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Renal osteodystrophy (ROD) is one of the most frequent
complications in pediatric uremic patients on perito-
neal dialysis (PD), and each case requires a different
therapeutic approach. In the present study, we charac-
terized ROD in pediatric patients on chronic PD.

We studied 20 patients (12 boys, 8 girls) for a
12-month period. The mean age of the patients was
5.82 + 5 years. We allocated each patient to one of
three groupsaccording to intact parathormone (iPTH)
value: group 1, iPTH <150 pg/mL, n = 12; group 2,
iPTH 151 — 400 pg/mL, n= 2; and group 3, iPTH >
401 pg/mL, n = 6. Monthly, we recorded plasma cal-
cium, phosphorus, and alkaline phosphatase; Kt/V;
normalized protein equivalent of total nitrogen ap-
pearance (NPNA); and calcitriol dose. Growth was
registered asthe Z height/age. Sudent t-test and analy-
sis of variance for repeated measures were used for
the statistical analyses. A value of p < 0.05 was con-
sidered significant.

All 20 patients completed 6 months of follow-up;
9 patients completed 12 months. At months 1, 6, and
12, vitamin D doses for groups 1 and 3 were signifi-
cantly different (p < 0.05), as expected. Mean values
of iPTH for groups 1 and 3 were 52 + 47 pg/mL and
1239 + 718 pg/mL respectively, p < 0.05. At 6 months’
follow-up, iPTH values had changed to 163 +
177 pg/mL for group 1 and 544 + 249 pg/mL for
group 3 (p < 0.05), but for group 3 that trend was|ost
at 12 months' follow-up, when their mean iPTH value
rose to 972 + 420 pg/mL. Patients who had been
started on PD less than 6 months before entering the
study (60% of patients) showed a mean iPTH value of
629.13 pg/mL. Patients with more than 6 months on
dialysis before entering the study showed an iPTH
value of 115.53 pg/mL (p < 0.05).

At 6 months' follow-up, iPTH valuesin groups 1
and 3 both showed a change toward the value range
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for group 2. At month 12, iPTH values in group 1
continued to show the same tendency, but iPTH val-
ues in group 3 showed a tendency to return to their
initial levels. Low-turnover ROD was highly preva-
lent in the study, correlating strongly with time on
dialysis.
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Introduction

Renal osteodystrophy (ROD) is a multifactorial dis-
ease that affects children with chronic rena failure
(CRF). It leads to bone deformities, fractures, bone
pain, and growth failure (1,2). A large body of accu-
mulated evidence indicates that the derangementsin
mineral and bone metabolism in CRF patients are as-
sociated with increased morbidity and mortality. Evi-
dence shows that, early in the course of renal
insufficiency, phosphorus accumulation at the cellu-
lar level can suppress renal la-hydroxylation of
vitamin D, reducing the circulating level of that hor-
mone, which in turn leads to areduction in the intes-
tinal absorption of calcium and an impaired calcemic
response to parathormone (PTH). Those two abnor-
malities contribute to a hypocal cemic state that |leads
to secondary hyperparathyroidism (2,3).

Available data also show that 1,25-dihydroxy-
vitamin D, may have a direct effect on the parathy-
roid gland. That hormone reduces prepro-PTH
messenger RNA at the parathyroid cells and renders
the parathyroid gland more susceptible to the inhibi-
tory effect of ionized calcium. Invivo andin vitro tests
have shown that 1,25-dihydroxyvitamin D, can di-
rectly suppressthe activity of the parathyroid cells. A
deficiency of the hormone could therefore result in
secondary hyperparathyroidism even without overt
hypocalcemia. In addition, it has been demonstrated
that hyperphosphatemia per se may stimulate para-
thyroid hormone synthesis by a post-transcriptional
effect on PTH gene expression (2-4).
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Hyperparathyroidism affects almost all patients
with CRF. Theintegration of various pathogenic fac-
torsiscurrently accepted asthe cause of this compli-
cation. Later in the course of CRF, other factors—
malnutrition, acidosis, and therapeutic agents such
as diuretics and steroids—can affect bone metabo-
lism, leading to amore complicated biochemical and
clinical picture (5,6). The role of aluminum toxicity
in low-turnover bone disease has been long recog-
nized, and aluminum istherefore no longer used asa
phosphorus binder in the treatment of pediatric pa-
tients (7).

When treating children with CRF, it isimportant
to remember that bone disease is usually asymptom-
atic at the beginning of renal insufficiency. Clinical
symptoms and manifestations appear only late in the
course of ROD. By the time symptoms occur, bio-
chemical abnormalities, hypocal cemia, hyperphospha-
temia, high levels of parathormone, and low levels of
1,25-dihydroxyvitamin D, arewel| established (8). At
that time, histopathologic abnormalities in bone are
clearly evident [histomorphometric analysis of
undecalcified bone biopsy specimens being the only
method for absolutely identifying the pathol ogic pro-
cesses occurring in ROD (3)].

However, the type of bone disease can vary from
one CRF patient to another. The pathologies (2,9,10)
range from high-turnover disease—with itsenhanced
number and activity of osteoclasts, leading toincreased
bone resorption and to replacement of normal lamel-
lar bonewith coarse collagen fibersand irregular min-
eralization (“woven bone”)—to low-turnover
disease—in which normal bone activity is reduced,
leading to increased unmineralized osteoid content (as
seen in osteomalacia) or to decreased trabecular bone
(as seen in the adynamic form of the disease). Some
patients may have a single type of bone disease; oth-
ers can show mixed abnormalities. As aresult, treat-
ment of ROD is a continuing challenge for
nephrol ogists.

The development, during the past decade, of highly
precise radioimmunometric assays for intact PTH
(iPTH) resulted in serum iPTH concentration being
recommended as auseful predictor of bone histology
type. And assays for iPTH are useful for repeated
noninvasive evaluation of patientswith CRF—at | east
when large groups of patients are studied (11). How-
ever, inindividual cases, it is not always possible to
use serum iPTH concentration as an exact predictor
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of bone histomorphometry. Recent data suggest that
serum iPTH concentrations 3.5 times above the upper
limit of normal have a positive predictive value of
97% in the diagnosis of high-turnover bone disease.
Other data have shown that serum iPTH values below
100 pg/mL are positively correlated with low-turnover
bone histology (11-13). The guidelines from the Di-
alysisOutcomes Quality Initiative (DOQI) suggest that
aserumiPTH level lessthan 100 pg/mL reliably pre-
dicts the presence of adynamic bone disease, and a
serumiPTH level greater than 500 pg/mL isfrequently
associated with high-turnover disease (10).

The most extended kind of therapy for ROD pa
tientsisthe activeform of vitamin D, 1,25-dihydroxy-
vitamin D, (calcitriol). But in pediatric practice,
definitive recommendations for vitamin D dosage,
duration of treatment, and even the route to be used,
have not been possible.

Osteitis fibrosa (high-turnover bone disease) has
long been recognized as the most common form of
ROD in children. But that picture has undoubtedly
changed in recent years, because high doses of
calcitriol have been administered by the oral, intra-
peritoneal, and intravenous routein an attempt to sup-
press the high levels of iPTH commonly found. On
the other hand, the use of vitamin D sterols to treat
secondary hyperparathyroidism can lead to the devel-
opment of adynamic renal osteodystrophy, particularly
in patients who also are given large oral doses of cal-
cium to manage hyperphosphatemia. Adynamic bone
lesions have been described when plasmaiPTH lev-
els were lowered too far during calcitriol therapy,
reaching the low serum iPTH values usually associ-
ated with adynamic bone in patients who are not re-
ceiving vitamin D therapy (6,14-18).

At the beginning of therapy, we have observed
high iPTH plasma valuesin uremic children on peri-
toneal dialysis (PD). All of them receive treatment
with calcitriol. Some develop low serum iPTH (16);
othersseemto beresistant to vitamin D, and their iPTH
levels remain higher than expected even if they re-
celvethesameinitial doseof vitamin D asthe respond-
ers. We needed to clarify how much and how long
patients should be treated to achieve the best “ROD
state” while awaiting arenal transplant.

Our objective in the present study was (A) to de-
scribe, from a biochemical point of view, the spec-
trum of ROD in children on PD; (B) to measure the
response of our pediatric popul ation to treatment with
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calcitriol; and (C) to correlate changesin serumiPTH
level with dialytic and nutritional variables.

Patients and methods

We conducted our prospective study in pediatric pa-
tients on ambulatory PD attending the Luis Calvo
Mackenna Children’sHospital during the period Janu-
ary 2002 to June 2003. All patientsreceived calcitriol
therapy, erythropoietin, and iron. Patients were ex-
cluded from the study if they had any of these condi-
tions: peritonitisduring the 2 months preceding study
entry, nephrotic syndrome, intestinal absorption dis-
eases, chronic diarrhea, neurologic diseases that in-
terfered with oral feeding, chronic or recurrent
infections, chronic steroid use, endocrine disturbances,
metabolic diseases, treatment with growth hormone,
and HIV-positive or hepatitis B surface antigen—posi-
tive serology. All patients received nutritional sup-
port and a dialysis dose in keeping with the DOQI
recommendations (10).

At months 1, 6, and 12 of follow-up, iPTH levels
in plasma were measured according to the recom-
mended method (10). At entry into the study, patients
were assigned to one of three groups according to
serum iPTH value: group 1, iPTH < 150 pg/mL;
group 2,iPTH 151 —400 pg/mL ; and group 3, iPTH >
401 pg/mL. The iPTH values were chosen for their
predictive value with regard to bone histology (11-14).
Monthly, we evaluated nutritional parameters,
calcemia, phosphatemia, alkaline phosphate, pH, bi-
carbonate, albuminemia, and dialytic variables.

We prescribed calcitriol in doses of 0.01 —
0.05 pg/kg daily. Oral drops(One-Alpha: Leo Pharma,
Mamo, Denmark) was used in patientswho could not
swallow capsules. In group 1 patients, calcitriol was
used twice weekly at the start of therapy. In patients
with a plasma iPTH less than 150 pg/mL after
3 months of treatment, cal citriol was discontinued for
30 days. In group | patients, the calcitriol was given
every 48 hours. Ingroup |1 patients, the dose was ad-
ministered daily. If iPTH values did not change after
3 months in group 3 patients, the daily dose was
doubled. If plasmaiPTH remained above 1000 pg/mL,
the patient was treated with pulses of oral calcitriol.

Satistical analysis

Dataarereported asmean + standard error. All statis-
tical comparisons used the paired t-test, and p < 0.05
was considered significant. Two-way analysisof vari-
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ance for repeated measures was used to calculate
correlations.

Results

We enrolled 20 children (12 boys, 8 girls) into the
study. All 20 patients completed 6 months of follow-
up; 9 patients completed 12 months. Groups 1, 2, and
3 accumulated 12, 2, and 6 patients respectively.
Table | shows the distribution of the patients accord-
ing to sex and iPTH value. Mean age of the patients
wasbh.82 + 5 years (range: 0.17 —14.83 years). Mean
time on PD at entrance into the study was 11.2 £
14.13 months (range: 0 —46 months). Time on PD was
longer for the group 1 patients as compared with those
ingroup 3 (p < 0.05).

The mean iPTH value in patients who started PD
less than 6 months before entering the study (60% of
them) was 629.13 pg/mL. For patients who had been
on PD for morethan 6 months, meaniPTH was|ower:
115.53 pg/mL, p < 0.05. Before entering the study,
35% of patients had been on PD for morethan 1 year,
and 15% had been on PD for more than 2 years. All
patientswho started dialysis at least 1 year beforere-
cruitment were included in group 1 (30% of the pa-
tients). Table Il showstheanalyzed variablesby group.

Atmonths 1, 6, and 12, the doses of vitamin D for
groups 1 and 3weresignificantly different (p < 0.05),
as expected. In analyzing response to therapy, we ob-
served that the serum iPTH values from month 1 in
groups 1 and 3 (mean values: 52 + 47 pg/mL and
1239 + 718 pg/mL respectively, p < 0.05) had moved
toward the “normal” range at 6 month’ follow-up,
reaching amean valueof 163 + 177 pg/mL for group 1
and 544 + 249 pg/mL for group 3 (p < 0.05). How-
ever, in group 3, that trend was lost at month 12 of
follow-up, when mean iPTH values rose to 972 £
420 pg/mL (range: 330 — 1470 pg/mL) in that group.
The change in serum iPTH correlated significantly
with the dose of vitamin D in groups 1 and 3: 0.13 +
0.19 ug/kg daily (range: 0.01 — 0.1 pg/kg) versus
0.42 + 0.35 pg/kg daily (range: 0.14 — 1.03 pg/kg)
respectively, p < 0.05.

We observed no significant differences between
the three groups in values for plasma calcium. Mean
plasma calcium values at months 1, 6, and 12 for
group 1were 10 + 1.02 mg/dL, 10.5 £ 0.5 mg/dL, and
10.6 + 0.35 mg/dL respectively; for group 2, they were
9.1+ 0.42 mg/dL and 9.4 £ 0.76 mg/dL at months 1
and 6 respectively; and for group 3, they were 10.10 +
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TABLE | Age, sex, and time on dialysis for the study groups
Groups
All patients 1 2 3
(n=20) (n=12) (n=2) (n=6)
Age (years) 5.83+5 (0.2-14.8) 6.2+5 (0.2-14.83) 7.2+8.7 (1.1-13.2) 4.8+5.2 (1.1-14.6)
Sex (M/F) 12/8 7/5 1/1 472
Time PD (months) 11.2+14.1 (0-46) 16.9+15.8 (0-46)>  2+1.41 (1-3) 2.8+3.8 (0-9)°
a p = nonsignificant.
b p< 0.05.
M/F = male/female; PD = peritonea dialysis.
TABLEII  Biochemical variables at months 1, 6, and 12 for groups 1, 2, and 3
All patients Group 1 Group 2 Group 3

1 6 12 1 12 1 6 12 1 6 12
Patients (n) 20 20 9 12 12 4 2 2 0 6 6 5
ZTIE -2.38 -2.37 -2.29 -2.38 -2.26 -2.15 -3.22 344 — -2.09 -2.21 -2.37
Kt/V 3.3 3.4 3.5 362 327 34 192 35 — 3.4 3.6 3.6
nPNA 1.4 1.5 1.5 1.4 1.5 1.4 0.9 1 — 1.3 1.5 1.6
iPTH 423.7 291.6 616.4 52 163 171.5 208.5 306.1 — 1239 544 972
Vitamin D P 0.21 0.18 0.2 0.132 0.082 0.102 0.1 025 — 0.422 0.372 0.272
Serum Ca 9.9 102 104 10 10.5 10.6 9.1 96 — 10.1 9.8 102
Serum phosphorus 4.7 4.6 5.2 476 4.42 4.082 4.5 52 — 4.5 4.8 582
Cax P 46.4 47.2 4372 476 47.1 437 40.6 49.1 — 452 46.7 59.22
Albumin 35 3.7 3.9 342 36 3.8 3.7 38 — 372 38 3.7
Hemoglobin 10.7 113 9.5 114 115 109 9.6 1283 — 9.6 1042 85
Serum ferritin 288 209 382 285 1782 1262 107 3272 — 319 3512 5352
pH 7.37 7.37 7.36 738 7.37 7.39 735 7.3 — 737 736 7.35
Bicarbonate 247 23.8 234 254 243 257 23 215 — 23.7 231 221
a4 p<0.05.

b Daily dose of vitamin D in pg/kg.

Z T/E = Z score for height/age; nPNA = normalized protein equivalent of nitrogen appearance; iPTH = intact parathyroid hormone.

0.26 mg/dL, 9.75 + 1.12 mg/dL, and 10.18 +
0.69 mg/dL respectively (range: 9.7 — 11.3 mg/dL).
Phosphorus levels at months 1, 6, and 12 for
group 1 were4.76 + 1.65 mg/dL, 4.42 + 0.92 mg/dL,
and 4.08 + 1.05 mg/dL respectively; for group 2, the
valueswere4.45 + 0.35 mg/dL and 5.15 + 0.35 mg/dL
at months 1 and 6 respectively; and for group 3, they
were 4.48 + 0.69 mg/dL, 4.82 + 0.88 mg/dL, and
5.82 + 0.83 mg/dL respectively (p = nonsignificant).
The values for Cax P at months 1, 6, and 12 for
group | were47.6 £ 18.4,47.1 £ 9.6, and 43.7 + 14.9
respectively; for group 2, they were 40.6 + 5.11 and
49.1 + 0.63 at months 1 and 6 respectively; and for
group 3, they were 45.2 + 6.6, 46.7 + 8, and 59.2 +
9.2 respectively. The difference between group 1 and
group 3at 12 monthswas statistically significant (p >
0.05). At the end of thefirst year, the mean value for

Cax Pin group 3 surpassed the level recommended
in the DOQI guidelines.

At the beginning of our study, the Z score for
height was —2.38 + 1.31 (range: —4.75 to —0.3). By
month 12 of follow-up, the score was —2.29 + 1.62
(range: —4.88 to 0.43), with a nonsignificant differ-
ence between the groups (p = 0.44).

At months 1, 6, and 12, the mean dialysisdosein
the patients, measured as Kt/V, was 3.3+ 1.1, 3.4 £
1.26, and 3.5 + 1.47 respectively. At month 1, group 2
had alower Kt/V than group 1 did: 1.9 + 0.21 versus
3.6+ 0.98, p< 0.05. At months 1, 6, and 12, nPNA
was 1.4 £ 0.45 g/kg/day, 1.5 + 0.3 g/kg/day, and 1.5 +
0.3 g/lkg/day respectively, with no differences between
the three groups. Albuminemia mean values for
months 1, 6, and 12 were 3.5+ 0.3 mg/dL, 3.7 =
0.4 mg/dL, and 3.9 + 0.3 mg/dL respectively, with no
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differences between the groups. PlasmapH and plasma
bicarbonate showed no statistically significant differ-
ence between the groups.

At the end of the follow-up period, ferritin values
in group 3 were significantly higher than those seenin
group 1 (535 + 304.9 mg/dL vs. 125.7 + 98.7 mg/dL,
p < 0.05), but the higher values were not associated
with higher hemoglobin or hematocrit values.

When we analyzed the various variables, search-
ing for correlations between them, we found that the
vitamin D dose correlated positively with the iPTH
logarithm (r = 0.43, p < 0.01). The same correlation
was observed between theiPTH logarithm and plasma
levels of akaline phosphatase (r =0.56, p < 0.01).
However, when we reallocated the study patientsinto
two groups (plasmaiPTH lower or higher 700 pg/mL),
the positive correlation between iPTH logarithm and
alkaline phosphatase was lost (p > 0.05).

Discussion
Peritoneal dialysis has been widely accepted as the
predominant mode of dialysisin childrenwith chronic
renal failure, but persistent bone disease remains a
major problem in the clinical management of pediat-
ric patients (19). In pediatrics, secondary hyperpar-
athyroidism was observed to be the predominant
skeletal lesion, but in recent yearslow-turnover bone
disease has been observed morefrequently (13,20,21).
Low-turnover diseaserepresentsamajor challenge
to nephrologists, probably because it represents an
acquired lesion, secondary to anumber of therapeutic
interventions. Defective mineralization of osteoid
leadsto osteomal aciain adultsand ricketsin children,
with a delay in the rate of bone mineralization that
finally resultsin accumulation of excessunmineralized
osteoid (7). Pediatric patients show bone pain, walk-
ing disturbances, skeletal deformities, fractures, and—
most important—growth retardation. Osteomalacia
has usually been associated with auminum overload
in adults (13,20,22), but several mechanisms may
underliethe disorder: for example, arelative or abso-
lute deficiency of vitamin D or its active metabolites,
or a peripheral resistance to their action; and high
magnesium content in the bone of such patients, which
interferes with the process of normal mineralization
or maturation of amorphous calcium phosphateto its
crystalline phase. Magnesium stabilizes amorphous
calcium phosphate and inhibitsitstransformation into
hydroxyapatite crystals (1,10).
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The other histopathologic type of low-turnover
bone disease is the adynamic form, with a reported
prevalence between 15% and 60% in dialysis patients.
The exact mechanisms underlying adynamic lesions
are not fully elucidated. They are characterized by a
defect in bone matrix formation and mineralization,
increased osteoid thickness, and reduced numbers of
osteoblast and osteoclast cells alike (2,3,9). Dialysis
patients with adynamic bone disease have lower blood
levels of iPTH than do their counterparts, secondary
to oversuppression of parathyroid gland activity by
high calcium intake, overtreatment with 1,25-
dihydroxyvitamin D, and, in the adult population,
diabetes and aluminum overload.

According to the DOQI guidelines, serum iPTH
levels less than 100 pg/mL reliably predict the pres-
ence of adynamic bone disease, and iPTH levels
greater than 500 pg/mL are frequently associated with
high-turnover disease (10). We used cut-off values of
150 pg/mL and 400 pg/mL to represent low-turnover
and high-turnover disease respectively, unless a pa-
tient with alevel between those limits showed unex-
plained hypercalcemiaor an acuteincreasein akaline
phosphatase activity.

Given our criteria, 60% of our patients showed
low-turnover disease, and 30% showed high-turnover
disease. The other 10% could be considered within
the “safe” limits of iPTH (“controlled” ROD). Our
resultsare similar to those of Sanchez et al., who found
63.3% adynamic lesions, and to those of Goodman
et al. (21), who reported an incidence of 40% of low-
turnover bone disease.

In our country, during the mid 1990s, high-turn-
over bone disease was frequently found in children
on PD and hemodialysis. Our group (16) described
9 patients with this kind of bone lesion—all of them
with high levels of iPTH.

Thecurrent increasein low-turnover disease might
be the result of several factors, such as the availabil-
ity of calcitriol treatment and calcium therapy (20).
Still, most patients at the beginning of their disease
show high-turnover bone disease, with high plasma
levels of iPTH and enhanced numbers and activity of
osteoclasts, leading to increased bone resorption
(1,23).

When we compared mean iPTH valuesin patients
on PD for lessthan 6 months before entering our study
with those in patients who had been receiving PD for
more than 6 months, we found that the former group
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had the higher iPTH levels (629.13 pg/mL vs.
115.53 pg/mL, p = 0.04). As well, group 1 patients
(iPTH values < 150 pg/mL) had been maintained sig-
nificantly longer on PD before entering the study than
had the group 3 patients.

The mean iPTH value observed in group 1 was
52 pg/mL. That group thereforereceived alower dose
of 1,25-dihydroxyvitamin D, (0.13 pg/kg weekly) as
compared with group 3, who had amean iPTH value
of 1239 pg/mL and who received avitamin D dose of
0.42 pg/kg weekly (p < 0.05). Thislast group showed
amarked decrease (57%) in iPTH level at 6 months’
follow up. At that time, the vitamin D dose was re-
duced in 27% of patients, with the consequence that
we observed an increase in iPTH value (which did
not, however, reach initial values). That finding once
again shows how difficult it is to manage ROD in
children.

When patients proved to be resistant to daily oral
treatment with the active form of vitamin D, we used
others protocols, including administration of oral
pulses of vitamin D [large intermittent doses 2 — 3
times per week (16)].

Some authors have reported successful experi-
ences with intraperitoneal or intravenous doses of
vitamin D in pediatric uremic patients. Salusky et al.
and other investigators (4,17,24) reported on 46 pedi-
atric patients on continuous cycling PD treated with
oral (PO) or intraperitoneal (IP) calcitriol. After
9 months of therapy, the IP group showed a decrease
in iPTH level to 169 £+ 57 pg/mL from 648 +
125 pg/mL. The group treated with PO calcitriol
showed no change from the baselineiPTH level. How-
ever, both groups showed an improvement in the skel -
etal lesions of secondary hyperparathyroidism, and
33% of the patients devel oped adynamic bonelesions.
Those results clearly show how difficult the follow-
up of patients treated for high-turnover bone disease
can bewheniPTH plasmalevelsare used to guidethe
therapy. In our experience, iPTH levels decreased in
4 of 6 patients after 6 months of treatment. However,
in patients who completed 12 months of follow-up
(n = 3), that tendency was lost, and iPTH levels re-
turned to initial values.

We need to trust PTH levels in the absence of a
bone biopsy for accurate diagnosis of ROD, but most
of the currently used PTH assays measure only the
“intact” molecule, consisting of 84 amino acids. How-
ever, most of the biological activity of PTH islocal-
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ized in the N terminal, and iPTH assays also detect
biologicaly inactive fragments of PTH that are re-
tained in CRF but are far from that portion of the
molecule (amino acids in the 7th — 84 th position).
The result could be an overestimation of actual PTH
levels, leading to confusion when correl ations between
biochemical and histologic results are made. Newer
PTH assays are currently being used to correct that
bias.

The DOQI guidelines have analyzed another
point that deserves attention in the treatment of dia-
lyzed patients. In patients who have not received
calcitriol therapy, or in those who have received
“regular” oral doses lower than 0.5 ug daily, serum
levels of iPTH correlate well with the degree of sec-
ondary hyperparathyroidism. However, the use of
large, intermittent doses of activevitamin D candis-
rupt the rel ationship between plasmaiPTH levelsand
the rates of bone formation and turnover in those
patients (17). In addition, the linear correlation be-
tween the iPTH logarithm and a kaline phosphatase
(r =0.56, p < 0.01) appearsto be lost when patients
with iPTH levels over 700 pg/mL (p > 0.05) are
treated, suggesting that alkaline phosphatase is no
longer helpful for patients with iPTH values over
700 pg/mL.

In end-stagerenal disease, lifespanisreduced. One
of the major causes of morbidity and mortality in the
patientsis cardiovascular disease, and epidemiologic
studies have emphasized the contributory roles of
phosphorus and calcium.

As renal insufficiency advances, hyperphospha
temia becomes a common problem. In the United
States, nearly 40% of hemodialysispatients have phos-
phatemia greater than 6.5 mg/dL (25). Hyperphos-
phatemia activates synthesis of mMRNA of proteins
related to osteogenesis—such as osteocalcin and
Bfal—in the smooth muscle cells of the coronary
blood vessels (26), leading to the cal cifications found
in the intima and media layer of those arteriesin pa-
tients older than 18 years (27).

Hypocalcemia is the consequence of the poor
renal dihydroxylation of 25-hydroxyvitamin D to
1,25-dihydroxyvitamin D, its active form, which is
able to maintain normal calcium levels by means of
adequate intestinal cal cium absorption, bone miner-
alization, and plasma levels of parathormone. Cor-
rection of hypocal cemia and hypophosphatemiaare
achieved by exogenous administration of vitamin D
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or cal cium-containing phosphorus binders. However,
such therapy also leads to an increase in intestinal
phosphorous absorption and high level s of calcemia,
and apositive calcium and phosphorous balance has
been associated with high levels of mortality (25,28).
In recent years, new phosphate binders have been
developed. One of these, sevelamer, isanon calcium,
non aluminum-—containing hydrogel, which has the
property of non absorption from the gastrointestinal
tract (29). Patients with phosphorous levels greater
than 6.5 mg/dL and Cax P greater than 72 mg/dL
have higher mortality rates than do patients with
lower phosphorous levels and Ca x P less than
52 mg/dL. Inrecent years, hyperphosphatemia, coro-
nary artery calcification, and calciphylaxis have
emerged as the main consequences of ROD and its
treatment (6,22).

The DOQI guidelines recommend maintaining
calcium levels between 9.5 mg/dL and 10.2 mg/dL,
phosphorus levels between 5.5 mg/dL and 6 mg/dL,
and Cax P below 55 mg/dL (10). In our results, we
found no differencesin calcium, phosphorus, or Cax P
between the study groups. However, we did find that,
in group 3 patients, at the end of 12 months of follow
up, the mean Ca x P value was above the value rec-
ommended by the DOQI guidelines, increasing the
cardiovascular risk for those patients. The higher
vitamin D doses administered to those patients could
be the explanation for the difference.

Highlevelsof PTH contributeto resistanceto re-
combinant human erythropoietin (30), but when we
analyzed the hemoglobin levelsin our study groups,
wewere surprised to find no differences between them.
However, ferritin levels were higher in group 3 than
ingroups 1 and 2.

Conclusion

Renal osteodystrophy isfrequently found in pediatric
patients on PD, but it remains a problem without a
solution. To date, no published study can tell us how
much and how long we need to treat ROD with
vitamin D in pediatric PD patients, without an in-
creased risk for morbidity and mortality. New
multicenter, controlled, prospective trials are needed
to develop aprotocol for ROD treatment in pediatrics.
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Nitrogen Balance Studies
and Kt/V Ureain Children
Undergoing Chronic
Peritoneal Dialysis

Currently, urea kinetic modeling has been accepted
for the routine eval uation of peritoneal dialysis (PD)
through the calculation of Kt/V (normalized whole
body urea clearance) and nPNA (normalized protein
equivalent of total nitrogen appearance). In pediatric
dialysis, the exact meaning of, and target values for,
those parametersis still under debate.

We evaluated the mean values and correlations
between Kt/V urea and parameters of nutrition. Dur-
ing a 12-month period, we prospectively performed
186 nitrogen balance studies in pediatric patients on
chronic PD. We also assessed daily protein intake
(DPI) by nutritional evaluation. Protein, albumin,
urea, and creatinine were analyzed in dialysate and
urine, collected once monthly. Dialysis adequacy was
evaluated using monthly measurements of Kt/V urea
and creatinine clearance (CCr) in urine and dialy-
sate. All statistical comparisonswere performed using
the paired t-test. Two-way analysis of variancefor re-
peated measures was used to calculate correlations.
A p value less than 0.05 was considered significant.

We studied 20 patients (15 boys, 5 girls) of mean
age 5.1+ 4.7 years (range: 3 months— 14.8 years).
Mean DPI in these patients was 3.52 + 1.1 g/kg/day.
Weekly total Kt/V ureawas 3.41 + 1.35, and residual
Kt/V ureawas 1.69 + 1.46. Weekly total and residual
CCr were 72.4+ 70 L and 45+ 44 L respectively.
Mean protein catabolic rate (PCR) was0.84 + 0.33 g/
kg/day, showing a net nitrogen balance (NB = DPI —
PCR) of +1.37 + 0.4 g/kg/day. The mean nPNA was
1.38 + 0.40 g/kg/day, with positive correlations with
DPI, PCR, and total Kt/V (p< 0.001). Total Kt/V
showed significant positive correlationswith PCR (p <
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Mackenna Children’s Hospital, and Department of Pediat-
rics, University of Chile; 2Food Technology and Nutrition
Ingtitute, University of Chile; and 3Renal Nurse, LuisCalvo
Mackenna Children’s Hospital, Santiago. Chile.

0.001) and nPNA (p < 0.001), but not with NB (p =
0.23) and DPI (p = 0.21). A negative correlation was
found between all urea kinetic parametersand plasma
bicarbonate (p < 0.001).

The values of Kt/V urea and nPNAin our patients
were higher than those recommended in the adult lit-
erature. The positive correlations seen between Kt/V
urea and nPCR and nPNA could not be demonstrated
between Kt/V and DPI or NB, suggesting that the cor-
relations could be the result of a mathematical asso-
ciation. The negative correlations between plasma
bicarbonateand urea kinetic variables suggest a nega-
tive impact of acidosis on nutrition status in our
patients.

Key words

Ureakinetic modeling, Kt/V urea, protein equivalent
of total nitrogen appearance, protein catabolic rate,
dietary protein intake

Introduction

During thelast 30 years, ureakinetic modeling (UKM)
has been routinely used to adjust dialysistherapy. The
National Cooperative Dialysis Study (NCDS) in adult
hemodialysis (HD) patients in the early 1970s was
the first attempt at providing parameters of adequacy
(2). Currently, UKM iswidely used to manage chronic
peritoneal dialysis (PD) patients, especially by mea-
suring dialysis dose (Kt/V), protein catabolic rate
(PCR), and protein equivalent of total nitrogen ap-
pearance (PNA) according to the guidelines (2) set
out by the Dialysis Outcomes Quality Initiative
(DOQI).

Therapy supervision by UKM has gained popu-
larity because, in the adult PD population, a strong
association with morbidity and mortality has been
described for Kt/V and nutrition, and also because
PCR and PNA are closely related to daily proteinin-
take (DPI). The CANUSA study (3) in adultsreported
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a5% decreasein patient survival associated with every
0.1 decrease in total weekly Kt/V ureafor Kt/V val-
ues between 1.5 and 2.3.

In pediatrics, the Mid-European Pediatric Perito-
neal Dialysis Study Group (4) showed a significant
positive effect of creatinine clearance (CCr) on the
changein height standard deviation score (SDS), and
Holttaet al. (5) found an accel erated height velocity
in 62% of patients who met or exceeded the DOQI
recommendations for small-solute clearance. A
weekly Kt/V urea equal to or greater than 2 is pro-
posed asthe“gold standard” by the DOQI guidelines
(6), and that value approximates a renal creatinine
clearance of 9 — 14 mL/min/1.73 m2. For pediatric
patients, the DOQI Work Group suggeststhat thetar-
get dialysis dose should always meet or exceed the
adult recommendations.

The NCDS (1) also showed PCR to be adetermi-
nant of good outcome, and better survival has been
reported (7) in PD patients with ahigh PNA normal-
ized to body weight (nPNA). According to DOQI rec-
ommendations, the goal is to achieve an nPNA of at
least 0.9 g/kg/day in adult PD patients. No target value
has been established for children, however.

Inrecent years, published experiences have settled
some of the doubts about the validity of UKM param-
etersin terms of long-term patient outcome. Maiorca
et al. (8) showed that indices of adequacy were pre-
dictors of mortality and morbidity in both continuous
ambulatory peritoneal dialysis (CAPD) and HD,
whereas PCR normalized to body weight (nPCR) and
subjective global assessment of nutrition status were
not. The ADEMEX tria (9) examined the effect of
increased small-solute clearances on patient mortal-
ity. Death was the primary endpoint of the study, and
nutrition status evaluated by PNA was a secondary
endpoint. After 2 years of follow-up, the mortality
rates for patients with normal and high small-solute
clearanceswerethe same, even when the patientswere
stratified by other variablessuch asnPNA. Inthat trial,
aPNA value of 0.8 g/kg/day was found to be critical
for patient survival.

Beyond those contradictory data, PD prescription
in children is still largely empirical. The effects of
dialysis adequacy on patient survival and nutrition
status have not been clearly assessed, and the correla-
tion between UKM and clinical outcomeisstill under
debate. The exact values of Kt/V, PCR, and PNA
needed in children are unknown, mainly because the
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interest in efficacy questions related to pediatric PD
adequacy islimited (10-16). The underlying reasons
arethehigh patient turnover in pediatric PD, therela-
tively short dialysis periods, and the low morbidity
and mortality rates, which are chiefly secondary to
associated pathologies rather than to dialysis insuffi-
ciency (17). The ever-changing nutrition (and there-
forediaytic) requirementsfrom neonate to adolescent
present a great challenge to pediatric nephrologists,
and recommending specific valuesfor Kt/V and PNA
in pediatric PD is till not possible.

In the present study, we evaluated the relation-
ships between dialysis dose, Kt/V, and parameters of
nutrition [PCR, nitrogen balance (NB), and PNA] in
pediatric patients on chronic PD.

Patients and methods

Between April 2001 and September 2003, we under-
took a prospective, controlled study at the Luis Calvo
Mackenna Children’s Hospital, Pediatric Division,
University of Chile. We evaluated 20 stable children
on chronic outpatient PD therapy. Mean time on PD
at time of enrollment into the study was 9 months
(range: 2 — 23 months). The underlying renal disor-
dersincluded renal dysplasia(n = 9), reflux nephrop-
athy (n = 3), hemolytic uremic syndrome (n = 1),
obstructive uropathy (n = 4), and chronic glomerulo-
nephritis (n = 3). At study entry, 7 patients were on
CAPD, and 13 were on automated PD. Of the 20 pa-
tients, 2 had no residual rena function. No patient
was studied within 1 month following a peritonitis
episode. Patientswith fever, infections, nephrotic syn-
drome, gastrointestinal absorption disturbances, ste-
roid treatments, endocrine diseases, genetic
syndromes, and compliance or behavioral disturbances
were excluded.

During a12-month follow-up period, we measured
peritoneal and residual Kt/V, peritoneal and urinary
urea nitrogen, DPI, and albumin and total protein
losses monthly.

Calculations
We calculated Kt/V ureaas

Kt/V urea=[ 24-h dialysate volume (L)
x D/Pureax 7] /[ 0.60 x weight (kg) ].

Dialysisdosewas prescribed considering the mini-
mum weekly value of 2 recommended in the DOQI
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guidelines (2), but no attempt was made to define a
maximum Kt/V value.

We derived the PCR from daily urea generation
(ingrams) or ureanitrogen appearance (UNA), which
is the net production or appearance of urea nitrogen
in body fluids. For patients undergoing CAPD, UNA
has been calculated asfollows:

UNA (g/day) =[ (V4> dUN) + (V,xUUN)] xt

where V, and V,, are the dialysate and urine volumes
respectively (in liters), dUN and uUN are diaysate
and urine concentrations of urea nitrogen (in grams
per liter), and t isthe duration of fluid collection, typi-
cally 24 hours (1 day). In the dialysis literature (18),
DPI estimated from UNA has been called the “pro-
tein catabolic rate,” and PCR is calculated according
to the formula

PCR (g/kg/day)
=[ (UUNA +dUNA) x 6.25) ] / weight (kg)

where UUNA is the urinary nitrogen appearance and
dUNA isthe dialysate nitrogen appearance. However,
although PCR isauseful concept, we believe that the
termismisleading. Intact proteins, peptides, and amino
acidslost in dialysate and urine comprise a portion of
the PCR, but they are not catabolized to urea. The
new term PNA was therefore introduced afew years
ago. Its advantage is that it describes more correctly
the metabolic processes that it represents. We used
the Borah equation to cal culate the PNA according to
DOQI guidelines:

PNA (g/day) = (6.49 x UNA ) + (0.294 x V)
+ protein losses (g/day)

where UNA istotal urea nitrogen appearance (urine
and dialysate) in gramsper day. ThenPNA isthe PNA
value normalized to akilogram of body weight.

Nutrition

A renal dietician evaluated the study patients monthly
to assure adequate protein and energy intake accord-
ing to the pediatric recommended dietary allowances
(19). A weekly nutritional follow-up was performed
by telephone to correct any deviations from the pro-
tocol. Anthropometric development was evaluated
using weight, height, and body mass index. Height
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was measured in the supine position for every patient
younger than 2 years old. For the remaining patients,
astadiometer was used. All growth measurementsare
expressed as standard deviation score (SDS, Z), de-
rived from published data. All patients, without ex-
ception, were fed through a nasogastric tube or
gastrostomy to assure the desired intake.

Nitrogen from unmeasured respiratory, intestinal,
and dermal losses are not included in routine mea-
surements of PNA and PCR—a situation that affects
the results of balance studies. To estimate the total
protein catabolism and lossesin clinical practice, we
use the sum of PCR, plus albuminlossesin urineand
dialysate, plus unmeasured losses, so that the daily
protein catabolism (DPC) in grams was calculated
to be

DPC =[UNA, (24 h) x 6.25] + [UNA , (24 h)
x 6.25 x 1.25] + Alb, (24 h) + Alb,, (24 h)
+ [ weight (kg) x 0.045 x 6.25].

We recorded DPI minus DPC (g/day) as NB.

Satistical analysis

Dataarereported asmean + standard error. All statis-
tical comparisons were performed using the paired
t-test and multiplelinear regression anaysis. Thetwo-
way analysis of variance for repeated measures was
used to calculate correlations, and ap valueless than
0.05 was considered significant.

Results
We performed 186 |aboratory measurements in the
20 study patients (15 boys, 5 girls; mean age: 5.1 +
4.7 years, age range: 3 months— 14.8 years). Total
and residual Kt/V ureawere3.41+ 1.35and 1.69 £
1.4 respectively. Weekly CCr was 72.4 + 70 L (re-
sidual) and 45 + 44 L (peritoneal). Mean daily pro-
teinintakewas3.49 + 1.1 g/kg, mean daily peritoneal
and urinary albumin losseswere 136 + 86 mg/kg and
27.5 + 41 mg/kg respectively, and total daily perito-
neal protein losses were 12.34 + 8.1 g/day. Mean
PCRwas0.84 + 0.33 g/kg/day, and mean nPNA was
1.36 + 0.40 mg/kg/day. Mean daily NB was 1.37 +
0.40 g/kg, a value close to the mean nPNA result
obtained using the Borah equation (2). Table | sum-
marizes the results.

Total Kt/V showed a significant positive corre-
lationwith PCR (r = 0.45, p <0.001) and with nPNA
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TABLE |
dialysis

Urea kinetic variables in 20 children on peritoneal

Residual Kt/V urea (L/week) 1.69t1.4
Total Kt/V urea (L/week) 3.41+1.35
Protein intake (g/kg/day) 3.49+1.1
Protein catabolic rate (g/kg/day) 0.84+0.33
nPNA (g/kg/day) 1.36+0.40
Nitrogen balance (g/kg/day) 1.37+0.40

nPNA= protein equivalent of urea nitrogen appearance.

(r =0.49, p <0.001), but not with NB (p =0.23) and
DPI (p = 0.21; TableIl). When the study patients
were allocated to groups according to Kt/V value,
10 patients had a weekly Kt/V < 3 (mean: 2.52 +
0.23), and 10 patients had aweekly Kt/V > 3 (mean:
4.26 = 0.74). In the “low” Kt/V group, the mean
nPNA was 1.22 + 0.27 g/kg, the mean PCR was
0.74 £ 0.21 g/kg, and the mean DPI was 2.96 +
1.03 g/kg. In the “high” Kt/V group, those values
were 1.49 + 0.25 g/kg, 0.93 £ 0.22 g/kg, and 3.79 =
0.84 g/kg respectively, all statistically significant (p <
0.05). However, when urea kinetic variables were
evaluated for both groups, the correlation between
dialysis dose and PCR and nPNA became stronger
for patientswith aweekly Kt/V <3 (r =0.76 andr =
0.84 respectively, p < 0.001), and they became non-
significant for patients with aweekly Kt/V > 3 (r =
0.154 and 0.159 respectively, p > 0.05).

The patients' DPI was positively correlated with
PCR and nPNA (p < 0.001) and also with residual
Kt/V, but no correlation was observed with total Kt/V.

A strong negative correlation was found between
all urea kinetic parameters (Kt/V, DPI, PCR, PNA)
and plasma bicarbonate. No correlation was found
between albumin level and Kt/V, PCR, or nPNA.

TaBLEIl  Ureakinetic correlation studies in 20 children on peri-
toneal dialysis

r? p Value
Total Kt/V ureavs. nPCR 0.45 <0.001
Total Kt/V ureavs. nPNA 0.49 <0.001
Total Kt/V ureavs. NB 0.23 NS
Total Kt/V ureavs. DPI 0.21 NS
DPI vs. nPCR 0.44 <0.001
DPI vs. nPNA 0.52 <0.001

Kt/V = diadysis dose; nPCR = normalized protein catabolic rate
(g/kg/day); nPNA = normalized protein equivalent of urea nitro-
gen appearance (g/kg/day); NB = nitrogen balance (g/kg/day);
DPI = daily protein intake (g/kg/day).
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Discussion

Themanagement of dialyzed children should certainly
be based more on overall clinical and laboratory pa-
rameters than on urea kinetic modeling; however,
UKM is widely used to manage adult and pediatric
patientsin an attempt to find a“ short way” to achieve
the best clinical outcome on PD therapy (6-14). The
best clinical outcome should be the lowest morbidity
and mortality in adult patients and the best growth in
pediatric patients. Despite the generalized use of Kt/V
and its significant correlations with parameters of
nutrition such as PCR and nPNA, the exact value of
the urea kinetic measurements required to achieve
positive growth in children are currently a matter of
debate (11-14).

Based on accepted, published adult experiences,
the weekly minimum delivered dialysis dose (target
Kt/V urea) is 2.0 (2,3), and the weekly minimum tar-
get CCr is60 L/1.73 m2. The data are insufficient to
address the issue of adequate versus optimal dialysis
dose, and therefore the minimum Kt/V recommended
by DOQI does not resolve the question of what isthe
best dosefor dialyzed patients. A PNA of at least 0.9 ¢/
kg/day in adult PD patients has been suggested as a
target by the DOQI guidelines (2).

Pediatric studies have found higher mean values
for Kt/V and PNA than are seen in adults. Schaefer
et al. (12) reported amean Kt/V of 2.3 + 0.89 (range:
1-4.41), Holttaet al. (5) demonstrated aKt/V of 3.2 +
0.5, and Chadha et al. (20) reported a mean Kt/V of
3.39+ 0.71. Values for PNA have been measured at
1.46 £+ 0.24 g/kg/day by Arandaet al. (14) and 1.08 +
0.61 g/kg/day (range: 0.4 —3.37 g/kg/day) by theMid-
European Pediatric Peritoneal Dialysis Study Group
(4). The mean total Kt/V ureafor our group of 20 pa-
tientswas 3.41 + 1.35, perhaps reflecting the residual
Kt/V value of 1.69 + 1.4. As expected, our nPNA re-
sults were also higher than those for adults patients
(1.36 + 0.40 mg/kg/day), and both kinetic parameters
showed a significant association with the high DPI
observed during the study (3.52 + 1.1 g/kg/day).

The high correlations between Kt/V urea and all
indices of nutrition have frequently been observed in
various studies (4,11,12,21,22) since the first report
from NCDS (23), in which the midweek predialysis
BUN, PCR, and Kt/V were shown to be mathemati-
caly interrelated. Our results show the same sustained
positive association between dialysisdose (Kt/V) and
PCR and nPNA, but not between dialysis dose and
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DPI or NB. The positive correlation between Kt/V
and PNA may indicate increased dietary protein in-
takein patientswith increased appetite asdialysisdose
increases (11), but it may simply reflect the fact that
NPNA and Kt/V are mathematically linked (being cal-
culated from the sameinitial variables). According to
our results (derived from 186 measurementsin 20 pa-
tients, with amonthly recorded DPI), better Kt/V does
not mean a better DPI or NB as has been proposed
(12,12,24), but dialysis dose nevertheless correlates
highly with nPCR and nPNA. That question—which
comesfirst: Kt/V or PCR (chicken or egg)—washigh-
lighted by Lindsay et al. (25), who studied 30 HD and
9 PD adult patients, finding evidence that PCR de-
pendsontheKt/V ureain HD patientsand that, in PD
patients who receive a higher dose of dialysis, PCR
increases 3 months after the change in Kt/V. The data
suggest that changes in Kt/V urea are followed by
changesin PCR, but they still do not answer the origi-
nal question: Isit amatter of amathematical or aclini-
cal relationship?

Schaefer et al. (12) reported on 43 children on
CAPD and 42 on continuouscycling PD (CCPD). The
children were similar in age, body size, duration of
diaysis, underlying disease, and residual renal func-
tion. Average serum creatinine and BUN valueswere
similar in both groups. In patientstreated with CCPD
as compared with CAPD patients, Kt/V ureawassig-
nificantly higher, aswas PCR (1.39 + 0.6 g/kg/day vs.
1.08 £ 0.48 g/kg/day, p < 0.05). When wedivided our
study population into groups with aweekly Kt/V less
than or greater than 3, we found the same differences
in NnPNA, nPCR, and DPI between the two groups as
Schaefer did: high values for the high Kt/V group,
and lower values for the low Kt/V group. Those au-
thors concluded that the greater PCR and DPI sug-
gested better control of anorexiawith CCPD (higher
Kt/V) than with standard CAPD (lower Kt/V). How-
ever, when we eval uated our results separately for each
group, the low Kt/V group showed a high relation-
ship with indices of nutrition, while that correlation
was lost in the high Kt/V group.

The mean nPNA in our study group was 1.36 £
0.40 mg/kg/day, quite similar to that of the CCPD group
reported by Schaefer et al.; however, the DPI was dif-
ferent [1.49 £ 0.86 g/kg (Schaefer) vs. 3.49 + 1.1 g/kg
(our group)]—a difference that can be explained by
themean age of the patients[11.4 + 5.7 years (Schaefer
CCPD group) vs. 5.1 + 4.7 years (our patients)]. In our
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experience, the correlation between age and DPI is
strongly negative (r = -0.83, p < 0.001).

Conclusion

Our preliminary data provide evidence for a correla-
tion between small-solute clearance and kinetic pa-
rameters of nutrition, suggesting that those results
could beamathematical association. The exact mean-
ing of those findings for the outcome of pediatric pa-
tientson chronic PD remainsto beelucidated. Because
mortality is an uncommon outcome in the pediatric
end-stage renal disease population, growth could po-
tentially serve as an outcome measure. To try to find
the Kt/V urea and nPNA associated with the best
growth, we are incorporating more patients into our
12-month follow-up protocoal.
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