Advancesin Peritoneal Dialysis, Vol. 24, 2008

Rajesh Yalavarthy, | saac Teitelbaum

Peritoneal Dialysis
Adequacy: Not Just Small-
Solute Clearance

Two indices of small-solute clearance, Kt/V urea and
creatinine clearance, are widely used as markers of
peritoneal dialysis (PD) adequacy. It has become
clear, however, that increasing the small-solute clear-
ance above a minimum level does not result in im-
proved long-term PD outcomes. Several other factors
may affect optimal dialysis outcome. These include,
but are not limited to, ultrafiltration, inflammation,
mal nutrition, and mineral metabolism. In the present
article, we briefly review data regarding the rela-
tionships between the foregoing factors and survival
onPD.
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Introduction
The word “adequate” originates from the Latin
adagguat, which means to make or become level or
equal. Looking at the list of potential parameters of
dialysisadequacy showninTablel, it becomesimme-
diately apparent that even the best dialysis does not
equalize any of them. For example, whereaperitoneal
dialysis(PD) patient would be considered to be doing
well with aweekly Kt/V urea of 2.0, a healthy indi-
vidual with normal glomerular filtration rate has a
weekly Kt/V ureaof approximately 20! When consid-
ering dialysis “adequacy” a more pertinent question
isthis: Arethere one or more parametersthat, when a
certain level is achieved, will predict improved sur-
viva ascompared to survival in patientsin whom these
levels are not achieved?

In the present paper, we briefly examine whether
small-solute clearance or other parameters may sat-
isfy this condition.
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Discussion

Therise (and fall?) of small-solute clearance as a
marker of PD adequacy
The urea-centric model for PD adequacy was origi-
nally bolstered by two longitudinal observational stud-
ies (1,2). In arelatively small study, Maiorca et al.
demonstrated that 2-year patient survival was better
in patientswith aweekly Kt/V ureaabove 1.96 ascom-
pared with patientswith aweekly Kt/V ureabelow 1.7
(2). Themuch larger CANUSA study showed that sur-
vival improved withaweekly Kt/V ureaabove 2.1 (2).
Although reanalysis of CANUSA reveded that the
improved outcomes in patients with a higher weekly
Kt/V ureawas attributable to residua renal function
(3), aweekly Kt/V urea of 2.0 or higher became the
accepted target for “adequate” small-solute clearance.
This small-solute dependent model for PD ad-
equacy was challenged by the results of two
randomized controlled trials (4,5). Inthe ADEMEX
(Adequacy of PD in Mexico) trial, atotal of 965 pa-
tients were randomly assigned to an intervention or
a control group. Patients in the intervention group
were prescribed progressive changes in their dialy-
sisregimen to achieve aweekly peritoneal creatinine
clearance (CCr) of 60 L/1.73 m? or more. Patientsin
the control group continued to perform 4 daily con-
tinuous ambulatory PD (CAPD) exchanges of 2 L
each. Thetime-averaged total weekly Kt/V ureawas

TABLEI Potential parameters of dialysis adequacy

Small-solute clearance

Blood pressure and volume homeostasis
Acid-base homeostasis

Control of lipids and cardiovascular risk
Nutrition

Ca, P, and bone homeostasis
Inflammation

Middle-molecule clearance
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2.27 intheintervention group as compared with 1.80
in the control group. Yet, upon 2-year follow up, ho
differencein mortality was observed between thetwo
groups (4). Lo et al. performed a similar study in
Chinese PD patients and found no differencein mor-
tality between three groups with weekly Kt/V urea
valuesranging from 1.5tomorethan 2.0 (5). Similarly,
inthe EAPOS (European APD Outcome Study) trial,
no relationship wasfound between small-solute clear-
ance and mortality (6). Furthermore, in NECOSAD
(Netherlands Cooperative Study on the Adequacy
of Dialysis), the risk of death in anuric PD patients
increased only when weekly Kt/V ureawas extremely
low—Iessthan 1.5 (7).

Theforegoing studiesall strongly suggest that there
is more to PD adequacy than just small-solute clear-
ance. Wetherefore briefly examine severa of the other
parametersthat may potentialy define PD adequacy.

Ultrafiltration as a marker of PD adequacy

The effect of ultrafiltration (UF) on mortality in PD
patients has been examined in a few studies. The
EAPOS study was a 2-year prospective multicenter
study that enrolled atotal of 177 anuric patients on
automated PD (APD). The PD prescription was tar-
geted to achieve aweekly CCr above 60 L/1.73m? and
adaily UF of more than 750 mL. In addition to age
older than 65 years, poor nutrition status, and pres-
ence of diabetes, multivariate analysis revealed that
oneof thebaseline predictorsof poor survival inthese
patients was a daily UF below 750 mL (p = 0.047).
However, on follow-up (and, admittedly, perhaps be-
cause of an inadequate sample size), the association
betweentime-averaged UF and mortality failed toreach
statistical significance (p=0.097) (6).

Similar datawere obtained in NECOSAD, apro-
spective multicenter cohort study of 130 anuric PD
patients (102 on CAPD, 28 on APD). When examined
as a continuous variable, daily UF was significantly
associated with 2-year survival (p = 0.04). However,
although patientsin thelowest quintileof UF (<1.15L
daily) had arelative mortality risk of 3.41, that risk
failed to achieve statistical significance. Likewise,
when examined as a dichotomous variable (that is, a
UF above or below a specific value) no significant
rel ationship between UF and 2-year survival could be
demonstrated (p > 0.1 in all cases) (7). Once again, a
small samplesizemay havelimited the ability to achieve
statistical significance.
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In contrast, in another study performed in Turkey,
125 patients were followed for 3 years after starting
PD. Using a Cox proportional hazards model, thein-
vestigators found that total sodium and fluid removal
(urinary + dialysate) were both independent factors af -
fecting survival: cumulative survival waslowest inthe
groupswith lowest daily sodium removal (<130 mmol/
1.73m?) and lowest daily UF (<1265 mL/1.73 m?), both
p <0.01(8). Thus, the authors of the most recent I nter-
national Society for Peritoneal Dialysisrecommenda-
tions regarding dialysis adequacy and ultrafiltration
concluded “from these data that no numerical target
for ultrafiltration can beformulated” (9).

The cause of the potentially increased mortality
associated with low ultrafiltration has generally been
felt to relate to consequences of volume overload:
congestive heart failure, increased | eft ventricular mass,
hypertension, and other cardiovascular events. How-
ever, other possibilities must be considered as well.
For example, inastudy of 82 PD patientsfollowed for
amean of nearly 1 year, Chung et al. observed that,
among patientswith elevated C-reactive protein (CRP)
levels(>10 mg/L), ahigher proportion of patients had
low total fluid removal (<1000 mL daily) and increased
mortality ascompared with patientswith low CRPlev-
els (10). This observation suggests a possible asso-
ciation between inflammation and mortality that
warrantsfurther examination.

Inflammation and PD adequacy
The malnutrition, inflammation, and atherosclerosis
(MIA) syndromeisincreasingly recognized asamajor
cause of cardiovascular morbidity and mortality in di-
alysispatients. Peritoneal dialysisappearstobealess
inflammatory modality than hemodialysisis. Haubitz
et al. compared CRP levels between healthy volun-
teers, patientswith chronic kidney disease (CKD) not
on dialysis, and patients on either hemodialysis or
PD. Levels of CRP were highest in the HD patients;
the PD patients had levels comparable to those of the
CKD patients not yet on dialysis (11). The question
remains, however, whether within apopul ation of PD
patients, the degree of inflammation (or absence
thereof) may be used asamarker for PD adequacy.
As previously mentioned, the study by Chung et
al. demonstrated increased mortality (relative risk:
2.69; p =0.01) associated with inflammation (defined
asCRP> 10 mg/L) ascompared with noinflammation
(10). Similar findingswere obtained in across-sectiona
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study of 246 Chinese PD patientswho werefollowed
prospectively for an average of 20 months. In that
study (12), a single measurement of high-sensitivity
CRP (hsCRP) wasfound to be predictive of mortality:
on multivariate analysis, each 1 mg/dL increase in
hsCRP was associated with a2% increasein all-cause
mortality (p=0.002) and a3% increasein cardiovascu-
lar mortality (p=0.001).

But CRPisnot theonly inflammatory marker asso-
ciated with mortality. In yet another observational
study, Stenvinkel et al. demonstrated that mortality
increased as serum interleukin-6 (IL-6) levels rose.
Furthermore, both serum IL-6 levelsand mortality in-
creased as the number of components of the MIA
syndrome present in the patients increased (13).

These studies all suggest that absence of inflam-
mation may be considered acomponent of “ adequate’
renal replacement therapy. However, no clear criteria
emerged for ascertaining that inflammation isindeed
absent. Furthermore, there are no specific guidelines
regarding the best methods for monitoring or treating
inflammation in these patients apart from treating in-
fection, if present. Finally, as exemplified by the
Stenvinkel et al. study (13), inflammation often coex-
ists with malnutrition, suggesting that the potential
role of nutrition asamarker for PD adequacy warrants
closer scrutiny.

Nutrition status and PD adequacy
Malnutritionisvery commonin PD patients. Inaninter-
national study, the prevalence of malnutrition meas-
ured by subjective global assessment (SGA), which
has 21 components, was 40.6% (14). There are many
different indices of malnutrition, including serum albu-
min, prealbumin, transferrin, anthropometric measure-
ments, bioimpedance analysis, normalized protein
catabolic rate, and multivariable methods such as SGA
scoreand composite nutrition index (CNI: afunction of
SGA, abumin, and anthropometric measurements).
Several studies have demonstrated a relationship
between one or more of these nutrition indices and
mortality. For example, in the CANUSA study, each
1 g/L increasein serum albumin was associated with a
6% decreasein mortality, and a1-unit increasein SGA
score was associ ated with a25% reductionintherela
tiverisk of death (2). Lo et al. performed a cross-sec-
tional study of 937 patients who had been on CAPD
for at least 6 months and who were then followed for
24 months. Mortality was analyzed as a function of
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both small-solute clearance and nutrition status as
assessed by the CNI. As mentioned previoudly, they
found no relationship between mortality and weekly
Kt/V ureaintherangeof 1.5to morethan 2.0. In con-
trast, they found that patients with a better CNI en-
joyed significantly greater 12-month surviva (p =
0.0259) did patientswith aworse nutrition status (15).
Similarly, in both EAPOS and NECOSAD, nutrition
statusindependently predicted survival of PD patients
at 2 years(6,7).

More recently, Avram et al. reported on the rela-
tionship between nutrition status and mortality in an
observational study of 177 patients who started PD
during 1991 —2005. Bioimpedance analysiswith deter-
mination of phase angle, and measurement of serum
prealbumin and other indices of nutrition, was per-
formed in subsets of these patients, who were then
followed for up to 15 years (16). Phase angle may be
understood to be a surrogate marker for the mass of
cell membranes; healthy, well-nourished individuals
should have a phase angle of 6 degrees or more. In-
deed, over a period of 5 years, PD patients with a
phase angle of 6 degrees or more at the time of entry
enjoyed substantially improved survival (p = 0.036)
compared with those whose phase angle was|essthan
6 degrees. Similar findings were obtained when pa-
tientswere stratified by entry prealbumin level: those
withalevel of 32 mg/dL or moreenjoyed significantly
superior survival (p = 0.032) as compared with those
with lower levels.

The cause of malnutrition in PD patientsis multi-
factorial, including anorexia, protein lossinto the PD
fluid, hormonal derangements, and cytokine-induced
cachexia(17,18). To date, nolarge-scaleinterventional
trials have studied the relationship between nutrition
statusand mortality in PD patients. However, the avail-
able observational data suggest that, along with en-
suring adequate small-solute clearance, efforts must
be made to improve the nutrition status of our PD
patientsif they are to enjoy superior survival.

Mineral metabolism and PD adequacy

The past few years have seen substantial interest re-
garding a possible relationship between mineral me-
tabolism—particularly that of phosphate—and
mortality in PD patients. For example, Trivedi et al.
followed 191 PD patientsfor an average of 21 months
and examined predictors of mortality. On stepwise
logistic regression analysis, they found that the
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weighted time-averaged serum phosphate level was
anindependent predictor of death (p=0.02) (19). Simi-
larly, Noordzij et al. reported NECOSAD datafrom 586
patients who started on PD between 1997 and 2004.
Phosphoruslevelsabove the Kidney Disease Outcomes
Quality Initiative upper limit of 5.5 mg/dL wereassoci-
ated withincreased cardiovascular mortality [hazardratio
(HR): 2.4; p<0.01] aswasanincreased Cax P product
above55mg?/dL? (HR: 2.2; p< 0.01) (20).

To date, no large database studies have |ooked at
the effects of mineral metabolism on cardiovascular
outcomesin the PD population. However, two recent
abstracts from data obtained in a cohort of 7034 pa-
tients performing PD for at least 3 months do address
thisissue. Mehrotra et al. reported that, as compared
with areference group of patients with serum phos-
phorusranging from 4.5 mg/dL to 5.5 mg/dL, patients
with aserum phosphorusbelow 3.5 mg/dL experienced
increased mortality (HR: 1.33; p = 0.003). However,
when the data were adjusted for the presence of
confoundersof theMIA syndrome (for example, albu-
min, total iron binding capacity, and lymphocyte count,
among others), this relationship was no longer inde-
pendently significant. In contrast, the presence of a
serum phosphorus level above 8.5 mg/dL was associ-
ated withincreased mortality (HR: 1.37; p=0.03), inde-
pendent of any confounding variables (21). In another
abstract based on this same database, Khawar et al.
(22) reported that each 1 mg/dL increase in abumin-
adjusted serum cal cium above 9 mg/dL was associated
withanincreased risk of death (HR: 1.15; p< 0.0001). It
must be noted, however, that in the study by Noordzij
et al. mentioned earlier, increased calcium levelswere
not associated with worsening mortality (20).

The exact mechanism or mechanismswhereby de-
ranged mineral metabolism may lead to worse cardio-
vascular outcomesiscurrently uncertain. Someauthors
suggest that the relationship may be mediated by in-
creased vascular cacification, whichin turn culminates
in worse cardiovascular outcomes. Further study of
thisimportant issue is clearly needed.

Conclusions

Theprovision of “adequate”’ PD clearly requiresmuch
more than just obtaining a certain degree of small-
solute clearance. More research is needed to deter-
minewhich other parameter or parameters—including
othersnot considered in thisbrief review (for example,
middle-molecule clearance)—maost closely correlate

Yalavarthy and Teitelbaum

with outcomes. Large randomized trials will then be
needed to determine whether interventions targeted
at optimizing these parameters will provide our pa-
tientswith asignificant survival benefit.
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