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hen compared to intermittent dialysis, the theo-

retical advantages of continuous dialysis may
be less important than its practical disadvantage: the
inability to accurately quantify dialysis. With inter-
mittent dialysis the change in blood urea nitrogen
over the course of the treatment allows the ratio of K
(urea clearance) to V (volume of distribution of urea
or total body water) to be determined, hence an ac-
curate Kt/V. In continuous dialysis this approach can-
not be used due to the steady-state nature of blood
urea levels. Instead, V is estimated, generally from
the Watson equations. This estimate has sufficient
inaccuracy to result in substantial unrecognized
underdialysis in many patients.

(Home Hemodial Int., Vol. 1, 19 — 22, 1997)
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The quantitation of dialysis delivery

Even though continuous ambulatory peritoneal di-
alysis (CAPD) provides a lower level of solute clear-
ance than hemodialysis, patient outcome with the two
procedures is similar. One hypothesis accounting for
the relative equivalence of CAPD and thrice-weekly
hemodialysis despite different levels of dialysis de-
livery is based on the advantages of continuous
therapy (1,2). If true, this hypothesis would suggest
that while daily hemodialysis should be superior to
thrice-weekly hemodialysis, its intermittency makes
it less desirable than CAPD. However, there is a
strong reason to take the opposite view and consider
its intermittency an advantage.
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For argument’s sake, let us assume the following
statements are true:

1. In hemodialysis patients, morbidity and mortal-
ity are minimized at a Kt/V of 1.4/treatment.

2. In CAPD patients, morbidity and mortality are
minimized at a Kt/V of 2.1/week.

3. Atthese “target” levels of Kt/V, peritoneal dialy-
sis and hemodialysis have equivalent outcomes.

The question to be considered is this: Assuming a
measured Kt/V at the target level, should an anuric
end-stage renal disease (ESRD) patient, whose sole
goal is to obtain the best possible dialytic outcome,
choose CAPD or hemodialysis? The answer is related
to inherent problems in the quantitation of dialysis.

Dialysis is most commonly quantified by measur-
ing Kt/Vurea. In both hemodialysis and CAPD, treat-
ment times (t) can be accurately measured, but V (the
volume of distribution of urea, equivalent to total body
water) is estimated. In CAPD, K (urea clearance) can
be accurately determined by measuring dialysate and
plasma urea levels together with the dialysate drain
volume; in hemodialysis, K is estimated. Superficially,
then, it would appear that it should be possible to deter-
mine Kt/ more accurately in CAPD than in hemo-
dialysis, since in CAPD only one of the three determi-
nants of Kt/V is estimated, while in hemodialysis two
of these determinants are estimated.

However, this is an incorrect analysis. Even
though K and V are not known with accuracy in
hemodialysis, their ratio can be accurately deter-
mined, and only this ratio is needed to accurately
measure Kt/V. This becomes apparent when one re-
calls that Kt/V in hemodialysis is closely related to
the percentage decrease in urea over the course of
the treatment, a relationship that requires no assump-
tions about K or V (3-6). In hemodialysis, an incor-
rect, low V will result in a proportionate error in K
and an accurate Kt/V. In CAPD, by contrast, an esti-
mated V that is less than the actual V will result in a
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measured Kt/V that is greater than the actual Kt/\V
(Figure 1). While the issue of urea rebound
postdialysis in hemodialysis is a significant one, it
can be addressed using delayed blood sampling and/
or modifications of the usual methods of calculating
Kt/V (7,8). As a result, an accurate Kt/V can be de-
termined in hemodialysis but is problematic in
peritoneal dialysis, where the error in V translates into
a proportional error in Kt/V.

This difference between the measured and actual
Kt/V means that CAPD patients can theoretically be
classified by the relationship of these two values and
by whether the measured and actual dialysis deliver-
ies are above or below target levels. Using an arbi-
trary target value for Kt/V of 2.1/week, patients can
be subdivided into four groups (Figure 2): (1) those
having unrecognized, inadequate dialysis (actual
Kt/V < 2.1, measured Kt/V > 2.1); (2) those with rec-
ognized inadequate dialysis (both actual and measured
Kt/V < 2.1); (3) those with misdiagnosed dialysis in-
adequacy (actual Kt/V > 2.1, measured Kt/V < 2.1);
and (4) those with recognized adequacy of dialysis
(both actual and measured Kt/V > 2.1). The extent to
which measured and actual Kt/V diverge in CAPD
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FiIGURe 1 In CAPD, Kt/V is calculated by determining the product
of the dialysate-to-plasma urea concentration (D/Purea) and the
dialysate drain volume (DV) and dividing this product by the
estimated V. The measured Kt/V will be greater than the actual
Kt/V when the estimated V is less than the actual value (Va).
Thus Kt/Va < Kt/V. In hemodialysis, the extent of the change in
blood urea nitrogen (BUN) over the course of a treatment (reflecting
the change in the concentration of urea in body water, V) is the
predominant determinant of the estimated clearance (K). If Va is
larger than the estimated V, then the actual urea clearance (Ka)
will also be larger than the estimated K. This occurs because, with
a larger V, any given change in BUN must represent a greater urea
clearance. Thus inaccuracies in V result in proportional (and
canceling) changes in K. As a result, Kat/Va = Kt/V.
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patients is largely a function of the magnitude of the
error in estimating V.

How inaccurate is the estimate of V in ESRD pa-
tients receiving peritoneal dialysis? The extent of the
inaccuracy depends in part on the specific method used
to estimate V. One method of estimating V is to use a
fixed percentage of body weight, typically 58%. When
body water estimates using this approach were com-
pared to those using the isotope dilution method in
20 peritoneal dialysis patients, the error was substan-
tial and ranged from an underestimate by as much as
12.4 L to an overestimate by as much as 20.1 L (9).

Using an arbitrary percentage of body weight to
estimate body water is widely recognized as having
a low level of accuracy (10). The most common ap-
proach is to use the Watson equations to estimate body
water. The Watson equations were generated from a
reanalysis of 30 published studies (723 adult sub-
jects) in whom body water was quantified by dilu-
tion methodology (11). All study subjects were con-
sidered to be healthy, with no disturbances in body
water metabolism. Even given these restrictive in-
clusion criteria, the equations’ prediction of body
water differed substantially from the values obtained
by dilution methods. The standard deviation in the
correlation between the Watson prediction and ac-
tual body water exceeded 3.5 L in both the male and
female subjects, indicating that about one-third of
subjects had errors in body water estimates that were
greater than this level.

Classification of CAPD Delivery: Measured v Actual KT/V
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FIGURE 2 Adequate dialysis is assumed to be a Kt/Vurea of 2.1/
week. Virtually all CAPD patients will fall into one of four groups
depending upon the relationship of their measured and actual Kt/V.




Errors in the Quantitation of Dialysis Delivery

Two studies have compared Kt/V values calcu-
lated using the Watson equations with values using
actual body water determined by deuterium dilution
methodology (9,12). In both studies, highly signifi-
cant discordance was noted (Figure 3). In the study
by Wong et al. (9), the “Watson Kt/V” overestimated
actual (deuterium) weekly Kt/V by as much as 0.89.
Woodrow et al. (12) reported a similar lack of agree-
ment between deuterium Kt/V and “Watson Kt/V,”
consistent with the findings of Wong.

It should be noted that all of Wong et al.’s study
patients were considered to be at their dry weight. It
is well recognized that the error in estimating V us-
ing the Watson equations is even greater in patients
who are fluid-overloaded. Examination of the Watson
equations reveals that any increase in body weight is
calculated as consisting of only 25% — 34% water.
The increase in weight in edematous patients is, how-
ever, 100% water. Recommendations have been pub-
lished to reduce this error, but the approach is largely
guesswork (13).

But an additional problem is that the Watson equa-
tions tend to systematically underestimate V, particu-
larly in patients with renal disease. In 27 patients with
varying levels of renal function and states of hydra-
tion, Watson V underestimated V measured by tritium
dilution in all but 4 patients with a mean underesti-
mate in all patients of 3.6 L (Reference 14 and Kong
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FiGURE 3 Measured Kt/V in CAPD: extent of the error. Two
studies [Wong et al. (9) and Woodrow et al. (12)] of actual Kt/V
(by deuterium dilution determination of V) compared with Kt/V
using Watson estimates of V. The figure shows the population
means for the deuterium-based Kt/V (Kt/VD,0) and the limits of
agreement (LOA) for the difference between Kt/VD,O and the
Watson Kt/V.
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CH, personal communication). When V is under-
estimated, the actual Kt/V is less than the Kt/V calcu-
lated using the Watson formula. In Wong et al.’s (9)
study, the average Kt/V using the Watson V was 7.4%
higher than when actual (deuterium) body water was
used in the calculation. Using the Watson equations
yields results biased in favor of an overestimate of
delivered dialysis.

Let us now return to the original question raised
at the start of this paper. With the stated assumptions,
should the ESRD patient choose CAPD or hemo-
dialysis? Asaresult of errors in estimating VV in CAPD
patients, more than half of patients with a measured
Kt/V of 2.1 will, in fact, have a Kt/V less than this
value. Their morbidity and mortality will, as a conse-
quence, be increased. This increase will not be bal-
anced by any decrease in morbidity and mortality for
patients receiving an actual Kt/\V greater than their
measured value of 2.1, since the assumptions note that
morbidity and mortality were “minimized” at an ac-
tual Kt/V of 2.1 (i.e., higher Kt/V values did not fur-
ther reduce morbidity and mortality). Thus, statisti-
cally, the ESRD patient can expect an outcome that is
worse with CAPD than with hemodialysis.

A current view of the relationship of the frequency
of dialysis and its “quality” is shown in Figure 4A.
As described in this paper, the difficulties in quan-
titating dialysis when it is continuous is currently a
substantial disadvantage of this form of therapy. When
dialysis is made somewhat more intermittent, such as
with daily hemodialysis, the ability to quantitate di-
alysis is markedly improved. This advantage may out-
weigh any disadvantage that might follow from its
lack of a truly continuous nature. If this is the case,
then a more accurate depiction of the relationship of
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FIGURE 4A A current view of the relationship of dialysis frequency
versus dialysis quality indicates that continuous dialysis provides
the best therapy.
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FIGURE 4B A revised view of the relationship of dialysis frequency
and dialysis quality taking into account the practical problem of
dialysis quantification.

dialysis quality versus frequency may be that shown
in Figure 4B.
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