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Objective: Peritoneal dialysis is a convenient way of maintaining patients with end stage renal disease (ESRD) and in the
present days, the Thai government supports all payments for ESRD patients. Continuous ambulatory peritoneal dialysis-
(CAPD) related infections are the major cause of morbidity and mortality. The present study was conducted to identify the
incidence and epidemiological data of CAPD-related infection.

Material and Method: Medical records of 333 CAPD patients attending the Dialysis Unit of Phramongkutklao Hospital from
January 1983 to June 2007 were reviewed. The historical cohort study was focused on the incidence of CAPD-related
infections, causing pathogens, risk factors, and patient outcome.

Results: In total, 73.3% of episodes developed peritoneal infection. The incidences of peritonitis, exit site infection, and tunnel
infection were 0.864, 0.213, and 0.034 episodes per patient per year, respectively. The most common infecting organisms were
gram positive cocci (49.1%). The main pathogens were Coagulase-negative staphylococcus (15.9%), Staphylococcus aureus
(15.2%) and Pseudomonas spp. (14.2%). CAPD-related infections increased in patients who had age > 60. A total of 81%
of the infections responded to initial antibiotic therapy administered in the dialysis fluid. Overall, there were 10 episodes
(1.9%) of the refractory group and 83 episodes (15.4%) of peritoneal catheter loss, with an overall mortality rate of 1.1%.
Non-vancomycin based regimens were applied in 63.9% of peritoneal infected patients.

Conclusion: The authors’ center’s CAPD-related infection rate achieved the International Society for Peritoneal Dialysis
(ISPD) recommendation. A significantly enhanced incidence of CAPD-related infection occurred in advanced age. Coagulase-
negative staphylococcus is still a very common organism that generally responds well to antibiotic therapy.
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Continuous ambulatory peritoneal dialysis
(CAPD) is a successful maintenance dialysis technique
for end stage renal disease (ESRD) patients. Catheter-
related infections and peritonitis are major causes of
technical failure in CAPD patients. Many studies
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indicate that infection is a strong predictor of morbidity
and mortality in maintenance dialysis patients®,
Although peritonitis rates appear to be decreasing since
the more widespread use of disconnect devices for
dialysis exchanges*®, catheter infections remain a
significant problem®?, The incidence of peritonitis
varies, but a rate of between 1.1 and 1.3 patient-episodes
per year has been reported®. Exit site infections
also vary in incidence: a rate of 0.76 patient-episodes
per year has been reported®. At present, the Thai
government supports all payments for ESRD patients.
In this retrospective study, the authors reviewed the
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authors experience with CAPD-related infection in long
term dialysis patients.

Materials and Method
Study population

A retrospective review of the medical records
of 374 CAPD patients (820 episodes of CAPD-related
infection) was followed-up from 1983 through 2007.
Patients on various forms of automated peritoneal
dialysis and intermittent dialysis were excluded. The
institutional review board of Phramongkutklao Hospital
and College of Medicine approved the present study
protocol. Adult patients who had been trained and
received home peritoneal dialysis for at least one month
were considered eligible for the present study. Data
were retrieved from patient charts and infection records.
Age (years), sex, months on CAPD, cause of ESRD,
comorbid disease, serum albumin, and residual urine
volume were recorded for all subjects.

For the initial periods of the present study,
the standard spike system was used by CAPD patients
and then a disconnect system (the Y-set without
disinfectant) was introduced in the authors program
and has subsequently been used by most CAPD
patients. Double cuff Tenckhoff straight or Swan-neck
catheters were used for all patients. The single cuff
was generally placed deep in the subcutaneous area
above the rectus muscle in an infra umbilical
paramedian location. The second cuff of double-cuff
catheters was placed in a lateral subcutaneous track
approximately 2.5-5 cm from the exit site. Catheters were
placed by surgeons.

Peritonitis was defined as a peritoneal effluent
containing greater than 100 WBC/ml, with at least 50%
neutrophils. An exit site infection was defined by the
presence of purulent drainage, with or without erythema
of the skin at the catheter epidermal interface, and
culture. A tunnel infection was defined as erythema,
edema, and/or tenderness over the subcutaneous
catheter pathway. Relapse was defined as the
occurrence of peritonitis with the same organisms or
no growth on culture within four weeks after stopping
antibiotics. Recurrent infections were defined as those
that occurred within four weeks after cessation of
antibiotic treatment with different organisms. Repeated
infections were defined as those that occurred more
than four weeks after cessation of antibiotic treatment.
Refractory infections were defined as those that showed
no clinical response to antibiotic treatment within
five days. Clinical data relating to infection history
(peritonitis and exit-site infection episodes) and
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treatment by individual decision of the attending
physician were recorded. Infection rates were calculated
as episodes/patient/year

Statistical analysis

Continuous data were described as mean and
standard deviations (SD). Categorical variables were
described as percentages. Chi-square test was used to
compare the differences between groups with infection
and non-infection. All analyses were performed using
statistical software for Windows (SPSS version 12.0,
Chicago, IL). The difference was considered significant
when the p-value was less than 0.05.

Results

A total of 374 consecutive patients starting
CAPD underwent initial assessment. The authors
excluded from the study 41 patients who had either
loss follow-up, incomplete medical record or died within
one month of CAPD therapy. The remaining 333 patients
were reviewed. Their mean age was 57.2 + 15.4 years
and median duration of dialysis was 26.2 months. Two-
hundred and three patients were male. Of the 224 patients
that presented primary renal disease, diabetic
nephropathy was the cause of ESRD in 52.6% of
patients. The main characteristics were reported in Table
1

Peritonitis with or without exit site and/or
tunnel infection was the most common catheter-related
complication (77.3%) with an incidence of 0.864
episodes per patient per year. The incidences of exit
site infection and tunnel infection were 0.213 and 0.034
episodes per patient per year, respectively (Table 2). A
comparison of initial variables between patients with

Table 1. Characteristics of study population (n = 333)

Age (yrs) (mean + SD) 57.2+154
Male 203 (61.5%)
Median duration of dialysis (months) 26.2

Underlying renal disease (n=224)

Diabetes 142 (52.6%)

Hypertension 49 (18.1%)

Chronic glomerulonephritis 42 (15.6%)

Others 27 (10.0%)
Co-morbid disease

Diabetes 142 (42.8%)

Cardiovascular disease 74 (22.3%)
Serum albumin <3 g/dI 141 (42.6%)
Received immunosuppressive agents 7 (2.1%)
Residual urine volume < 100 ml/day 34 (21.4%)
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Table 2. Incidence of CAPD-related infection

Type of infection

Number of infection

Incidence (episode/patient year)

Number (episode) Percent
Exit-site infection 156 19 0.213
Tunnel infection 25 3 0.034
Exit-site & tunnel infection 6 0.7 0.008
Peritonitis alone 589 72 0.804
Peritonitis & exit-site infection 32 3.9 0.044
Peritonitis & tunnel infection 11 1.3 0.015
Peritonitis & exit-site and tunnel 1 0.1 0.001
All peritonitis 633 77.3 0.864
Total 820 100 1.119

Table 3. Comparison of the baseline characteristics between CAPD-related infection group and non-infection group

Factors Number (%) p-value
Infection Non-infection
Age > 60 years 46 (53.5) 85 (38.3) 0.022
Diabetes 47 (50) 95 (39.9) 0.121
Serum albumin <3 g/dl 43 (45.7) 98 (41.4) 0.545
Anuric 6 (13) 28 (25) 0.148
Type of catheter
Straight 18 (64.3) 18 (81.8) 0.292
Swan-neck 10 (35.7) 4(18.2)

CAPD-related infection and those without infection at
the start of CAPD was shown in Table 3. Significant
differences in age between the two groups, especially
catheter-related infections, were increased in patients
aged > 60 yr.

The most common infecting organisms were
gram positive organism (49.1%). The main pathogens
were Coagulase-negative staphylococcus (15.9%),
Staphylococcus aureus (15.2%) and Pseudomonas spp.
(14.2%) (Table 4). In all, 523 new episodes of peritonitis
were observed during the present study period (Table
5). An additional 61 episodes of recurrent peritonitis
were observed over four weeks. The common empirical
antibiotic regimens were cloxacillin and aminogly-
cosides (23.9%), cefazolin and 3" generation cephalos-
porin (23.9%), and cefazolin and aminogly-cosides
(15.5%) in the setting of new episode of peritonitis.
Non-vancomycin based regimens were applied in 63.9%
of patients.

Infection was the leading cause of catheter
removal in each patient group. Of interest, catheter
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infection was the most common infectious-related
reason for catheter removal. A total of 113 peritoneal
catheters were removed during the observation period,;
the reasons for catheter removal related infection were
common in refractory peritonitis (36.3%), refractory exit
site and tunnel infection (15.9%), and fungal peritonitis
(13.3%) (Table 6).

The patient outcomes of peritonitis were
shown in Fig. 1. Atotal of 440 (81.6%) episodes of the
peritoneal infections responded to initial antibiotic
therapy administered in the dialysis fluid. Overall, there
were 10 episodes (1.9%) of refractory group and 83
episodes (15.4%) of peritoneal catheter loss, with an
overall mortality rate of 1.1%. Of 440 patients with an
initial response to treatment, 384 patients (71.2%) were
in the resolved group, 28 patients (5.2%) were in the
relapsed group, 14 patients (2.6%) were in the recurrent
group, and 14 patients (2.6%) were in the repeated group.

Discussion
Peritoneal dialysis has served an increasing
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patient population in Thailand, and decreasing rates of
peritonitis have improved peritoneal dialysis-related
morbidity. However, peritonitis and catheter-related
infections still remain major obstacles to technique
survival as well as reduction of hospitalization rates
and morbidity. The authors’ results indicated that

Table 4. Types of organisms and frequency of infection in

peritonitis
Organisms n (%)
Gram-positive organisms
Staphylococcus coagulase negative 46 (15.9)
Staphylococcus aureus 44 (15.2)
Staphylococcus epidermidis 8(2.8)
Streptococccus spp. 12 (4.2)
Enterococcus spp. 10 (3.4)
Corynebacterium spp. 8 (2.8)
Others 14 (4.8)
Gram-negative organisms
Pseudomonas spp. 41 (14.2)
Acinetobacter spp. 23 (8.0)
Escherichia coli 20 (6.9)
Klebsiella pneumoniae 16 (5.5)
Enterobactor spp. 17 (5.9)
Others 12 (4.7)
Anaerobe organsims 2(0.7)
Fungal organsims
Candida spp. 12 (4.2)
Non-candida spp. 3(1.0)
Mycobacterium 1(0.3)

Table 5. Antibiotic prescription in infected peritonitis

incidence of peritoneal infection (0.86/year at risk) is
compatible to the International Society for Peritoneal
Dialysis’s (ISPD) suggestion that the center’s peritonitis
rate should be no more than 1 episode every 18 months
(0.67/year at risk)“?, Asignificantly enhanced incidence
of CAPD-related infection occurred in advanced age.
Gram positive organisms are very common pathogens
that generally responds well to initial antibiotic therapy
Peritonitis has a significant impact upon morbidity and
mortality of peritoneal dialysis patients. In the present
study, the most common infection related to CAPD
during follow-up was gram positive organisms (49.1%).
This has also been noted in previous studies that gram-
positive organisms account for over 80% of CAPD-
associated peritonitis®Y, Staphylococcus epidermidis
and other coagulase-negative staphylococci account
for the majority of infections and vancomycin is a cost
effective broad-spectrum antimicrobial treatment for

Table 6. Infectious causes of peritoneal catheter removal

Indication n (%)
Refractory peritonitis 41 (36.3)
Relapsing peritonitis 14 (12.4)
Refractory exit site & tunnel infection 18 (15.9)
Fungal peritonitis 15 (13.3)
No response to treatment

Mycobacterium peritonitis 1(0.9)

Multiple enteric organism 1(0.9)
Others 23 (20.4)
Total 113 (100)

Antibiotic New episode of peritonitis Recurrent peritonitis within
(n =523) 4 weeks (n = 61)
n (%) n (%)
Monotherapy
Cefazolin 11 (2.1) 1(1.6)
3 generation cephalosporin 12 (2.3) 6 (9.8)
Aminoglycosides 3(0.6) 2(3.3)
Vancomycin 57 (10.9) 3(4.9)
Combination therapy
Cloxacillinfaminoglycosides 125 (23.9) 10 (16.5)
Cefazolin/3 generation cephalosporin 125 (23.9) 14 (23.0)
Cefazolin/aminoglycosides 81 (15.5) 6 (9.8)
Vancomycin/aminoglycoside 51 (9.8) 6 (9.8)
Vancomycin/3™ generation cephalosporin 16 (3.0) 2(3.3)
Ceftazidime/aminoglycosides 19 (3.6) 6 (9.8)
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Outcome
N=539
1

] 1 1 1
Initial response Refractory Catheter loss Dead
440(81.6%) 10(1.9%) 83(15.4%) 6(1.1%)
I T 1
Resolved Relapsed Recurrent Repeated
384(71.2%) 28(5.2%) 14(2.6%) 14(2.6%)
Fig. 1  Patient outcomes after treatment of peritoneal infection

peritonitis, but this may lead to the emergence of multiple
antibiotic-resistant organisms. The CAPD-related
infection in the present study had good response to
initial antibiotic therapy with non-vancomycin based
regimens that were applied in 63.9% of patients.
Inconsistent with previous studies, initial treatment of
CAPD peritonitis with non-vancomycin based therapy
similar efficacy®? and similar outcomes were achieved
with both the vancomycin and cephalosporin
regimens®®. Recent recommendations have suggested
that empirical antibiotics must cover both gram-positive
and gram-negative organisms. The committee
recommends center-specific selection of empirical
therapy, dependent on the local history of sensitivities
of organisms causing peritonitis. Gram-positive
organisms may be covered by vancomycin or a
cephalosporin, and gram-negative organisms by a
third generation cephalosporin or aminoglycoside®?,
The suggested regimen of a cephalosporin seems to
represent a suitable alternative for gram positive
organisms. However, current evidence found that the
incidence of peritonitis due to a single gram-negative
organism and methicillin-resistant coagulase-negative
staphylococci increased®®. The result was consistent
with the authors finding. Therefore, the selection of
empirical antibiotics must be made in light of both the
patient’s and the program’s history of micro-organisms
and sensitivities. It is important that the protocol should
cover all serious pathogens that are likely to be present.

The increasing number of elderly ESRD
patients presses the renal team to find an appropriate
management plan. CAPD provides many advantages
to elderly patients; however, the clinical outcome varies
for elderly CAPD patients. Several lines of evidence
indicated a higher rate of peritonitis in elderly CAPD
patients®>®, In the present study, the rate of CAPD-
related infection in elderly patients was also high.
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However, other studies noted a similar risk of peritonitis
in older patients compared to younger patients®"1®),
Differences in patient population, CAPD connection
devices, and infecting organisms might be the cause of
this discrepant result. Thus, the present study results
are difficult to compare.

In contrast to several reports, the presence of
diabetes was not associated with CAPD-related
infection in the present study (Table 3). Previous studies
documented that the presence of diabetes is another
risk factor of mortality in CAPD and diabetics had
significantly higher infective peritonitis, and diabetics
on CAPD had a lower actuarial survival and technique
success rates than non-diabetic patients of comparable
age®®2), In this regard, several studies showed that
CAPD-related problems including infection caused
hospitalization in a similar way in the both diabetic and
non-diabetic patients??23,

Catheter loss is recognized as a major adverse
outcome, and the main reason for catheter removal is
infection®. The authors findings documented that the
main problem of catheter loss-associated infection
was refractory infection. The reason of catheter
loss due to refractory infection was confirmed by
previous studies®, Persistence of the causative
organisms in the inner cuff is a likely explanation for
persistent infection due to Staphyloccocus aureus or
Pseudomonas aeruginosa, after treatment®®,

In conclusion, the authors historical
retrospective analysis compared the recent
recommendations for peritonitis treatment in CAPD and
showed that the incidence of CAPD related infection
was equally good under the guidelines suggested by
the ISPD’s Advisory Committee on Peritonitis
Management. Advanced age at the initial treatment is
associated with increase rate of infection. Coagulase-
negative staphylococcus is still a very common
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organism that generally responds well to non-
vancomycin antibiotic therapy.
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