Salinas (Hospital General 1 Gabriel
Mancera, Instituto Mexicano del Seguro Social, Mexico City);
José Amado Chimalpopoca, M.D., and Ma. Isabel Gonzélez-
Yanez (Hospital General 8, Instituto Mexicano del Seguro
Social, Mexico City); Francisco Belio-Caro, M.D., and Olivia
Figueroa-Rosas (Hospital General 1, Instituto Mexicano del
Seguro Social, Morelia, Michoacan); Julio Kgji-Kiyono, M.D.,
Lucia Isabel Aranda-Contreras, and Virginia Becerril-Morales
(Hospital General Regiona 1° de Octubre, Instituto de Seg-
uridad y Servicios Sociales de los Trabajadores del Estado,
Mexico City); Hugo Breien-Alcaraz, M.D., and Ana Gabriela
Ruelas-Peralta (Hospital General Valentin Gomez Farias, In-
stituto de Seguridad y Servicios Sociales de |los Trabajadores
del Estado, Guadalgjara, Jalisco); Juan Alberto Aguilar-Mar-
tinez, M.D., and Leticia Martinez-Guzman (Hospital General
Gaudencio Gonzélez Garza, Centro Médico Naciona la Raza,
Instituto Mexicano del Seguro Social, Mexico City); and Fran-
cisco Montedn, M.D., José Luis Camarena, M.D., and Alma
Rosa Martinez (Hospital de Especiaidades, Centro Médico
Nacional de Occidente, Instituto Mexicano del Seguro Social,
Guadalgjara, Jalisco).



J Am Soc Nephrol 13: 1307-1320, 2002

Acknowledgments

This study was supported by grants from Baxter Healthcare Corp.
(Deerfield, IL) and Baxter S.A. de C.V. (Mexico City, Mexico). We
are grateful to the following individuals for critical review of the
manuscript and support during its preparation: Sally Benjamin Y oung,
Jill Schaaf, Robert Holt, Amy Guo, Lisa Scheff, and Eric Noshay.

References
1. Churchill DN: Implications of the Canada-USA (CANUSA)
study of the adequacy of dialysis on peritonea diaysis schedule.
Nephrol Dial Transplant 13[Suppl 6]: 158—163, 1998
2. Diaz-Buxo JA, Lowrie EG, Lew NL, Hongyuan Zhang SM, Zhu
X, Lazarus JM: Associate of mortality among peritoneal dialysis
patients with special reference to peritonea transport rates and
solute clearance. Am J Kidney Dis 33: 523-534, 1999
3. Nationa Kidney Foundation Dialysis Outcomes Quality Initia-
tivee NKF-K/DOQI clinical practice guidelines for peritoneal
dialysis adequacy: Update 2000. Am J Kidney Dis 37[Suppl 1]:
S65-S136, 2000
4. Davies SJ, Phillips L, Griffiths AM, Naish PF, Russell GL:
Analysis of the effects of increasing delivered dialysis treatment
to manourished peritoneal dialysis patients. Kidney Int 57:
1743-1754, 2000
5. Davies SJ: Peritoneal solute transport: We know it is important,
but what is it? Nephrol Dial Transplant 15: 1120-1123, 2000
6. Chatoth DK, Golper TA, Goka R: Morbidity and mortality in
redefining adequacy of peritoneal dialysis: A step beyond the
National Kidney Foundation Dialysis Outcomes Quality Initia-
tive. Am J Kidney Dis 33: 617-632, 1999
7. Szeto CC, Wong TYH, Leung CB, Wang AYM, Law MC, Lui
SF, Li PKT: Importance of dialysis adequacy in mortality and
morbidity of Chinese CAPD patients. Kidney Int 58: 400—-407,
2000
8. Szeto CC, Lai KN, Wong TYH, Law MC, Leung CB, Yu AWY,
Li PKT: Independent effects of residual renal function and dial-
ysis adequacy on nutritional status and patient outcome in con-
tinuous ambulatory peritoneal dialysis. Am J Kidney Dis 34:
1056-1064, 1999
9. Mak SK, Wong PN, Lo KY, Tong GMW, Fung LH, Wong
AKM: Randomized prospective study of the effect of increased
dialytic dose on nutritional and clinical outcome in continuous
ambulatory peritoneal dialysis patients. Am J Kidney Dis 36:
105-114, 2000
10. Oreopoulos DG: The optimization of continuous ambulatory
peritoneal dialysis. Kidney Int 55: 1131-1149, 1999
11. Jager KJ, Merkus MP, Dekker FW, Boeschoten EW, Tijssen
JGP, Stevens P, Bos WJW, Krediet RT, for the NECOSAD
Study Group: Mortality and technique failure in patients starting
chronic peritoneal dialysis: Results of the Netherlands Cooper-
ative Study on the Adequacy of Dialysis. Kidney Int 55: 1476—
1485, 1999
12. Rocco M, Soucie JM, Pastan S, McClellan WM: Peritoneal
diaysis adequacy and risk of death. Kidney Int 58: 446—457,
2000
13. Szeto CC, Wong TYH, Chow KM, Leung CB, Law MC, Wang
AYM, Lui SF, Li PKT: Impact of dialysis adequacy on the
mortality and morbidity of anuric Chinese patients receiving
continuous ambul atory peritoneal dialysis. J Am Soc Nephrol 12:
355-350, 2001
14. Churchill DN, Taylor DW, Keshaviah PR, Thorpe KE, Beecroft
ML: Adequacy of dialysis and nutrition in continuous peritoneal

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

Peritoneal Clearances and Mortality Rates 1319

dialysis: Association with clinical outcomes. J Am Soc Nephrol
7: 198-207, 1996

National Kidney Foundation Dialysis Outcomes Quality Initia-
tive Peritoneal Dialysis Adequacy Work Group: NKF-DOQI
clinical practice guidelinesfor peritoneal dialysisadequacy. AmJ
Kidney Dis 30[Suppl 2]: S67-S136, 1997

Blake PG, Bargman JN, Bick J, Cartier P, Dasgupta MK, Fine A,
et al.: Guidelines for adequacy and nutrition in peritoneal dial-
ysis. J Am Soc Nephrol 10[Supp! 13]: S311-S321, 1999

Rena Association and Royal College of Physicians of London:
Treatment of Adult Patients with Renal Failure: Recommended
Sandards and Audit Measures, London, Royal College of Phy-
sicians, 1997

Blake PG, Solombos K, Abraham G, Weissgarten J, Pemberton
R, Chu GL, Oreopoulos DG: Lack of correlation between urea
kinetic indices and clinical outcomes in CAPD patients. Kidney
Int 39: 700-706, 1991

Teehan B, Schleifer C, Brown J, Sigler MH, Raimondo J: Urea
kinetic analysis and clinical outcomes on CAPD: A five year
longitudinal study. Adv Perit Dial 6: 181-185, 1990

De Alvaro F, Bajo MA, Alvarez-Ude F, Vigil A, Molina A,
Coronel F, Selgas R: Adequacy of peritoneal dialysis: Does Kt/V
have the same predictive value as in HD? A multicenter study.
Adv Perit Dial 8: 93-97, 1992

Lameire NH, Vanholder R, Veyt D, Lambert MC, Ringoir S: A
longitudinal five year survey of ureakinetic parametersin CAPD
patients. Kidney Int 42: 426—432, 1992

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

Maiorca R, Brunori G, Zubani R, Cancarini GC, Manili L,
Camerini E, Movilli E, PolaA, d'Avolio G, Gelatti U: Predictive
value of dialysis adequacy and nutritional indices for mortality
and morbidity in CAPD and HD patients: A longitudinal study.
Nephrol Dial Transplant 10: 2295-2305, 1995

Churchill DN: Adequacy of peritonea dialysis: How much di-
alysis do we need? Kidney Int 46[Suppl 48]: S2-S6, 1994
Flanigan MJ, Rocco MV, Frankenfield D, Bailie G, Frederick P,
Prowant B, Taylor L: 1997 peritonea dialysis-core indicators
study: Dialysis adequacy and nutritional indicators report. Am J
Kidney Dis 33: E1-E12, 1999

Frankenfield DL, Powant BF, Flanigan MJ, Frederick PR, Bailie
GR, Helgerson SD, Rocco MV, for the ESRD Core Indicators
Workgroup: Trends in clinical indicators of care for adult peri-
toneal diaysis patients in the United States from 1995 to 1997.
Kidney Int 55: 1998—2010, 1999

2000 Annua Report: ESRD Clinical Performance Measures
Project. Am J Kidney Dis 37[Suppl 3]: S1-S73, 2001

Bargman JM, Thorpe KE, Churchill DN: Relative contribution of
residual renal function and peritoneal clearance to adequacy of
dialysis: A reanalysis of the CANUSA study. J Am Soc Nephrol
12: 2158-2162, 2001

Greene T, Beck GJ, Gassman JJ, Gotch FA, Kusek JW, Levy AS,
Levin NW, Shulman G, Eknoyan G: Design and statistical issues
of the hemodialysis (HEMO) study. Controlled Clin Trials 21:
502-525, 2000

Paniagua R, Amato D, Correa-Rotter R, Ramos A, Vonesh EF,
Mujais SK: Correlation between peritoneal equilibration test and
dialysis adequacy and transport test, for peritoneal transport type
characterization: Mexican Nephrology Collaborative Study
Group. Perit Dial Int 20: 53-59, 2000



1320

31

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Journal of the American Society of Nephrology

Kalbfleisch JD, Prentice RL: The Satistical Analysis of Failure
Time Data, New York, Wiley, 1980

Allison PD: Survival Analysis Using the SAS System: A Practical
Guide, Cary, NC, SAS Ingtitute Inc., 1995

Cox D: Regression models and life tables. J R Stat Soc 34:
187-201, 1972

Cox DR, Oakes D: Analysis of Survival Data, London, Chapman
and Hall, 1974

McCullagh P, Nelder JA: Generalized Linear Models, New
York, Chapman and Hall, 1989

Vonesh EF: Modeling peritonitis rates and associated risk factors
for individuals on continuous ambulatory peritoneal diaysis. Sat
Med 9: 263-271, 1990

Vonesh EF, Chinchilli VM: Linear and Nonlinear Models for the
Analysis of Repeated Measurements, New York, Marcel Dekker,
1997

Wu MC, Bailey KR: Estimation and comparison of changes in
the presence of informative right censoring: Conditional linear
model. Biometrics 45: 939-955, 1989

SAS Ingtitute Inc.: SAS OnlineDoc version 8, Cary, NC, SAS
Institute Inc., 2000

O'Brien PC, Fleming TR: A multiple test procedure for clinical
trials. Biometrics 33: 549-556, 1979

Bhaskaran S, Schaubel DE, Jassal SV, Thodis E, Singhal MK,
Bargman JM, Vas Sl, Oreopoulos DG: The effect of small solute
clearances on survival of anuric peritoneal dialysis patients. Perit
Dial Int 20: 181-187, 2000

AtesK, Nergizoglu G, Keven K, Sen A, Kutlay S, Erturk S, Duman
N, Karatan O, Ertug AE: Effect of fluid and sodium removal on
mortelity in peritonedl dialysis. Kidney Int 60: 767—776, 2001
SudaT, Hiroshige K, OhtaT, Watanabe Y, lwomoto M, Kanegae
K, Ohtani A, Nakashima Y: The contribution of residual renal
function to overall nutritional status in chronic hemodiaysis
patients. Nephrol Dial Transplant 15: 396—401, 2000

45.

46.

47.

48.

49.

50.

51.

52.

J Am Soc Nephrol 13: 1307-1320, 2002

Shemin D, Bostom AG, Laliberty P, Dworkin LD: Residual renal
function and mortality risk in hemodialysis patients. Am J Kidney
Dis 38: 85-90, 2001

Merkus MP, Jaeger KJ, Dekker FW, de Haan RJ, Boeschoten
EW, Krediet RT: Predictors of poor outcome in chronic dialysis
patients: The Netherlands Cooperative Study on the Adequacy of
Diaysis. Am J Kidney Dis 35: 69—79, 2000

Johnson JG, Gore SM, Firth J: The effect of age, diabetes, and
other comorbidity on the surviva of patients on diaysis: A
systematic quantitative overview of the literature. Nephrol Dial
Transplant 14: 21562164, 1999

Collins AJ, Hao W, Xoa H, Ebben JP, Everson SE, Constantini
EG, Ma JZ: Mortality risks of peritoneal dialysis and hemodial-
ysis. Am J Kidney Dis 34: 1065-1074, 1999

Ross S, Dong E, Gordon M, Connelly J, Kvasz M, lyengar M,
Mujais SK: Meta-analysis of outcome studies in end stage renal
disease. Kidney Int 57[Suppl 74]: S28—-S38, 2000

Brandes JC, Piering WF, Beres JA, Blumenthal SS, Fritsche C:
Clinical outcome of continuous ambulatory peritonea dialysis
predicted by urea and creatinine kinetics. J Am Soc Nephrol 2:
1430-1435, 1992

Fung L, Pollock CA, Caterson RJ, Mahony JF, Waugh DA,
Macadam C, IbelsLS: Dialysis adequacy and nutrition determine
prognosis in continuous ambulatory peritoneal dialysis patients.
J Am Soc Nephrol 7: 737-744, 1996

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

Merkus MP, Jager KJ, Dekker FW, de Haan RJ, Boeschoten EW,
Kredet RT: Physical symptoms and quality of life in patients on
chronic dialysis: Results of The Netherlands Cooperative Study
on Adequacy of Dialysis (NECOSAD). Nephrol Dial Transplant
14: 1163-1170, 1999

Access to UpToDate on-line is available for additional clinical information
at http://www.jasn.or g/

See related editorial, “The ADEMEX Study: Make Haste Slowly,” on pages 1415-1418.




