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Background: Conventional automated peritoneal dialysis (APD-C) is typically set cycles as the constant dwell time and fill volume while adapted
APD (APD-A) is modified by prescribing mixed cycles of short dwell time with small fill volume and long dwell time with large fill volume. A few
previous studies revealed that APD-A improved solute clearances and ultrafiltration (UF) compared with APD-C.

Objective: Because of the limited evidence, the authors compared the efficacy of both techniques.

Materials and Methods: A randomized crossover trial was conducted in patients on peritoneal dialysis between December 2018 and January
2020. The participants were randomized for the APD-A and APD-C groups in the first 6 weeks and then continued with the second 6-week period
of crossover. The difference between APD-A and APD-C was time and fill volume for each cycle but total duration of APD and total inflow volume
were equally set. Comparison of primary outcomes composed of weekly Kt/V,., creatinine clearance (CrCL), and normalized CrCL (nCrCL).
Secondary outcomes included daily UF, sodium clearance (NaCL), phosphate clearance (PhCL) and blood pressure control.

Results: 23 patients with mean age of 61.1+11.8 years and median APD vintage of 23 months completed the two sequences of study. The APD-A
group had significantly higher CrCL [48.47 (36.06 to 76.75) vs. 46.04 (32.23 to 61.71) L/week, p=0.022], nCrCl [53.24 (45.87 to 72.91) vs. 49.44
(37.94 to 58.15) L/week/1.73 m? p=0.02], serum bicarbonate level [25.5+2.8 vs. 24.1+2.4 mEq/L, p=0.01] and hemoglobin level [10.93£1.82 vs.
10.21£1.93 g/dL, p=0.04]. No significant difference of Kt/V,., NaCL, PhCL, UF and blood pressure.

Conclusion: APD-A group had higher efficacy in creatinine clearances compared with the APD-C group. However, there was no improvement in other
clearances and UF which might be from too small sample size. Currently, APD-A is an optional practice for individualized and optimal treatment.
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In Thailand, the available renal replacement therapies  consist of peritoneal dialysis (PD), hemodialysis, and kidney

for patients suffering end-stage kidney disease (ESKD)
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transplant, with a portion of patients receiving palliative
care. The PD first policy adopted in 2008 had a valuable
impact on expanded care, wider access, and rising of PD
cases especially in ESKD patients under the universal
coverage scheme"?. PD can be performed continuously or
intermittently by manual technique or a dialysis machine
as automated peritoneal dialysis (APD). APD is further
separated into conventional APD (APD-C) and adapted
APD (APD-A). With an APD-C treatment, a constant
volume of peritoneal dialysate fluid (PDF) is kept in the
abdominal cavity for the same dwell time in each cycle of
PD. In contrast, the first few cycles of APD-A use a small
volume of PDF during a short dwell time (30 to 60 minutes),
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before changing to a larger volume during a longer dwell
time (90 to 240 minutes) in later cycles®. The volume of
PDF used was derived from studies of Fischbach M, et al.®-,
with 600 to 800 ml/m? of body surface area (BSA) for short
cycles, and 1,300 to 1,500 ml/m? BSA for long cycles. The
postulated concept of APD-A is to increase ultrafiltration
(UF) during short cycles where PDF volume is low and
increase efficacy of solute clearance during long cycles
where PDF volume is high®®. The enhanced benefit of
APD-A compared with ADA-C, regarding to higher efficacy
of solute clearances and ultrafiltration, were evidenced
in few trials with small numbers of participants®>?. In
disagreement, Oberg MC, et al. revealed that APD-A and
APD-C had similar efficacy by the simulation assessment').
Because previous studies have been conducted in a limited
population, and some results were relying on simulations
which may not accurately represent the real outcomes
occurring in patients, therefore, the conclusive evidence
about the advantages of APD-A is still furtherly needed to
explore especially in different population. The present study
aimed to compare the effectiveness of applying APD-A
and APD-C treatments in the Thai ESKD patients who
differed from previous studies in terms of ethnicity, BSA,
and volume of dwelled PDF. In addition, participants of
all four types of peritoneal membrane transports assessed
by peritoneal equilibrium tests (PET) were enrolled whereas
in the previous study included only the ESKD patients
with high-average and low-average membrane transports®.

Materials and Methods
Study design and population

An open-label, crossover, randomized control study
was conducted in ESKD patients currently on APD treatment
at the peritoneal dialysis clinic, Srinagarind Hospital, Khon
Kaen University from December 2018 to January 2020.
The stable subjects who met the inclusion criteria: age >18
years; received CAPD treatment at least 3 months before
or APD treatment at least one month before inclusion; had
result of a PET within three months before inclusion; were
free of infections in the abdominal cavity or other areas
two months before inclusion; and agreed to participate in
the present study, were recruited. Patients were excluded
from the present study if they had at least one of the
following conditions: pregnancy, abdominal wall defects,
respiratory infections, cancer, or symptoms of an active
heart disease.

The present study protocol conforms to the ethical
guidelines of the 1975 Declaration of Helsinki that was
approved by the Ethics Committee for Human Research,
Faculty of Medicine, Khon Kaen University, Thailand
(project number HE 611436 and HE 671176). All patients
were provided written informed consents.
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Processes of randomization and intervention

The enrolled participants were randomly allocated
into the APD-A group or APD-C group by a process of
computer-generated block-of-four randomization. After the
first 6 weeks of study (the first study period), the participants
switched groups in week 7 until the end of the study in week
12 (the second study period).

Baseline characteristics and demographic data, e.g.,
age, sex, comorbid diseases, date of dialysis initiation,
were reviewed and collected from interviews and medical
records. Participants received a baseline evaluation of
their APD efficacy based on weekly Kt/V,.,, creatinine
clearance (CrCL), normalized creatinine clearance (nCrCL),
phosphate clearance (PhCL), sodium clearance (NaCL),
and ultrafiltration (UF). Their blood pressure (BP), body
composition monitoring (BCM), and renal clearance were
checked on their first week (week 0), and their PET was
evaluated on week 0, or within three months before the study.

In the first study period, the participants followed their
treatment as randomly allocated into APD-A and APD-C
groups for weeks 1 to 6. After that, weekly Kt/V,.., CrCL,
nCrCL, PhCL, NaCL, UF, BP, BCM, and renal clearance
were evaluated in week 6.

In the second study period at week 7, participants in
the APD-A group switched treatment to APD-C and vice
versa. At the end, weekly Kt/V,.,, CrCL, nCrCL, PhCL,
NaCL, UF, BP, BCM, and renal clearance were checked in
week 12. Then participants returned to their original APD
prescription as before enrollment into the study.

During the 12 weeks of study period, besides the
mentioned APD prescription, other related medications,
e.g., phosphate binders, diuretics, antihypertensive and
hypoglycemic drugs, and erythropoietic stimulating agents
remained unchanged dosages which each group had two
participants receiving diuretics.

Calculation of prescribed PDF volume and dwell
time

Before allocation into groups, participants were treated
with their usual APD schedules in which dialysis was
performed in the nighttime and no retained PDF in abdomen
during the day. During the study period, both APD-A and
APD-C groups were set up the machine for receiving the
same total PDF volume and dwell time per day by using
solution of 1.5% dextrose PDF. The APD-C group continued
the same prescription of APD, i.e., the same PDF volume
and dwell time per cycle, and number of cycles per day as
before the study, and on average, the PDF volume and dwell
time given per cycle were equal.

In the APD-A group, the prescription of PDF volume
and dwell time per cycle were calculated as the following
steps. First, the BSA of each participant was calculated
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using a computer program. Second, the D/P BUN (dialysate/
plasma blood urea nitrogen) and D/DO0 glucose values
obtained from the PET were used to calculate the APEX
time. Third, the administered PDF volume and dwell time
were calculated as suggested by Fishback M, et al.®> — for
short cycles, a PDF volume of 600 to 800 ml/m? BSA and
a dwell time per cycle of 1 APEX time (30 to 60 minutes);
for long cycles, a PDF volume of 1,300 to 1,500 ml/m* BSA
with a dwell time per cycle of 2 to 4 APEX time (90 to 240
minutes, or adjusted by basing on PET types as demonstrated
in Figure 1). The total dwell time and PDF volume per day
and number of cycles were prescribed consistently with the
setting of before starting the present study.

As an example, here was the treatment prescribed to a
patient with a BSA of 1.5 m? the PET showed an average
transport, an APEX time of 45 to 60 minutes, and running
of 5 cycles of APD during the nighttime:

APD-A: used a PDF volume of 1,200 ml with dwell
time of 45 minutes per cycle for 2 short cycles, followed by
a PDF volume of 2,200 ml with dwell time of 150 minutes
per cycle for 3 long cycles.

APD-C: used a PDF volume of 1,800 ml with a dwell
time of 108 minutes per cycle for 5 cycles.

The participants were continuously monitored by
telephone and logbook checking for the compliance with
protocols of APD-A and APD-C periods.

Study outcomes

Comparison of primary outcomes between the
efficacy of APD-A and APD-C treatments included weekly
clearances of urea (weekly KT/V,..), and creatinine (CrCL,
nCrCL). Secondary outcomes were differences of weekly
PhCL, NaCL, UF volume, blood pressure control, and dry
weight measured from a BCM using the bioimpedance
technique.

Statistical analysis

Sample size was calculated by using a 2x2 cross-over
design in which the outcome is a continuous normal random
variable referenced from Chow SC, et al.!'". Reviewing of
the previous study showed a difference in the mean nCrCL
between the two groups of 2.3 L/week/1.73 m? (with a

L APEX time

Figure 1. APEX time adjusted based on types of PET for the APD-A group.

APEX, accelerated peritoneal equilibration examination; PET, peritoneal
equilibration test; APD-A, adapted- automated peritoneal dialysis
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standard deviation of 13.59 L/week/1.73 m*®. Using
the minimum meaningful difference in nCrCL between
the groups was 4 L/week/1.73 m?, the sample size was
21 subjects recruited for the desired level of statistical
significance at 0.05 and the 90% power. The estimated
dropout rate was 20%, therefore, a total of at least 28
participants should be allocated to the study.

Descriptive analysis was used to demonstrate
general characteristics of the participants, along with their
basic demographic information, underlying conditions,
comorbidities, and receiving treatment. Continuous data was
presented as a mean + standard deviation (SD), or a median
(interquartile range; IQR). Weekly Kt/V,e,, CrCL, nCrCL,
PhCL, NaCL, UF and BCM results between the two groups
were compared using the crossover paired t-test and the
Wilcoxon matched-pairs signed-rank test for normally and
non-normally distributed data, respectively. An analysis is
given for the carryover effects of alternating groups, periods
effects from alternating time, and sequence effects.

Categorical data was expressed as percentages and
compared between groups using the Chi-squared test or
Fisher’s exact test. A comparison of the drained peritoneal
fluid volume recorded daily between the two groups was
performed by using the generalized estimating equation
(GEE). Statistical analysis was done by using STATA version
17 and p-value less than 0.05 was considered as statistical
significance.

Results

During the study period, December 2018 to January
2020, 33 patients treated with APD were screened to enter
the present study. Five cases were excluded because 4 of
them declined to study and 1 case had peritoneal infection
within 2 months before the enrollment. A total of 28
subjects were randomized into groups of 15 and 13, to be
initially treated with APD-A and APD-C, respectively. Two
patients in the APD-A group were withdrawn due to one of
a peritoneal catheter malfunction and one peritonitis. In the
APD-C group, three patients were withdrawn as one patient
had volume overload, and two patients failed to set PDF
volume per cycle as prescribed after switched to the APD-A.
The study ended with a total of 23 participants (Figure 2).

Baseline characteristics of participants

The study population had the following
characteristics: most were elderly (mean age of 61.1+11.8
years), 52.2% were male, most had average transport type of
PET. The median duration of APD treatment was 23 (12 to
44) months. The participants had systolic blood pressure of
139+19 mm Hg and diastolic blood pressure of 70+14 mm
Hg. The common underlying conditions and co-morbidities
were hypertension, hyperlipidemia, and diabetes. In
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[ 28 APD patients were enrolled ]

Exclusion eriteria
« Pregnancy

*  Abdominal wall problem
+ Respiratory infection

* Malignancy

*  Active CVD

Inclusion eriteria
« Age> 18 years old

+ No peritonitis within 2 months

+ Stable PD for 3 month or longer

« PET result within 3 months .
/ Randomization

APD-A (n=15)

6 weeks

APD-C (n=13)

‘Withdrawn
1 patient: TK malfunction

1 patient : Peritonitis
nCrCL, PhCL, NaCL.

APD-C (n=13) )
UF, BP, BCM at week

. 06,12
l 6 weeks 2 patients: Not run APD as

prescribed
End of study (n=13) End of study (n=10)

Figure 2. Illustration of study design and withdrawal of participants.

Withdrawn
1 patient : Volume overload

APD-A (n= 12)

‘Withdrawn

6 weeks
Assessed CBC, BUN,

Cr, clectrolyte, alb,
weekly KT/V,.,, CrCL,

6 weeks

APD-C=conventional-automated peritoneal dialysis; APD-A=adapted-
automated peritoneal dialysis; CVD=cardiovascular disease; TK=Tenckhoff
catheter; CBC=complete blood count; BUN=blood urea nitrogen;
Cr=creatinine; alb=albumin; CrCL=creatinine clearance; nCrCL=normalized
creatine clearance; PhCL=phosphate clearance; NaCL=sodium clearance;
UF=ultrafiltration; BP=blood pressure; BCM=body composition monitoring

Table 1. Baseline characteristics of the study population

Baseline characteristics Participants
(n=23)
Age (years), mean * SD 61.1+11.8
Male (n, %) 12 (52.2)
Body weight (kg) mean + SD 58.4+12.9
Height (cm) mean + SD 159.3+7.4
Body surface area (kg/m?), mean + SD 1.6+0.2

PD treatment duration (months), median (IQR) 25 (14 to 60)

APD treatment duration (months), median (IQR) 23 (12 to 44)

Systolic blood pressure (mm Hg), mean + SD 139419
Diastolic blood pressure (mm Hg), mean + SD 70+14
Types of peritoneal equilibrium test (PET)
High (n, %) 4(17.4)
High average (n, %) 7 (30.4)
Low average (n, %) 8(34.8)
Low (n, %) 4(17.4)
Underlying conditions and comorbidities
Diabetes (n, %) 11 (47.8)
Hypertension (n, %) 22 (95.7)
Hyperlipidemia (n, %) 18(78.3)
Hepatitis B/Hepatitis C (n, %) 7 (30.4)
HIV (n, %) 3(13.0)
Cirrhosis (n, %) 6(26.1)
Stroke (n, %) 6(26.1)
Ischemic heart disease (n, %) 9(39.1)
Hematologic disease (n, %) 8(34.8)

APD=automated peritoneal dialysis; SD=standard deviation; IQR=interquartile
range; HIV=human immunodeficiency virus

addition, about one in four patients had a history of stroke,
and 40% of patients had ischemic heart disease (Table 1).
There were 14 subjects (60.9%) used the Baxter
Homechoice APD system and the others used Fresenius
Sleepesafe PD cycler. The mean and median daily volumes
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ofurine and drained PDF were 517.4+610.5, 322 (0 to 973)
ml and 662.3+287.4, 707 (440 to 883) ml, respectively.
About 44% of participants had anuria. Results of BCM
evaluation showed a mean dry weight of 55.1+12.4 kg and
fluid excess (overhydration) of 3.3+1.8 kg. The mean solute
clearances were 2.140.6 of Kt/V,.,, 45.2 (31.1 to 82.1) L/
week of CrCL, 50.2 (37.1 to 84.6) L/week/1.73 m? of nCrCL,
60.4+14.5 L/week/1.73 m? of sodium, and 28.9 (21.7 to 38.9)
L/week/1.73 m? of phosphate (Table 2).

Comparison between the APD-C and APD-A groups

There was no statistically significant difference in
the total PDF volume and dwell time per day between
the APD-C and APD-A groups. However, there was a
statistically significant difference in the PDF volume and
dwell time per cycle among the APD-C group, the short
cycles of APD-A, and the long cycles of APD-A groups
(p<0.05, shown in Table 3).

Primary outcomes

The mean weekly Kt/V,.., at week 12 of APD-A and
APD-C groups were 2.23+0.82 and 2.03+0.54 with the mean
difference of 0.20+0.50 (95% confidence interval (CI) -0.03
to 0.43, p=0.085, Figure 3). However, there was a significant
difference in the creatinine clearances (CrCl and nCrCl)
of both groups which presented as median difference due
to a non-normal distribution. The CrCl of APD-A group
was 48.47 (36.06 to 76.75) vs. of APD-C group 46.04
(32.23 to 61.71) L/week (median difference 2.43 L/week,

Table 2. Baseline laboratory and peritoneal dialysis data

Baseline laboratory and dialysis Participants (n=23)

Hemoglobin (g/dL), mean + SD 10.4+2.3
Hematocrit (%), mean + SD 31.8+6.6
BUN (mg/dL), mean = SD 52.1+17.4
Serum creatinine (mg/dL), mean + SD 9.0+3.3
Serum sodium (mEq/L), mean * SD 139.4+3.5
Serum potassium (mEq/L), mean + SD 4.1+0.7
Serum chloride (mEq/L), mean + SD 98.6+4.2
Serum bicarbonate (mEq/L), mean + SD 24.7+2.8
Serum calcium (mg/dL), mean + SD 8.7+0.9
Serum phosphate (mg/dL), mean + SD 42+1.3
Serum albumin (g/dL), mean + SD 3.6+0.6
Urea clearance, Kt/Vurea, mean + SD 2.1+0.6

Creatinine clearance, Weekly CrCl (L/week),
median (IQR)

Normalized weekly CrCl (L/week/1.73 m?),
median (IQR)

45.2 (31.1t0 82.1)

50.2 (37.1 to 84.6)

60.4£14.5
28.9 (21.7 to 38.9)

Sodium clearance (L/week/1.73 m?), mean + SD

Phosphate clearance (L/week/1.73 m?), median
(IQR)

SD=standard deviation, IQR=interquartile range, BUN=blood urea nitrogen,
Kt/Vurea=weekly Kt/Vurea, CrCL=creatinine clearance
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Table 3. PDF volume and dwell time per cycle, and per day, between the APD-C and APD-A

PDF volume and dwell time

Participants (n=23)

APD-C group
* PDF volume per cycle (mL), mean #* SD, median (IQR)
« Dwell time per cycle (minutes), mean + SD, median (IQR)
« Cycles per day (cycles) mean * SD, median (IQR)
» Total dwell time per day (minutes), mean * SD, median (IQR)
 Total PDF volume per day (mL), median + SD, median (IQR)
ADP-A group
Short cycles
* PDF volume per cycle (mL), mean # SD, median (IQR)
« Dwell time per cycle (minutes), mean + SD, median (IQR)
 Short cycles per day (cycles), mean * SD, median (IQR)
Long cycles
* PDF volume per cycle (mL), mean + SD, median (IQR)
« Dwell time per cycle (minutes), mean + SD, median (IQR)
» Long cycles per day (cycles), mean + SD, median (IQR)
Total per day
« Total cycles per day (cycles), mean + SD, median (IQR)
» Total dwell time per day (minutes), mean + SD, median (IQR)

» Total PDF volume per day (mL), median + SD, median (IQR)

1,709£217, 1,800 (1,500 to 1,900)
128416, 120 (120 to 150)
4.570.72,5 (4 to 5)
576.5+64.5, 600 (600 to 600)
7,848+1,746, 8,400 (6,400 to 9,500)

1,215+254, 1,200 (1,000 to 1,500)
53.7+7.1, 60 (45 to 60)
1.74+0.45,2 (1 to 2)

1,961£237, 2,000 (1,800 to 2,100)
167+18, 160 (160 to 170)
2.87+0.34,3 (3 to 3)

4.61£0.66, 5 (4 to 5)
571.5£66.5, 600 (570 to 600)
7,826+1,677, 8,200 (6,500 to 9,000)

SD=standard deviation; IQR=interquartile range

Kt/V urea per week

3 p=0.085

Mean urea removal

APD-A APD-C

Figure 3. Difference in weekly Kt/V... between the two groups.

p=0.022), and nCrCl of APD-A was 53.24 (45.87 to 72.91)
vs. of APD-C group 49.44 (37.94 to 58.15) L/week/1.73 m?
(median difference 3.80 L/week/1.73 m?, p=0.02, Figure 4).

The total clearances, peritoneal clearance and renal
clearances of solutes are presented in Table 4 which
demonstrate the peritoneal clearance of creatinine is the main
part of higher median creatinine clearances of the APD-A
group compared to the APD-C group [CrCl: 29.29 (22.51
to 37.61) vs. 27.26 (20.37 to 35.85) L/week, p=0.026, and
nCrCl: 34.04 (24.57 to 43.40) vs. 29.71 (24.13 t0 39.38) L/
week/1.73 m?, p=0.033)].

The other parameters which significantly differed
between the groups were: serum creatinine levels [lower
for group APD-A compared to APD-C (9.02+3.08 vs.
9.52+3.38, p=0.048)]; bicarbonate levels [higher for group
APD-A compared to APD-C (25.48+2.74 vs. 24.13+£2.35
mEq/L, p=0.012)]; hemoglobin and hematocrit levels
[higher for group APD-A compared to APD-C (Hemoglobin,
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Creatinine Clearance
p=0.02
6 p=0.022

Weekly CrCL (L/week)

nCrCL (L/week/1.73 m2 )

WAPD-A g APD-C

Figure 4. Weekly creatinine clearance and normalized weekly creatinine
clearance of the APD-A and APD-C groups.

10.93£1.82 vs. 10.21£1.93 g/dL, p=0.04, and hematocrit,
33.76+5.97 vs. 31.38+6.02%, p=0.035)]. Dosages of
erythropoietin stimulating agent given to the participants
of both groups were similar (APD-A group 116 (0 to 144)
unit/kg vs. group APD-C 98 (0 to 147) unit/kg, p=0.40).

Analysis revealed no significance of carry-over, period,
or sequence effects on primary outcomes.

Secondary outcomes

No significant difference was found in the remaining
clinical outcomes between the two groups. These included
systolic and diastolic blood pressure levels, UF volume,
volume of fluid excess (via BCM), dry weight, and urine
volume per day. No significant differences were found for
serum chemistry levels: urea, sodium, potassium, chloride,
calcium, phosphate (Table 5), sodium- and phosphate
dialysis removals and clearances (Table 4, 5).
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Table 4. Comparison of means and medians of total solute clearances, peritoneal clearances, and renal clearances between the two groups

Clearance ADA-A group ADA-C group p -value
Kt/Vurea clearance
« Peritoneal clearance 1.58+0.59 1.49+0.48 0.25
1.58 (1.09 to 1.79) 1.36 (1.11 to 1.69) 0.20
¢ Renal clearance 0.65+0.99 0.54£0.74 0.18
0.27 (0 t0 0.93) 0.11 (0 to 1.03) 0.38
« Total clearance 2.23+0.82 2.03£0.54 0.09
1.98 (1.78 to 2.22) 1.94 (1.67 to 2.40) 0.11
Weekly CrCl (L/week)
o Peritoneal clearance 30.8+10.5 28.8+10.3 0.11
29.3 (22.5t0 37.6) 27.3(20.4 to 35.9) 0.026
« Renal clearance 30.5+41.6 25.4£33.3 0.15
10.7 (0 to 50.6) 7.20 (0 to 42.8) 0.25
 Total clearance 61.3+36.8 54.2+29.5 0.07
48.5 (36.1 to 76.8) 46.0 (32.3t0 61.7) 0.022
Normalized weekly CrCl (L/week/1.73 m?)
o Peritoneal clearance 34.0£11.3 31.7£11.3 0.11
34.0 (24.6 to 43.4) 29.7 (24.1to0 39.4) 0.033
* Renal clearance 31.9+44.8 26.9+36.4 0.16
12.8 (0 to 54.5) 8.49 (0 t0 40.3) 0.25
« Total clearance 66.0£38.2 58.6£31.5 0.08
53.2 (45.9 to 72.9) 49.4 (37.9 t0 58.2) 0.02
Sodium clearance (L/week/1.73 m?)
« Peritoneal clearance 62.0£17.1 60.5£19.4 0.50
67.6 (48.6 to 71.7) 62.8 (45.2 to 70.6) 0.96
« Renal clearance 2.08+2.81 1.43+1.80 0.042
1.11 (0 to 3.60) 0.55 (0 to 2.57) 0.13
« Total clearance 64.1£15.0 61.9£18.2 0.34
67.6 (52.2 to 71.9) 63.4 (50.6 to 70.6) 0.16
Phosphate clearance (L/week/1.73 m?)
o Peritoneal clearance 23.5£9.93 24.5%19.3 0.77
20.1 (15.4 to 33.7) 17.6 (13.5 to 27.2) 0.16
 Renal clearance 16.7£29.7 13.4£20.2 0.29
0(0t029.8) 0(0to22.3) 0.45
« Total clearance 40.24£25.8 BYASHPONS 0.63
37.3 (24.0 to 43.7) 31.2 (20.9 to 48.9) 0.25

APD-A=adapted-automated peritoneal dialysis; APD-C=conventional-automated peritoneal dialysis

The UF volume was recorded every day during the 6
weeks of APD-A and APD-C periods. The daily UF volume
between the treatment groups were compared using the GEE
statistics which adjusted the baseline UF. No statistically
significant difference of UF was found [mean difference
+ standard error = 13.56+21.39, 95% CI: -28.38 to 55.49),
p=0.53] (Figure 5).

Discussion

The effectiveness of PD depends on UF volume
and clearance of solutes, e.g., urea (weekly Kt/V,..),
creatinine (CrCl, nCrCl) —where the efficacy of
clearance depends on the PDF volume and dwell
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time both per cycle and in total"?. The open-label,
crossover, randomized control study of Fischbach M,
et al.® in 19 participants noted an improved efficacy
of solutes clearance and lower glucose absorption
by using APD-A compared to APD-C during 45-day
study periods. Specifically, there was a significant
difference in weekly Kt/V., (1.53+£0.37 vs. 1.44+0.32,
p<0.01), and nCrCL (30.74+13.59 vs. 28.44+13.11
L/week/1.73 m?, p<0.05). Additionally, APD-A had
higher efficacy of phosphate, sodium and UF removals
along with better blood pressure control. Another study
conducted in 12 European patients also demonstrated
improvement of Kt/V,,, CrCL and UF with APD-A
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Table 5. Comparison of clinical outcomes between the two groups after the 12 weeks of study

Clinical outcomes APD-A group APD-C group Mean/median difference, p-value
(95% Confidence interval)
SBP (mm Hg) 135.7£20.9 130.7£15.9 5.00£22.3 (-4.90 to 14.9) 0.31
DBP (mm Hg) 69.3+15.4 70.2£14.3 -0.67+10.7 (-5.31 to 3.96) 0.69
Ultrafiltration volume (mL/day) 706.3+278.0 692.5+£287.4 13.7+74.7 (-18.6 to 46.0) 0.39
693 (466 to 1,000) 684 (483 to 984) 9 (-275.0 to 292.1) 0.42
Sodium dialysis removal (mEq/day) 1,114+272.9 1,082+294.8 32.1(-50.1to 114.3) 0.42
1,130 (953 to 1,332) 1,048 (957 to 1,310) 82 (-171.8 to 311.3) 0.39
Phosphate dialysis removal (mg/day) 129.4+60.1 132.5+106.7 -3.11£102.1 (-50.9 to 44.7) 0.89
125.7 (83.2 to 165.1) 112.6 (71.6 to 150.7) 13.1 (-38.8 to 66.0) 0.16
Urine volume (mL/day) 509.1£638.1 428.7+519.6 80.4£235 (-23.9 to 184.6) 0.12
258 (0 to 762) 226 (0 to 788) 32 (-56.2 to 120.2) 0.34
Dry weight (kg)* 55.4+12.9 55.6+13.5 -0.15+2.48 (-1.25 to 0.94) 0.77
Fluid excess (overhydration, kg)* 3.20+1.98 ZASIESINOG 0.29+1.18 (-0.22 to 0.80) 0.26
Hemoglobin (g/dL) 10.9+1.82 10.2+1.93 0.72+1.61 (0.02 to 1.42) 0.04
Hematocrit (%) 33.8+5.97 31.4+6.02 2.38+5.10 (0.18 to 4.59) 0.035
BUN (mg/dL) 48.1+15.8 50.3£17.7 -2.19+9.06 (-6.20 to 1.83) 0.27
Serum creatinine (mg/dL) 9.02+3.08 9.52+3.38 -0.50£1.11 0.048
(-0.99 to - 0.005)
Serum sodium (mEq/L) 139.0£3.69 139.0£3.70 -0.09+3.22 (-1.48 to 1.30) 0.90
Serum potassium (mEq/L) 4.15+0.80 4.17+0.59 -0.02+0.67 (-0.31 to 0.27) 0.88
Serum chloride (mEq/L) 98.1+4.68 98.3+4.42 -0.13+2.96 (-1.41 to 1.15) 0.83
Serum bicarbonate (mEq/L) 25.5+2.74 24.1+2.35 1.35+2.36 (0.33 to 2.37) 0.01
Serum calcium (mg/dL) 8.87+0.80 8.780.80 0.09£0.49 (-0.12 to 0.30) 0.40
Serum phosphate (mg/dL) 4.24+1.01 4.23+1.24 0.01+1.12 (-0.47 to 0.49) 0.97
Serum albumin (g/dL) 3.6320.61 3.53+£0.57 0.09+0.28 (-0.03 to 0.21) 0.14

Presented as mean * standard deviation and median (interquartile range); BUN=blood urea nitrogen, *computed via BCM (body composition monitoring)
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Figure 5. Ultrafiltration volume per day throughout the study, between
the APD-A and APD-C groups.

treatment for 3 months®. In comparison, the present
study had more participants (23 patients), was
conducted in Thai patients with lower BSA and used
less overall PDF volume and covered all four types
of peritoneal transports assessed by PET as opposed
to that of Fischbach M, et al.® where patients had
only high average or low average transport (dialysate/
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plasmaCreatinine in range of 0.58 to 0.80). The present
study noted a higher median nCrClI through APD-A
as opposed to APD-C (34.04 vs. 29.71 L/week/1.73
m?, a difference 0f4.33 L/week/1.73 m?, p=0.033) —a
result was similar to that of Fischbach M, et al.®. Both
studies also found a mean difference in weekly Kt/
Virea 0f 0.09. However, the present study did not find
that difference to be significant, potentially because
the present study had a higher standard deviation
of weekly Kt/V,,. A similar phenomenon appeared
with sodium and phosphate clearances. A potential
explanation is that the participants in the previous
study® had only average peritoneal transport, thus
might be the reason of smaller range for the standard
deviation of various clearances.

The two prevailing theories for peritoneal transport are
the three-pore model, and the distributed model. In the three-
pore model, the transfer of water and substances depends
on the number of pores with various sizes on peritoneal
membrane!*. Large pores allow substances comprised
of large molecules to pass through, such as proteins. Small
pores transport substances with smaller molecules, for
example, urea, creatinine, sodium, and potassium. Finally,
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the smallest pores, ultrapores, mainly drain out free water.
In contrast, the distributed model focuses more on the
importance of the distribution of peritoneal capillaries, and
the distance between peritoneal fluid and capillaries where
includes transport through capillary walls of the peritoneal
membrane into the surrounding interstitium and reaching
the mesothelium. Thus the transport of substances depends
on the surface area of peritoneal capillaries, rather than the
entire peritoneal surface area'?. Therefore, two patients with
the same peritoneal surface area, but dissimilar amounts
of peritoneal capillaries, may have a different efficiency
of substance transport'®. This would explain the differing
results between the present study and previous studies.

The concept of using a short dwell time and low PDF
volume in short cycles of APD-A is to increase UF. PDF with
high glucose concentration creates osmotic pressure pulling
fluid through ultrapores into the abdominal cavity which this
difference in osmotic pressure is prominent during the early
dwell time of a cycle. Additionally, a low PDF volume leads
to lower intraperitoneal and hydrostatic pressure, resulting
in lower fluid absorption®. In contrast, a long dwell time
and high PDF volume enhance the solute clearance of both
urea and creatinine!'?. The larger volume increases diffusion
and contact with peritoneal membrane and capillaries"”.
Too high amount of PDF, however, may lead to increased
intraperitoneal pressure causing discomfort, abdominal wall
hernia, inguinal hernia, diaphragmatic hernia, and enteric
peritonitis!"®. Therefore, calculation of PDF volume and
dwell time during short- and long cycles is crucial.

The present study revealed that participants in the
APD-A group had significantly higher hemoglobin and
hematocrit levels than those in APD-C group with similar
doses of erythropoietin stimulating agent. Previous
studies found improvement of anemia, less requiring of
erythropoietin stimulating agent, and lower serum creatinine
when enhanced adequacy of dialysis by increase of small
solute clearance”?V corresponding with the present study
that the APD-A group had a higher creatinine clearance,
higher serum bicarbonate and lower serum creatinine.

In terms of UF volume, no significant difference was
noted in both groups (706.27+278.04 ml in the APD-A
group and 692.544287.35 ml in the APD-C group). Previous
studies performed by Fischbach M, et al.®) and Oberg M,
et al.'” obtained contradictory results. UF volume was
increased by about 90 ml by employing APD-A instead of
APD-C (743£275 ml and 656+358 ml, p<0.05) in study
of Fischbach M, et al.®), while similar UF volumes (660
ml in APD-A vs. 656 ml in APD-C group) was shown in
Oberg MC, et al. study?. Oberg MC, et al. postulated that
the significant UF volume observed in the present study
of Fischbach M, et al. may be due to the study design of
crossover trial resulting in paired matches where participants
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were matched with themselves. Furthermore, measuring
the PDF volume directly from the abdominal cavity is a
difficult task and made an error in measurement, as there
is usually PDF left over from previous cycles!'?. This error
can be corrected by repeated measurements of UF volume
which Oberg MC, et al."”? performed a computer simulation
of the same PD treatment allowing direct measurement of
UF volume, therefore, resulted in different results of these
two studies.

Phosphate clearance in peritoneal dialysis relies upon
diffusion® and convection® processes which increasing
of PDF volume and lengthening of dwell time magnify the
phosphate clearance. However, the present study observed
no significant difference in phosphate clearance between
the APD-A and APD-C groups. Granja CA, et al.®®
demonstrated that higher UF volume led to higher phosphate
clearance, thus no notable difference in phosphate clearance
in our study might be explained by no significant difference
in UF volume between the two groups.

There was no notable difference in sodium clearance,
sodium dialysis removal, and blood pressure between the
two groups disagreed with results observed in the previous
study®?. The PDF volume per cycle and PDF volume in
total used in this current study was less than the volume
used in that of Fischbach M, et al.?), since the participants
had a lower BSA (1.59 vs. 1.92 m?) and some participants
could not tolerate a high PDF volume due to abdominal
pain. This may impact on solute clearance during the long
cycles of the APD-A group.

Recently, Vera M et al. conducted the multi-national
prospective cohort study in 160 patients and reported the
current practice and outcomes of 1-year APD-A treatment.
Volume status of patients was well controlled by the
individualized and optimal APD-A treatment and without
adverse events®?.

Limitation

The present study has some limitations. First, the study
was conducted in a single center and a population group,
thus less diversity of participants. Second, the sample size
calculation referenced only the nCrCL value, so results of
other substances may be inconclusive due to requiring of a
larger number of participants. Finally, patients’ compliance
for following the APD-A prescription might affect the
outcomes since some APD machines required manual
adjustment of dwell time and PDF volume. In fact, two
participants during the APD-A period were withdrawn from
the study because of intolerance to high PDF volume and
unable to adjust their treatments as prescribed. Nevertheless,
all participants were asked to record their UF volume in
a personal notebook and the investigators also checked
the patients’ PDF volume and dwell time adjustments,
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referencing data in a card obtained from the companies
which provided APD machines. Data in Table 3 displays
the compliance of APD-A group, with values consistent
with the treatment program set and no notable difference
in total PDF volume or dwell time per day between APD-A
and APD-C groups.

Conclusion

Adapted treatment of APD augmented more creatinine
clearance, raised serum bicarbonate and hemoglobin levels,
and also decreased serum creatinine level compared with
the conventional APD. However, no statistical significances
were observed for other solute clearances and UF volume.
Further research in expanded number of participants and
to ascertain long-term benefits of APD-A compared with
APD-C is required.

What is already known about this topic?

A few studies conducted in small numbers of European
patients (n=4 to 19), who had average-type of peritoneal
transporter, revealed the benefit of APD-A on higher small-
solute clearances and ultrafiltration compared with ADA-C.

What this study adds?

The present study performed in 23 Asian ESKD
participants and covered all types of peritoneal transporters.
The results insisted the enhanced efficacy of APD-A on
creatinine clearance. In addition, higher hemoglobin and
serum bicarbonate were noted in the APD-A group.

Acknowledgements

The authors would like to thank all staff of the Center
of Excellence in Kidney Diseases, Srinagarind Hospital,
and the Department of Medicine, Faculty of Medicine,
Khon Kaen University for research and publication support.

Conflicts of interest
The authors declare no conflict of interest.

Funding sources

The present study was supported by funding from
Faculty of Medicine, Khon Kaen University, and the Chronic
Kidney Disease Prevention in the Northeast of Thailand
(CKDNET) research funds.

Authors’ contributions

AS, PW, and SA: setted up the research protocol. AS,
WC, PW, TC, RT, CC and SA: collaboration in investigation,
methodology and data curation. AS, WC, TC, RT, CC and
SA: participated in data management and trial monitoring.
AS, SA: analyzed the data. AS, WC and SA: writing the
original draft. All authors were involved in refining study

S134

protocols, interpretation of data, critically revising the paper
and approving the final version.

References

1. Kanjanabuch T, Puapatanakul P, Halue G, Lorvinitnun
P, Tangjittrong K, Pongpirul K, et al. Implementation
of PDOPPS in a middle-income country: Early lessons
from Thailand. Perit Dial Int 2022;42:83-91.

2. Dhanakijcharoen P, Sirivongs D, Aruyapitipan S,
Chuengsaman P, Lumpaopong A. The "PD First" policy
in Thailand: three-years experiences (2008-2011). J
Med Assoc Thai 2011;94 Suppl 4:S153-61.

3. Fischbach M, Issad B, Dubois V, Taamma R. The
beneficial influence on the effectiveness of automated
peritoneal dialysis of varying the dwell time (short/
long) and fill volume (small/large): a randomized
controlled trial. Perit Dial Int 2011;31:450-8.

4.  Vaitkunaite D, Jankauskiene A, Fischbach M. Adapted
automated peritoneal dialysis: Important of varying
dwell time and fill volume. Medicinos teorija ir
praktika 2014;20:217-20.

5. Zaloszyc A, Schmitt CP, Schaefer B, Doutey A,
Terzic J, Menouer S, et al. Peritoneal equilibration
test: Conventional versus adapted. Preliminary study.
Nephrol Ther 2017;13:30-6.

6. Fischbach M, Zaloszyc A, Schaefer B, Schmitt C.
Adapted automated peritoneal dialysis. Adv Perit Dial
2014;30:94-7.

7. Guest S, Leypoldt JK, Cassin M, Schreiber M. Kinetic
modeling of incremental ambulatory peritoneal dialysis
exchanges. Perit Dial Int 2017;37:205-11.

8. Fischbach M, Schmitt CP, Shroff R, Zaloszyc A,
Warady BA. Increasing sodium removal on peritoneal
dialysis: applying dialysis mechanics to the peritoneal
dialysis prescription. Kidney Int 2016;89:761-6.

9. Aragd Sorrosal S, Sanchez Ruiz M, Quintela
Martinez M, Alicarte Gracia Al, Vera Rivera M.
Dialisis peritoneal automatica adaptada: un método
de prescripcion eficaz, eficiente y seguro. Enfermeria
Nefrologica 2014;17:202-8.

10. Oberg CM, Rippe B. Is adapted APD theoretically
more efficient than conventional APD? Perit Dial Int
2017;37:212-7.

11. Chow SC, Wang H, Shao J. Sample size calculations
in clinical research. 2nd ed. New York, NY:
Chapman and Hall/CRC; 2007. doi: https://doi.
org/10.1201/9781584889830.

12. Dombros N, Dratwa M, Feriani M, Gokal R,
Heimbiirger O, Krediet R, et al. European best practice
guidelines for peritoneal dialysis. 7 Adequacy of
peritoneal dialysis. Nephrol Dial Transplant 2005;20
Suppl 9:ix24-7.

13. Flessner MF. Peritoneal transport physiology: insights
from basic research. J Am Soc Nephrol 1991;2:122-35.

14. Rippe B, Venturoli D, Simonsen O, de Arteaga J.
Fluid and electrolyte transport across the peritoneal
membrane during CAPD according to the three-pore

] Med Assoc Thai|Volume 107 Suppl. 1|November 2024



15.

16.

17.

18.

19.

20.

model. Perit Dial Int 2004;24:10-27.

Waniewski J, Stachowska-Pietka J, Flessner MF.
Distributed modeling of osmotically driven fluid
transport in peritoneal dialysis: theoretical and
computational investigations. Am J Physiol Heart Circ
Physiol 2009;296:H1960-8.

Keshaviah P, Emerson PF, Vonesh EF, Brandes JC.
Relationship between body size, fill volume, and mass
transfer area coefficient in peritoneal dialysis. J] Am
Soc Nephrol 1994;4:1820-6.

Fischbach M, Haraldsson B. Dynamic changes of the
total pore area available for peritoneal exchange in
children. J Am Soc Nephrol 2001;12:1524-9.
Dejardin A, Robert A, Goffin E. Intraperitoneal
pressure in PD patients: relationship to intraperitoneal
volume, body size and PD-related complications.
Nephrol Dial Transplant 2007;22:1437-44.

Lo WK, Ho YW, Li CS, Wong KS, Chan TM, Yu AW,
et al. Effect of Kt/V on survival and clinical outcome
in CAPD patients in a randomized prospective study.
Kidney Int 2003;64:649-56.

Paniagua R, Amato D, Vonesh E, Correa-Rotter R,

] Med Assoc Thai|Volume 107 Suppl. 1|November 2024

21.

22.

23.

24.

Ramos A, Moran J, et al. Effects of increased peritoneal
clearances on mortality rates in peritoneal dialysis:
ADEMEX, a prospective, randomized, controlled trial.
J Am Soc Nephrol 2002;13:1307-20.

Yamamoto M, Matsumoto T, Ohmori H, Takemoto M,
Ikeda M, Sumimoto R, et al. Effect of increased blood
flow rate on renal anemia and hepcidin concentration
in hemodialysis patients. BMC Nephrol 2021;22:221.
doi: 10.1186/s12882-021-02426-7.

Fischbach M, Dheu C, Seugé-Dargnies L, Delobbe JF.
Adequacy of peritoneal dialysis in children: consider
the membrane for optimal prescription. Perit Dial Int
2007;27 Suppl 2:S167-70.

Granja CA, Juergensen P, Finkelstein FO. Phosphate
balance in peritoneal dialysis patients: role of
ultrafiltration. Contrib Nephrol 2009;163:198-205.
Vera M, Cheak BB, Chmelickova H, Bavanandan
S, Goh BL, Abdul Halim AG, et al. Current clinical
practice in adapted automated peritoneal dialysis
(aAPD)-A prospective, non-interventional study.
PLoS One 2021;16:¢0258440. doi: 10.1371/journal.
pone.0258440.

S$135



