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♦♦♦♦♦ Objective: To compare the incidence of peritonitis and
exit-site infection in an ample group of patients under-
going continuous ambulatory peritoneal dialysis (CAPD)
and automated peritoneal dialysis in a single center dur-
ing a 10-year period.
♦♦♦♦♦ Design: Nonrandomized, prospective study.
♦♦♦♦♦ Setting: Public, tertiary care hospital providing perito-
neal dialysis care to a population of (approximately)
750 000 people.
♦♦♦♦♦ Patients: We studied 213 patients on CAPD and 115 on
automated peritoneal dialysis (APD) starting therapy be-
tween January 1989 and August 1998, with a minimum
follow-up of 3 months.
♦♦♦♦♦ Main Outcome Measures: Using a multivariate ap-
proach, we compared the incidence, clinical course, and
outcome of peritonitis and exit-site infections in both
groups, controlling for other risk factors for the compli-
cations studied.
♦♦♦♦♦ Results: The incidence of peritonitis was higher in
CAPD than in APD (adjusted difference 0.20 episodes/
patient/year, 95% confidence interval 0.08 – 0.32). There
was a trend for CAPD patients to present earlier with peri-
tonitis than APD patients, yet the incidence of and sur-
vival to the first exit-site infection were similar in both
groups. The etiologic spectrum of infections displayed
minor differences between groups. Automated PD patients
were more frequently hospitalized for peritonitis, but oth-
erwise, the complications and outcome of peritonitis and
exit-site infections did not differ significantly between pa-
tients on CAPD and those on APD.
♦♦♦♦♦ Conclusions: Automated PD is associated with a lower
incidence of peritonitis than is CAPD, while exit-site in-
fection is similarly incident under both modes of therapy.
The etiologic spectrum, complications, and outcome of
peritonitis and exit-site infection do not differ markedly
between CAPD and APD. Prevention of peritonitis should
be included among the generic advantages of APD over
CAPD.
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Automated peritoneal dialysis (APD) has become
the fastest growing dialysis modality in Europe

and the United States during recent years, and is now
the first option for peritoneal dialysis (PD) therapy
in many centers (1). Freedom from daytime ex-
changes, flexibility of prescription, and performance
in a recumbent position, allowing efficient PD with a
relatively minor increase in intra-abdominal pressure,
are the main advantages of this mode of therapy over
classic continuous ambulatory peritoneal dialysis
(CAPD) (2). The comparative incidence of infectious
complications [peritonitis and exit-site infection (ESI)]
in patients treated with CAPD and APD is controver-
sial. Some studies have detected a lower incidence of
peritonitis (3–7) in patients treated with APD, while
others have not observed significant differences be-
tween the two modes of therapy, particularly if CAPD
patients using methods other than Y-disconnect sys-
tems are excluded from the analysis (8–12). Compara-
tive information on the incidence of ESI in APD and
CAPD is limited, and contradictory as well (5,9).

We present the results of a nonrandomized, pro-
spective, single-center study comparing the incidences
of peritonitis and ESI in an ample cohort of patients
treated with APD and CAPD during the past 10 years.

PATIENTS AND METHODS

Between January 1989 and August 1998, 213 pa-
tients started CAPD (group 1) and 115 patients
started APD (group 2) in our center (patients with
less than 3 months of follow-up were not included).
In group 2, 44 patients (38.3%) were treated with
CAPD for at least 2 months before initiating APD. The
use of Y-disconnect systems was universal in group 1.
In group 2, 31 patients (27%) started APD using grav-
ity cyclers (PacXtra, Baxter, Deerfield, IL, U.S.A.) al-
though most were transferred to volumetric cyclers
(HomeChoice, Baxter) during follow-up; 84 patients
(73%) used volumetric cyclers exclusively. Two pa-
tients in group 2 (1.7%) performed nightly intermit-
tent peritoneal dialysis (NIPD) (dry daytime),
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5 patients (4.3%) performed nightly tidal PD (wet day-
time), while the remaining 108 patients (94%) per-
formed continuous cycling PD with or without a
supplementary daytime manual exchange.
All patients in both groups used Swan-neck,

double-cuffed peritoneal catheters. Blind, perimedial
catheter insertion was the rule. Peritonitis was di-
agnosed according to standard criteria, while the
diagnosis of ESI rested on the presence of both local
inflammatory signs or discharge and bacteriological
confirmation. Peritonitis episodes were treated with
ciprofloxacin as previously reported (13), while ESIs
were treated according to current recommendations
(14). Staphylococcus aureus nasal carriage was sys-
tematically scrutinized and treated with intranasal
mupirocin, as reported (15).
Some characteristics of our referral area include a

widely scattered, predominantly rural population; fre-
quently a low socioeconomic status; and a high renal
transplant activity, resulting in a short mean dura-
tion on dialysis of patients eligible for this therapy.
We compared the incidences of peritonitis and ESI

in CAPD and APD according to the following strat-
egy. First, we analyzed the crude incidence and the
etiology of infections, and also the survival to the first
episode of infection, in both groups. Then we used a
multivariate approach to compare the mean incidence
of infection in both groups, controlling for other po-
tential risk factors for peritonitis and ESI. Finally,
we compared the survival to the first episode of infec-
tion, again controlling for other potential risk factors
for peritonitis and ESI. Negative selection was de-
fined as assignment of PD therapy against the
patient’s choice or the first physician’s advice. The
most frequent contraindications were poor personal
or social conditions for home dialysis, complicated by
an inability to obtain an adequate vascular access,
and presumed/confirmed hemodynamic instability on
hemodialysis. All other control variables scrutinized
(see Table 1) are self-explicative.
As a final step, we compared the clinical course

and outcome of infections in both groups: relapse,
hospitalization, need for catheter removal to control
the infection, and status of the patient at the end of
the episode (technique drop-out, death).

STATISTICS

Univariate analysis was carried out using chi-
square, Mann–Whitney, and Student’s t-tests, and also
the Kaplan–Meier method (comparisons by log-rank
test) for survival analysis. Multivariate analysis was
based on forward multiple regression (incidence) and
the Cox proportional hazards model (survival to first
infection). The SPSS software (SPSS Inc., Chicago,
IL, U.S.A.) was used for statistical analysis.

RESULTS

The main characteristics of both populations are
presented in Table 1. Patients on APD were younger,
more likely to be male, and presented a better socio-
economic and modality selection profile than their
counterparts undergoing CAPD. Also, mean follow-
up was shorter in group 2 due, to a great extent, to a
higher proportion of patients eligible for renal trans-
plantation in this group. As previously stated, 44 pa-
tients of group 2 were initially treated with CAPD
(median follow-up on CAPD 21 months, range 2 –
66 months). Reasons for transfer from CAPD to APD
therapy included inadequacy (63%), need for a dialy-
sis-free daytime (21%), surgically corrected hernia
with a significant risk of relapse (8%), patient choice
(5%), and a high incidence of peritonitis while on
CAPD (n = 1, 2.5%).

PERITONITIS

We observed 261 episodes of peritonitis in group 1
[1 episode/18.7 patient-months (p-m), or 0.64 episodes/
patient/year (ep/p/y)] and 53 in group 2 (1 ep/38.4 p-m,
or 0.31 ep/p/y) (eosinophilic peritonitis excluded).
Survival to the first episode of peritonitis was signifi-
cantly better in group 2 (median survival 17 months
for group 1 vs 24 months for group 2, p = 0.02) (Fig-
ure 1). The etiologic spectrum of peritonitis was simi-
lar in both groups (Table 2), although there were
trends toward a lower incidence of gram-negative
peritonitis and a higher incidence of negative-culture
peritonitis, in group 2 (p = 0.06, χ2 test).

Multiple regression analysis identified age [excess
risk 0.005 ep/p/y per year of age, 95% confidence in-
terval (CI) 0.001 – 0.008, p = 0.02], negative selection
(excess risk 0.23 ep/p/y, CI 0.07 – 0.39, p = 0.006), and
mode of dialysis (mean difference APD – CAPD =
0.20 ep/p/y, CI 0.08 – 0.32, p = 0.008) as the main in-
dependent predictors of the incidence of peritonitis.
Cox’s model identified again age [relative risk (RR)
1.02, CI 1.01 – 1.03 per year of age, p = 0.008] and
negative selection (RR 1.6, CI 1.1 – 2.2, p = 0.014) as
independent predictors of survival to the first episode
of peritonitis, while the RR associated with CAPD
therapy (vs APD) was 1.38 (CI 0.98 – 2.01, p = 0.07).
In group 1, the incidence of peritonitis tended to

decline during the first years of the study, remaining
stable thereafter (0.76, 0.61, and 0.60 ep/p/y for 1989–
1992, 1993–1995, and 1996–1998, respectively), while
no change was observed in group 2. On the other hand,
the incidence of peritonitis was similar in diabetic
(1 ep/20.0 p-m) and nondiabetic (1 ep/17.6 p-m) pa-
tients of group 1, while in group 2 it was apparently
higher for diabetics (1 ep/28.3 p-m) than for
nondiabetics (1 ep/41.7 p-m). Also, the incidence of
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peritonitis was similar in the patients in group 1,
whether they were started on PD from conservative
therapy (1 ep/19.2 p-m) or from hemodialysis (1 ep/
16.1 p-m). In group 2 the incidence of peritonitis was
lower in patients starting APD from conservative
therapy (1 ep/48.4 p-m) than in those starting from
CAPD (1 ep/30.8 p-m, compared with 1 ep/25.8 p-m
for the same patients while on CAPD) or from hemo-
dialysis (1 ep/17.3 p-m). The impact of diabetes, and

of the source of the patients, on the incidence of peri-
tonitis did not persist by multivariate approach, nor
did survival to the first episode of peritonitis disclose
a significant difference according to the aforemen-
tioned factors.
Hospitalization for peritonitis was more frequent

in APD patients (16.4% group 1 vs 30.4% group 2, p =
0.015). On the contrary, the incidence of relapse (11.2%
vs 7.3%) was not significantly different between the
groups. Catheter removal was necessary to control
peritonitis in 14% of the episodes in group 1 and 21%
in group 2 (NS). Finally, dropout to hemodialysis fol-
lowed 6% of the episodes in both groups, while 4% of

TABLE 1
Characteristics of the Patients

Group 1 Group 2
(n=213) (n=115) p Value

Age (years) 61.2 (14.5) 56.0 (18.0) 0.008
Sex (M/F) (%) 48.8/51.2 60.9/39.1 0.04
Diabetes (%) 31.0 32.2 N S
Comorbidities (n/patient) 1.7 (1.6) 1.5 (1.5) N S
Staphylococcus aureus nasal carriage (%) 48.7 54.6 N S
Setting (rural/urban) (%) 40.1/59.9 36.5/63.5 N S
Low socioeconomic status (%) 45.3 33.9 0.004
Able to perform self-dialysis (%) 48.3 47.0 N S
Negative selection (%) 23.9 12.2 0.007
Basal albumin (g/dL) 3.8 (0.5) 4.0 (0.6) 0.02
Patient source

Conservative therapy 191 (89.7%) 63 (54.8%)
CAPD — 44 (38.3%)
Hemodialysis 20 (9.4%) 7 (6.1%)
Renal transplant failure 2 (0.9%) 1 (0.9%)

Mean follow-up (months) 23.0 (19.1) 16.9 (12.5) 0.001
Total (patient-months) 4893 1846

CAPD = continuous ambulatory peritoneal dialysis.
Results expressed as mean (SD).

Figure 1 — Survival to the first episode of peritonitis in
patients treated with continuous ambulatory peritoneal
dialysis (CAPD) and automated peritoneal dialysis (APD).

TABLE 2
Etiology of Peritonitis

Group 1 Group 2
(n=213) (n=115)

Staphylococcus aureus 13 (4.9%) 4 (7.1%)
Coagulase-negative staphylococci 82 (30.6%) 15 (26.8%)
Streptococcus sp 52 (19.4%) 9 (16.1%)
Other gram-positive bacteria 12 (4.5%) 5 (8.9%)
Gram-negative bacteria 48 (17.9%) 4 (7.2%)
Polymicrobial 26 (9.8%) 7 (12.6%)
Fungal 8 (3.0%) 3 (5.4%)
Other 3 (1.1%) 0
Negative culture 17 (6.3%) 6 (10.7%)
Eosinophilic 7 (2.6%) 3 (5.4%)

Total 268 56
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the peritonitis episodes in group 1 and 9% in group 2
were considered to be a primary or precipitating cause
of patient demise (NS).

EXIT-SITE INFECTION

We observed 92 episodes of ESI in group 1 (1 ep/
53.2 p-m, or 0.23 ep/p/y) and 30 in group 2 (1 ep/
61.5 p-m, or 0.20 ep/p/y). The survival to the first epi-
sode of ESI (median 59 months group 1 vs 53 months
group 2, NS) (Figure 2) and the etiologic spectrum of
ESI (Table 3) were also similar in both groups.

Multivariate analysis identified younger age as the
only independent risk factor for a higher incidence of
ESI (excess risk –0.005 ep/p/y per year of age, CI
–0.002 to –0.008, p = 0.005). The mode of dialysis did
not impact on the incidence of this complication (mean
difference APD – CAPD = 0.02 ep/p/y, CI –0.09 – 0.12,
p = 0.73). Cox’s model identified again younger age
(RR 0.98 per year of age, CI 0.97 – 0.99, p = 0.0007)

as the main predictor of survival to the first ESI.
Again, the mode of dialysis did not predict early de-
velopment of ESI (RR = 1.0, CI 0.6 – 1.5, p = 0.88).
The incidence of ESI was slightly higher in non-

diabetic (1 ep/50.6 p-m) than in diabetic (1 ep/
63.6 p-m) patients in group 1. On the contrary, dia-
betics presented a higher incidence of ESI than did
nondiabetics in group 2 (1 ep/30.0 p-m vs 1 ep/
60.7 p-m). Diabetes was not an independent predic-
tor of ESI by multivariate approach, but the genera-
tion of interaction terms disclosed a clear trend to
such an association in group 2 (p = 0.07 for the inter-
action term).

Patients starting PD from conservative therapy, he-
modialysis or CAPD (group 2), presented similar inci-
dences of ESI in both study groups. Also, we observed
no differences related to ESI between groups 1 and 2
with respect to the rates of hospitalization, relapse,
catheter removal, or final dropout to hemodialysis.

DISCUSSION

Our results demonstrate that APD is associated
with a lower incidence of peritonitis than is CAPD,
but ESI appears similarly incident under both modes
of therapy. Some minor differences in the etiologic
spectrum of peritonitis (lower relative incidence of
gram-negative infections and higher relative inci-
dence of negative-culture peritonitis in patients
treated with APD) did not reach statistical signifi-
cance. Also, there was a minor trend to a more severe
clinical course of peritonitis in APD patients (more
frequent hospitalization and slightly higher inci-
dences of catheter removal and mortality) but, over-
all, the differences were marginal and nonsignificant.

We found significant differences in the character-
istics of our patients treated with CAPD and APD. In
our unit, patients actively involved in labor are pref-
erentially assigned to APD because this modality al-
lows freedom from daytime exchanges. This may
explain the globally better basal profile of group 2 and
underscores the convenience of controlling for other
potential risk factors at the time of comparison of the
incidence of peritonitis and ESI under both modes of
therapy.
Diabetes, basal nutritional status (estimated from

serum albumin), and the socioeconomic status of the
patients did not represent independent risk factors
for peritonitis and ESI, although there was a trend
toward an increased incidence of ESI in diabetics un-
dergoing APD. Only age (peritonitis and ESI) and
negative selection (peritonitis) seemed to impact
clearly on the incidence of the complications studied.
On the other hand, and most relevant to the aim of
our study, the mode of PD therapy was clearly associ-
ated with the risk of peritonitis.

TABLE 3
Etiology of Exit-Site Infection

Group 1 Group 2
(n=213) (n=115)

Staphylococcus aureus 43 (46.7%) 13 (43.3%)
Coagulase-negative staphylococci 14 (15.2%) 7 (23.3%)
Streptococcus sp 5 (5.4%) 0
Other gram-positive bacteria 3 (3.3%) 1 (3.3%)
Pseudomonas/Xanthomona sp 12 (13.0%) 1 (3.3%)
Other gram-negative bacteria 7 (7.7%) 5 (16.7%)
Polymicrobial 8 (8.7%) 3 (10.0%)

Total 92 30

Figure 2 — Survival to the first episode of exit-site infection
in patients treated with continuous ambulatory peritoneal
dialysis (CAPD) and automated peritoneal dialysis (APD).
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Reported comparisons of incidences of peritonitis
in CAPD and APD are contradictory and difficult to
interpret for several reasons. CAPD based on spike
systems is clearly associated with a higher incidence
of peritonitis when compared with CAPD based on
Y-disconnect systems and APD (16). Spike systems
have for the most part become obsolete, and compari-
sons between APD and CAPD based on Y-disconnect
systems are currently more appropriate. Otherwise,
the incidence of peritonitis is extremely variable in
different studies, indicating marked differences in pa-
tient selection criteria and dialysis procedures. How-
ever, even if we consider separately studies showing
high (5,7,12) and low (9,10) incidences of peritonitis,
the reported experiences are still contradictory. Im-
balances in other risk factors for peritonitis are a likely
explanation for these discrepancies. A randomized
design has been used to overcome this limitation (5),
but random assignation of the PD modality has evi-
dent practical difficulties, and multivariate analysis
may be the only valid alternative approach to this
problem.
The possible reasons for a lower incidence of peri-

tonitis in APD have been previously analyzed (16) and
include performing a flush (when compared with spike
CAPD), fewer and more time-concentrated connec-
tions, and a potentially positive effect of the daytime
long dwell on peritoneal defense mechanisms. The
latter should be more apparent in patients on NIPD
(17), and a potential additional advantage has also
been claimed for tidal APD (18). Only a few of our
patients of group 2 performed NIPD or tidal APD, and
this point could not be assessed in depth.

Our results are in agreement with previous reports
with respect to the comparative etiologic spectrum of
infections in CAPD and APD (5,9), but are not consis-
tent with those of Troidle et al. (12) who reported an
unusually high incidence of gram-negative peritoni-
tis in patients treated with APD. The trend to a higher
incidence of negative-culture peritonitis in our pa-
tients on APD could be a consequence of the difficul-
ties in the diagnosis of peritonitis in these patients
(16).
In group 2 we found remarkable differences in the

incidence of peritonitis with respect to the source of
the patients. However, this factor did not indepen-
dently predict a high incidence of peritonitis by mul-
tivariate analysis. This likely indicates imbalances in
the risk profile of patients arriving at APD therapy
from different therapies. On the other side, minor non-
significant trends to a more severe clinical course of
peritonitis in group 2 could be secondary to delayed
diagnosis, which could be favored by the particulari-
ties of the APD regime, including frequent short-last-
ing exchanges during the night and a long-dwell
exchange during the day (16). Special awareness of

an early diagnosis of peritonitis has been recom-
mended for patients on APD (16,19).
The general incidence of ESI observed in our study

was relatively low. In fact, the reported incidences of
this complication are extremely variable, more likely
due to differing diagnostic criteria rather than to real
differences between centers (20). In any case, the in-
cidence and clinical course of ESI were very similar
in APD and CAPD, in our experience.
In conclusion, APD is associated with a lower inci-

dence of peritonitis in comparison to CAPD based on
Y-disconnect systems. The incidence of ESI is similar
under both modes of therapy. The etiologic spectrum,
clinical course, and outcome of peritonitis and ESI
display only minor differences between APD and
CAPD. Prevention of peritonitis should be included
among the generic advantages of APD over CAPD.
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