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To test the feasibility of calculating, in the ab-

sence of peritoneal transport studies, the dose

(daily drain volume) of continuous peritoneal

dialysis (CPD) that will produce a high probabil-

ity of adequate fractional peritoneal urea clear-

ance (K
p
t/V

urea
), we randomly separated 619

clearance studies in patients on continuous am-

bulatory peritoneal dialysis (CAPD) with 4 daily

exchanges into a derivation (n = 322) and a vali-

dation (n = 297) group. In the derivation group,

the dialysate-to-plasma urea concentration ratio

(D/P
urea

) was ≤0.799 within the lowest 5% of the

studies. By the urea clearance formula, a D/P
urea

value of 0.799 will produce weekly K
p
t/V

urea
 val-

ues of 1.70 or better if the ratio of the daily drain

volume to plasma water (Dv/V) is ≥0.304 L/L.

Among the 56 studies in the validation group with

Dv/V values of 0.304 L/L or more, 52 (92.9%)

had weekly K
p
t/V

urea
 values of 1.70 or better.

Assuming a suitable (low) D/P
urea

 value for a

given CPD treatment, it is possible to derive the

dose of dialysis (the Dv/V ratio) that will pro-

vide adequate peritoneal urea clearance levels

regardless of peritoneal transport characteris-

tics. This method is applicable to the prescrip-

tion of CPD for patients lacking studies of

peritoneal transport. Anuric patients on CAPD

with 4 daily exchanges require a Dv/V value of
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0.304 L/L or better to have a ≥0.9 probability of

achieving a weekly K
p
t/V

urea
 of 1.70 or better.
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Introduction

The prescription of continuous peritoneal dialysis

(CPD) must provide adequate urea clearance and ad-

equate ultrafiltration (1). Computer programs for pre-

scribing the schedule and dose of CPD require prior

study of peritoneal transport (2–5). Prescription of the

dose of CPD before a study of peritoneal transport is

available is the subject of the present report.

Peritoneal ultrafiltration cannot be predicted

with accuracy, even after peritoneal transport stud-

ies (6). However, several reports have suggested

that body size and drain volume are the only major

predictors of fractional peritoneal urea clearance

(K
p
t/V

urea
)—the effect of peritoneal transport be-

ing less critical (7–12). To test the hypothesis that

the dose of CPD that will provide adequate K
p
t/

V
urea

 for a given CPD schedule can be computed

with reasonable accuracy without taking peritoneal

transport characteristics into account, we analyzed

the effects of a size-adjusted dose of a given CPD

schedule on adequacy of K
p
t/V

urea
 without taking

into account peritoneal transport.

Patients and methods

The formula for K
p
t/V

urea
 can be expressed as the prod-

uct of a volume ratio, Dv/V, where Dv is the daily
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drain volume and V is body water, and a concentra-

tion ratio that reflects both peritoneal transport and

dwell time (D/P
urea

, where D and P are respectively

the dialysate and plasma urea concentrations), as fol-

lows (12):

K
p
t/V

urea
 = ( Dv/V) × ( D/P

urea
 ).        [1]

The CPD prescription method explored here

consists of finding the minimal Dv/V value that will

ensure the target K
p
t/V

urea
 for any given CPD sched-

ule. This minimal Dv/V value corresponds to a spe-

cific D/P
urea

 value, because equation 1 allows for

only a single Dv/V value for a fixed K
p
t/V

urea
 and

D/P
urea

 pair.

To test this prescription method, we used a large

number of clearance studies in patients on continu-

ous ambulatory peritoneal dialysis (CAPD). Using one

group of clearance studies, we found a suitable spe-

cific D/P
urea

 value, and based on that value, we used

equation 1 to calculate the minimal required Dv/V. In

a second group of CAPD clearance studies, we tested

whether the Dv/V value calculated based on the first

group of clearance studies was associated with ad-

equate values of K
p
t/V

urea
. The testing of the second

group did not include D/P
urea

.

Prescription of the CPD dose by this new method

consists of calculating the required Dv value (the pre-

scribed daily fill volume plus the expected ultrafiltra-

tion volume) by multiplying the chosen Dv/V value

by a patient’s individual V (12).

We analyzed 619 clearance studies in patients on

CAPD with 4 daily exchanges. Clearance studies were

performed using standard methods (13,14), and V was

calculated by the Watson formula (15). Using a ran-

dom number generator, we divided the 619 clearance

studies into a derivation group (n = 322) and a valida-

tion group (n = 297). In the derivation group, the high-

est D/P
urea

 value from among the lowest 5% of those

values was used in equation 1 to calculate the Dv/V

value that would provide a weekly K
p
t/V

urea
 of 1.7

(0.243 daily). This target K
p
t/V

urea
 is for anuric pa-

tients (1). In the validation group, we determined the

frequency with which clearance studies having Dv/V

values equal to or higher than the cut-off value calcu-

lated in the derivation group had weekly K
p
t/V

urea

values of 1.70 or higher.

Continuous variables are presented as mean ± stan-

dard deviation. Statistical comparisons between

groups and between studies with adequate (≥1.70)

and with inadequate (<1.70) weekly K
p
t/V

urea
 within

each group were carried out by the two-tailed Stu-

dent t-test for continuous variables and by the chi-

square test for categorical variables. The

performance in the validation group of the Dv/V

value derived in the derivation group was tested by

sensitivity, specificity, positive predictive value,

negative predictive value, and accuracy. The most

important of these values for the purpose of avoid-

ing underdialysis is the positive predictive value

(the fraction of the studies with Dv/V at or above

the cutoff value that have an adequate K
p
t/V

urea
).

We here present calculations for a positive predic-

tive value of 0.9 or better.

Logistic regression with weekly K
p
t/V

urea
 ≥ 1.70

as the dependent variable was carried out in the vali-

dation group twice, first with Dv/V as the sole pre-

dictor and then with D/P
urea

 as the sole predictor. In

each regression, we calculated the area under the re-

ceiver operating characteristic (ROC) curve.

Results

Table I compares pertinent features between the deri-

vation and validation subgroups with adequate and

inadequate K
p
t/V

urea
. We observed no differences be-

tween the groups in regard to patient age, diabetic sta-

tus, or duration of CAPD until the clearance study,

but the percentage of men and all size and obesity

indicators (height, weight, body mass index, body

surface area, body water) were higher in the subgroups

with inadequate K
p
t/V

urea
. Subgroups with adequate

K
p
t/V

urea
 had higher Dv and Dv/V values than did

subgroups with inadequate K
p
t/V

urea
. Although plasma

and dialysate urea concentrations did not differ be-

tween subgroups with adequate and inadequate K
p
t/

V
urea

, the D/P
urea

 ratios were higher in the subgroups

with adequate K
p
t/V

urea
. None of the variables in

Table I differed between the derivation and valida-

tion groups.

In the derivation group, the D/P
urea

 value was

0.799 or less in 15 studies (4.6%). From equation 1,

the Dv/V value that will produce a daily K
p
t/V

urea
 of

0.243 at a D/P
urea

 of 0.799 is 0.304 L/L (0.243 / 0.799).

In the validation group, among the 56 studies with a

Dv/V of 0.304 L/L or better, 52 had an adequate (true

positive) and 4 had an inadequate (false negative) K
p
t/

V
urea

; among the 241 studies with a Dv/V of less than

0.304 L/L, 77 had an adequate (false positive) and
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164 had an inadequate (true negative) K
p
t/V

urea
. The

calculated accuracy indices for a Dv/V cutoff value

of 0.304 L/L in achieving a weekly K
p
t/V

urea
 value of

1.70 or better in the validation group were these:

• Sensitivity: 53 / (52 + 77) = 0.403

• Specificity: 164 / (4 + 164) = 0.976

• Positive predictive value: 52 / (52 + 4) = 0.929

• Negative predictive value: 164 / (164 + 77) = 0.680

• Accuracy: (52 + 164) / (52 + 164 + 4 + 77) =

0.727

The accuracy indices for the Dv/V cutoff value

of 0.304 L/L in the validation group were recalcu-

lated using only the first study from each patient (n =

148). Time on CAPD was 4.9 ± 3.3 months for these

studies. The results were almost identical with those

obtained when all studies in this group were in-

cluded in the analysis. Of the 30 studies with a Dv/

V of 0.304 L/L or better, 27 had an adequate and 3,

an inadequate K
p
t/V

urea
. Of the 118 studies with a

Dv/V below 0.304 L/L, 41 had an adequate and 77,

an inadequate K
p
t/V

urea
. The calculated accuracy

indices for the Dv/V cutoff value of 0.304 L/L were

these:

• Sensitivity: 0.397

• Specificity: 0.963

• Positive predictive value: 0.900

• Negative predictive value: 0.653

• Accuracy: 0.703

Logistic regression with weekly K
p
t/V

urea
 ≥ 1.70

as the dependent variable revealed an area under the

ROC curve of 0.927 when Dv/V was tested as the

sole predictor and 0.711 when D/P
urea

 was tested as

the sole predictor.

Discussion

The findings of the present study suggest that using a

predetermined value of D/P
urea

 with equation 1 to cal-

culate a Dv/V value that will provide adequate K
p
t/

V
urea

 can lead to adequate levels of peritoneal urea

clearance in CPD patients regardless of peritoneal

transport characteristics. To achieve adequate clear-

ances in most patients, the value of D/P
urea

 used in the

TABLE I Patient characteristics a

Adequate K
p
t/V

urea
?

Derivation group Validation group

Yes No Yes No

Patients [n (%)] 109 (33.9) 213 (66.1) 129 (43.4) 168 (56.6)

Men/women (n) 22/87 166/47b 30/99 136/32b

Diabetes [n (%)] 45 (41.3) 94 (44.1) 50 (38.8) 79 (47.0)

Mean age (years) 51.9±15.5 54.8±14.9 54.4±15.9 55.1±14.3

Mean CAPD duration (mo.) 25.2±33.8 18.7±21.2 19.5±22.2 20.1±22.9

Height (cm) 158.1±9.8 169.8±8.9b 160±8.5 168.9±9.6b

Weight (kg) 59.4±11.7 76.3±14.6b 61.7±11.1 75.1±13.9b

BMI (kg/m2) 23.9±4.8 26.6±5.4b 24.2±4.6 26.3±4.5b

BSA (m2) 1.60±0.17 1.87±0.18b 1.64±0.15 1.85±0.19b

V
Watson

 (L) 30.4±4.4 39.6±5.6b 31.2±3.8 39.3±5.9b

Dv (L/24 h) 9.3±0.7 9.0±0.3b 9.1±0.6 8.9±0.7c

Dv/V
Watson

 (L/L) 0.310±0.043 0.230±0.035b 0.296±0.033 0.231±0.040b

P
urea

 (mmol/L) 18.9±5.6 19.8±6.2 18.6±4.7 19.6±6.2

D
urea

 (mmol/L) 18.1±5.6 17.3±6.0 17.8±4.8 17.0±5.8

D/P
urea

0.956±0.090 0.871±0.122b 0.958±0.102 0.870±0.118b

Weekly K
p
t/V

urea
2.07±0.29 1.39±0.20b 1.98±0.23 1.39±0.21b

a Comparisons within each group found nonsignificant differences for variables without a superscript in the columns of inad-

equate clearance.
b p < 0.001.
c p = 0.03.

CAPD = continuous ambulatory peritoneal dialysis; BMI = body mass index; BSA = body surface area; V
Watson

 = plasma water

by the Watson method; Dv = drain volume; P = plasma; D = dialysate.
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calculation of Dv/V for any given CPD schedule

should be within the lowest 5% of expected values.

In CAPD with 4 daily exchanges, Dv/V values of

0.304 L/L or better, corresponding to a D/P
urea

 of

0.799, provide weekly K
p
t/V

urea
 values of 1.70 or

better in ≥90% of patients. The Dv/V cutoff value of

0.304 L/L is close to the 0.301 L/L value calculated

by a different statistical method in a smaller number

of studies (16).

Although D/P
urea

 is a mathematical determinant

of K
p
t/V

urea
, it is substantially less important than is

Dv/V in determining adequacy of K
p
t/V

urea
—probably

because, in any given CPD schedule, the range of

potential D/P
urea

 values is substantially narrower than

is the range of potential Dv/V values, the latter range

being greatly affected by the size of the patients (17).

In two studies, Dv/V but not D/P
urea

 was found to pre-

dict adequate levels of Kt/V
urea

 in CAPD (8,16). In

the present study, the area under the ROC curve was

substantially greater when Dv/V was tested as the sole

predictor of weekly K
p
t/V

urea
 ≥ 1.70, than when D/

P
urea

 was so tested.

Although most patients in this study had weekly

K
p
t/V

urea
 values below 1.70 (Table I), 81% had ad-

equate total (peritoneal plus renal) Kt/V
urea

 values

because of substantial residual renal function. The

presence of substantial residual renal function changes

the target K
p
t/V

urea
. In the calculation of the desired

Dv/V for CAPD with 4 daily exchanges in patients

with residual renal function, the same D/P
urea

 (0.799)

should be used; however, the target (minimal) weekly

K
p
t/V

urea
 should be calculated as 1.70 – renal Kt/V

urea
.

The present study has two weaknesses.

First, calculation of the required daily drain vol-

ume for anuric CAPD patients as 0.304 times each

patient’s body water will lead to the use of excessive

amounts of PD fluid in a substantial fraction of these

patients. Many anuric patients can achieve adequate

K
p
t/V

urea
 values with Dv/V values below 0.304 L/L.

Indeed, 77 of the 129 clearance studies (59.7%) in

the validation group with a Dv/V below 0.304 L/L

had weekly K
p
t/V

urea
 values of 1.70 or better—

hence the low sensitivity of the Dv/V cutoff value

of 0.304 L/L. This low sensitivity is needed to pro-

duce a high percentage of adequate urea clearance

values when peritoneal transport is unknown.

The second weakness of the study is the unavail-

ability of large numbers of clearance studies that can

provide data for calculating the desired Dv/V value

for automated peritoneal dialysis (APD) schedules

with short dwell times. Validation in APD of the

method presented here will require further studies. In

the present report, we can give only an example of

the application of this method in APD.

A 76-year-old man with negligible residual re-

nal function decided to change from hemodialysis

to CPD. His weight was 101 kg, his height was 172.7 cm,

and his V by the Watson formula was 45.7 L. The

required drain volume for CAPD with 4 daily ex-

changes and a weekly K
p
t/V

urea
 of 1.70 would be

13.9 L/24 h (0.304 × 45.7 L)—a volume at the mar-

gins of the drain volume that CAPD with 4 daily

exchanges and a 3-L fill volume can be expected to

produce. He elected APD.

A 9-hour nocturnal APD session with four 3-L

exchanges would allow an approximate dwell time

of 2 hours. From the relevant nomogram of the origi-

nal Twardowski report on the peritoneal equilibra-

tion test (18), we selected a (low) D/P
urea

 of 0.50 for

a 2-hour dwell. Assuming a drain volume of 13.5 L

(ultrafiltration of 1.5 L per APD session) and a D/

P
urea

 of 0.5, the delivered weekly K
p
t/V

urea
 by APD

alone would be 1.03. Two added daily CAPD ex-

changes with a 3-L fill volume, assuming a D/P
urea

of 0.80 and no ultrafiltration, would produce a

weekly CAPD K
p
t/V

urea
 of 0.74, for a total weekly

K
p
t/V

urea
 of 1.77.

Actual measurements and calculations 1 month

later on this CPD regime were these:

• Nighttime (APD): drain volume, 13.7 L; D/P
urea

,

0.55; weekly K
p
t/V

urea
, 1.15

• Daytime (CAPD): drain volume, 6.2 L; D/P
urea

,

0.91; weekly K
p
t/V

urea
, 0.86

• Total weekly K
p
t/V

urea
: 2.01

Conclusions

Without taking peritoneal transport into account, cal-

culation of the dose of a given CPD schedule required

for a target K
p
t/V

urea
 can, in most instances, result in

adequate peritoneal urea clearance values.

The method presented here is suitable for initial

prescription of CPD. In addition, it permits predic-

tion of whether a given CPD schedule can feasibly

achieve the target K
p
t/V

urea
 in patients for whom stud-

ies of peritoneal transport status are not available.

To achieve a high probability (≥0.9) of a weekly K
p
t/

V
urea

 of 1.70 or better in anuric patients on CAPD
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with 4 daily exchanges, the daily delivered dose of

CAPD should be ≥0.304 L per liter of body water.

Acknowledgment

This work was supported by the New Mexico VA

Health Care System.

References

1 Peritoneal Dialysis Adequacy Work Group and Peri-

toneal Dialysis Adequacy 2006 Work Group. Clinical

practice guidelines for peritoneal adequacy, update

2006. Clinical practice guidelines for peritoneal di-

alysis adequacy. Clinical practice recommendations

for peritoneal adequacy. Am J Kidney Dis

2006;48(Suppl 1):S91–175.

2 Vonesh EF, Lysaght MJ, Moran J, Farrell P. Kinetic

modeling as a prescription aid in peritoneal dialysis.

Blood Purif 1991;9:343–75.

3 Gotch FA, Keen ML. Kinetic modeling in peritoneal

dialysis. In: Nissenson AR, Fine RN, Gentile DE, eds.

Clinical dialysis. 3rd ed. Norwalk, CT: Appleton and

Lange; 1995; 343–75.

4 Robertson BC, Juhasz NM, Walker PJ, Raymond KH,

Taber TE, Adcock AA. A prescription model for peri-

toneal dialysis. ASAIO J 1995;41:116–26.

5 Rippe B. Peritoneal dialysis capacity. Perit Dial Int

1997;17(Suppl 2):S131–4.

6 Mujais S, Nolph K, Gokal R, et al. Evaluation and

management of ultrafiltration problems in peritoneal

dialysis. Perit Dial Int 2000;20(Suppl 4):S5–21.

7 Nolph KD, Jensen RA, Khanna R, Twardowski ZJ.

Weight limitations for weekly urea clearances using

various exchange volumes in continuous ambulatory

peritoneal dialysis. Perit Dial Int 1994;14:261–4.

8 Churchill DN, Thorpe KE, Nolph KD, Keshaviah PR,

Oreopoulos DG, Pagé D. Increased peritoneal mem-

brane transport is associated with decreased patient

and technique survival for continuous peritoneal di-

alysis patients. J Am Soc Nephrol 1998;9:1285–92.

9 Murata GH, Tzamaloukas AH, Voudiklari S, et al. Es-

timating urea clearance in patients on continuous

ambulatory peritoneal dialysis: a multivariate analy-

sis. Int J Artif Organs 1998;21:515–20.

10 Tzamaloukas AH, Murata GH, Piraino B, et al. Peri-

toneal urea and creatinine clearances in continuous

peritoneal dialysis subjects with different types of peri-

toneal solute transport. Kidney Int 1998;53:1405–11.

11 Diaz–Buxo JA, Gotch FA, Folden TI, et al. Peritoneal

dialysis adequacy: a model to assess feasibility with

various modalities. Kidney Int 1999;55:293–501.

12 Tzamaloukas AH, Bunting D. A 100-kg man on peri-

toneal dialysis (PD) with a borderline Kt/V: to PD or

not to PD? Perit Dial Int 2003;23:200–7.

13 Nolph KD, Moore HL, Twardowski ZJ, et al. Cross-

sectional assessment of weekly urea and creatinine

clearances in patients on continuous ambulatory peri-

toneal dialysis. ASAIO J 1992;38:M139–42.

14 Tzamaloukas AH, Murata GH, Malhotra D, Sena P,

Patron A. Urea kinetic modeling in continuous perito-

neal dialysis patients. Effects of body composition on

the methods computing urea volume of distribution.

ASAIO J 1993;39:M359–62.

15 Watson PE, Watson ED, Batt RD. Total body water or

adult males and females estimated from simple an-

thropometric measurements. Am J Clin Nutr

1980;33:27–39.

16 Tzamaloukas AH, Murata GH, Malhotra D, Fox L,

Goldman RS, Avasthi PS. The minimal dose of dialy-

sis required for a target Kt/V in continuous peritoneal

dialysis. Clin Nephrol 1995;44:316–21.

17 Tzamaloukas AH, Murata GH, Piraino B, et al. The

relation between body size and normalized small sol-

ute clearances in continuous ambulatory peritoneal

dialysis. J Am Soc Nephrol 1999;10:1575–81.

18 Twardowski ZJ, Nolph KD, Khanna R, et al. Perito-

neal equilibration test. Perit Dial Bull 1987;7:138–47.

Corresponding author:
Antonios H. Tzamaloukas, Renal Section (111C), New
Mexico VA Health Care System, 1501 San Pedro SE,
Albuquerque, New Mexico 87108 U.S.A.
E-mail:
Antonios.Tzamaloukas@med.va.gov


