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Dialysis regimens for continuous ambulatory peritoneal di-
alysis (CAPD) patients vary with the need for fluid removal, 
but also because of concerns about the local and systemic 
consequences of high glucose exposure. The implications of 
various regimens for dialysis adequacy—that is, fluid and 
small-solute removal—are not always clear. We therefore 
analyzed ultrafiltration (UF) and adequacy indices for  
4 different combinations of dialysis fluid.
Collections of 24-hour dialysate and urine were carried out in 
99 patients on CAPD. On 4 separate occasions, each patient 
performed 4 exchanges in 24 hours, including 3 daily exchang-
es with 1.36% glucose and 1 night exchange with either 1.36% 
glucose (G1 schedule), 2.27% glucose (G2 schedule), 3.86% 
glucose (G3 schedule), or icodextrin (Ico schedule). Weekly, 
total, and dialysis Kt/V and KT were calculated for both urea  
and creatinine.
The mean values of urea Kt/V and KT were significantly 
lower for the G1 schedule than for the G3 and Ico sched-
ules. The adequacy indices for overnight application of 
3.86% glucose and icodextrin were similar. Using dialysis 
fluids with 1.36% and 2.27% glucose overnight reduces 
glucose exposure, but those schedules may provide in-
adequate UF and small-solute removal in some patients  
(UF < 1 L daily, Kt/V < 1.7).
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Glucose is the most commonly used osmotic agent in 
peritoneal dialysis (PD) fluids, and bags contain-

ing solutions with 1.36%, 2.27%, and 3.86% glucose 
are available in most countries. Among the important 
problems in PD therapy are the potential side effects 
of a high glucose load, including metabolic problems 
and damage to the peritoneal membrane. Icodextrin, a 
glucose polymer, has been introduced as an alternative 
to the glucose in PD solutions because it provides better 
ultrafiltration (UF) during long dwells and reduces the 
metabolic effects (1,2). The application of various dialy-
sis fluids influences fluid and solute removal.

The European Best Practice Guidelines and the Kidney 
Disease Outcomes Quality Initiative guidelines indicate 
that adequacy targets for dialysis should include both 
urea removal and fluid removal (3,4). Targets should be 
based only on the removals achieved by PD. According to 
the guidelines, the minimum peritoneal target for urea 
Kt/V should be 1.7 weekly, and the minimum peritoneal 
target for net UF (in anuric patients) should be 1.0 L in 
24 hours (3,4). Previously, a minimum weekly creatinine 
clearance target of 60 L/1.73 m2 was commonly applied 
(5); however, this target clearance is not included in the 
current guidelines (4).

In the present study, we used a uniform schedule of 
daily exchanges to investigate both fluid removal (peri-
toneal net UF, urine volume, and total fluid removal) 
and a battery of dialysis adequacy indices (DAIs) based 
on small solutes (both urea and creatinine) in anuric and 
non-anuric continuous ambulatory PD (CAPD) patients.

METHODS

The study was performed in 99 patients on CAPD 
(mean age: 54 ± 13 years; 56 men). Four patients were 
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low transporters, 38 were low-average, 48 were high-
average, and 8 patients were high transporters according 
to Twardowski’s peritoneal equilibration test classifica-
tion (9); 1 patient was not classified because of lack of 
data. Of the 99 patients, 46 were anuric (daily urine 
output <100 mL), 52 were non-anuric, and 1 patient was 
not classified.

The 4 study schedules each consisted of 4 exchanges 
in 24 hours (Table 1): 3 daytime exchanges using one 
type of glucose-based dialysis fluid (always 1.36% glu-
cose) and 1 overnight exchange using 4 different types 
of dialysis fluid in each patient: 1.36% (G1 schedule), 
2.27% (G2 schedule), or 3.86% glucose (G3 schedule), 
or 7.5% icodextrin (Ico schedule). Typically, the infused 
volume was 8.3 L daily, but in 13 of 396 collections, it was 
less—that is, 6 L – 7.6 L—including the overfill volume 
at 75 mL per bag [see, for example, Davies (10) and La 
Milia et al. (11)]. Each schedule was performed in each 
patient, and 24-hour drained dialysate and urine were 
collected. The fluids were mixed (separately by patient), 
and urine and dialysate samples were taken for concen-
tration measurements.

The DAIs used in the study included the fractional 
volume cleared from urea or creatinine; Kt/V, which is a 
type of fractional solute removal index; and KT (weekly 
clearance) of urea or creatinine, which is a type of equiva-
lent continuous clearance (6–8). Volumes of urine and 
dialysate (by 24-hour collection) and of total body water 
(by bioimpedance), and serum concentrations of urea and 
creatinine were measured. The measured solute concen-
trations and volumes were used to estimate DAIs based 
on a calculation of the total solute mass in the patient’s 
body and the solute mass removed from the body.

Weekly dialysis (subscript “d”) and weekly total Kt/V 
and KT (in liters) were calculated as follows (6,7):

Kt/Vd = 7•ΔMRd/Mb,
KTd = 7•ΔMRd/Cb,
Kt/V = 7 (ΔMRd + ΔMr) / Mb, and
KT = 7 (ΔMRd + ΔMr) / Cb,

where ΔMRd and ΔMr are, respectively, the solute masses 
in 24-hour dialysate and urine collections; Mb is the sol-
ute mass in the body; and Cb is the solute concentration 
in serum. Dialytic Kt/V and total Kt/V are the same as the 
index Kt/V urea regularly used in clinical practice for the 
assessment of PD efficiency. 

For creatinine, the weekly clearance, ClCr, scaled to 
body surface area (BSA), is often calculated as follows:

ClCr = (7•ΔMR,Cr / Cb,Cr) / (1.73 / BSA),

where ΔMR,Cr is the sum of the creatinine mass in 24-hour 
dialysate and urine collections, and Cb,Cr is the serum 

creatinine concentration. Thus, ClCr is equal to creatinine 
KT scaled by the factor 1.73 / BSA.

Ultrafiltration was calculated as the difference be-
tween the volume of collected dialysate and the volume 
of fluid infused per bag of dialysate.

STATISTICAL ANALYSIS

For multiple comparisons of the results obtained 
by applying the 4 different fluid schedules, a one-way 
analysis of variance and the Tukey–Kramer honestly 
significant difference criterion were applied. Com-
parisons between anuric and non-anuric patients were 
performed using the t-test or two-sided rank sum test, 
as applicable. For each variable, the hypothesis about 
normal distribution was checked by a chi-square good-
ness-of-fit test. Spearman correlation analysis was used 
to investigate possible relations between the studied 
parameters. A p value less than 0.05 was considered  
statistically significant.

RESULTS

Urea and creatinine concentrations in serum (mea-
sured once for 4 daily collections) were, respectively, 
116.7 ± 36.1 mg/dL and 10.7 ± 3.6 mg/dL.

UF AND TOTAL FLUID REMOVAL

The 24-hour net peritoneal UF was different for most 
of the dialysis schedules, except for G3 and Ico, which 
had similar daily UF values. The 24-hour urine volumes 
collected concomitantly with the dialysate collections 
were all similar (Table 2). In the G1 and G2 schedules, the 
daily mean UF was less than 1 L, a value that may not be 
acceptable for anuric patients. In fact, 24-hour UF and 
total fluid removal were much lower than 1 L for the G1 
and G2 schedules in anuric patients (Table 3). There was a 

TABLE 1 
The Investigated Dialysis Fluid Schedulesa

 Fluid Type of fluid
 schedule For daytime For overnight

 G1 3×1.36% G 1×1.36% G
 G2 3×1.36% G 1×2.27% G
 G3 3×1.36% G 1×3.86% G
 Ico 3×1.36% G 1×7.5% Ico

G = glucose; Ico = icodextrin.
a Tested in 99 patients on continuous ambulatory peritoneal 

dialysis.
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tendency for UF to be higher in anuric than in non-anuric 
patients, but the difference was statistically significant 
only for the G3 schedule (Table 3). The total fluid re-
moval was lower in anuric than in non-anuric patients, 
but for schedule G3, the difference was not statistically 
significant (Table 3).

ADEQUACY OF VARIOUS DIALYSIS SCHEDULES

Table 2 shows the Kt/V and KT for urea and creati-
nine and the ClCr for the 4 dialysis fluid schedules. The 
mean value of urea Kt/V in schedule G1 (and marginally 
in schedule G2) was below 1.7—that is, the minimum 

TABLE 2 
Adequacy Parameters (Mean ± Standard Deviation) for the Investigated Fluid Schedules

 Value by fluid schedule
   Parameter G1 G2 G3 Ico

Urea    
 Weekly Kt/V    
  Total 1.52±0.47 1.68±0.55 1.73±0.58a 1.73±0.51a

  Dialytic 1.49±0.46 1.62±0.50 1.69±0.56a 1.69±0.50a

 Weekly KT (L)    
  Total 53.0±11.8 58.5±13.8a 60.8±16.5a 60.9±14.4a

  Dialytic 51.6±11.2 56.7±12.9a 59.3±15.7a 59.6±13.9a

 Weekly MR (g) 60.4±19.8 66.8±20.7 69.2±23.5a 70.1±24.3a

Creatinine    
 Weekly Kt/V    
  Total 1.27±0.40 1.34±0.40 1.37±0.36 1.39±0.42
  Dialytic 1.19±0.36 1.28±0.37 1.31±0.34 1.33±0.4
 Weekly KT (L)    
  Total 44.0±10.7 47.0±9.8 48.2±9.0a 48.9±12.2a

  Dialytic 41.3±9.1 44.6±8.7 46.0±8.2a 46.8±11.0a

 Weekly clearance (L) 46.7±13.1 49.7±13.1 50.7±11.0 51.5±14.3
 Weekly MR (g) 4.5±1.5 4.9±1.6 5.1±1.8 5.1±1.8

Daily fluid removal (L)    
 Ultrafiltrationb 0.39±0.55 0.71±0.53 1.21±0.54 1.06±0.42
 Urine volume 0.26±0.35 0.23±0.29 0.23±0.31 0.22±0.31
 Total volumeb 0.65±0.58 0.94±0.53 1.44±0.56 1.28±0.48

G1, G2, G3 = all-glucose schedules (see Table 1); Ico = schedule with icodextrin for the overnight dwell (see Table 1); MR = total 
removed mass.
a Significant difference, at the 0.05 level, compared with G1.
b Significant differences at the 0.05 level were found between all schedule pairs except for G3 compared with Ico.

TABLE 3 
24-Hour Fluid Removal in Anuric (n=46) and Non-Anuric (n=52) Continuous Ambulatory Peritoneal Dialysis Patients  

Using the Investigated Fluid Schedules

 Fluid Ultrafiltration (L) Urine volume (L) Total fluid removal (L)
 schedule Anuric Non-anuric Anuric Non-anuric Anuric Non-anuric

 G1 0.46±0.49 0.32±0.60 0.03±0.06a 0.47±0.37 0.49±0.49a 0.79±0.63
 G2 0.81±0.42 0.63±0.60 0.02±0.04a 0.41±0.30 0.83±0.42a 1.04±0.59
 G3 1.35±0.46a 1.10±0.58 0.02±0.03a 0.41±0.33 1.37±0.47 1.51±0.63
 Ico 1.12±0.42 1.01±0.43 0.02±0.03a 0.40±0.34 1.14±0.42a 1.41±0.49

G1, G2, G3 = all-glucose schedules (see Table 1); Ico = schedule with icodextrin for the overnight dwell (see Table 1).
a Significant difference, at the 0.05 level, for anuric compared with non-anuric patients.
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(Tables 5, 6, and 7). Urea Kt/V was positively correlated 
with creatinine Kt/V, and urea KT with creatinine KT, but 
the latter correlation was weaker (Table 5). There was a 
strong relation between the urea and creatinine masses 
removed by the kidneys (r = 0.95, p < 0.01), but the cor-
relation between the urea and creatinine masses removed 
by dialysis was weaker (r = 0.57, p < 0.01). Serum urea and 
creatinine concentrations were also correlated (Table 5). 
The masses removed by dialysis correlated positively 
with serum concentrations for urea and creatinine (r = 
0.76 and r = 0.79 respectively), but similar correlations 
for the masses removed in urine were much weaker and 
negative for creatinine (r = 0.15 for urea and r = –0.24 
for creatinine, Tables 6 and 7).

When considered separately for urea and creatinine, 
total and daily KT correlated with the respective Kt/V 
(Tables 6 and 7). For creatinine and urea, we observed 
negative associations between the serum concentration 
and the Kt/V and KT (–0.5 ≤ r ≤ –0.17, Tables 6 and 7). 
No or only a weak relation was observed between the 
total removed mass of urea and creatinine and total 
Kt/V, but correlations were found between total KT and 
total removed mass for urea and creatinine (r = 0.43 
and r = 0.27 respectively, Tables 6 and 7). Similar cor-
relations, or a lack of correlation, were found between 
the masses removed by dialysis and the estimated DAIs  
(Tables 6 and 7).

DISCUSSION

Assessments of adequacy for 4 different CAPD sched-
ules were performed using two different DAIs (Kt/V 

 suggested by international guidelines (3,4). The mean 
value of urea Kt/V was significantly lower for the G1 
schedule than for the G3 and Ico schedules. The mean 
values of creatinine Kt/V and ClCr were similar in all inves-
tigated schedules. The Kt/V and KT for urea were about 
26% higher than those for creatinine. Weekly ClCr—that 
is, KT scaled using 1.73 m2 /BSA m2—was about 6% higher 
than KT without scaling.

The KTd was similar in anuric and non-anuric patients 
for both urea and creatinine; however, the Kt/Vd was 
higher for anuric than for non-anuric patients (Table 4) 
because of a lower V for anuric patients (total body water 
was 33.9 ± 7.5 L for anuric patients and 39.0 ± 9.3 L for 
non-anuric patients, p < 0.01). Total KT—that is, dialytic 
plus residual renal KT—was, as expected, lower for anuric 
patients (although the difference was statistically sig-
nificant only for creatinine). No significant difference 
was found for total Kt/V (Table 4).

CORRELATIONS BETWEEN KT/V, KT, UF, AND SERUM 
CONCENTRATIONS AND REMOVED MASSES OF UREA  
AND CREATININE

In the analyzed dialysis schedules, urea Kt/V and urea 
KT both correlated with UF (0.23 < r < 0.53, p < 0.05). 
However, no correlation was observed between the dialy-
sis adequacy indices (Kt/V and KT) for creatinine and UF, 
except in the Ico schedule (0.35 < r < 0.42, p < 0.01).

The correlations between the various DAIs and other 
parameters, and their statistical significance, were 
similar when analyzed separately for each schedule. We 
therefore present only the pooled data for all schedules 

TABLE 4 
Urea and Creatinine Removal in Anuric (n=46) and Non-Anuric (n=52) Continuous Ambulatory Peritoneal Dialysis 

Patients Using the Investigated Fluid Schedules

 Parameter Weekly Kt/V Weekly KT (L)
 and fluid Total Dialytic Total Dialytic
 schedule Anuric Non-anuric Anuric Non-anuric Anuric Non-anuric Anuric Non-anuric

Urea        
 G1 1.58±0.44 1.47±0.50 1.57±0.43 1.40±0.47 51.3±9.7 54.4±13.4 51.2±9.7 51.9±12.5
 G2 1.76±0.52 1.60±0.57 1.76±0.53a 1.51±0.45 57.4±13.5 59.4±14.2 57.3±13.5 56.3±12.4
 G3 1.82±0.56 1.66±0.59 1.82±0.56a 1.58±0.54 59.7±16.0 61.8±17.0 59.6±16.0 59.1±15.7
 Ico 1.81±0.55 1.65±0.47 1.81±0.55a 1.59±0.45 59.6±15.0 62.0±14.0 59.5±15.1 59.7±13.0
Creatinine        
 G1 1.28±0.33 1.25±0.45 1.27±0.33a 1.12±0.38 41.6±6.9a 46.3±13.0 41.3±6.8 41.3±10.8
 G2 1.35±0.32 1.34±0.46 1.34±0.32 1.22±0.40 44.0±7.1a 49.6±11.0 43.7±7.0 45.5±9.8
 G3 1.39±0.33 1.36±0.39 1.38±0.33 1.25±0.34 45.5±8.5a 50.5±8.8 45.2±8.5 46.6±8.0
 Ico 1.38±0.37 1.39±0.46 1.37±0.37 1.29±0.41 45.1±10.1a 52.2±12.9 44.9±10.1 48.4±11.6

G1, G2, G3 = all-glucose schedules (see Table 1); Ico = schedule with icodextrin for the overnight dwell (see Table 1).
a Significant difference, at the 0.05 level, for anuric compared with non-anuric patients.
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and KT, estimated for both urea and creatinine) in 99 
patients from 24-hour collections of dialysate and urine. 
Peritoneal net UF, urine volume, and total fluid removal 
were investigated separately in anuric and non-anuric 
patients. To the best of our knowledge, neither the KT 
for urea, nor the Kt/V and KT for creatinine, have previ-
ously been reported for CAPD patients, although some 
studies have addressed those indices for other treatment 
modalities (12–14).

Our work showed that, in some patients, the use of 3 
daily 1.36% glucose exchanges and 1 overnight exchange 
with either 1.36% glucose (G1) or 2.27% glucose (G2) 
may not provide acceptable dialysis adequacy (“inad-
equacy” here defined as a weekly Kt/V urea below 1.7). 
The G1 and G2 schedules both resulted in a 24-hour net 

peritoneal UF below 1.0 L in several patients, which can 
be considered too low according to current guidelines 
(3). The UF volumes and DAIs for patients using 3.86% 
glucose (G3) or icodextrin (Ico) overnight were similar 
and generally accorded with established targets.

The analysis of various dialysis schedules showed that 
UF correlated better with urea adequacy indices than 
with creatinine indices, because urea concentrations 
in dialysate and in blood equilibrate during dialysis. 
By contrast, the creatinine concentration in dialysate 
is considerably lower than that in serum at the end of a 
dwell (15). The removal of urea in PD therefore strongly 
depends on fluid removal, but the dialytic removal of 
creatinine depends on both the UF and the rate of crea-
tinine diffusive transport.

TABLE 5 
Correlations (r Values)a Between Creatinine- and Urea-Based Adequacy Parameters in All Patients

 Urea
 Kt/V KT Cb ΔMR
   Total Dialytic Total Dialytic  Total Dialytic Urinary

 
Kt/V

 Total 0.77 0.76 0.31 0.31 –0.31 –0.08 –0.08 –0.06 
  Dialytic 0.77 0.78 0.28 0.31 –0.30 –0.08 –0.06 –0.23 
 

KT
 Total 0.23 0.19 0.53 0.48 0.00 0.31 0.28 0.34 

  Dialytic 0.24 0.24 0.50 0.50 0.02 0.32 0.32 0.08 

 Cb  –0.32 –0.28 –0.09 –0.03 0.43 0.33 0.37 –0.23 

Cr
ea

ti
ni

ne

  Total –0.17 –0.14 0.27 0.31 0.43 0.57 0.59 –0.05 
 ΔMR Dialytic –0.14 –0.10 0.24 0.30 0.42 0.54 0.57 –0.18 
  Urinary –0.15 –0.23 0.14 0.00 0.07 0.13 0.05 0.95

Cb = serum concentration; ΔMR = removed mass.
a Boldface type indicates values with an associated p < 0.05.

TABLE 6 
Correlations (r Values)a Between Urea-Based Adequacy Parameters in All Patients

 Urea
 Kt/V KT Cb ΔMR
   Total Dialytic Total Dialytic  Total Dialytic Urinary

 
Kt/V

 Total 1.00 0.99 0.58 0.60 –0.42 0.00 0.00 –0.16
  Dialytic  1.00 0.55 0.59 –0.41 –0.01 0.01 –0.24
 

KT
 Total   1.00 0.98 –0.17 0.43 0.41 0.17

  Dialytic    1.00 –0.18 0.41 0.41 0.02

U
re

a

 Cb      1.00 0.76 0.76 0.15
  Total      1.00 0.99 0.22
 ΔMR Dialytic       1.00 0.13
  Urinary        1.00

Cb = serum concentration; ΔMR = removed mass.
a Boldface type indicates values with an associated p < 0.05.
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The urea and creatinine masses removed by dialysis 
correlated positively with serum concentrations, but 
similar correlations for the mass removed with urine were 
much weaker and even negative for creatinine (Tables 6 
and 7). That observation agrees with the prevailing un-
derstanding of diffusive transport for those two solutes 
during dialysis. However, the solute DAIs correlated 
negatively with their respective serum concentrations 
(Table 6 and 7), meaning that patients with higher DAIs 
have lower serum levels of the removed solutes, despite 
the solute mass removed by dialysis being generally lower 
in patients with a low serum concentration of that solute. 
It is important to note that the 24-hour studies reported 
here used fluid schedules that were not the schedules 
prescribed for the study patients (nevertheless, 95 of 
the 99 patients routinely used one of the 4 fluid sched-
ules in the clinical protocol), and therefore the removed 
mass was not, in general, equal to the generated mass 
(except for the routine schedule of the patient). However, 
the DAIs can also be assessed for non-steady metabolic 
conditions (8,12).

It is interesting to observe that, although the Kt/V and 
KT indices correlated (Tables 6 and 7), the correlations 
were not very strong (r2 < 0.36). It might then be inferred 
that those two types of indices are sensitive to factors 
(such as differences in the generation rates for urea and 
creatinine) other than the removed masses and serum 
concentrations alone. Furthermore, the correlations 
between the Kt/V indices for urea and creatinine were 
much stronger (r2 > 0.58) than the correlations between 
the KT indices for those two solutes (r2 < 0.28, Table 5). 
In the evaluation of dialysis adequacy for patients on PD, 
the focus has long been on the urea Kt/V, and attention to 
urea KT, creatinine Kt/V, and (at least recently) creatinine 

KT (that is, in the form of ClCr) has been lacking. The focus 
on urea Kt/V in the clinical and research settings is, to 
some extent, justified by our finding that urea Kt/V cor-
relates with all other DAIs. On the other hand, our data 
and some previous studies also show that, when only 
urea Kt/V is used, some information about the removal 
of small solutes is lost because the correlations between 
urea Kt/V and other parameters are generally weak [see 
Tables 5 and 6, and reports by other authors (16–18)]. 
Therefore, although the standard clinical evaluation 
of adequacy may be—for practical reasons—reduced to 
one adequacy index (urea Kt/V), it would be reasonable 
that future clinical studies on the relationship between 
dialysis adequacy and patient survival also take into 
account other indices in the extended DAI system, and 
that assessments be based at least on two small solutes, 
urea and creatinine.
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