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ABSTRACT

Introduction: Preservation of urine volume and residual renal function in patients on peritoneal dialysis (PD)
is @ major concern. Some factors have been associated with better prognosis, such as the use of biocompatible
solutions, furosemide, or renin-angiotensin-aldosterone system blockers. However, results from previous studies
have not been consistent. We thus aimed to study the relation between baseline characteristics of incident
patients on PD, treatment characteristics, glomerular filtration rate (GFR) and urine volume (UV) variation.

Subjects and methods: We retrospectively analyzed incident patients on PD (first option) in our unit in terms
of variation of UV and GFR after 24 months of follow-up. We studied the association between GFR and UV decline
and baseline characteristics (age, gender, diabetes mellitus or hypertension diagnoses, body mass index, CKD
etiology, and use of beta-blockers, diuretics, renin-angiotensin-aldosterone system blockers) as well as PD treat-
ment characteristics (PD modality, use of icodextrin, dialysis days per week, presence of peritonitis, membrane
characteristics such as Ca125 peritoneal level and dialysate-to-plasma creatinine), dwell hours per day and glucose
load) using Spearman correlation for numerical variables and differences of means for binomial variables.

Results: We analyzed 25 patients. Urine volume decreased on average 0.59 mL after 24 months and glomerular filtra-
tion rate declined from 7.9 to 7.03 mL/min/1.73m?Z. All patients used biocompatible solutions. We did not find any
association between glucose-exposure, use of diuretics or renin-angiotensin-aldosterone system blockers and urine
volume or glomerular filtration rate decline. There was a significant relation between diuresis and GFR changes.

Discussion: Our patients present a slower decline of residual renal function than that described in the litera-
ture. Strategies to preserve diuresis, including the use of biocompatible solutions, may explain these results.
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INTRODUCTION

usually do so before becoming anuric. Hemodialysis
(HD) has been the main dialysis modality since its

Residual renal function (RRF) and urine volume
(UV) preservation is associated with better clinical
outcomes in dialysis patients, including improved
dialysis adequacy, nutrition, quality of life, technique
survival and patient survivall-3. Patients with chronic
kidney disease (CKD) that start dialysis treatment

start in the early 1960s. Most patients under HD
tend to become anuric®. The development of con-
tinuous ambulatory peritoneal dialysis (CAPD) in the
late 1970s has shown a better preservation of both
RRF and UV?. Studies evaluating patients under
automated peritoneal dialysis (APD) have shown that
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RRF decline is similar to what happens in CAPD®. In
patients on peritoneal dialysis (PD), UV might
account for one half of the variance in glomerular
filtration rate (GFR)’ and some studies have dem-
onstrated a stronger association between clinical
outcomes and urinary clearance than with peritoneal
clearance markers®8-10,

Previous studies have assessed a variety of factors
as predictors of faster decline in RRF and UV. However,
results are not always consistent. These studies identi-
fied females, non-Caucasian race, diabetes mellitus,
and congestive cardiac failure as risk factors for rapid
RRF decline in dialysis patientsl. Higher baseline
(GFR)”12 and higher 4-hour dialysate-to-plasma cre-
atinine ratio (DTPCR)’ were also associated with more
rapid decline in RRF. Higher serum phosphate was
also associated with faster declinel2. Peritoneal efflu-
ent CA125 concentrations were also associated with
peritoneal protein losses and with the increase in the
usage of higher glucose dialysate to compensate for
loss of residual renal function3. On the other hand,
the use of biocompatible PD solutions, achievement
of overall higher systolic blood pressure (SBP), lower
peritoneal ultrafiltration (UF) and lower dialysate glu-
cose exposure over time# were identified as protective
factors. Results regarding the use of furosemide,
tolvaptan, angiotensin-converting enzyme inhibitors
(ACEi) or angiotensin receptor blockers (ARB) have
been inconsistent, with some studies showing a pro-
tective effect and others showing no effectl414,
Hypertension and hypotension (as well as important
variations in a single patient) were also identified as
risk factors®. Finally, studies assessing peritonitis epi-
sodes have not shown a clear association between
this variable and RRF declinel®.

Improving our understanding of which factors are
associated with RRF decline would help guide clinical
practice. Therefore, further studies clarifying which
variables determine RRF decline are needed. Even
the definition of RRF decline is not consistent and
this might explain some differences in terms of pre-
dicting factors. Some authors analyze the change
slope while others have considered a rapid decline
of RRF as either a decrease of GFR superior to 2 ml/
min/1.73mZ in a period of 6 months (and confirmed
after a second evaluation) or a UV reduction to less
than 500 mL/dayZ®.

We thus aimed to study the relation among baseline

characteristics of incident patients on PD, treatment
characteristics and GFR and UV variation.
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SUBJECTS AND METHODS

B Study design, inclusion and exclusion criteria,
and data collection

We conducted a retrospective cohort study of the
incident PD patients in our unit between January 1st,
2009 and June 30th, 2015. Patients were required to
be 18 years or older and to have preserved diuresis
(UV>500mL/24h) at baseline. Patients with (i) previous
HD treatment; (ii) previous renal graft, or (iii) follow-up
shorter than 24 months were excluded. We reviewed
each patient’s medical record and collected demo-
graphic and clinical information. Baseline data included
age, gender, BMI, diabetes or hypertension diagnoses,
CKD etiology, and PD modality. We collected clinical
data such as GFR, UF, peritoneal UF, DTPCR, peritoneal
levels of Cal25, type of peritoneal solution, daily glu-
cose-exposure, use of icodextrin, beta-blockers, loop
diuretics, ACEi or ARB and episodes of peritonitis at
baseline and then at 6, 12, and 24 months (+ 1 month).
Net peritoneal ultrafiltration (UF, L/day), was defined
as the mean difference between the total volume of
dialysate inflow and the total volume of dialysate out-
flow. Daily dialysate glucose exposure (g/day) was cal-
culated as the mean of the daily volume of dialysate
(L/day) multiplied by the dialysate glucose concentra-
tion (g/L). Residual GFR was calculated as the average
of 24-hour urinary creatinine clearance. When data
was missing (4 total missing-values related to 4 patients)
we estimated GFR using CKD-EPI formula. We have
considered the use of icodextrin, beta-blockers, loop
diuretics, ACEi or ARB when they were present during
more than 6 months of follow-up. We have considered
a patient with significant episodes of peritonitis when
they have been more than one episode during the
follow-up (24 months).

M Statistical analysis

We analyzed data descriptively at baseline, using
absolute numbers and proportions for categorical vari-
ables and central tendency and variation for numerical
variables. We assumed a linear association between
GFR and UV decline, and time from baseline at the
individual level. We then defined this decline as the
slope of linear regression (minimum squares method)
between each one of these variables and time from
baseline until end of follow-up. We have calculated and
analyzed both GFR and UV slopes from baseline to 24
months (mean square slopes). We studied the associa-
tion between GFR and UV decline and baseline
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characteristics, as well as PD treatment options using
Spearman correlation for numerical variables and dif-
ferences of means for binomial variables. We were
particularly interested in evaluating the effect of glu-
cose daily exposure with GFR variation. Stata(R) soft-
ware v. 15 was used.

RESULTS

We consulted our clinical registries and identified
43 adult patients that started PD in our unit between
January 1%t, 2009 and June 30th, 2015. Eighteen patients
were excluded as 4 had been previously on HD; one
had a UV less than 500mL/24h at baseline and 14 did
not accomplish 24 months of follow-up (two of them
died, three of them received a renal transplant and
eight were transferred to HD).

Twenty-five patients were included; sample charac-
teristics are presented in Table 1. Patients were mainly
male (19, 76%), with a mean age when starting PD of
59 years-old. The majority was hypertensive (83%) and
overweighed (60%), and only 20% were diabetic.
Regarding etiology, only 3 patients had diabetic
nephropathy. Other etiologies included chronic glo-
merulonephritis (n=3), ANCA vasculitis (n=2), and auto-
somal dominant polycystic kidney disease (n=2). The
vast majority of the patients were treated with diuretics
(92%), renin-angiotensin-aldosterone system blockers
(RAASB) (72%). All patients used biocompatible solu-
tions and 36% also used icodextrin solution. APD was
the modality of choice in 15 patients. In our sample,
10 patients had more than one episode of peritonitis
during 24 months. Average number of dialysis days per
week was 6.8, with an average period of 9.6 hours per
day. The average amount of glucose-exposure was cal-
culated as 117 * 35 g/day. In this period, 6 patients
were hospital admitted (length of hospitalization of 8
days in average).

GFR mean at the beginning of PD was 7.93 + 3.25
mL/min/1.73m? and after 24 months was 7.03 + 4.49
mL/min/1.73m2. The GFR change overall after 24
months was -0.06 mL/min/1.73mZ. The diuresis change
overall after 24 months was -0.59 mL. UV mean at the
beginning was 1544 mL and after 24 months was 1670
mL. Mean peritoneal levels of Ca125 were 24 U/L and
mean DTPCR was 0.69. Mean UF was 189 mL (Table 1).

Table 2 and Table 3 present the results of our
analyses assessing association between the variables

Table 1

Baseline characteristics and change in glomerular filtration rate and
diuresis (n = 25, except if indicated otherwise)

Variable N=25

Age (years), mean (standard deviation) 59.26 (13.44)
Gender, n (%)

Male 19 (76.00)

Female 6 (24.00)
Diabetes mellitus — n (%)

No 20 (80.00)

Yes 5(20.00)
Hypertension (n = 24) — n (%)

No 4(16.67)

Yes 20 (83.33)
BMI (n =20) - n (%)

<25 8 (40.00)

>25 12 (60.00)
Etiology — diabetic nephropathy (n = 21) n (%)

No 18 (85.71)

Yes 3(14.29)
Peritonitis — more than one (n = 24) — n (%)

No 14 (58.33)

Yes 10 (41.67)
Beta-blockers — n (%)

No 14 (56.00)

Yes 11 (44.00)
Diuretics

No 2 (8.00)

Yes 23 (92.00)
ACEi/ARB

No 7 (28.00)

Yes 18 (72.00)
Icodextrin

No 16 (64.00)

Yes 9 (36.00)
Modality

APD 15 (60.00)

DPCA 10 (40.00)
CA125 (n=22), mean (standard deviation) 24.33 (14.53)
DP_Creat (n=21), mean (standard deviation) 0.69 (0.08)
UF_média, mean (standard deviation) 189.82 (469.08)
Dialysis days per week, mean (standard deviation) 6.76 (0.52)
Dialysis hours per day, mean (standard deviation) 9.60 (3.91)
Glucose load, mean (standard deviation) 116.55 (35.27)
GFR to, mean (standard deviation) 7.93 (3.25)
GFR t24, mean (standard deviation) 7.03 (4.49)
GFR change, overall mean (standard deviation) -0.06 (0.16)
GFR change among patients with positive change (n = 10),
mean (standard deviation) 0.10 (0.10)
GFR change among patients with negative change (n = 15),
mean (standard deviation) -0.16 (0.10)
UV t0, mean (standard deviation) 1543.60 (670.32)
UV t24, mean (standard deviation) 1669.80 (833.28)
UV change, mean (standard deviation) -0.59 (36.12)
UV change among patients with positive change (n = 13),
mean (standard deviation) 21.89 (21.62)
UV change among patients with negative change (n = 12),
mean (standard deviation) -24.95 (33.04)
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Table 2 Table 3
Association between GFR change and the variables under study Association between UV change and the variables under study
Variable N = 26* p-value** Categoria N = 25* p-value**
Age (years), Spearman correlation -0.10 0.64 Age (years), Spearman correlation -0.13 0.55
Gender, mean change (standard deviation) 0.55 Gender, mean change (standard deviation) 03
Male, mean change (standard deviation) -0.07 (0.17) Male, mean change (standard deviation) -4.85 (38.59)
Female, mean change (standard deviation) -0.02 (0.11) Female, mean change (standard deviation) |12.90 (24.71)

Diabetes mellitus,
mean change (standard deviation) 0.96
No, mean change (standard deviation) -0.06 (0.17)
Yes, mean change (standard deviation) -0.06 (0.09)

Hypertension (n = 24),
mean change (standard deviation) 0.78

No, mean change (standard deviation) -0.03 (0.12)
Yes, mean change (standard deviation) -0.06 (0.17)

BMI (n =20) - n (%) 0.58
<25 -0.03 (0.20)
>25 -0.07 (0.16)

Etiology — diabetic nephropathy (n = 21),

mean change (standard deviation) 0.83
No, mean change (standard deviation) -0.06 (0.16)
Yes, mean change (standard deviation) -0.08 (0.09)

Peritonitis (n = 24),
mean change (standard deviation) 0.67

No, mean change (standard deviation) -0.07 (0.15)

Yes, mean change (standard deviation) -0.04 (0.19)
B-blocker, mean change (standard deviation) 0.95

No, mean change (standard deviation) -0.06 (0.18)

Yes, mean change (standard deviation) -0.06 (0.13)
Diuretics, mean change (standard deviation) 0.67

No, mean change (standard deviation) -0.11 (0.16)

Yes, mean change (standard deviation) -0.05 (0.16)

ACEi/ARB, mean change (standard deviation) 0.31

No, mean change (standard deviation) -0.01(0.17)

Yes, mean change (standard deviation) -0.08 (0.15)
Icodextrin, mean change (standard deviation) 0.97

No, mean change (standard deviation) -0.06 (0.14)

Yes, mean change (standard deviation) -0.06 (0.20)
Modality, mean change (standard deviation) 0.95

APD, mean change (standard deviation) -0.06 (0.15)

DPCA, mean change (standard deviation) -0.06 (0.18)
Change in diuresis, Spearman correlation 0.61 <0.01
CA125 (n=22), Spearman correlation 0.18 0.43
DP_Creat (n=21), Spearman correlation -0.01 0.95
UF_média, Spearman correlation 0.01 0.96
Dialysis days per week, Spearman correlation -0.18 0.38
Dialysis hours per day, Spearman correlation -0.23 0.27
Glucose load, Spearman correlation -0.17 0.41

*Except otherwise indicated; ** HO: Change in GFR and the variable of interest are
independent

under study and GFR and UV variation, respectively.
There was a significant correlation between UV
reduction and GFR reduction (p-value =0.01) (Figure
1). We did not observe any clear correlation between
UV/GFR variation and age, gender, presence of dia-
betes mellitus or hypertension, BMI categories, CKD
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Diabetes mellitus,
mean change (standard deviation) 0.46
No, mean change (standard deviation) -3.32(39.72)
Yes, mean change (standard deviation) 10.32 (11.99)

Hypertension (n = 24),
mean change (standard deviation) 0.17

No, mean change (standard deviation) 22.47 (25.37)
Yes, mean change (standard deviation) -5.43 (37.53)

BMI (n = 20) — n (%) 0.72
<25 1.96 (41.32)
>25 -4.79 (40.77)

Etiology — diabetic nephropathy (n = 23),

mean change (standard deviation) 0.75
No, mean change (standard deviation) -0.59 (41.59)
Yes, mean change (standard deviation) 7.38 (15.06)

Peritonitis (n = 25),
mean change (standard deviation) 0.42

No, mean change (standard deviation) -6.61 (38.65)
Yes, mean change (standard deviation) 5.89 (34.29)
B-blocker, mean change (standard deviation) 0.55
No, mean change (standard deviation) -4.53 (42.42)
Yes, mean change (standard deviation) 4.42 (27.23)
Diuretic, mean change (standard deviation) 0.59
No, mean change (standard deviation) 12.96 (12.8)
Yes, mean change (standard deviation) -1.77 (37.38)

ACEi/ARB, mean change (standard deviation) 0.59

No, mean change (standard deviation) 5.85 (29.08)

Yes, mean change (standard deviation) -3.1(38.98)
Icodextrin, mean change (standard deviation) 0.63

No, mean change (standard deviation) 2.07 (18.5)

Yes, mean change (standard deviation) -5.33 (56.85)
Modality, mean change (standard deviation) 0.96

APD, mean change (standard deviation) -0.86 (23.37)

DPCA, mean change (standard deviation) -0.18 (51.27)
CA125 (n=22), Spearman correlation -0.09 0.70
DP_Creat (n=21), Spearman correlation 0.02 0.94
UF_média, Spearman correlation 0.02 0.93
Dialysis days per week, Spearman correlation -0.35 0.09
Dialysis hours per day, Spearman correlation -0.30 0.15
Glucose load, Spearman correlation -0.25 0.22

*Except otherwise indicated; ** HO: Change in GFR and the variable of interest are
independent

etiology, frequent episodes of peritonitis, use of
beta-blockers, diuretics, ACEi or ARB, use of icodex-
trin, PD modality, Ca125, DTPCR,UF, dialysis days per
week, dialysis hours per day or glucose load. There
was no association with glucose load and GFR vari-
ation (Figure 2).
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Figure 1

Spearman correlation between diuresis and GFR change (p<0.01)
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Spearman correlation between glucose load and GFR change (NS)
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DISCUSSION

We analyzed the evolution of UV and GFR and we
attempted to identify factors associated with RRF
decline among incident peritoneal dialysis. We had a
better GFR decline profile than that identified in previ-
ous studies. In particular, we observed a mean GFR of
7.93 + 3.25 mL/min/1.73m? at baseline and a mean
GFR of 7.03 £ 4.49 mL/min/1.73m? at 24 months while

in the balANZ triall, GFR declined from 7.5 + 2.9 mL/
min/1.73 m2 at baseline to 3.3 + 2.8 mL/min/1.73 m2
at 24 months.

While mean UV at end of follow-up was slightly
higher than at baseline, we observed an overall decline
in UV. This apparent discrepancy can be explained by
the method used to assess change in UV. For this cal-
culation, we considered all the data points available
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(0, 6, 12 and 24 months) and not only two points. It is
thus possible to have a higher UV at 24-months than
at baseline and still a decreasing UV. It is noteworthy
that we observed a decline but it is minimal. The high
variation in UV at the end of follow-up is also consistent
with this result.

Our analyses did not identify any factor associated
with RRF decline. This might be explained by several
factors. First, there was not a significant decline of RRF
in our sample. Second, our sample had very limited
variation in a number of factors: (i) we only used bio-
compatible PD solutions, which have been identified as
a protective factor; (ii) there was a PD prescription con-
sistency among the group and there were only slight
differences in terms of glucose load, number of hours
and number of days of dialysis, (iii) most of the patients
were under diuretics and RAASB, (iv) and finally, we had
a small sample, limiting power to detect a relationship
if it exists and we did not have enough patients to split
the sample into a fast versus a slow GFR decline groups.
We were not able to apply multivariate models due to
sample size. In a PD population using only biocompat-
ible solutions, other factors might have a modest impact
that was not detectable due to the sample size.

Most of our patients were hypertensive and were
under anti-hypertensive agents. We were not able to
perform an evaluation regarding blood pressure vari-
ation based only on single values of office blood pres-
sure registries. The association of hypotensive episodes
regarding GFR and UV decline might be further explored
in further studies. The relationship between this epi-
sodes and hospitalization might also be assessed. RRF
might be associated with decrease hospitalization
lengthl” and the impact of hospitalization in RRF decline
might be analyzed in further studies.

Our study includes patients with a comprehensive
follow-up and clinical incidents were identifiable in our
clinical database. Our sample is mostly composed of
Portuguese-origin patients.

As limitations to our study, we neither analyzed the
effect of blood pressure or phosphorous control, nor the
effect of using nephrotoxics (such as iodated contrasts).
Some patients might have some degree of GFR and diu-
resis recovery if they started PD after an acute on chronic
renal injury which is sometimes difficult to assess. In this
study, we only selected incident patients that had not
been previously on hemodialysis nor received a kidney
transplant. Results with patients that have not primarily
opted for PD might have been different. We were not
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able to track any important change regarding CA125 peri-
toneal levels or DTPCR variation due to sample size and
available data. We did not find any association concerning
baseline levels and RRF or UV decline.

We have seen a low increment in diuresis and the
fact that diuresis was associated with GFR might indi-
cate that strategies to increment diuresis, including use
of diuretics and use of biocompatible solutions, might
have a beneficial effect upon GFR preservation. As
mentioned above, UV preservation might have an
important association with GFR preservation and clini-

cal outcomes’.

We believe that these results are important to show
that using biocompatible solutions, RRF might decline
more slowly and that strategies to preserve UV are also
important. In the future, analyzing the rest of our PD
patients that were excluded might be challenging
because they tend to present a lesser volume of diuresis
at baseline, but it might be interesting to look for fac-
tors associated with some degree of recuperation of
diuresis and GFRin this group. At present, the predictors
of preserved RRF and its impact in terms of technique
and patient survival in the global cohort of PD patients
(first-choice of renal replacement therapy and the oth-
ers) are yet to be defined. Studies assessing this issue
with larger samples and the use of multivariate models
might help to identify other associations.
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Abbreviations:

ACEi — Angiotensin-converting enzyme inhibitors
APD — Automated peritoneal dialysis

ARB — Angiotensin receptor blockers

CAPD — Continuous ambulatory peritoneal dialysis
CKD — Chronic kidney disease

GFF — Glomerular filtration rate

HD — Hemodialysis

NRDRRF — Non-rapid decliners of residual renal function
PD — Peritoneal dialysis

RASB — renin-angiotensin system blockers

RRF — Residual renal function

RDRRF — Rapid decliners of residual renal function
SBP — Systolic blood pressure

UF — Ultrafiltration

UV - Urine volume
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