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¢ Background: Several studies have reported benefits for
human peritoneal mesothelial cell function of a neutral-
pH dialysate low in glucose degradation products (GDPs).
However, the effects of low-GDP solution on ultrafiltra-
tion (UF), transport of solutes, and control of body water
remain elusive. We therefore investigated the effect of
low-GDP solution on UF, solute transport, and control of
body water.

¢ Methods: Among 79 new continuous ambulatory peri-
toneal dialysis (CAPD) patients, 60 completed a 12-month
protocol (28 in a lactate-based high-GDP solution group,
32 in a lactate-based low-GDP solution group). Clinical
indices—including 24-hour UF volume (UFV), 24-hour
urine volume (UV), residual renal function, and dialysis
adequacy—were measured at months 1, 6, and 12, At
months 1, 6, and 12, UFV, glucose absorption, 4-hour
dialysate-to-plasma (D/P) creatinine, and 1-hour D/P
Na* were assessed during a modified 4.25% peritoneal
equilibration test (PET). Body composition by bioelectric
impedance analysis was measured at months 1 and 12 in
26 CAPD patients.

¢ Results: Daily UFV was lower in the low-GDP group.
Despite similar solute transport and aquaporin function,
the low-GDP group also showed lower UFV and higher glu-
cose absorption during the PET. Factors associated with
UFV during the PET were lactate-based high-GDP solution
and 1-hour D/P Na*. No differences in volume status and
obesity at month 12 were observed, and improvements in
hypervolemia were equal in both groups.

¢ Conclusions: Compared with the high-GDP group, the
low-GDP group had a lower UFV during a PET and a lower daily
UFV during the first year after peritoneal dialysis initiation.
Although the low-GDP group had a lower daily UFV, no dif-
ficulties in controlling edema were encountered.
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Peritoneal dialysis (PD) is thought to be a safe and
effective treatment in the short term for end-stage
renal disease patients. A limitation to long-term PD has
been alterations to peritoneal membrane structure and
function over time, which cause significant technique
failure (1).

Glucose, a widely used osmotic agent in PD, is eas-
ily absorbed and therefore associated with a variety of
metabolic consequences such as acute hyperglycemia,
hyperinsulinemia, dyslipidemia, and eventually weight
gain (2). During PD, human peritoneal mesothelial
cells (HPMCs) are consistently exposed to bioincom-
patible dialysate with an acidic pH, high glucose, high
osmolarity, and glucose degradation products (GDPs).
In animal and in vitro studies, chronic exposure to
glucose-based dialysate induced vascular endothelial
growth factor and transforming growth factor 3, which
can cause peritoneal neoangiogenesis and fibrosis
(3-7). High glucose, acidic pH, and GDPs in dialysate
inhibit phagocytosis of bacteria and other bactericidal
activities related to bioincompatibility, further negatively
influencing the defense mechanisms of the peritoneum
(8). Bioincompatible dialysates cause abnormalities in
peritoneal structurein the long term, resultingin loss of
peritonealfunction. Therefore, toincrease biocompatibil-
ity, dialysates with a neutral pH and low GDPs have been
developed (9,10).

Previous studies have demonstrated that a neutral-
pH dialysate low in GDPs allows for preservation of
the peritoneum, but investigations into the effects of
low-GDP dialysate on ultrafiltration (UF), solute trans-
port, and body fluid management have been limited
(9,11,12). To address that issue, we conducted a pro-
spective study to analyze the clinical consequences of
low-GDP dialysate with respect to UF, solute transport,
and body fluid.


mailto:jydo@med.yu.ac.kr

PDI JULY 2013 -VOL. 33, NO. 4
METHODS
PATIENTS

Our prospective randomized open-label study enrolled
79 newincident continuous ambulatory PD patients from
Yeungnam University Hospital and Kyungpook National
University Hospital from April 2001 to December 2003.
All patients gave informed consent to participate in the
study. The study protocol was approved by the local
hospital ethics committees. Exclusion criteria included
severe systemic diseases such as liver cirrhosis, systemic
lupus erythematosus, rheumatoid arthritis, inflamma-
tory bowel disease, vasculitis, and malignancy.

The patients were randomized into either a lactate-
based low-GDP fluid group [Stay*®Safe Balance: Fresenius
Medical Care, Bad Homburg, Germany (pH 7.0, n = 37)]
ora lactate-based high-GDP group [Stay®Safe: Fresenius
Medical Care (pH 5.5, n = 42)]. There were no volume
or compositional differences between the two dialy-
sis solutions except for the amount of GDPs and the
acidity. All patients used the same type of dialysis
solution from PD start until month 12. This 12-month
protocol was completed by 60 patients (32 in the
low-GDP group, 28 in the high-GDP group). Patients
were dropped from the analysis mostly because of
protocol violations (1 in the low-GDP group, 5 in the
high-GDP group), death (2 in the low-GDP group, 8 in
the high-GDP group), transfer to hemodialysis (0 in the
low-GDP group, 1 in the high-GDP group), or transfer
to other centers (2 in the low-GDP group, 0 in the high-
GDP group; Figure 1). No patients had any record of
peritonitis or exit-site infection in the 4 weeks before
the annual biochemical measurements. Secondary
end-points included effluent biomarkers of peritoneal
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Figure 1 — Summary of patient flow through the study.
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membrane inflammation and HPMC mass, and changes
in body composition.

PROTOCOL

Clinicalindices—including daily urinary volume (UV),
daily UF volume (UFV), daily peritoneal glucose absorp-
tion, residual renal function (RRF), dialysis adequacy,
modified 4.25% peritoneal equilibration test (PET),
laboratory blood chemistry, cancerantigen 125 (CA125),
and interleukin-6 (IL-6) in overnight effluent—were
measured at months 1, 6, and 12 after PD initiation.
Body composition was measured by bioelectric imped-
ance analysis (BIA) at months 1 and 12. After blind
trocar insertion of a Tenckhoff catheter by a nephrolo-
gist, patients had a 1-week break-in period, followed by
an increase in the dose of PD from 300 mL to 2000 mL
at each dwell 3 times daily for the subsequent week.
Results at week 2 after PD initiation were therefore used
as the baseline. Patients who did not finish the protocol
(except for the BIA exam) were defined as being in vio-
lation of the protocol and were therefore excluded from
the analysis.

DAILY UV, UFV, AND PERITONEAL GLUCOSE ABSORPTION

The daily 24-hour UV was collected and measured. We
also collected 24-hour drained effluent and poured the
entire volume into a pre-weighed container. The daily
24-hour UFV was measured as the weight of the drained
effluent minus the weight of the container. The daily
24-hour peritoneal glucose absorption was calculated
as the infused dialysate volume and glucose concentra-
tion during the 24-hour period minus the directly mea-
sured volume and glucose concentration of the 24-hour
drained effluent.

CALCULATIONS OF DIALYSIS ADEQUACY AND UREA KINETICS

Weekly Kt/V urea was calculated from the 24-hour col-
lection of dialysate and urine. The distribution volume of
urea, generally assumed to be equal to total body water
(TBW), was calculated as V, estimated using the Watson
equation (13). Residual renal function was assessed
using the urine collection over the same 24-hour period
during which effluent was collected; RRF was calculated
as the mean of the values for creatinine and urea clear-
ance (14). Dietary protein intake was estimated from the
protein equivalent of nitrogen appearance (PNA) using
this equation (15):

PNA =15.1+0.195 urea appearance (mmol/24 h) +
protein losses (g/24 h).
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The urea appearance rate and protein losses were
determined from the measured urea and protein excre-
tionin effluentand urine. The daily PNA was normalized
(nPNA) to actual body weight (grams per kilogram of
body weight).

PET

The modified 4.25% PET (16) was performed with the
patient sitting. The previous dwell was drained for 20
minutes, and then with the patient supine, 2.0 L of 4.25%
dialysis solution was infused for 10 minutes. The patient
rolled from side to side after each quarter of the solution
wasinfused. The time at which theinfusion was complete
was considered the “zero” dwell time. At 0, 60, and 120
minutes, 200 mL effluent was drained into the effluent
bag and mixed by inversion 2 - 3 times, and then, using
aseptic technique, a 10-mL sample was withdrawn from
the medication port. The remaining 190 mL of effluent
was re-infused into the patient. At 240 minutes, with
the patient in the sitting position, the effluent was
drained for 20 minutes, the bag was mixed by inversion
2 -3 times, and a 20-mL effluent sample was withdrawn
from the medication port. Effluent samples were sent
for measurements of glucose, urea, creatinine, and
sodium. Venous blood samples drawn at 0, 120, and 240
minutes were assayed for glucose, urea, and creatinine.
Creatinine measurements were corrected for the presence
of glucose (11).

At the completion of the 4-hour dwell, the dialysate-
to-plasma ratio of creatinine (D/P,Cr) was measured.
At 1 hour, the dialysate-to-plasma concentration ratio
of sodium (D/P,Na) was also measured. Peritoneal
glucose absorption during the PET was calculat-
ed from the infused dialysate volume and glucose
concentration during the PET, minus the directly
measured volume and glucose concentration of the
drained dialysate.

During the PET, UFV was measured. Before being
connected to the patient, the full dialysis bag to be
instilled was weighed as the instillation volume. After
the complete drain at 4 hours, the drain bag was
weighed as the drainage volume, with the flush in and
with no compensation for the flush volume. The UFV was
calculated as the drain volume minus the instillation
volume (11).

LABORATORY BLOOD CHEMISTRY

After an overnight fast, blood samples for analysis of
urea, creatinine, glucose, albumin, and C-reactive protein
were taken and analyzed.
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IL-6 AND CA125 IN OVERNIGHT DIALYSATE EFFLUENT

The overnight dialysate effluent was collected and
assayed for IL-6, a cytokine secreted from HPMCs, and
CA125, a factor representative of the volume of HPMCs.

BIOIMPEDANCE ANALYSIS

Measurement of body composition by BIA was per-
formed at months 1 and 12 in 26 patients. The BIA
measurements were carried out using a segmental
multi-frequency bioelectricimpedance analyzer (Inbody
2.0/4.0: Biospace, Seoul, Korea), with 8 skin electrodes
placed on the patient’s hands and feet, with the patientin
thestanding position. Theanalyzer measures bodyimped-
ance at 6 frequencies ranging from 1 kHz to 1000 kHz.
Body weight, TBW, extracellular fluid, lean body mass,
and fat mass were measured after the dialysate was
drained. To avoid the effect of dialysate in the peritoneal
cavity on the results, the BIA was always performed after
final drainage in the 4.25% modified PET.

STATISTICAL ANALYSIS

Changes over time were compared using the paired
t-test, and differences between the groups were compared
using theindependent t-test, repeated measures analysis
of variance, and the Fisher exact test (SPSS version 17.0:
SPSS, Chicago, IL, USA). Factors affecting the dependent
variables were assessed by multiple regression analysis.
Values are presented as mean + standard deviation, and
p values below 0.05 were considered significant.

RESULTS
BASELINE CHARACTERISTICS

Of the 60 analyzed patients, 28 (47%) were women,
and 29 (48%) had diabetes. Mean age at study entry was
51.4 £ 13.1 years. At week 2 of dialysis (baseline), there
were no differences in parameters between the groups
(Table 1). Also at week 2 in the study, weincluded 2 anuric
patientsin the high-GDP group. At baseline, the numbers
of patients using diuretics and angiotensin converting-
enzyme inhibitors (ACEIs) or angiotensin II receptor
blockers (ARBs) at week 2 were not significantly different
between the groups [26 (81.3%) vs 22 (76.6%), and 31
(96.9%) vs 26 (92.9%) respectively, Table 1].

We observed no differences between the low-GDP
group and the high-GDP group in glomerular filtration
rate (3.08 + 2.88 mL/min/1.73 m? vs 2.49 + 1.72 mL/
min/1.73 m?) and serum creatinine (7.16 + 2.37 mg/dL
vs 7.03 £ 2.36 mg/dL) before initiation of PD.



PDI JULY 2013 -VOL. 33, NO. 4

EFFECT OF LOW-GDP SOLUTION ON UF AND SOLUTE TRANSPORT

TABLE 1

Clinical and Demographic Characteristics at Week Two (Baseline)

Solution type p
Variable Low-GDP High-GDP Value
Patients (n) 32 28
Women [n (%)] 16 (50) 12 (43) NS
Mean age (years) 51.5+12.8 51.1+14.2 NS
Mean body surface area (m?) 1.63+0.16 1.65+0.16 NS
Diabetes [n (%)] 17 (53) 12 (43) NS
Mean serum albumin (g/dL) 3.52+0.61 3.53+0.52 NS
Mean daily nPCR (g/kg) 0.83+0.23 1.02+0.27 NS
Mean hs-CRP (mg/dL) 0.5740.62 0.50+0.54 NS
Mean RRF (mL/min/1.73 m?) 2.86+1.68 2.75+2.85 NS
Use of ACEIs/ARBs [n (%)] 26 (81.3) 22 (78.6) NS
Use of diuretics [n (%)] 31(96.9) 26 (92.9) NS
Davies comorbidity score [11 (%)] NS
Low 8(25.0) 8(28.6)
Intermediate/high 24 (75) 20 (71.4)

GDP = glucose degradation products; NS = nonsignificant; nPCR = normalized protein catabolic rate; hs-CRP = high-sensitivity
C-reactive protein; RRF=residual renal function (mean of creatinine and urea clearances; ACEIs = angiotensin converting-enzyme

inhibitor; ARBs = angiotensin II receptor blocker.

DIALYSIS ADEQUACY, UREA KINETICS, AND CLINICAL INDICES

Table 2 shows results for dialysis adequacy, urea kinet-
ics, and clinical indices.

Compared with the high-GDP group, the low-GDP
group showed a tendency toward a higher RRF, but
the difference did not reach statistical significance
except at month 6. The low-GDP group had a higher
daily UV at month 6. At months 1, 6, and 12, the daily
UFV was higher in the high-GDP group than in the low-
GDP group. The daily UFV increased over time by about
14% in the high-GDP group; it did not change in the
low-GDP group.

Compared with the high-GDP group, the low-GDP group
showed a tendency toward a higher daily total amount
of glucose in instilled dialysate, but the difference did
not reach statistical significance. Over time, the daily
total amount of glucose in instilled dialysate increased
slightly in the high-GDP group; in the low GDP group, it
decreased slightly. At months 1, 6, and 12, the low-GDP
group (compared with the high GDP group) showed a
higher amount of daily peritoneal glucose absorption.
The amount of daily peritoneal glucose absorption
declined significantly over time by about 15% in the
low-GDP group; glucose absorption did not changein the
high-GDP group.

No differences in nPCR were observed between
the groups.

PET

No differences were evident between the groups
in the D/P,Cr and D/P,Na during the PET at months 1
and 6 (Table 3). However, during the PET, the drained
dialysate volume was lower by 7%, 7.6%, and 6.5%in the
low-GDP group than in the high-GDP group at months 1,
6, and 12 respectively {Table 3, Figure 2(A); calcula-
tion: [drained dialysate volumehigh_GDP (mL) - drained
dialysate volume,, ., (mL)] x 100 / drained dialysate
volumey, . opp (ML) }. During the PET, glucose absorp-
tion was higher by 8%, 8.1% and 7.1% in the low-GDP
group thaninthe high-GDP group at months 1, 6, and 12
respectively {Table 3, Figure 2(B); calculation: [glucose
absorption, , pp (9) - glucose absorptionhigh_GDP (9)] x
100/ glucose absorption , -»(9)}. During the PET, UFV
increased in both groups over time, but without statisti-
cal significance [Table 3, Figure 2(A)]. Also, UFV during
the PET was negatively correlated with glucose absorp-
tion, D/P,Na, and IL-6 concentration in effluent. In the
multiple regression analysis, the factors associated with
UFV during a PET were high-GDP dialysate and D/P,Na in
effluent (Table 4).

BLOOD CHEMISTRY, IL-6, AND CA125 IN OVERNIGHT EFFLUENT

Table 2 shows results for blood chemistry, IL-6, and
CA125 in overnight effluent. We observed no differences
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TABLE 2
Comparison of Clinical Indices Between the Study Groups®
Month 1 Month 6 Month 12
Low GDP High GDP Low GDP High GDP Low GDP High GDP p
Index (n=32) (n=28) (n=32) (n=28) (n=32) (n=28) Value
Daily UFV (mL) 785.5+528.9  1143.9+451.4 923.3#542.6 1346.4+342.5° 790.3+692.6 1299.6+501.2 <0.001¢
Daily UV (mL) 876.9+597.9  663.24525.5 913.24664.9 564.1#445.9 624.7+487.7° 681.8+460.1¢ NS
RRF (mL/min/1.73 m?) 3.62+2.05 2.74%2.47 3.29+2.61 1.97+1.64 2.42+1.72 2.22+2.14 NS
Weekly Kt/V 2.68+0.68 2.30+0.73 2.30+0.51¢ 2.17£0.52 2.27+0.43¢ 2.1840.45 NS
Daily nPCR (g/kg) 0.97+0.31 1.01£0.22 0.950.24 0.97+0.18 0.92+0.20 0.9320.22 NS
Glucose (g/day)
Instilled 138.83+39.20 127.51+25.98 138.87+25.64 130.57+27.04 133.47+19.00 129.90+24.78 NS
Absorbed 105.4+42.6 78.3+22.4 91.5+27.7¢ 77.0£27.4 89.7+£23.7° 78.4+26.3  0.008°

Serum albumin (g/dL) 3.44+0.53 3.57+0.46 3.64+0.56 3.71x0.32b 3.62+0.46 3.65+0.45 NS
Serum CRP (mg/dL)  0.34%0.46 0.48+0.95 0.42+0.69 0.55+1.05 0.38+0.71 0.45£0.82 NS
Overnight DV (mL) 2166.5+244.9 2259.6+269.8 2216.7+317.1 2203.2+213.8 2111.9+224.7 2267.3+285.5 0.047¢
IL-6 in overnight DV
Concentration
(pg/mL) 84.32+66.34  41.08+34.26  75.50468.91 50.54+40.63 138.00+172.62 60.09+35.27¢ 0.006°
Amount (x103pg) 165.5+149.4  100.4+82.3  203.6+214.5  125.4394.1  370.8+413.6> 143.7+83.7° 0.029¢
CA125in overnight DV
Concentration
(IU/mL) 55.35+24.75 18.65+8.77 56.71+28.01  22.12+11.34  54.24+28.15  24.58+16.47 <0.001°¢
Amount (x103IU)  117.4%64.7 41.8+18.8 134.4+76.8 49.3+22.9 118.3+61.3 47.3£16.1 <0.001°¢

UFV = ultrafiltration volume; UV = urine volume; RRF = residual renal function (mean of creatinine and urea clearances); nPCR =
normalized protein catabolic rate; CRP = C-reactive protein; DV = dialysate effluent volume; IL-6 = interleukin 6; CA125 = cancer
antigen 125.

@ All data shown as mean + standard deviation.

b p<0.05 compared with month 1.

¢ p<0.01 comparing the low-GDP group with the high-GDP group (repeated-measures analysis of variance).

dp<0.01 compared with month 1.

€ p<0.05, comparing the low-GDP group with the high-GDP group (repeated-measures analysis of variance).

TABLE 3
Results During the Modified Peritoneal Equilibration Test for the Study Groups®
Month 1 Month 6 Month 12
Low GDP High GDP Low GDP High GDP Low GDP High GDP p
Variable (n=32) (n=28) (n=32) (n=28) (n=32) (n=28) Value
UFV (mL) 709.3+198.0  912.9+247.4  765.9+172.7  994.4+194.6  764.8+169.1  958.0+169.7 <0.001°
4-Hour D/P Cr 0.70+0.09 0.67+0.09 0.67+0.13¢ 0.63+0.08 0.67+0.09 0.66+0.08 NS
1-Hour D/P Na 0.86+0.06 0.86+0.05 0.86+0.05 0.86+0.05 0.86+0.06 0.87+0.05 NS
Glucose absorbed (g) 66.2+7.0 61.4+9.9 62.545.1% 57.8+10.5 63.6+9.7 59.1+7.3 0.008P

UFV = ultrafiltration volume; D/P Cr = dialysate-to-plasma ratio of creatinine; D/P Na = dialysate-to-plasma ratio of sodium.
2 All data shown as mean + standard deviation.

b p<0.01, comparing the low-GDP group with the high-GDP group (repeated-measures analysis of variance).

¢ p<0.05 compared with month 1.

in serum albumin and C-reactive protein between the in the high-GDP group. The concentration of CA125 in
groups. The concentration of IL-6 in overnight effluent at overnight effluent at months 1, 6, and 12 was higher in
months 1 and 12 was higher in the low-GDP group than the low-GDP group than in the high-GDP group. There
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Figure 2 — Data from the modified peritoneal equilibration
test (PET) for the low-glucose degradation product [GDP
(filled bars, n = 32)] and high-GDP groups (open bars, n =
28). (A) Ultrafiltration volume (UFV) during the modified PET.
(B) Glucose absorption during the modified 4.25% PET. * p <
0.05 and ** p < 0.01 comparing the low-GDP group with the
high-GDP group. ¥ p <0.01 compared with month 1.

were no differences between the groups in overnight
effluent volume.

BIA

Table 5 shows results for the BIA examinations. No
significant differences were evidentin body weight, TBW,
percentage TBW, extracellular fluid volume, percentage
extracellular fluid volume, lean body mass, percentage

EFFECT OF LOW-GDP SOLUTION ON UF AND SOLUTE TRANSPORT

lean body mass, fat mass, and percentage fat mass
between the groups. Compared with the high-GDP group,
the low-GDP group showed lower body weight, fat mass,
and percentage fat mass, but the differences did not
reach statistical significance. Fat mass and percentage
fat massincreased over timein both groups. Percentage
TBW and percentage lean body mass declined over time
in both groups. Hypervolemia similarly improved over
time in both groups.

THE USE OF ACEIS/ARBS AND DIURETICS

Among patients who wereinitially prescribed ACEIs or
ARBs, the number whose dose of ACEI or ARB increased
over time was not significantly different between the
low-GDP group and the high-GDP group [n=1 (3.8%) vs
n =14 (18.2%)]. Also, among patients who initially used
diuretics, the number whose dose of diuretics increased
over time was not different between the groups [n =5
(16.1%) vs n =8 (30.8%)].

DISCUSSION

Glucose degradation products, which are produced
during heat sterilization and storage of PD solution, can
lead to peritoneal membrane damage by promoting the
formation of advanced glycation end-products in the
peritoneum (17).

Some debate surrounds the effect of biocompatible
PD solutions on the peritoneal solute transport rate
and peritoneal UF (18). Williams et al. (9) reported that
transport of small molecules, represented by the D/P Cr,
increasedin a low-GDP group (Stay*Safe Balance). It has
been suggested thatvasoactive substances mayinfluence
blood flow or the permeability of the peritonealvascular
bed (9,19,20). Fang et al. (11) reported that, compared
with a high-GDP exchange, a single exchange of low-GDP
solution (Physioneal: Baxter Healthcare Corporation,
Deerfield, IL, USA) resulted in a lower UFVand similar sol-
ute transport during a 2.5% glucose PET. Kim et al. (18)
reported that an increased D/P Cr (and consequently, a
lower UFV) in a low-GDP group (Stay*Safe Balance) might
provide a lower risk of intravascular volume depletion
and a higher probability of RRF preservation. In contrast,
duringa 1-year period, Fanetal. (21) reported observing
no significant differences between a low-GDP (Physioneal
and Stay*Safe Balance) and a high-GDP group [Dianeal
(Baxter Healthcare) and Stay*Safe] for UFV and solute
transport (D/P,Cr)ina prospective randomized controlled
study. During a 1-year period in randomized incident PD
patients, Szeto et al. (12) also reported observing no
differences between a low-GDP (StayeSafe Balance) and
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TABLE 4
Factor Associated with Ultrafiltration Volume During the Modified Peritoneal Equilibration Test (n = 60)
Univariate analysis Multivariate analysis
P p P p

Variable coefficient Value coefficient Value
High-GDP dialysate 0.582 <0.001? 0.483 <0.001?
Glucose absorption in PET (g) -0.521 <0.001? -0.219 0.162
1-Hour D/P Na -0.407 0.0022 -0.344 0.0022
4-Hour D/P Cr -0.527 <0.0012 -0.214 0.211
Log CRP -1.712 0.092 -0.131 0.151
Male sex -0.002 0.991 0.156 0.094
Age -0.081 0.545 -0.125 0.166
Non-diabetic 0.193 0.147 0.091 0.315

GDP = glucose degradation products; PET = peritoneal equilibration test; D/P Na = dialysate-to-plasma ratio of sodium; D/P Cr =

dialysate-to-plasma ratio of creatinine; CRP = C-reactive protein.

2p<0.01.

TABLE 5
Body Composition Measured by Bioimpedance Analysis in the Study Groups at Months 1 and 12 in 26 Patients on
Continuous Ambulatory Peritoneal Dialysis®

Month 1 Month 12
Low GDP High GDP Low GDP High GDP p
Variable (n=14) (n=12) (n=14) (n=12) Value®

Body weight (kg) 60.5+10.3 67.6+10.1 62.7+13.0 71.9+12.5 NS
TBW (L) 31.145.4 33.945.4 29.946.5 33.6%4.9 NS
% TBW 51.53+4.44 50.42+4.99 47.8645.00°¢ 47.2845.69°¢ NS
ECF (L) 11.51%2.39 12.91+2.78 10.81+2.32¢ 12.18+1.88 NS
% ECF 19.03+1.97 19.13+2.62 17.29+1.60°¢ 17.11+1.92¢ NS
LBM 44.36+7.34 48.12+8.16 42.69+8.90 47.61+7.36 NS
% LBM 72.62+5.94 71.45+7.37 68.39+6.78°¢ 66.99+8.33¢ NS
Fat mass 15.50+5.17 18.58+6.66 19.48+6.46° 23.3649.15°¢ NS
% Fat mass 27.52+7.74 26.57+7.12 30.43+6.51¢ 31.57+8.51¢ NS

TBW = total body water; % TBW = TBW divided by body weight; ECF = extracellular fluid; % ECF = ECF divided by body weight; LBM =

lean body mass; % LBM = LBM divided by body weight; % Fat mass = fat mass divided by body weight.

2 All data shown as mean + standard deviation.

b Comparing the low-GDP group with the high-GDP group (repeated-measures analysis of variance).

¢ p<0.01 compared with month 1.
4 p<0.05 compared with month 1.

a high-GDP group (Stay*Safe) in daily UFV, daily UV, and
dialysis adequacyindices. We demonstrated a lower daily
UFVand a higher daily glucose absorption in the low-GDP
group. Although the D/P,Cr and D/P,Na during the PET
were not different between the groups in the present
study, the amount of peritoneal glucose absorption was
higher and the UFV during the PET was lower in the low-
GDP group than in the high-GDP group. We speculate
that, inthe low-GDP group, more fluid and glucose (6% -
8%) are moved from the peritoneal cavity by another
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pathway. The differencein the lymphaticabsorption rate
may have caused the lower UFV in the low-GDP group in
our study. However, a limitation of our study is that we
did not measure free water transport and the amount of
lymphaticabsorption. Furtherinvestigation is necessary
to verify the mechanism of the differencesin UFV during
the PET.

A few studies have reported that low-GDP dialysis
solution may help to preserve RRF, but the underlying
mechanism remains unclear (22,23). During PD, GDPs
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also may be absorbed through the peritoneal membrane
into the systemic circulation, promoting apoptosisin the
renal tubular epithelial cells (24). Several studies have
suggested that, by reduction of GDPs and advanced glyca-
tion end-products in the systemic circulation, low-GDP
solution better preserves RRFin continuous ambulatory
PD patients (18,25,26). Excessive UF also may play a
causativerolein the decline of RRF by provoking intravas-
cular volume depletion (27,28). However, a few studies
reported no benefit for RRF preservation with low-GDP
solution in PD patients during a 1-year period (12,21).
Our data showed a higher tendency of RRF maintenancein
the low-GDP group thanin the high-GDP group, but that
tendency did not reach statistical significance except at
month 6 (Table 2).

In the present study, fat mass and percentage fat
mass increased over time in both groups. Also, body
weight and percentage fat mass showed a higher—but
not statistically significant—increasing trend in the
high-GDP groupin than the low GDP group during year 1.
Hypervolemia was equally improved in both groups over
time. Compared with the high-GDP group, the low-GDP
group also had a higher daily UV at month 6. The lack of
a difference in edema control can be explained by the
fact that UV or the use of high glucose dialysate was
well maintained, although the low-GDP group had a
lesser daily UFV.

Generally, neutral-pH dialysates lowin GDPs are known
to contribute to the survival and proliferation of HPMCs
(29,30). Pecoits-Filho et al. (31) reported that various
cytokines such as IL-6 and vascular endothelial growth
factor are secreted by HMPCs. The increase of IL-6 in
effluentis related to theincreasein vascular endothelial
growth factor, and peritoneal transport increases via
those cytokines (31). During the peritoneal inflamma-
tory response, the intraperitoneal action of IL-6 is par-
ticularly regulated by HPMCs (32). Several studies have
reported that the intraperitoneal cellular responses to
low-GDP solution lead to lower effluent levels of IL-6 that
are seen with high-GDP solution, suggesting a reduced
inflammatory response (33). On the other hand, Kim et
al. (18) reported observing no differences in effluent
IL-6 levels between two such groups. The present study
also demonstrated higher IL-6 and CA125 concentra-
tions and a low daily UFV in a low-GDP group compared
with a high-GDP group, indicating that, as the number
of HPMCs in the low-GDP group increased, secretion of
Il-6increased as well. Szeto etal. (12) also reported that
the use of low-GDP solution resulted in a lower degree
of systemic inflammation. The speculation is that IL-6
could have a proinflammatory role, but also an anti-
inflammatory role.

EFFECT OF LOW-GDP SOLUTION ON UF AND SOLUTE TRANSPORT

Inthe currentstudy, we observed no differencein serum
C-reactive protein between the groups over time.

CONCLUSIONS

In the present study, the high-GDP group (compared
with a low-GDP group) showed a higher daily UFV and
higher daily peritoneal glucose absorption even with
lower total daily glucose in the instilled dialysate. This
situation could potentially lead to relative hypovolemia
with higher daily UFV in the high-GDP group, especially
inthe early period of PDinitiation. Although the low-GDP
group had lower daily UFV, controlling edema was not
a problem. Further study to elucidate the mechanism
underlying the difference in UFV during PETs with a
similar D/P,Crand D/P Na is warranted.
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