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¢ Background and objective: Residualrenalfunction (RRF) corre-
lates with mortality and morbidity rates in patients receiving peri-
toneal dialysis (PD). We examined the effect of a biocompatible
PD solution (Gambrosol Trio; Gambro Lundia AB, Lund, Sweden)
with lower concentrations of glucose degradation products on
rates of decline in RRF.

¢ Design, setting, participants, and measurements: Incident
patients at 2 centers in Canada and 1 in Hong Kong were random-
ized (by minimization) in an open-label parallel group trial to
receive Gambrosol Trio or standard PD solution (Dianeal; Baxter
Healthcare, Mississauga, Canada) for 2 years. Primary outcome was
slope of RRF. Secondary outcomes were urine volumes, fluid and
nutrition indices, PD and membrane characteristics, peritonitis
rates, adverse events, and PD technique survival.

¢ Results: Residual renal function declined by 0.132 mL/min-
ute/1.73 m?/month in 51 patients allocated to biocompatible,
and 0.174 mL/minute/1.73 m?/month in 50 patients allocated
to standard PD solution (difference 0.042 mL/minute/1.73 m?/
month, p = 0.001). Urine volume, body mass index, normalized
protein catabolicrates, and fat mass were higher; total body water,
peritoneal ultrafiltration, and D/P creatinine did not differ; and
serum phosphate, rates of icodextrin, and automated cycler use
were lower with Gambrosol Trio use. There were more peritonitis
events with Gambrosol Trio use, while PD technique survival did
not differ between groups.

¢ Conclusions: The use of the biocompatible PD solution
Gambrosol Trio was associated with slower rates of decline in RRF,
fluid and nutrition benefits, and increased peritonitis rates. Trial
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esidual renal function (RRF) is associated with lower mor-

tality rates in dialysis-dependent patients (1,2). Itis also
linked to lower rates of left ventricular hypertrophy, lower
indices of inflammation, and improved nutritional status,
blood pressure control, and quality-of-life scores (1,2). Finally,
RRFis a key contributor to peritoneal dialysis (PD) technique
survival (1,2). Modifiable factors linked to faster declines in
RRFinclude extracellular fluid depletion and previous hemodi-
alysis treatments, while slower declines are associated with the
use ofinhibitors of the renin-angiotensin-aldosterone system,
and possibly with the use of biocompatible PD solutions (1,3).

Biocompatible PD solutions contain lower levels of glucose
degradation products that, in animal models, are nephrotoxic
both directly and after conversion to advanced glycation end-
products (1,4). However, these solutions are significantly more
expensive than standard PD solutions, and studies have been
inconsistent with regard to their effect on RRF (4,5,6). The
largest and most recent was the balANZ trial, where Johnson
et al. randomized 185 incident patients with glomerular
filtration rates (GFRs) greater than 5 mL/min/1.73 m? in
Australia, New Zealand, and Singapore to 2 years of treat-
ment with a biocompatible (Balance; Fresenius Medical Care
North America, Waltham, MA, USA) or standard (Stay-Safe;
Fresenius Medical Care North America, Waltham, MA, USA) PD
solution. No difference was seen in RRF decline rates between
groups (p value 0.06 for difference in rates of decline over
the 2-year study period) (7). However the study enrolled only
55% of the intended 336 patients, and had a drop-out rate
of 54%. It also included patients who had previously been
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on hemodialysis, a potentially important confounder that
was not evenly distributed between groups (13 [14.3%] in
the biocompatible arm and 4 [4.4%]) in the standard arm) at
randomization (7). Other studies have shown variable effects
of biocompatible solutions on RRF, and have been hampered
by methodologicalissues such as shorter durations of follow-
up, study design limitations, small numbers of enrolled
patients, and inclusion of prevalent patients (4). None of the
previous studies were conducted in North America or China,
where differences in cultural or ethnic make-up and practice
patterns may be important.

We examined RRF decline rates in incident patients in 2
centersin Torontoand 1in Hong Kongin a 2-year, open-label,
parallel group, randomized controlled trial.

MATERIAL AND METHODS

Approval to conduct the study was obtained from the
Ethics Review Boards at our respective hospitals. The protocol
was registered at controlled-trials.com/isrctn/pf/26252543
(ISRCTN26252543).

Subjects were recruited from pre-dialysis outpatient clin-
ics at The Scarborough Hospitalin Scarborough, Ontario, the
Credit Valley Hospitalin Mississauga, Ontario, and the Princess
Margaret Hospitalin Hong Kong. Eligible patients were new to
any renal replacement therapy, older than 18 years, and had
urine volumes greater than 100 mL/day with GFRs of at least
1 mL/min/1.73 m2. They were excluded if it was unlikely that
PD would be continued for at least 6 months.

Sample size calculations requiring at least 3 RRF measure-
ments per patient suggested that samples of 49 patients in
each arm (with allowance for a study drop-out rate of 20%)
would achieve 80% power to detect a difference in slope of
RRF of 0.15 mL/min/1.73 m?/month at a significance level
of 0.05.

Patients were allocated to receive Gambrosol Trio (Gambro
Lundia AB, Lund, Sweden) or Dianeal (Baxter Healthcare,
Mississauga, Canada) by the study statistician using a com-
puterized algorithm. The treating nephrologists (but not
the patients, nurses, or outcome assessors) were blinded to
treatment allocation, with decisions regarding PD modal-
ity choice and PD prescription adjustments being made by
the nephrologists and according to the usual practice at
each centre. No target Kt/Vs were pre-specified, and results
from bioimpedendance tests were not accessible for clinical
decision-making purposes. Home use of icodextrin and cyclers
was not available to patients in Hong Kong.

Twenty-four-hour urine specimens to calculate urea and
creatinine clearances were collected every 6 weeks for assess-
ment of the primary outcome. To minimize the impact any
inadvertent extracellular fluid volume depletion may have had
on RRF and urine volume, a repeat 24-hour urine collection
(after correction of any volume depletion) was obtained and
recorded for study purposes 1 week laterif less than 100 mL/24
hours was measured. Standardized 4-h peritoneal equilibra-
tion tests (using 2 L of 2.5% Dianeal solution), bioimpedence
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measurements (BC-418 Segmental Body Composition Analyzer;
Tanita Corporation of America Inc., Arlington Heights, IL,
USA), and subjective global assessments (SGAs) were con-
ducted at baseline and every 6 months. Peritonitis was defined
using International Society for Peritoneal Dialysis criteria
and treated empirically with intra-peritoneal administration
of cefazolin and tobramycin until causative organisms and
sensitivities wereidentified. Relapsing peritonitis events were
excluded from analyses determining peritonitis incidence and
impacton technique survival rates. Any patients who required
admission to hospital during the study period received con-
ventional PD solutions while admitted, resuming their study
dialysis solution upon discharge.

STATISTICAL METHODS

Randomization by minimization was performed to ensure
that the baseline variables of diabetes mellitus, history of
congestive heart failure, and center were balanced between
treatment groups. Patients were censored at study completion
or if they were lost to follow-up, withdrew from the study,
transferred to hemodialysis, underwent renal transplantation
or died. Data were stored in Microsoft Access, prepared in
Microsoft Excel, and analyzed with Stata (StataCorp, College
Station, TX, USA). Statistical analyses were conducted on an
intention-to-treat basis for all patients with 3 or more GFR
determinations. Baseline variables were described using
descriptive statistics: continuous normally distributed vari-
ables with means and standard deviations, non-normally
distributed variables with medians and ranges, and categori-
cal variables with frequencies. Generalized mixed modeling
analysis was employed to test the effect of PD solution on RRF.
Non-independence between repeated measures was assumed
by using an unstructured covariance matrix. Residual renal
function was empirically determined to exhibit a linear trend.
It was then assessed for each patient in a mixed model that
counted timein days, center, presence or absence of diabetes,
presence or absence of a history of congestive heart failure,
PD solution, and interaction of PD solution with time as fixed-
effects explanatory variables. Patient identification number
was the only random-effect covariate included in the model,
allowing for different starting GFRs for each patient.

Urinevolume, 4-hour peritoneal ultrafiltration volume, D/P
creatinine, body mass index, serum albumin, bio-impedance
scores of total body water and fat, serum phosphate, C-reactive
protein, plasma phosphate and sodium were each also assessed
using mixed modeling analysis, employing the same covariance
structure and mix. Frequencies of group peritonitis episodes
and SGA scores were compared using Fischer’s or chi-square
tests asappropriate. Kaplan-Meier curves with log-rank testing
and Cox proportional hazards modeling were used to assess PD
technique survival. Peritoneal dialysis technique survival was
defined as remaining on PD at completion of the study (even
if censored before completing 2 years of follow-up), at time of
transfer to anotherinstitution, or at time of renal transplant.
All others were considered to have failed.
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RESULTS
PATIENT CHARACTERISTICS

Three hundred-three patients were screened from August
2005 until July 2010 (Figure 1). One hundred-one eligible
patients completed 3 or more GFR determinations for primary
outcome analysis, 51 allocated to the Gambrosol Trio, and 50
tothe Dianealarm. Baseline characteristics were balanced with
no significant differences between groups (Table 1). Median
follow-up was 685 days per patient (inter-quartile range [IQR]
523 - 713 days). Thirty-four patients had less than 2 years of
follow-up, including 7 censored when the study closed April
13,2011 (Figure 1), and 31 patientsin the Gambrosol Trio and
36 in the Dianeal group completed all 2 years of follow-up
(Figure 2).

RESIDUAL RENAL FUNCTION

Residual renal function declined by 0.132 and 0.174 mL/
min/1.73 m?/month in the Gambrosol Trio and Dianeal arms,
respectively. The difference of 0.042 mL/min/1.73 m?/month
was significant at p = 0.001 (Figure 3). Rates of decline were
lower in the biocompatible group regardless of initial RRF or
starting PD modality.

URINE OUTPUT

Urine volume declined by 30 and 39 mL/month in the
Gambrosol Trio and Dianeal arms, respectively (p = 0.003)
(Figure 4). Oligoanuria was observed less frequently in the
biocompatible group (p = 0.001) (Table 2). Time to anuria
was not calculated as 4 of 9 patients with daily urine volumes
under 100 mL produced greater than 100 mL on subsequent
collections. Mean furosemide use was similar between groups
at baseline (63 [38 - 89] mg/day in Gambrosol Trio and
55 [38 - 73] mg/day in Dianeal groups, p =0.60). Furosemide
use increased during the course of the study to a mean
of 87 (79 - 95) mg/day and 98 (91 - 106) mg/day in the
Gambrosol Trio and Dianeal arms, respectively (p =0.036).

BIOIMPEDENCE AND NUTRITION INDICES

Body mass indices rose by 0.89 and 0.62 in the biocompat-
ible and standard groups at 1 year (p =0.003). Serum albumin
and SGA scores did not differ between groups. Mean protein
catabolic rates normalized for nitrogen appearance declined
by 0.04in the standard and rose by 0.02 in the biocompatible
arms (p=0.023) after 1 year (Supplemental Figure 1). Serum
phosphate levels were lower (1.57 vs 1.64 mmol/L, p=0.018)
and plasma sodium levels higher (138 vs 137 mmol/L, p =
0.003) after 1yearinthe Gambrosol Trio group. Bioimpedance
analysis showed no difference in total body water stores
between groups, while fat mass rose more in the biocompat-
ible group (2.8% vs 1.7% per year, p = 0.046) (Supplemental
Figures 2 and 3).
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303 patients
approached

202 patients excluded:

9 patients requested specific PD system
25 unwilling/unable to do screening/follow up
72 declined to give consent
30 needed urgent HD start
14 had significant comorbidities

\ 4 21 planned/previous transplant
6 planned transfer to another facility
25 other reasons

101 randomized by
minimization

51 to recieve 50 to receive
Gambrosol Trio Dianeal

A

31 completed 2
years of follow up

36 completed 2
years of follow up

Details of Patients Not Completing 2 Years of Follow—Up
Censored after study ended
Dropped out
Transferred out
Died
Transplanted
Transfer to hemodialysis — Refractory peritonitis
Transfer to hemodialysis — Ultrafiltration failure
Transfer to hemodialysis — Underdialysis
Transfer to hemodialysis — Pleural leak
Transfer to hemodialysis — Multiple problems/other
Total
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—_—L == O =N =W

133

4

Figure 1 — Flow of patients through the Trio Trial. PD = peritoneal
dialysis; HD = hemodialysis.

PERITONEAL DIALYSIS AND MEMBRANE CHARACTERISTICS

Peritoneal ultrafiltration volumeincreased and D/P creati-
nine decreased during the study, but did not differ between
groups (Supplemental Figures 4 and 5). Peritoneal Kt/V
declined (p=0.042), while urine Kt/Vincreased (p=0.029) in
the biocompatible group over the study period. Urine weekly
creatinine clearances declined at a slower rate in the biocom-
patible arm (p = 0.024), while peritoneal weekly creatinine
clearances did not differ between groups.

ICODEXTRIN AND AUTOMATED CYCLER USE

Icodextrin was prescribed in 3 of 29 (10.3%) vs 13 of 33
(39%) of the Canadian patients receiving biocompatible and
standard solutions, respectively (p = 0.01). Icodextrin use
was associated with faster declines in RRF (0.193 vs 0.149 mL/
min/1.73 m/month [p=0.04]) and urine volume (40 vs 24 mL/
month [p=0.001]). When icodextrin and the interaction term
oficodextrin and time were added as fixed effects to the mixed
model, PD solution no longer had a significant effect on RRF
(p =0.198) or urinevolume (p=0.112). However, RRFand urine
volume rates still declined at slower rates in the 46 Canadian
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patients who did not receive icodextrin if allocated to the
Gambrosol Trio arm: (0.113 vs 0.162 mL/min/1.73 m?/month
[p=0.013]and 16 vs 27 mL/month [p=0.006]) (Supplemental

TABLE 1
Baseline Characteristics of 101 Trio Trial Participants

Gambrosol Trio Dianeal
Variable (n=51) (n=50)
Age (years) 59.9 (11) 59.0 (11)
Male 29 (56.9%) 31 (62%)
Ethnicity
Oriental 38 (74.5%) 30 (60%)
Caucasian 3(5.9%) 6 (12%)
Black 2 (3.9%) 2 (4%)
South Asian 8(15.7%) 10 (20%)
First Nations 0 (0%) 2 (4%)
History of diabetes mellitus 24 (47.1%) 26 (52%)
History of congestive
heart failure 8 (16%) 11(22%)
Present or past smoker 20 (40%) 16 (32%)
Cause of kidney disease
Diabetes 8 (15.7%) 10 (20%)
Chronic GN 14 (27.4%) 9 (18%)
ADPKD 0 (0%) 1 (2%)
Hypertension 4 (7.8%) 4 (8%)
Combination/other 26 (51%) 26 (52%)
Furosemide equivalent
(ma/day) 40 (0-500) 40 (0-250)
ASA (number taking) 10 (19.6%) 17 (34%)
ACEi or ARB (number taking) 22 (43.1%) 20 (40%)
ACEi and ARB (number taking) 5 (9.8%) 6 (12%)
Beta blocker (number taking) 30 (58.8%) 27 (54%)

Urine volume (mL per day)
Proteinuria (grams per day)

1,509 (575)

2.12 (0.29-17.9)

1,606 (693)
2.17 (0.38-14.3)

Mean GFR (mL/min/1.73 m?) 7.3(3.2) 6.6 (3.0)
Hemoglobin (grams/L) 102 (16.5) 103 (14.8)
Serum phosphate (mmol/L) 1.70 (0.43) 1.76 (0.44)
Plasma sodium (mmol/L) 137 (5.1) 138 (3.6)
Serum albumin (mg/L) 32.8(5.0) 33.3(5.0)
CRP (mg/L) 5.6 (0.8-29)  4.65(0.2-115)
Initial PD modality

CAPD 46 (90.2%) 44 (88%)

APD 5 (9.8%) 6 (12%)
Weekly peritoneal CrCl 41.3 (8.3) 42.0(8.7)
Weekly peritoneal KtV 1.40 (0.34) 1.47 (0.35)
Peritoneal D/PCr 0.77 (0.6-0.94) 0.75(0.44-0.87)
Systolic BP (mmHg) 139 (16) 139 (18)
Diastolic BP (mmHg) 72 (10) 75 (13)
BMI 25 (17-38) 24 (17-43)
Total body water (%) 34.5(8.1) 36 (7.7)

GN = glomerulonephritis; ADPKD = autosomal dominant polycystic
kidney disease; ASA=aspirin; ACEi =angiotensin-converting enzyme
inhibitors; ARB = angiotensin II receptor blocker; GFR = glomerular
filtration rate; CRP = C-reactive protein; PD = peritoneal dialysis;
CAPD = continuous automated PD; APD = automated PD; CrCl =
creatinine clearance; D/PCr=dialysate-to—plasma ratio of creatinine;
BP=blood pressure; BMI=body massindex. Results are presented as
number (%), mean (standard deviation), or median (range).
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Figure 6). Thirty-two (52%) of the Canadian patients were
prescribed an automated cycler at some pointin the study, 11
inthe biocompatible and 21in the standard arms (p = 0.043).
Automated cycler use did not significantly associate with RRF.

Numbers of Enrolled Patients At Each Study Visit, by Treatment Arm
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Figure 2 — Numbers of participants in Trio Trial, by study visit and
treatment.

Changes in Residual Renal Function by PD Solution

7
L

6

5
|

4
)

3

Residual renal function (ml/minute/1.73m2)

2
L

0 200 400 600 800
Days since starting peritoneal dialysis

Gambrosol Trio® ————- Dianeal® I

p=0.001

Figure 3 — Primary outcome of the Trio Trial. PD = peritoneal dialyis.

Changes in 24-hr Urine Volume by PD Solution
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Figure 4 — Urine volumes by PD solution. PD = peritoneal dialysis.
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PERITONITIS RATES

Peritonitis rates were significantly higher in the biocom-
patible group (Table 3). They were not associated with initial
PD prescription or subsequent PD modality changes and did
not change the finding of slower RRF decline rates in patients
treated with the biocompatible solution (Supplemental
Figures 7a and 7b). C-reactive protein levels did not differ
between groups.

ADVERSE EVENTS
There were no differences between groups in the number

of deaths (2 in each group) or hospitalizations (24 [54%] in
Gambrosol Trio and 21 [46%] in Dianeal arms, p = 0.48).

TABLE 2
Urine Volumes by PD Solution

Frequency of urine volume (mL/24 h)

SEPTEMBER 2016 - VOL. 36, NO. 5 PDI
SURVIVAL ANALYSES

There was no difference between treatment groups in
peritoneal technique survival rates (p = 0.13) (Figure 5).
Cox proportional regression analysis showed survival to be
negatively affected by peritonitis events (hazard ratio [HR]
1.60 (95% confidence interval [CI] 1.00 - 2.56), a history of
congestive heart failure (HR 3.85 (95% (I 1.13 - 13.17), and
use of an automated cycler (HR 6.06 (95% CI 1.42 - 25.74)
(Table 4).

Kaplan Meier Survival Analysis of PD Technique Success
1.00

0.75

0.50 -

Survival Probability

0.25 -

Treatment group >400 100-400 <100 Total 0004
0 200 400 600 800

Dianeal 739 104 18 861 Days since starting peritoneal dialysis
Gambrosol Trio 737 74 4 815 I Gambrosol Tio® ~ ————- Dianeal®
Total 1,476 178 22 1,676 e
PD = peritoneal dialysis. Figure 5 — PD technique survival by PD solution. PD = peritoneal
p=0.001 (Fischer’s Exact Test) dialysis.

TABLE 3

Characteristics of Peritonitis Events

Characteristic Gambrosol Trio Dianeal Significance
Incidence by site (events per patient-year) © Sizcc]gr?;;i;iteei;ite]l?val)
Overall 0.627 0.250 2.50 (1.49-4.33)
Scarborough 0.561 0.165 3.40(1.38-9.53)
Mississauga 0.392 0.213 1.84(0.31-12.59)
Hong Kong 0.760 0.384 1.98 (0.97-4.29)
Frequency of events per patient Chi-squared test
0 26 (51%) 35 (70%) x2(1)=6.87, p=0.03
1 11 (22%) 11(22%)
2 or more 14 (27%) 4 (8%)
Total number of events 51 22
Number of patients 24 15
Peritoneal effluent culture results per event
(number, % within treatment group
Gram-positive organisms 18 (35%) 9 (41%)
Gram-negative organisms 14 (27%) 4 (18%)
Mixed organisms 5 (10%) 3 (14%)
Culture-negative 12 (24%) 6 (27%)
Tuberculous 1(2%) 0
Yeast 1(2%) 0
Refractory events 6 (12%) 2 (9%)
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TABLE 4
Factors Affecting PD Technique Failure Rates

Hazard ratios for failure
(95% confidence interval)

Variables included in the Cox
Proportional Hazards model

Gambrosol Trio (vs Dianeal)
Peritonitis (per peritonitis event)
History of diabetes mellitus (vs no)
History of congestive heart failure
(vs no)
Study site
Residual renal function
(per mL/min/1.73 m?)
Use of automated cycler ever
during study
Use of icodextrin ever during study
Use of automated cycler at PD start
(vs no)

1.94 (0.58-6.51)
1.60 (1.00-2.56)
0.39 (0.12-1.29)

3.85 (1.13-13.17)
0.99 (0.23-4.15)
0.96 (0.79-1.15)

6.06 (1.42-25.74)
0.85 (0.23-3.23)
0.59 (0.12-2.95)

PD = peritoneal dialysis.

DISCUSSION

Residual renal function declined at slower rates in inci-
dent patients who received the biocompatible PD solution
Gambrosol Trio. This finding contrasts with that of the balANZ
study, and is notable given otherwise remarkable similarities
between the 2 studies. For example, study design, methods,
and statistical analyses were all comparable. Mean differ-
ences in 2-year overall GFR decline rates between treatment
groups of 0.035 mL/min/1.73 m?/month in that study and
0.042 mL/min/1.73 m?/month in this study were in close
agreement (7). And although there were more patients enrolled
in the balANZ study, higher drop-out rates (54% vs 34% in
this study) meant that numbers of patients completing each
study were similar (43 vs 31in the biocompatible arms of the
balANZ and this study, and 48 vs 36 in the standard arms of
the studies, respectively).

One potentially relevant difference between study designs
was the frequency of primary outcome measurements: every
6 weeksin the current study and every 12 weeks in the balANZ
study. To assess its potentialimpact, we replicated the balANZ
study frequency by dropping alternate GFR values for each
patient, and emulated the balANZ mixed effects model by
adding initial PD modality to site, time, presence or absence
of diabetes (instead of diabetic nephropathy), PD solution,
andinteraction of PD solution with time as fixed-effect covari-
ates (7). Afterapplying the balANZ mixed effects model to our
original and modified datasets we obtained p values of 0.001
and 0.072, respectively, the latter being similar to the p value
of 0.06 reported in the balANZ study. The results suggest that
outcome measurement frequency was a key difference between
the 2 studies.

Another notable difference was the significantly greater use
of icodextrin and automated cyclers in patients allocated to
receive standard solution in the current study. Changesin PD
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prescriptions were left to the treating teams in both studies.
One of the indications for automated cycler use would have
been patient preference for nocturnal dialysis. The main indi-
cation for and benefit of cycler and icodextrin use, however,
is management of fluid overload (8). Given that patientsin the
standard group had reduced urine volumes (despite increased
use of furosemide), it stands to reason that peritoneal ultra-
filtration volumes would have had to be increased to treat or
prevent volume overload. Our demonstration of similar total
body water stores and ultrafiltration capacity suggests that PD
prescription changes (such as the addition of icodextrin) may
have been what effectively offset the reduced urine outputin
the standard solution group. The balANZ study participants
who received standard solutions had shorter times to anuria
and trended to reduced urine volumes, but use oficodextrin or
automated cyclers did not differ between groups (7). However,
bioimpedence analyses and standardized ultrafiltration tests
were not performed, and itis difficult to objectively ascertain
whether there were any differences between groups in total
body water or ultrafiltration capacity.

We were surprised to see thaticodextrin use was associated
with faster declines in RRF. To our knowledge, this has not
previously been reported. We believe the likeliest explanation
is that icodextrin use is a marker of decline in renal function
and urine output. The greater need for icodextrin therapy in
the standard group would then be consistent with the reduced
renal function and urine output observed in these patients.
Similarly, while the absolute observed differences between
groups may not have been clinically significant, the reduced
fat mass, normalized protein catabolic rates, and higher serum
phosphate levelsin the standard group are each also consistent
with reduced RRF (9,10,11). The results provide further rationale
against the notion that expanded plasma volume (on the basis
of reduced peritoneal ultrafiltration volumes) is the reason for
reduced rates of declinein RRFin patients receiving biocompat-
ible solutions (6,12).

Peritonitis rates were significantly higherin the Gambrosol
Trioarm, driven by greater numbers of patients with 2 or more
peritonitis events. While a sensitivity analysis did not reveal
any effect on RRF decline, peritonitis events contributed to PD
technique failure. Cho et al. also reported higher peritonitis
rates in the 157 of all 2,245 incident PD patients in Australia
who received biocompatible solutions of various kinds over a
4-year period (13). Other studies including balANZ, however,
found lower rates of peritonitisin patients receiving biocompat-
ible solutions (7,14). Given that the solutions were produced
by different manufacturers, itis conceivable that differencesin
their respective connectologies may account for some of these
discrepancies. However we were unable to demonstrate more
infections with skin contaminants, and itis possible that other
as yet unknown mechanisms contributed to theincreased peri-
tonitis rates observed in patients treated with Gambrosol Trio.

The strengths of this study include its design, size, fre-
quency of outcome measurements, duration of follow-up,
and ethnic make-up. Our inclusion of incident patients who
had GFRs as low as 1 mL/min allowed us to examine patients
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starting PD across a broader range of GFRs than in some other
studies. It is the first to provide data involving patients from
North America and Hong Kong and to examine changesin body
compositionin relation to urine and peritoneal ultrafiltration
volumes measured using serial bioimpedance analyses and
standardized peritoneal equilibrium testing.

Potential weaknesses of this studyinclude the fact that only
about 1/3 of eligible patients consented to participate in the
study. This has potential implications for the generalizability
of our results. We also had higher drop-out rates and fewer
subjects than anticipated completing 2 years of follow-up.
Although not statistically significant, there was a trend to
greater and earlier drop-outs in the Gambrosol group. This
resulted in fewer patients being available for primary and
secondary outcome measurements later in the course of the
study and the attendant risk of informative censoring biased
in favor of RRF preservation in the Gambrosol group. Also,
while we endeavored to keep treating physicians blinded to
treatment allocation, we could not guarantee that this was
maintained throughout the study, and we were unable to
mask trial participants and treating nurses. We are therefore
unable to rule out bias in decisions regarding icodextrin
and automated cycler use, potentially important given that
icodextrin use appeared to be detrimental to renal function
and was less commonly prescribed in the Gambrosol arm. We
also did not collect information on PD glucose prescriptions.
While differences in dialysate glucose concentrations would
not have affected the results of standardized peritoneal
equilibration testing, they could potentially have affected
the results of our 24-hour urine collections via effects on
peritoneal ultrafiltration volumes. This, in turn, might have
impacted results of RRF and urine volume measurements.
Another limitation was that our bioimpedence testing did not
allow for measurements of extracellular fluid volume. This
was because the bioimpedence machines available to us at
the time of study initiation did not measure this variable. We
thus chose to measure total body water instead, recognizing
the limitations of this as a surrogate marker of extracellular
fluid volume. Finally, having different manufacturers of dialy-
sate solutions meant different systems and connectologies
between treatment groups, a factor that may have indepen-
dently influenced peritonitis rates. Although this was a major
finding of our study, the increased peritonitis rates did not
(in common with other published reports) impact the primary
outcome of RRF (15).

SUMMARY

Incident PD patients treated with the biocompatible PD
solution Gambrosol Trio had slower rates of decline in RRF. Its
use was associated with better-preserved urine volumes, less
icodextrin and automated cycler use, and more favorable serum
phosphate and nutrition profiles. However, use of Gambrosol
Trio was also associated with higher rates of peritonitis, a find-
ing that requires further investigation and precaution before
wider-spread use of Gambrosol Trio can be recommended.
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