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LRNFCLINICAL STUDY

Comparison of clinical characteristics between automated peritoneal 
dialysis and continuous ambulatory peritoneal dialysis: a 2-year 
single-center observational study

APD and CAPD comparisonYu-Jen Su, Chien-Te Lee, Feng-Rong Chuang, Chih-Hsiung Lee, Yi-Chun Wang, 
Ben-Chung Cheng, Kuo-Tai Hsu and Jin-Bor Chen

Division of Nephrology, Department of Internal Medicine, Chang Gung Memorial Hospital – Kaohsiung Medical Center, 
Chang Gung University College of Medicine, Kaohsiung, Taiwan, ROC

ABSTRACT

Aims: To date, there is convincing evidence for the preservation of residual renal function (RRF) in peritoneal
dialysis (PD) patients; however, substantially variable data exist on the incidence rate of infectious complica-
tions and the decline of RRF for automated peritoneal dialysis (APD) and continuous ambulatory peritoneal
dialysis (CAPD). The purpose of our study was to investigate the relative merits or demerits of APD compared
with CAPD. Methods: From November 1998 to November 2007, we retrospectively reviewed 32 patients on
APD and 140 patients on CAPD. We compared incidences of infectious complications during the entry period.
RRF and other PD parameters were determined and compared over 2 years of therapy. In addition, the period
of hospitalization was also included for clinical outcome analysis. Results: There were no significant differ-
ences between the two modalities with regard to the incidence of peritonitis (1.42/100 patient–months for APD
vs. 1.23/100 patient–months for CAPD, p = 0.66). At the end of the second year, there were no significant
differences between APD and CAPD with regard to the decline of RRF (14.8 vs. 15.3 L/week/1.73 m2,
p = 0.84). However, APD significantly increased the value of total weekly Kt/V during this period. Furthermore,
we observed a significant reduction in hospitalized days of APD compared with CAPD. Conclusions: We
concluded that the selection of the PD modality is not a major determinant of the decline in RRF. APD can be
adapted to the targeted adequacy and is at least as efficacious as CAPD when it is expertly applied.

Keywords: residual renal function; peritonitis; automated peritoneal dialysis; continuous ambulatory 
peritoneal dialysis
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INTRODUCTION

Continuous ambulatory peritoneal dialysis (CAPD) or
automated peritoneal dialysis (APD) can be applied to
end-stage renal disease (ESRD) patients who want to
be treated with peritoneal dialysis (PD), but there are
instances when one form of therapy is preferred over
the other. PD has been claimed to provide preserva-
tion of residual renal function (RRF) for the majority
of dialysis patients,1–3 and RRF is an important pre-
dictor of survival among PD patients.4,5 The use of
APD has steadily increased during the past decade,
mainly driven by the improved design of cyclers and of
its ability to be adapted to the patients’ individual
needs with respect to life style. Given this increasing
trend toward the greater use of APD, it is important to
know if the proposed clinical benefits of APD are realized

when compared to conventional CAPD and whether it
is associated with an increased risk of accelerated RRF
decline,6,7 or a decreased incidence of peritonitis.8–11

Despite the importance of preserving RRF, there are
inconsistent data on the compared ability of CAPD
and APD for the preservation of RRF after the initia-
tion of PD therapy. The first purpose of our study was
to compare the changes in RRF and infectious compli-
cations between APD and CAPD.

In addition to a major role in maintaining water and
electrolyte balance and in eliminating so-called middle
molecules, RRF is one of the factors that determine
adequacy in PD patients, in terms of weekly urea
clearance in liters/liters total body water (Kt/V) or cre-
atinine clearance (CrCl) in liters per week per 1.73 m2

body surface area.12,13 However, the consequences of
serial differences in total weekly Kt/V or CrCl and the
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definition of the PD prescription (instilled volume, use
of hypertonic dialysates, etc.) applied in APD and in
CAPD have not been addressed in the majority of the
previous studies. Therefore, these factors have not
been assessed in detail so as to disclose their potential
effects on clinical outcome. The second purpose of our
study was to compare the changes in these parameters
between APD and CAPD.

MATERIALS AND METHODS

This retrospective cohort study was performed using a
chart review design on 447 patients who consulted the
PD institution at a medical center in southern Taiwan
between November 1998 and November 2007. The
exclusion criteria were as follows: (1) less than 16
years of age; (2) anuria with recent initiation of PD
therapy; (3) discontinuation of PD for the following
reasons: kidney transplantation, technique failure,
death, transfer to hemodialysis, and loss to follow-up;
and (4) changes in PD modality during the first or sec-
ond year of therapy. According to the study protocol,
all patients completed at least 2 years of consecutive
PD therapy; a total of 172 clinically stable patients (32
on APD and 140 on CAPD) were finally eligible. The
comments below relate mainly to APD with continu-
ous cycling PD, which consisted of several cycles (usu-
ally 4–5) performed at night, over 9–10 h, and a long
daytime dwell. The clinical characteristics for all
patients, including demographic and biochemical
data, and the PD adequacy index when starting PD
therapy, were reviewed for statistical analysis and com-
parison between APD and CAPD. The incidence of
peritonitis, exit-site infections, and tunnel infections
was compared. Total infectious complications were
defined as the total episodes of peritonitis, exit-site
infections, and tunnel infections. RRF was assessed
using a 24 h urine CrCl measurement just before the
start of PD, at 6 months, 1 year, and 2 years (to con-
vert the unit of measurement of CrCl from mL/min/
1.73 m2 to L/week/1.73 m2, it was multiplied by
10.08). A peritoneal equilibration test (PET) was per-
formed 1 month after the initiation of PD and was
repeated every 6 months. The days of hospitalization
over a 2-year period were compared for clinical out-
come analysis.

Statistical analysis
Results are expressed as mean ± SD for continuous
data and as frequencies or percentages for categorical
data. These values and differences between APD and
CAPD were compared using two-tailed unpaired t-test
or Mann–Whitney U-test (numerical variables), and
χ2-test (categorical variables), as appropriate. The

time interval to first peritonitis was analyzed by using
Kaplan–Meier survival analysis. The infection inci-
dence was calculated with the help of the Fisher’s
exact test and c2-test. A p-value <0.05 was considered
statistically significant. All statistics were carried out
using SPSS, version 17.

RESULTS

Table 1 shows the baseline demographic and clinical
characteristics of the study population. The primary
causes of renal failure were diabetic nephropathy (19/
172, 11.0%), glomerulonephritis (125/172, 72.7%),
and others (28/172, 16.3%). The patients were pre-
dominantly male observed in the APD group (59.0%)
compared to the CAPD group (39%). The mean fol-
low-up period was 46.1 months for the APD patients
and 49.8 months for the CAPD patients (p = 0.44).
Patients in the CAPD group demonstrated higher
LDL-cholesterol levels and were prescribed statins
more often than those in the APD group.

The incidences of peritonitis, exit-site infections,
and total infectious complications were not signifi-
cantly different between the APD and CAPD groups
during the entry period. The APD group showed a
higher incidence of tunnel infection than the CAPD
group (p = 0.04) (Table 2). The mean interval to first
episode of peritonitis for CAPD (79.1 ± 5.3 months)
was longer than that for APD patients (76.0 ± 13.6
months), but the difference was not significant
(p = 0.598) (Figure 1). Consequently, within the 2-year
follow-up period, the incidence of new episodes of peri-
tonitis was also similar between the two modalities.

Table 3 shows the longitudinal changes in urine
CrCl, dialysis adequacy parameters, prescription dose,
and daily ultrafiltration volume in the two groups.
There were no significant differences between APD
and CAPD for baseline urine CrCl, PET 4 h dialysate/
plasma creatinine ratio (4 h D/P Cr), normalized pro-
tein catabolic rate (nPCR), changes in the urine
weekly CrCl, and the total weekly CrCl in a 2-year
period. There was a significant increase in Kt/V values
in the APD group at 6, 12, and 24 months compared
to the CAPD group: 0.13 versus –0.18, 0.12 versus –
0.06, and 0.16 versus –0.11, respectively. There were
no significant differences in the volumes of hypertonic
dialysate (3.86% glucose dialysis solution) and ultrafil-
tration between the two groups; however, the daily
dialysate volume was higher in the APD group
(p < 0.05).

Table 4 shows the comparison of the decline of
RRF at the 2-year follow-up based on gender. In our
study, males had the greatest decline in RRF in the PD
group (–20.8 vs. –11.0 L/week/1.73 m2, p < 0.01).
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TABLE 1. Clinical demographic and biochemical data in patients receiving APD and CPAD.

Patient characteristics APD group (n = 32) CAPD group (n = 140) p-Value*

Age (years) 45.4 ± 17.0 48.0 ± 12.8 0.42

Sex (M/F) 19/13 55/85 0.04

Causes of ESRD

Diabetes/nondiabetes 4/28 15/125 0.77

Body mass index 21.8 ± 3.5 22.2 ± 3.4 0.58

Biochemistry

Albumin (g/dL) 3.6 ± 0.4 3.7 ± 0.4 0.31

Hemoglobin (g/dL) 10.7 ± 1.9 10.6 ± 1.4 0.79

Total cholesterol (mg/dL) 171 ± 37 189 ± 45 0.07

LDL-cholesterol (mg/dL) 93 ± 27 110 ± 40 0.04

Triglyceride (mg/dL) 144 ± 165 142 ± 94 0.91

Calcium × phosphorus (mg2/dL2) 45.6 ± 13.1 48.7 ± 12.2 0.24

Ferritin (ng/mL) 370 ± 278 328 ± 289 0.46

Urine output (mL/day) 967 ± 409 1055 ± 649 0.35

ACEi and/or ARB 20 (63%) 84 (60%) 0.79

Statin 5 (16%) 50 (36%) 0.03

Residual renal function

Weekly urine CCr (L/week/1.73 m2) 29.9 ± 17.1 32.9 ± 27.6 0.55

Peritoneal transport characteristics

Weekly total CCr (L/week/1.73 m2) 71.5 ± 18.5 75.4 ± 25.9 0.42

Weekly total Kt/V 2.10 ± 0.42 2.24 ± 0.46 0.10

PET 4 h D/P (H/HA/LA/L) 0.65 ± 0.10 (1/16/11/3) 0.66 ± 0.10 (9/61/55/9) 0.68

nPCR 1.12 ± 0.29 1.15 ± 0.31 0.63

Notes: Data are expressed as mean ± SD and number (%), as appropriate. LDL, low-density lipoprotein;
ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CrCl, creatinine
clearance; Kt/V, urea clearance in liters/liters total body water; PET 4 h D/P, the 4 h dialysate/plasma
creatinine ratio evaluated by peritoneal equilibration test; H, high; HA, high-average; LA, low-average; L, low
transporter; nPCR, normalized protein catabolic rate.
*Comparisons by unpaired t-test, Mann–Whitney U-test, and c2-test, as appropriate.

TABLE 2. Incidences of infection complications in patients receiving APD and CAPD.

APD group (n = 32) CAPD group (n = 140) p-Value*

Episodes of peritonitis within 2 years 10 48 0.74

Treatment duration (months) 46.1 ± 24.5 49.8 ± 26.1 0.44

Infectious complications

Episodes of peritonitis (per 100 patient-months) 21 (1.42) 86 (1.23) 0.41

Episodes of exit-site infection (per 100 patient-months) 13 (0.88) 52 (0.75) 0.67

Episodes of tunnel infection (per 100 patient-months) 5 (0.34) 3 (0.04) 0.04

Episodes of infectious complications (per 100 patient-months) 39 (2.64) 141 (2.02) 0.45

Notes: Data are expressed as mean ± SD and number (per 100 patient-months), as appropriate.
*Unpaired t-test for treatment duration; otherwise, Fisher’s exact test and the c2-test.
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Male patients in the APD or CAPD groups had a
greater deterioration of RRF when compared with
female patients, but the difference was only significant
in the CAPD group.

A total of 104 patients (60.5%) received angio-
tensin-converting enzyme inhibitors (ACEis) or angio-
tensin receptor blockers (ARBs) and had a decline in
their RRF (–17.1 L/week/1.73 m2) compared with the
non-ACEis or ARBs groups (–12.3 L/week/1.73 m2,
p = 0.13) at the 2-year follow-up. Fifteen patients
(1 on APD, 14 on CAPD) developed peritonitis
within 6 months of commencing PD therapy. The
decrease in RRF in the first year was more severe for
the early-onset peritonitis group (<6 months) than the
peritonitis-free group (–17.1 vs. –8.7 L/week/1.73 m2,
p = 0.02). In addition, 90 patients (18 on APD; 72 on
CAPD) used hypertonic dialysate as a PD prescription
within the first 12 months. CrCl decreased 15.5 and
14.8 L/week/1.73 m2 2 years after hypertonic dialysate
and standard dialysate treatment, respectively (p = 0.60,
data not shown in the table).

Table 5 shows the number of times of hospitaliza-
tion and the period of hospitalization in the 2-year
period after commencement of PD. The relevant
causes of hospitalization in the APD (CAPD)
groups were as follows: peritonitis, 6 (19); systemic
infections (pneumonia, sepsis, etc.), 3 (10); hernia,
3 (3); cardiovascular disease or stroke, 1 (7); and
gastrointestinal or genitourinary bleeding, 2 (6). In
the 2-year period, there was no significant difference
in the frequency of hospitalization between the APD
and CAPD patients; however, APD patients had a
lesser average hospitalized days than the CAPD
patients (p = 0.03).

DISCUSSION

APD is a general term used to describe all types of PD
performed with the help of a cycler and serves as the
first-line PD treatment to disabled, aged, or active
patients. The indications for using APD in our PD
institution are patient preference, the necessity to avoid
increased intraperitoneal pressure, and an inability to
obtain adequate ultrafiltration or solute clearance, espe-
cially in high-transporter patients. APD has been
reported to have several advantages over CAPD,
including a lower incidence of peritonitis, mainly on
account of fewer connections during the daytime.8–11,14

However, the evidence with respect to the effect of
APD on peritonitis when compared to CAPD is con-
troversial because the majority of these studies were
observational studies and hence prone to biases; there-
fore, their results may not be entirely reliable.15 Our
results did not demonstrate the superiority of APD to
CAPD in reducing episodes of peritonitis. In other
words, we may conclude that selection of the PD modal-
ity was not a major determinant of peritonitis incidence.
Six patients (three on APD and three on CAPD) devel-
oped total eight times of tunnel infection. In particular,
these patients did not have any episode of peritonitis, so
tunnel infection in APD group maybe not the underlying
reason for the equal incidences of peritonitis in APD and
CAPD groups. In addition, we could not demonstrate
that APD had a real higher tunnel infection incidence
because of the low statistic power.

Comparison of the baseline demographic and clinical
characteristics showed that the two groups were well
matched except that males were more predominant in
the APD group than in the CAPD group. This was
because the majority of male patients tended to chose
APD in our PD institution as it eliminates the need for a
manual daytime exchange (even with the long daytime
dwell) and, as a consequence, allows them to remain
employed. Other demographic and clinical characteris-
tics, including age, causes of ESRD, body mass index,
biochemistry, daily urine output, baseline RRF, and peri-
toneal transport parameters were similar. Therefore, we
concluded that any selection bias was minimized.

The gender influences on RRF in PD patients have
not been well investigated in previous studies, except by
Singhal et al.16 who reported that the male gender and an
increased body mass index were predictors of RRF loss.
In the present study, we demonstrated that male patients
had a faster decline in RRF than female patients in the 2-
year follow-up period, and that this phenomenon was
significant in the CAPD cohort; however, this result
needs to be further investigated. Older patients also have
a more rapid decline of RRF when PD is initiated.16,17 In
the present study, age was similar between the two
groups, and its influence on RRF was minimal.

FIGURE 1. Kaplan–Meier survival analysis showed the similar
mean interval to first episode of peritonitis for APD and CAPD.
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ACEis and ARBs are widely used in clinical practice
to control blood pressure, preserve RRF, and decrease
cardiovascular morbidity and mortality in patients
with diabetic nephropathy and chronic proteinuric
nephropathy.18,19 Limited data indicate that use of
ACEis and ARBs may slow the decline of RRF in PD
patients.20–22 In the present study, subgroup analysis
showed that ACEi or ARB users did not exhibit signif-
icant preservation of RRF in comparable groups.

The rate of peritonitis is an independent risk factor
for the decline of RRF in PD.23 Moreover, previous
studies reported that the early onset of peritonitis
during a 6-month entry period is a predictor of the
presence of recurrent peritonitis and technique failure,
all of which have a detrimental effect on RRF.24,25

Our study, in accordance with these previous investi-
gations, indicated poor RRF outcomes in patients
suffering from early-onset peritonitis.

Other factors affecting the preservation of RRF in
PD, apart from underlying diseases, gender, peritonitis,
or prescribed drugs, have not been assessed in depth
or clearly identified. We focused on the effects of the
different PD modalities on preservation of RRF. We
enrolled clinically stable patients in order to analyze

the inherent influence of APD and CAPD on RRF.
Although CrCl has been shown to overestimate the
glomerular filtration rate (GFR) in ESRD patients
because of the increased tubular secretion of creati-
nine, it is well correlated to inulin clearance and is
much simpler to measure.26 We believe that the use of
the calculated daily urine CrCl (or conversion to
weekly urine CrCl) instead of the estimated GFR is
simpler in clinical practice.

Hiroshige et al.6 reported the negative influence of
APD on RRF. In their 6 months prospective nonran-
domized study, the changes in renal CrCl rates were −
0.34 and +0.01 mL/min monthly for patients on APD
and CAPD, respectively. Hufnagel et al.7 reported a
similar result, and they assumed that the accelerated
decline of RRF in their APD group was due to acute
changes in osmotic loading and volume removal. De
Fijter et al.27 conducted a prospective randomized
study and reported no significant difference in the
decline of RRF (mean monthly decline in CrCl was
0.07 mL/min in CAPD patients and 0.08 mL/min in
APD patients, over a 24-months follow-up period).
The major finding of our study is that the serial changes
in renal weekly CrCl and total weekly CrCl were similar

TABLE 4. Comparisons of clinical characteristics based on gender.

Variables APD (n = 32) CAPD (n = 140)

Gender Man Woman Man Woman

Number 19 13 55 85

Age (years) 48.2 ± 15.5 41.4 ± 19.0 49.6 ± 14.5 47.0 ± 11.6

Change of urine weekly CrCl* −19.9 ± 20.1 −7.3 ± 14.2 −21.1 ± 25.7 −11.5 ± 12.3‡

Change of total weekly Kt/V* −0.03 ± 0.45 0.44 ± 0.56† −0.14 ± 0.41 −0.09 ± 0.43§

Man (n = 74) Woman (n = 98)
Change of urine weekly CrCl* −20.8 ± 24.2 −11.0 ± 12.6¶

Change of total weekly Kt/V* −0.11 ± 0.42 −0.02 ± 0.49

Notes: Data are expressed as mean ± SD. Comparisons by Mann–Whitney U-test analysis.
*Urine CrCl and Kt/V at the 2-year follow-up.
†p < 0.05 as compared with APD, man group.
‡p < 0.05 as compared with CAPD, man group.
§p < 0.05 as compared with APD, woman group.
¶p < 0.05 as compared with man group. Other comparisons not significant.

TABLE 5. Hospitalizations and hospitalized days within the first
2 years of PD.

APD group CAPD group p-Value*

Hospitalizations, times 15 45 0.12

Hospitalized days 7.1 ± 3.6 12.9 ± 9.8 0.03

Notes: Data are expressed as mean ± SD.
*Comparisons by c2-test and Mann–Whitney U-test, as appropriate.
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in both groups at 6 months, 1 year, and 2 years. The vol-
ume of 3.86% glucose dialysis solution and ultrafiltration
volume were also similar. Greater variations in osmotic
load has been reported to further damage RRF in PD
patients7; we therefore analyzed the effect of the hyper-
tonic dialysate on the decline of RRF and did not observe
a deterioration of RRF with a hypertonic PD solution.

APD patients had a higher daily dwell volume and
weekly Kt/V than CAPD patients. In view of the increased
Kt/V in our APD patients, an additional daily exchange
was one approach that was used to reach dialysis ade-
quacy. In patients of the high and high-average peritoneal
category, it is reasonable to increase the exchanges in the
APD prescription. In contrast, increased exchanged vol-
ume is more feasible in the low-transport category.28

To date, the published data suggest that the long-term
outcomes in patients treated with APD are at least as
good as those observed in CAPD patients.29 Our study
also demonstrated a similar observation, either with
regard to the incidence of infections or the decline of
RRF. We also found that APD patients were hospitalized
for fewer days than CAPD patients. This result was diffi-
cult to interpret from the demographic and dialysis ade-
quacy data of the APD and CAPD patients, and further
investigation is warranted to clarify this issue.

In conclusion, our present study revealed that APD
and CAPD had similar incidences of infections and
decline of RRF over the 2-year observation period. In
terms of peritonitis, CAPD did not have a disadvantage
compared to APD. APD patients had higher weekly Kt/V
values than CAPD patients as a result of the increased
dialysate volume. Moreover, APD patients were hospital-
ized for fewer days compared to the CAPD patients.
From the results of present study, we conclude that selec-
tion of the PD modality was not a major determinant of
the decline of RRF, but rather, the clinical practices
employed influenced the decline in RRF. APD is at least
as efficacious as CAPD when expertly applied.
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