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ABSTRACT

This study reports the infectious peritonitis rates in 44 patients on peritoneal dialysis in three different systems over the
last 15 years, covering clinical outcomes, exit-site infections, tunnel infections, causative microorganisms, and the his-
tory of susceptibility of organisms causing peritonitis, in order to establish our center-specific selection of empiric therapy.
Two microbiological procedures  were herein used: method A, where 100 ml of dialysate were centrifuged and cultured
in standard media and into blood-culture bottles; and method B, where 10 ml were directly injected into blood-culture
bottles. Swabs from the exit-site or tunnel were taken when purulent drainage was observed. There were 96 episodes of
peritonitis during 110.43 patient-years (0.87 episodes/patient-year). Sensitivity of method A was 96.88% (93/96 epi-
sodes) versus 81.25% (78/96) of method B (p= 0.001). Gram stain sensitivity was 36.46%. The etiologic agents were 64
(56.64%) gram-positive cocci, 22 (19.47%) gram-negative fermentative rods, 20 (17.7%) gram-negative non fermentative
rods, 5 (4.43%) yeasts, 1 (0.88%) micelial fungus, and 1 (0.88%) anaerobic rod. Fifty-five exit-site infections were
documented (0.5 episodes/patient-year). Ceftazidime and imipenem showed excellent activity on gram-negative rods.
There were 92.3% of methicillin-susceptible Staphylococcus aureus but only 33.3% of methicillin-susceptible coagu-
lase-negative staphylococci; vancomycin was active against 100% of the gram-positive cocci. The clinical outcomes of
peritonitis were 73 initial cure, 19 catheter removal and four related deaths. The empiric therapy in our center should be
vancomycin plus ceftazidime or imipenem. Once the etiological agent and its susceptibility pattern are known, the de-
escalating therapy must be applied to avoid the emergence and spread of vancomycin-resistant microorganisms.
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RESUMEN

Peritonitis en diálisis peritoneal: características microbiológicas y patrones de infección a lo largo de 15 años en
un hospital universitario en Argentina. Se comunican las tasas de peritonitis infecciosa de 44 pacientes en tres sistemas
diferentes de diálisis peritoneal durante los últimos 15 años. Se evaluaron evolución clínica, infecciones del sitio de salida
y del túnel, y los microorganismos causales y su sensibilidad, a fin de seleccionar la mejor terapia empírica para nuestro
centro. Se realizaron dos procedimientos microbiológicos, método A: 100 ml del dializado fueron centrifugados y cultivados
por métodos convencionales y en frascos para hemocultivo; método B: 10 ml fueron directamente inoculados en frascos
para hemocultivo. Los hisopados del sitio de salida y del túnel fueron realizados cuando se observó supuración. Se
registraron 96 episodios de peritonitis en 110,43 paciente-años (0,87 episodios/paciente-año). La sensibilidad del método
A fue 96,88% versus 81,25% del método B (p = 0,001). La sensibilidad de la coloración de Gram fue 36,46%. La distribución
de los agentes etiológicos fue la siguiente: 64 (56,64%) cocos gram-positivos, 22 (19,47%) bacilos gram-negativos
fermentadores, 20 (17,7%) bacilos gram-negativos no fermentadores, 5 (4,43%) levaduras, 1 (0,88%) hongo micelial, 1
(0,88%) bacilo anaerobio. Fueron documentadas 55 infecciones del sitio de salida (0,5 episodios/paciente-año). La ceftazidima
y el imipenem mostraron una excelente actividad sobre los bacilos gram-negativos. La sensibilidad a meticilina fue de
92,3% para Staphylococcus aureus y 33,3% para estafilococos coagulasa negativos; la vancomicina fue activa frente al
100% de los cocos gram-positivos. La evolución clínica de las peritonitis fue: 73 curas, 19 remociones de catéter y cuatro
muertes relacionadas. La terapia empírica en nuestro centro debería ser vancomicina más ceftazidima o imipenem. Una
vez conocidos el agente etiológico y su sensibilidad, se debería aplicar la terapia de desescalonamiento para evitar la
emergencia y diseminación de microorganismos resistentes a la vancomicina.
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INTRODUCTION

In spite of technical advances such as improvement
in catheter design and connection systems and the iden-
tification of risk factors, infectious peritonitis remains a

leading cause of technique failure, hospitalization, dam-
age of the peritoneal membrane and catheter loss,
which contributes to the definitive drop-out and death
of patients undergoing peritoneal dialysis therapy (6,
11, 15).
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The development of disconnect systems and the in-
troduction of the flush-before-fill twin bag system has had
an important effect on overall reduction in the incidence
of peritonitis episodes compared to the standard system
(14), particularly, with the reduction in the incidence of
gram-positive staphylococci and the increase of gram-
negative rods.

The introduction of automated peritoneal dialysis
(APD), using a single connection each night, showed a
reduction in the incidence of peritonitis episodes com-
pared with continuous ambulatory peritoneal dialysis
(CAPD), as a result of the decrease in the number of daily
disconnections (6, 10).

Since Gram staining of dialysate effluent has low di-
agnostic value, and bacterial cultures and drug suscepti-
bility tests are time-consuming, most patients with perito-
nitis must be treated empirically (13).

Empiric therapy is controversial; the emergence of
vancomycin-resistant enterococci has created a therapeu-
tic dilemma because of the potential for transfer of the
vancomycin resistance genes from enterococci to staphy-
lococci. These events highlight the importance of finding
ways to limit the spread of vancomycin-resistant entero-
cocci (5).

The International Society for Peritoneal Dialysis (ISPD)
Guidelines / Recommendations for Treatment of Perito-
neal Dialysis - Related Peritonitis, discourage empiric
therapy with vancomycin because of the emergence of
vancomycin-resistant enterococci, and with gentamicin
because of loss of residual renal function and ototoxicity.
Therefore, cefazolin or cephalothin plus ceftazidime are
recommended (9).

Despite recommendations, the route of antibiotic ad-
ministration, duration of treatment, and initial choice of
antibiotics differ from center to center (8, 9). Thus, the
choice of initial empiric therapy should depend on each
center’s antibiotic profile, and those centers with high rate
of methicillin-resistant organisms should use vancomy-
cin. Subsequent antibiotic choice should depend on cul-
ture and susceptibility results (12).

This study reports the infectious peritonitis rates in three
different systems, over the last 15 years, which includes
clinical outcomes, exit-site infections, tunnel infections,
causative microorganisms, and the history of susceptibili-
ty of organisms causing peritonitis in order to establish
our center-specific selection of empiric therapy.

The design of this study was in accordance with the
ethical standards of our Hospital Ethics Committee. Since
the study was retrospective, informed consent was not
required.

PATIENTS AND METHODS

Patients
Medical records of all patients undergoing peritoneal dialysis

from January 1991 to December 2005 were retrospectively

reviewed. The Manual-Spike method (SS), Twin bag disconnect
system (YS) (UltrabagTR, BaxterR, USA), and Automated Peri-
toneal Dialysis (APD) (Home choice automatic peritoneal dialysis
system, BaxterR, USA), were used during this period.

Forty four patients of 52.02 ± 20.10 years old (29 women and
15 men) with end-stage renal disease (ESRD) were included: 8
diabetes, 5 chronic glomerulonephritis, 2 chronic pyelonephritis,
3 systemic lupus erythematosus, 2 polycystic kidney diseases, 3
vesicoureteral reflux, 2 hemolytic-uremic syndrome, 2 intersticial
nephritis, 1 branchio-oto-renal syndrome, 1 multiple myeloma,
and 15 of unknown etiology. All patients were on peritoneal
dialysis for > 30 days.

The willingness and the capability of the candidates were
evaluated by pre-dialysis counselling. From 44 patients, 25 were
satisfactorily selected but 19, in spite of a negative selection,
were treated on peritoneal dialysis due to lack of vascular
accesses or intolerance to hemodialysis. These patients were
not good candidates for this treatment (negative selection).

Methods
All the episodes were studied and microbiologically

documented according to method A) S. Vas with modifications
(16): 100 ml of the dialysate were centrifuged at 3000 rpm for 15
minutes, the pellet was washed twice with phosphate-buffered
saline, and resuspended in about 5 ml of it. Gram, Giemsa, and
Ziehl Neelsen stains, and cultures on standard media were
performed on the washed sediment: blood agar (Biokar Diag-
nostics, Beauvais, France), EMB Levine (Laboratorios Britania,
CABA, Argentina), Sabouraud dextrose agar (home made) and
brain heart infusion agar (Oxoid, Ltd, Basingstoke Hampshire,
England)  with 5% of sheep blood (Laboratorio Gutiérrez, CABA,
Argentina), both the latter media with antibiotics, gentamicin and
chloramphenicol (both from Sigma, St. Louis, USA) each one at
100 mg/l, incubated at both 28 and 35 °C; a CHROMagar™
Candida (Paris, France) was added when yeasts were seen
through direct examination, thioglycolate medium (Difco/Becton
Dickinson and Co, Sparks, Md., USA) and blood-culture bottle
(until 2000, Hemo-100 Laboratorios Britania, CABA, Argentina,
since 2001 aerobic blood culture bottle BD Standard/10 Aerobic/
F, Becton Dickinson and Co, Sparks, Md., USA) were incubated
up to 14 days at 35 °C. Method B) according to The British Society
for Antimicrobial Chemotherapy (1): 10 ml were directly injected
into blood-culture bottles.

When cultures with an elevate dialysate white blood cell
(WBC) count were negative, cultures for Mycobacterium tuber-
culosis and other mycobacteria were done in solid media such
as Lowenstein-Jensen and Stonebrink (both from Laboratorios
Britania, CABA, Argentina), and a liquid medium such as BD
Myco/F lytic (Becton Dickinson and Co, Sparks, Md., USA).

Swabs from the exit site or tunnel were taken when purulent
drainage or erythema were observed.

Susceptibility testing was performed on 95 isolates, kept
frozen at - 70 °C in 15% glycerol broth: 26 Staphylococcus aureus,
27 coagulase-negative staphylococci (CNS), 22 gram-negative
fermentative rods (GNFR) and 20 gram-negative non-fer-
mentative rods (GNNFR) by using the Clinical and Laboratory
Standards Institute methods (CLSI) (3). Mueller-Hinton agar
(Difco/Becton Dickinson and Co, Sparks, Md., USA) was used
and serial twofold dilutions of antimicrobial agents were re-
constituted according to the manufacturers´ instructions on the
day of the test and added to the media. Reagent grade powders
of oxacillin and vancomycin were purchased from Sigma-Aldrich
(St. Louis, USA), and the following were obtained from their
manufacturers in Argentina: teicoplanin (Aventis-Pharma),
linezolid (Pfizer), imipenem (Merck, Sharp & Dohme),
gentamicin (Bagó), ciprofloxacin (Laboratorio Roemmers),
mupirocin and ceftazidime (Glaxo, Smith-Kline), amikacin and
cephalotin (Bristol-Meyers Squibb), and cotrimoxazole
(Roche).
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Agar plates were inoculated with a Steers replicator. The
inoculum used was 104 CFU per spot. The plates were incubated
at 35 °C for 24h and then examined.

The rapid latex agglutination test (Slidex MRSA Detection
test, bioMérieux Marcy l´Étoile-France) detecting methicillin
resistance in staphylococci was performed according to the
manufacturer’s instructions  and with the modification proposed
by A. Corso et al. (4).

The initial empiric antibiotic selection was according to the
recommendations of the International Society of Peritoneal
Dialysis (8, 9, 12). Once the organisms were identified and the
susceptibility pattern determined, appropriate adjustments in
antibiotics were made.

Case definition
Peritonitis definition includes at least two of the following

criteria: a) abdominal pain or tenderness, b) cloudy drainage fluid,
with WBC count greater than 100/mm3, with at least 50%
neutrophils, and c) a positive culture (and/or Gram stain) of the
dialysate. Culture-negative cases were included in the total
number of episodes of infectious peritonitis, but excluded from
all subsequent analysis. Outcome was classified as initial cure,
catheter removal or patient’s death.

Initial cure was defined as the resolution of peritonitis evidence
with antimicrobial therapy and without the need of catheter
removal. Deaths related to infectious peritonitis were considered
when the patients died within 4 weeks of presentation of
peritonitis.

Terminology for exit-site and tunnel infections, refractory,
recurrent, relapsing, and repeat peritonitis, and catheter-related
peritonitis were used according to ISPD Guidelines/Recom-
mendations (12).

Statistical methods
Patients’ demographics and comparisons of peritonitis rates

were analyzed using the chi-square test. A p value less than or
equal to 0.05 was considered significant.

RESULTS

There were 96 episodes of peritonitis during 110.43
patient-years, which yielded an overall incidence of peri-
tonitis of 0.87 episodes/patient-year. Table 1 shows per-
manence of patients on peritoneal dialysis, number of
infectious peritonitis episodes, peritonitis rates, and
etiology in the three different methods. A reduction of the
peritonitis rates was observed in APD and YS with re-
spect to SS (p < 0.001), however the difference was not
statistically significant between APD and YS (p = 0.906).
A marked reduction in the incidence of gram-positive cocci
and an increase of gram-negative rods were seen in APD
with respect to SS (p < 0.001), and YS (p = 0.004).

Figure 1 shows the global peritonitis rate over the past
15 years. The SS was used from 1991 to 1996, the YS
began in 1994, and since 1996 all patients have been
treated by YS and/or APD.

The distribution of global peritonitis rate/patient, fre-
quency and mean are showed in Table 2. Twenty-one
patients (47.73%) experienced between 0 to 0.5 episodes/

Figure 1. Global peritonitis rate  over the last 15 years.
SS: Manual-Spike method, YS: Doble bag disconnect system, APD: Automated peritoneal
dialysis.

Table 1. Permanence of patients on peritoneal dialysis, number of infectious peritonitis
episodes (IP), peritonitis rates (PR), and etiology in the three different methods.

Method Years IP PR(1) GPC % GNR % Yeasts % Micelial
fungi %

SS 21.61 35 1.61 63.41 31.71 4.88 0

SY 66.78 46 0.69 55.93 37.29 5.08 1.69

APD 22.04 15 0.68 38.46 61.54 0 0

Total 110.43 96 0.87 56.63 38.05 4.42 0.88

(1) PR are expressed as episodes per patient-year.
GPC: gram-positive cocci; GNR: gram-negative rods.
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patient-year, and only two patients had 3 to 4 episodes/
patient-year.

The peritonitis rate from 25/44 patients satisfactorily
selected for the treatment was 0.62 episodes/patient-year
versus 1.27 episodes/patient-year from 19 patients treated
with peritoneal dialysis because of lack of other thera-
peutic option (negative selected group) (p = 0.038).

All peritoneal fluids were cloudy or partially cloudy with
an average WBC count of 2,602 ± 293/mm3 (range, 120-
10,700/mm3). In 93/96 episodes, the etiologic agent was
isolated resulting in a sensitivity of 96.88% of culture
method A versus 81.25% (78/96) of method B (p= 0.001),
whereas the overall Gram stain sensitivity was 36.46%.

Eighty one episodes had only one microorganism
(87.1%) and 12 of them (12.9%) had ≥ 2.

The etiologic agents were: 64 (56.64%) gram-positive
cocci, 22 (19.47%) gram-negative fermentative rods, 20
(17.7%) gram-negative nonfermentative rods, 5 (4.43%)
yeasts, 1 (0.88%) micelial fungus, and 1 (0.88%) anaero-
bic rod. Table 3 shows the microorganisms isolated in
the 93 episodes of peritonitis.

Fifty-five exit-site infections were documented. The
infection rate was 0.5 episodes/patient-year. From a total
of 96 episodes of infectious peritonitis only 6 (6.25%) were
related to the exit-site infection. The microorganisms iso-
lated were: 4 methicillin-susceptible Staphylococcus
aureus (MSSA) and 1 methicillin-resistant Staphylococ-
cus aureus (MRSA), 1 Proteus mirabilis, and 1 Pseudo-
monas pseudoalcaligenes. Only one tunnel infection due
to Pseudomonas aeruginosa was recorded during this
period.

There were eight refractory peritonitis caused by: 3
MSSA, 2 Candida albicans, 1 Candida glabrata, 1
Neosartorya hiratsukae, and 1 Methylobacterium fuji-
sawaense and nine relapsing peritonitis caused by: 3 S.
aureus (2 MSSA, 1 MRSA), 2 methicillin-resistant Sta-
phylococcus epidermidis, 1 methicillin-susceptible Staphy-
lococcus warneri, 1 C. albicans, 1 P. pseudoalcaligenes,
and one of polimicrobian etiology. All catheters were re-
moved.

Six recurrent and two repeat peritonitis were recorded,
the latter caused by P. aeruginosa and a MSSA, respec-
tively. Both catheters were removed.

Table 4 shows the in vitro susceptibility of 53 gram-
positive cocci and 42 gram-negative rods. Ceftazidime
and imipenem showed excellent activity on gram-nega-
tive rods, 100% on GNFR and 95% on GNNFR. Cipro-
floxacin showed high efficacy against overall microorgan-
isms including 96.2% of S. aureus, 92.6% of CNS, 90.9%
of GNFR, and 90% of GNNFR.

All gram-positive cocci were susceptible to vancomy-
cin, and 92.3% of S. aureus but only 33.3% of CNS were
susceptible to methicillin. Methicillin resistance was in-
vestigated in 53 staphyloccoci isolates through the de-
tection of the penicillin-binding-protein 2 a (PBP2a), which
resulted positive in 20 (38%) of the isolates, 2 S. aureus
and 18 CNS. Figure 2 shows the distribution of methicillin
resistance over the last 15 years.

The clinical outcome of peritonitis was: 73 initial cure,
19 catheter removal and four deaths. Over this 15 year-
period, the initial cure rate was 76%, the catheter removal
rate 19.8% and the associated infectious peritonitis death
rate was 4.16%.

During this period, out of 44 patients, 13 were trans-
ferred to hemodialysis (four due to poor ultrafiltration),
six were transplanted, 13 died (four related to the infec-
tious peritonitis episode), and 12 continued on peritoneal
dialysis.

DISCUSSION

Since 1979, continuous ambulatory peritoneal dialy-
sis was established in our hospital as treatment of pa-
tients with ESRD. Between January 1981 and June 1988,
18 patients with standard method experienced 80 epi-
sodes during 17 patient-years yielding a very high overall
peritonitis rate of 4.7 episodes/patient-year (13).

In this study, from January 1991 to December 2005 a
great reduction in the global infectious peritonitis rate was
observed (0.87 episodes/patient-year), with respect to

Table 2. Distribution of peritonitis rates (PR).

Range PR Nº of patients % Mean Standard deviation

0 to 0.5 21 47.73 0.18 0.1906

0.5 to 1 6 13.64 0.69 0.1628

1 to 1.5 7 15.91 1.31 0.0697

1.5 to 2 6 13.64 1.78 0.1590

2 to 2.5 2 4.55 2.22 0.2333

2.5 to 3 0 0 -

3 to 3.5 1 2.27 3.03

3.5 to 4 1 2.27 3.66

Total 44 100 0.87 0.8842
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Table 4. In vitro susceptibility of 53 gram-positive cocci and 42 gram-negative rods isolated from peritonitis episodes.

Antibiotic SA n = 26 CNS n = 27 GNFR n = 22 GNNFR n = 20
MIC 90 S (%) MIC 90 S (%) MIC 90 S (%) MIC 90 S (%)

Oxacillin 1 92.3 32 33.3 – – – –

Vancomycin 0,5 100 4 100 – – – –

Teicoplanin 0,5 100 4 100 – – – –

Ciprofloxacin 0,5 96.2 0,5 92.6 0,25 90.9 1 90

Gentamicin 64 72 32 29.6 ≤ 1 95.4 >  128 60

Amikacin 8 92.3 8 100 ≤  2 100 >  256 65

Cotrimoxazole  ≤ 0.063 100 4 81.5 0,5 86.4 > 128 50

Linezolid 1 100 0,5 100 – – – –

Mupirocin ≤ 0.125 96 0,063 100 – – – –

Imipenem – – – – ≤ 1 100 ≤ 1 95

Ceftazidime – – – – ≤ 2 100 4 95

Cephalotin – – – – 128 68 – –

SA: Staphylococcus aureus; CNS: coagulase-negative staphylococci; GNFR: gram-negative fermentative rods; GNNFR: gram-negative non-fermentative
rods; MIC: minimal inhibitory concentration; S: susceptibility; cotrimoxazole: trimethoprim-sulfamethoxazole.

Table 3. Microorganisms isolated in 93 episodes of peritonitis.

Gram-positive cocci n (%) Gram-negative non-fermentative rods n (%)

Staphylococcus aureus 26 Pseudomonas aeruginosa 9

Staphylococcus epidermidis 22 Pseudomonas pseudoalcaligenes 3

Staphylococcus haemolyticus 3 Pseudomonas fluorescens 1

Staphylococcus warneri 1 Pseudomonas alcaligenes 1

Staphylococcus caprae 1 Pseudomonas grupo 1 1

Enterococcus faecium 2 Acinetobacter baumannii 2

Enterococcus hirae 1 Burkholderia cepacia complex 1

Streptococcus parasanguinis 2 Psychrobacter immobilis 1

Streptococcus pasteurianus 1 Sphingomonas paucimobilis 1

Streptococcus agalactiae 1 Total 20 (17.70)

Streptococcus mutans 1

Streptococcus sanguinis biotype 1 1

Streptococcus mitis 1
Anaerobes n (%)

Streptococcus salivarius 1

Total 64 (56.64)
Bacteroides vulgatus 1

Total 1(0.88)
Gram-negative fermentative rods n (%)

Escherichia coli 6
Yeasts n (%)

Klebsiella pneumoniae 4

Enterobacter cloacae 2
Candida albicans 3

Klebsiella oxytoca 2
Candida glabrata 1

Citrobacter freundii 1
Candida parapsilosis 1

Proteus mirabilis 1
Total 5 (4.43)

Proteus vulgaris 1

Serratia marcescens 1

Enterobacter agglomerans 1
Micelial fungi n (%)Salmonella enteritidis 1

Yokenella regensburgei 1
Neosartorya hiratsukae 1Methylobacterium fujisawaense 1
Total 1(0.88)Total 22(19.47)
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what was previously reported; nevertheless, when we
analyzed the distribution of peritonitis in range every six-
months, in 47.73% of patients the infectious peritonitis
rate was 0.18 episodes/patient-year.

Our results showed a marked decrease in the perito-
nitis rate in APD (0.68 episodes/patient-year) and in YS
(0.69 episodes/patient-year) versus SS (1.61 episodes/
patient-year). The following advantages could be related
to these results: a reduction in the number of daily
disconnections, the improvement of the method with the
flush-before-fill system, and the creation of teams of spe-
cialized nurses and nephrologists with specific experience,
who trained and followed  the patients in a special sector
of the nephrology center. All patients satisfactorily selected
for the treatment had lower peritonitis rates than those
negatively selected.

There was no statistically significant difference between
the peritonitis rates in APD compared to YS, in spite of
the lower number of daily disconnections. Kavanagh et
al. (7) showed similar results. All our patients treated with
APD belong to the negatively selected group.

The decrease in the incidence of gram-positive cocci
in APD could be related to the lower number of connec-
tions and the flush-before-fill system, and it could lead to
a higher relative incidence of gram-negative peritonitis.

The centrifugation of 100 ml of dialysate and washed
sediments showed an excellent recovery of microorgan-
isms with a sensitivity of 96.88% (93/96 episodes), ex-
ceeding the rate for positive cultures by more than 90%
(1, 12). The direct inoculation of 10 ml of dialysate in blood-
culture bottles showed good recovery with a sensitivity of
81.25% (78/96), with less than 20% of negative cultures.
Although this value of sensitivity is still accepted by the
ISPD Guidelines / Recommendations (12), there was a
statistically significant difference (p = 0.001) when both
methods were compared.

The “Recommended Standards for the Treatment of
Adult  Patients with Renal Failure”  from The Renal Asso-
ciation and The Royal College of Physicians stated that
less than 10% of all episodes of PD peritonitis should be
culture negative in 1997, and  fewer than 15% in 2002 (7).

The overall Gram stain sensitivity was low (36.46%).
In the study carried out between January 1981 and June
1988 we obtained a Gram sensitivity of 49.3% with the
centrifugation of all the peritoneal dialysis effluent (13).
Since Gram sensitivity continue to be low, the correct
microbiological culture is necessary to establish the
etiological agent and the appropriate antibiotic therapy
according to the susceptibility pattern.

Most episodes had only one microorganism (87.1%),
and 12 (12.9%) were of polimicrobian etiology, probably,
by spontaneous or secondary peritonitis. Bacteroides
vulgatus was the only anaerobic rod isolated (0.88%) in
one episode in a patient with diverticulitis and amyloido-
sis.

A variety of opportunistic pathogens was isolated among
the peritonitis etiologic agents as it was shown in Table 3,
with unusual isolates such as Methylobacterium fujisa-
waense, and Neosartorya hiratsukae related, in both cases,
to an exogenous origin of the primary peritonitis resulting
from direct contamination of the connection device.

CNS were the first cause of peritoneal dialysis-related
peritonitis followed by S. aureus, and in most cases, they
were the result of catheter contamination from a colo-
nized patient.

We found an exit-site infection rate of 0.5 episodes/
patient-year, and only 6/96 (6.25%) of the peritonitis epi-
sodes were due to the exit-site infection. Burkart et al. (2)
found exit-site infection rates between 0.26 and 0.62 de-
pending on the connection system used. Only one tunnel
infection was recorded during the period.

All catheters were removed from nine relapsing, eight
refractory, and two repeat peritonitis, to protect the peri-
toneal membrane for future use.

The finding in 1997 of vancomycin-resistant Enterococ-
cus faecium in the peritoneal fluid of one of our patients,
and the 1996 update of the ISPD which was rather contro-
versial because vancomycin was changed  by cefazolin or
cephalothin in the initial empiric antibiotic scheme, led us
to evaluate our own center´s antibiotic profile (Table 4).

The history of susceptibilities of organisms causing
peritonitis in our center showed for gram-negative cover-
age that ceftazidime and imipenem had an excellent ac-
tivity against the gram-negative rods, over 100% of GNFR
and 95% of GNNFR.

Ciprofloxacin was the third most active drug against
90.9% of GNFR and 90% of GNNFR, while aminogly-
cosides, cephalotin and trimethoprim-sulfamethoxazole
were not good therapeutic options.

Gram-positive staphylococci including 26 S. aureus
and 27 CNS isolates were susceptible to vancomycin.
Cefazolin or cephalothin susceptibilities were inferred
through oxacillin susceptibility and by the detection of
PBP2a, with 92.3% of S. aureus and 33.3% of CNS sus-
ceptibility. We observed a low number of methicillin-re-
sistant staphylococci in the period studied, except in 1991
(3 CNS), 1994 (3 CNS) and in 1997 (4 CNS and 1 S.
aureus), as shown in Figure 2. There were 40 infectious
peritonitis episodes between 1998 and 2005 with 5 due
to MR-CNS (12.5%), therefore, the gram-positive cover-
age in our center must include vancomycin.

The initial cure rate over 15 years was low (76%) com-
pared to several large outcome studies that showed cure
with eradication of the infection in 80-85% of peritonitis
episodes. The catheter removal rate was 19.8% in com-
parison with approximately 10-15%, and the death rate
was 4.16%, while others showed 1 to 6% (15).

In summary, peritonitis continues to be the leading
cause of technique failure of peritoneal dialysis in our
hospital.
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Figure 2. Distribution of methicillin resistance in S. aureus and
CNS over the last 15 years

The centrifugation of 100 ml of dialysate showed the
highest sensitivity (96.88%) in the recovery of microor-
ganisms.

Our results suggest that prior to knowledge of the
causative agent, the empiric therapy in our center should
be vancomycin plus ceftazidime or imipenem. Once the
etiological agent and its susceptibility are known, the de-
escalating therapy must be applied, and if an S. aureus
or CNS methicillin-susceptible is confirmed, vancomycin
must be immediately discontinued and replaced by a first
generation cephalosporin to avoid the emergence and
spread of vancomycin-resistant microorganisms.
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