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Objective: The percentage of utilizing peritoneal dialysis (PD) in Thailand was increased dramatically since the implementation
of PD-First policy in 2008. However, peritonitis remains a major obstacle to achieve success of this modality. The aim of the
present study, was to assess the clinical characteristics of PD peritonitis in the PD-first policy era.

Material and Method: The PD peritonitis patients in Bhumibol Adulyadej Hospital between October 2008 and December
2010 were reviewed. Microbiological diagnosis, treatment responses, technique, and patient survival were analyzed.
Results: Since October 2008, 93 peritoneal dialysis patients were followed-up in Bhumibol Adulyadej Hospital including 75
new cases. During the present study period of 1,560 patient-months, 51 episodes of peritonitis from 33 cases were recorded
and analyzed. The mean age of the peritonitis patients was 57.9 + 16.1 years and 63.6% were females. The most common
isolates were gram negative organisms (33.3%) followed by gram positive (17.6%) and fungi (5.9%). Nocardiosis was
diagnosed in 1 patient. However, 43.1% of episodes were culture-negative peritonitis. Treatment of peritonitis resulted in a
complete cure in 74.5% of patients while 7.8% of patients required catheter removal, and 17.6% died. Event-free survival
was better in gram positive organisms (43.3 months) compared with those infected with gram negative (26.8 months) and
culture negative peritonitis (16.1 months).

Conclusion: The proportions of peritonitis due to gram negative organisms were increased and associated with less
favorable outcome. These findings suggest that it is necessary to prepare the appropriate protocol for prevention and

treatment of PD peritonitis under national PD-First policy scheme.
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Peritonitis is not only acommon complication
of continuous ambulatory peritoneal dialysis (CAPD)
but also a cause of technical failure and patient
mortality®3, Although the improvement in PD systems,
especially the disconnected technique, has significantly
reduced the overall incidence of peritonitis since
1990“19, it has been shown that the microbiological
trends have changed in the past few years with
an increased proportion of gram-negative
peritonitis**2, The changes in character of causative
organisms have a great impact upon clinical outcome
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such as catheter removal and death®%%9). In Thailand,
PD-First policy scheme was introduced in October 2008
and CAPD became the fastest growing mode of
renal replacement therapy (RRT) among people
under universal coverage (UC) health care®,
Nowadays, there are at least 111 hospitals around the
country providing more than 11,000 CAPD cases under
this scheme. However, it has been shown from registry
data that the outcome of these patients remains
less favorable with a first-year drop-out rate of
26.33%9), Further analysis demonstrated the high rate
of peritonitis with mean peritonitis-free time of 23.2
months that could have been a major obstacle for
achieving success of CAPD in Thailand®®,

Although some publications have addressed
the epidemiology of CAPD peritonitis in Thailand®",
there is still no study about clinical characteristics and
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outcome of these patients after the initiation of PD-
First policy scheme. The aim of the present study was
to examine microbiological trends and clinical outcomes
of PD patients in our hospital during the past 2 years.
The results from the present study could provide us
with a strategy to improve the authors PD patient
outcomes.

Material and Method
Patient selection

From October 1, 2008 to December 31, 2010,
93 patients treated with PD were followed-up at PD
clinic in Bhumibol Adulyadej hospital, Bangkok. All of
the episodes of PD peritonitis were collected by
reviewing the database and hospital records of
individual patient by the investigators. The diagnosis
of PD peritonitis was based on at least two of the
following criteria: (1) presence of clinical symptoms
(abdominal pain, fever or cloudy dialysate); (2) presence
of leukocytosis (more than 100 leukocytes/mm®) in
dialysate, with at least 50% neutrophils; and (3) positive
gram stain or culture from dialysate. The episodes of
peritonitis within 4 weeks after the previous treatment
and episodes of peritonitis within 7 days after catheter
placement were excluded.

The peritonitis rate was reported as one
episode per number of patient-months of follow-up.
The demographic characteristics, causative organisms,
pattern of antimicrobial susceptibility, and clinical
outcomes (initial cure, catheter removal or death) were
analyzed.

Microbiological investigation

Culture of the dialysate has been performed
by inoculating 10 ml of dialysate into blood culture
media and was changed to concentration method as
recommended by the ISPD since June 2010%®. Whole
dialysate (50 ml) was concentrated by centrifugation,
resuspended in sterile saline, inoculated into blood
culture media, and observed for at least 72 hours to
document pathogens. Antimicrobial susceptibility was
determined by standard disk-diffusion method.

In the present study, the causative organisms
were categorized as gram-positive organisms
(Staphylococcus coagulase positive, Staphylococcus
coagulase negative, Streptococcus and Enterococ-
cus), gram-negative organisms (Escherichia coli,
Klebsiella spp., Pseudomonas aeruginosa, other
Pseudomonas spp., Acinetobacter baumanii, and other
gram-negative organism), fungi, Nocardia spp., and
culture negative.
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Clinical management protocol

When PD peritonitis was diagnosed, the
empirical therapy with a combination of cefazolin and
ceftazidime (or gentamicin) was initiated by
intraperitoneal route. Within 72 hours, the antibiotics
were adjusted based on the antimicrobial susceptibility
test. In culture-negative peritonitis with clinical
improvement, cefazolin was continued to 14 days. The
catheter was removed in case of peritonitis with no
response to appropriate therapy after 96 hours, fungal
peritonitis, and tuberculous peritonitis.

Statistical analysis

Categorical data were summarized using
frequency and percentages while continuous data were
summarized using mean + standard deviations (SD).
Peritonitis rate were expressed as one episode per
number of patient-months of follow-up. Chi-square
tests were used to compare the outcomes (catheter
removal rate and death) according to the pathogens.
Patient survival analysis was analyzed by using Log
Rank test and is presented by a Kaplan Meier curve.
Statistical significance was determined as p-value less
than 0.05.

Results

From October 1, 2008 to December 31, 2010,
51 PD-related peritonitis episodes were occurred in 33
patients. The overall peritonitis rate was one episode
per 30.6 patient-months follow-up.

The demographic data and baseline
characteristics were summarized in Table 1. Of 93
patients, 17 patients (18.3%) were using automated
peritoneal dialysis (APD). The mean age at the first
PD-related peritonitis was 57.9 + 16.1 years and the
mean time to first peritonitis episode was 15.2 + 21.1
months. When compared between patients with and
without peritonitis, there were no significant differences
in the baseline characteristics between groups, except
the mean duration of dialysis was higher in the PD-
related peritonitis group (p = 0.037).

Causative organism

The causative organisms of the PD-related
peritonitis were illustrated in Table 2. The most common
organisms were gram-negative organisms (33.3%) while
gram-positive organisms, fungi and, Nocardia spp.
comprised 17.6, 5.9, and 2.0% respectively. The culture-
negative peritonitis accounted for 41.2% of total
episodes.

Among gram-negative peritonitis, Enterobac-
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Table 1. Baseline characteristics of study patients

Baseline characteristics Patient without peritonitis (n = 60)  Patient with peritonitis (n = 33)  p-value
Age (yr) 60.8 +13.6 579+ 16.1 0.381
Female n (%) 36 (60.0) 21 (63.6) 0.525
Reimbursement schemes 0.127
Universal coverage 39 (65.0) 18 (54.5)
Health care official 21 (35.0) 13 (39.4)
Social security 0 2(6.1)
Duration of dialysis (months) 13.7+15.7 22.3+19.9 0.037*
Mode of dialysis 0.254
APD 13 (21.7) 4(12.1)
CAPD 47 (78.3) 29 (87.9)

Abbreviations: APD, automated peritoneal dialysis; CAPD, continuous ambulatory peritoneal dialysis

Table 2. Causative organism in 51 episodes of peritonitis

Organisms (n = 51) n (%)
Gram positive (n = 9)
Staphylococcus coagulase negative 3(5.9)
Staphylococcus coagulase positive 2(3.9)
Streptococcus mitis 1(2.0)
Streptococcus gallolyticus 2(3.9)
Enterococcus faecium 1(2.0)
Gram negative (n = 17)
Escherichia coli 4(7.8)
Escherichia coli (ESBL) 2(3.9)
Klebsiella pneumoniae 2(3.9)
Enterobacter cloacae 1(2.0)
Acinetobacter baumanii 1(2.0)
Aeromonas hydrophila 1(2.0)
Pseudomanas aeruginosa 2(3.9)
Pseudomonas stutzeri 2(3.9)
Stenotrophomonas maltophila 1(2.0)
Brevundimonas diminuta 1(2.0)
Fungi (n=3)
Candida parapsilosis 1(2.0)
Candica tropicalis 2(3.9)
Nocardia spp. 1(2.0)
No growth 21 (41.2)

teriaceae and non-Enterobactericeae accounted for
17.6% and 15.7% of total peritonitis, respectively.
Escherichia coli was the most common causative
organism in Enterobactericeae peritonitis (35.3% of
gram-negative peritonitis) while Pseudomonas
aeruginosa and Pseudomonas stutzeri were the
common pathogens in non-Enterobacteroceae
peritonitis (each 11.7% of gram-negative peritonitis)

Regarding gram-positive peritonitis,
coagulase negative staphylococcus was the most

S46

common followed by coagulase positive staphylo-
coccus and Streptococcus gallolyticus (5.9%, 3.9% and
3.9% of total peritonitis, respectively).

Treatment outcomes

Organism-specific outcomes were shown in
Table 3. The overall proportions of initial cure rate,
catheter removal rate, and death rate were 74.5%, 7.8%
and 17.6%, respectively. The initial cure rate in gram-
positive peritonitis was better than gram-negative
peritonitis and culture-negative peritonitis (88.9 % vs.
70.6% vs. 85.7%). Catheter removal was noted in 1
patient with Escherichia coli (ESBL), 1 patient with
Candida parapsilosis and 1 patient with culture-
negative peritonitis. The death rate was slightly, but
not significantly (p = 0.45), higher in gram-negative
peritonitis (23.5%) compared with gram-positive
peritonitis (11.1%).

Among gram-negative peritonitis, there were
no significant differences in organ-specific outcomes
but the death rate in Enterobacteriaceae group was
higher than non-Enterobacteriaceae group (33.3% vs.
12.5%). Regarding gram-positive peritonitis, there
were also no significant differences in organ-specific
outcomes. One case of PD-peritonitis associated with
Enterococcus faecium was dead in the present study.

Antimicrobial susceptibility

The sensitivity rate of gram-negative
organisms to ceftazidime and gentamicin were 82.4%
and 100% respectively (Table 4). All of those were
susceptible to ciprofloxacin. Escherichia coli (ESBL)
resisted ceftazidime and gentamicin, but sensed to
meropenem. For gram-positive peritonitis, 80% of
Staphylococcal peritonitis was susceptible to
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Table 3. Organism-specific outcomes in PD-related peritonitis patients

Organisms Treatment outcome
Initial cure Catheter removal Death p-value
n (%) n (%) n (%)
All episodes 38 (74.5) 3(5.9) 9 (17.6)
Gram positive (n = 9) 8 (88.9) - 1(11.1)
Staphylococcus coagulase negative 3(100.0) - -
Staphylococcus coagulase positive 2 (100.0) - -
Streptococcus mitis 1 (100.0) - - 0.061
Streptococcus gallolyticus 2 (100.0) - -
Enterococcus faecium - - 1(100.0)
Gram negative (n = 17) 12 (70.6) 1(5.9) 4 (23.5)
Escherichia coli 4 (100.0) - -
Escherichia coli (ESBL) - 1 (50) 1 (50.0)
Klebsiella pneumoniae - - 2 (100.0)
Enterobacter cloacae 1 (100.0) - -
Acinetobacter baumanii 1 (100.0) - - 0.549
Aeromonas hydrophila 1 (100.0) - -
Pseudomanas aeruginosa 2 (100.0) - -
Pseudomonas stutzeri 1 (50.0) - 1 (50.0)
Stenotrophomonas maltophila 1 (100.0) - -
Brevundimonas diminuta 1 (100.0) - -
Fungi (n=2) - 1(33.3) 2 (67.7)
Candida parapsilosis - 1(100.0) - 0.083
Candica tropicalis - - 2 (100.0)
Nocardia (n = 1) - - 1 (100.0)
No growth (n = 21) 18 (85.7) 1(4.8) 2(9.5)
cefazolin. The sensitivity rate to ciprofloxacin was Discussion

77.8% (Table 5). Enterococcus faecium-related
peritonitis resisted to amoxicillin-clavulanic acid and
ciprofloxacin, but was susceptible to vancomycin.

Survival analysis

The survival data included patients who
initiated PD after October 1, 2008. Patient survival
analysis was analyzed by using Log Rank test and is
presented by a Kaplan Meier curve. Events were
defined either patients died or transfered to
hemodialysis. Unit of time was reported in months
with standard error (SE). There were no significant
differences in survival between patients with and
without peritonitis. When explored to the micro-
organisms, However, patients who had culture-negative
peritonitis has worst outcome with a mean event-free
survival of 16.1 months (SE 3.0) followed by gram
negative (26.8 months, SE 7.4) and fungus (32.3 months,
SE 13.6). Patients who had peritonitis caused by gram
positive had longest event-free survival of 43.3 months
(SE 14.6) (Fig. 1).
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Although the overall PD peritonitis rate
decreased significantly during the last 20 years, several
studies have shown that the incidence of gram-negative
peritonitis remained constant“*!2, The benefit of
disconnected, double bag system is limited to peritonitis
caused by single gram-positive organisms such as
staphylococcus coagulase negative, the major organism
responsible for touch contamination. Gram negative
organisms, However, are associated more with patient
co-morbidities (i.e., age, diabetes, and malnutrition).
Similar to previous studies, the present study showed
a high proportion of gram negative as a cause of PD
peritonitis during the past 2 years in Bhumibol
Adulyadej Hospital. This should underscore the
importance of gram negative peritonitis in the PD
First policy era because it is associated with decreased
technique and patient survival.

The overall peritonitis rate in Bhumibol
Adulyadej Hospital was lower than the national average
with a mean peritonitis-free time of 30.8 months.
Furthermore, when compared with previous
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Fig. 1  Kaplan Meier survival curve in PD-related perito-

nitis patients according to microorganisms (gram
negative, gram positive, fungus, and culture nega-
tive peritonitis)

unpublished data, the authors peritonitis rate was
constantly improved since 2005. Specially trained PD
nurses who participated in training new PD patients
might contribute to this improvement. Even though
the authors have an acceptable peritonitis rate, the
outcome of the authors PD-related peritonitis patients
is quite poor with the drop-out rate of 25.6% after the
peritonitis episode. Thus, the authors still have an area
for improvement in the authors’ patient care. With the
accumulating experience of our PD team, the authors
believe that the better patient selection criteria are the
most important strategy to a better result.

It is important to note that the authors had a
higher proportion of culture-negative peritonitis in the
present study than the general accepted rate®®.
Moreover, the present study showed the worst outcome
with this group. Unidentified organisms caused
physicians to choose less appropriate antibiotics,
resulting in poor outcomes. Therefore, improvement of
laboratory culture technique should be another
important strategy to improve outcome of the authors’
patients.

The appropriate use of intraperitoneal
antibiotic is the most important step in treatment of PD
peritonitis. However, epidemiology of peritonitis varies
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among centers. Therefore, many investigators suggest
that each center should adapt treatment guideline
into a “center tailored” treatment protocol®®. The aim
of the present study, therefore, was to examine the
epidemiology of causative organisms and their
antimicrobial susceptibilities. The authors found
that susceptibility to initial empirical antibiotics
(cefazolin, ceftazidime and gentamicin) was high in
most organisms. The exception was extended spectrum
beta-lactamase (ESBL) Escherichia coli that was only
susceptible to meropenem and Enterococcus which
was only sensitive to vancomycin. However, these
organisms only accounted for 5.9% of all episodes.
The authors conclude that our current protocol for
treatment of PD-related peritonitis is still appropriate in
Bhumibol Adulyadej Hospital.

In conclusion, the present study revealed that
the proportions of peritonitis due to gram negative
organisms were increased and associated with less
favorable outcome. Since the number of peritoneal
dialysis cases in Thailand continue to increase, it is
necessary to prepare the appropriate protocol for
prevention and treatment of PD-related peritonitis under
national PD-First policy scheme.

Potential conflicts of interest
None.

References

1. Canada-USA (CANUSA) Peritoneal Dialysis Study
Group. Adequacy of dialysis and nutrition in
continuous peritoneal dialysis: association with
clinical outcomes. JAm Soc Nephrol 1996; 7: 198-
207.

2. Choi P, Nemati E, Banerjee A, Preston E, Levy J,
Brown E. Peritoneal dialysis catheter removal for
acute peritonitis: a retrospective analysis of factors
associated with catheter removal and prolonged
postoperative hospitalization. Am J Kidney Dis
2004;43:103-11.

3. Davenport A. Peritonitis remains the major clinical
complication of peritoneal dialysis: the London,
UK, peritonitis audit 2002-2003. Perit Dial Int 2009;
29:297-302.

4. Zelenitsky S, Barns L, Findlay I, Alfa M, Ariano R,
Fine A, et al. Analysis of microbiological trends in
peritoneal dialysis-related peritonitis from 1991 to
1998. Am J Kidney Dis 2000; 36: 1009-13.

5. Daly CD, Campbell MK, MacLeod AM, Cody DJ,
Vale LD, Grant AM, et al. Do the Y-set and double-
bag systems reduce the incidence of CAPD

S49



10.

11.

12,

S50

peritonitis? A systematic review of randomized
controlled trials. Nephrol Dial Transplant 2001; 16:
341-7.

Kavanagh D, Prescott GJ, Mactier RA. Peritoneal
dialysis-associated peritonitis in Scotland (1999-
2002). Nephrol Dial Transplant 2004; 19: 2584-91.
Kim DK, Yoo TH, Ryu DR, Xu ZG, Kim HJ, Choi
KH, et al. Changes in causative organisms and
their antimicrobial susceptibilities in CAPD
peritonitis: a single center’s experience over one
decade. Perit Dial Int 2004; 24: 424-32.

Szeto CC, Leung CB, Chow KM, Kwan BC, Law
MC, Wang A, et al. Change in bacterial aetiology
of peritoneal dialysis-related peritonitis over 10
years: experience from a centre in South-East Asia.
Clin Microbiol Infect 2005; 11: 837-9.

Mujais S. Microbiology and outcomes of
peritonitis in North America. Kidney Int Suppl
2006; (103): S55-62.

Huang ST, Chuang YW, Cheng CH, Wu MJ, Chen
CH, Yu TM, et al. Evolution of microbiological
trends and treatment outcomes in peritoneal
dialysis-related peritonitis. Clin Nephrol 2011; 75:
416-25.

Bunke CM, Brier ME, Golper TA. Outcomes of
single organism peritonitis in peritoneal dialysis:
gram negatives versus gram positives in the
Network 9 Peritonitis Study. Kidney Int 1997; 52:
524-9.

Fried LF, Bernardini J, Johnston JR, Piraino B.
Peritonitis influences mortality in peritoneal

13.

14.

15.

16.

17.

18.

19.

dialysis patients. JAm Soc Nephrol 1996; 7: 2176-
82.

Kiernan L, Finkelstein FO, Kliger AS, Gorban-
Brennan N, Juergensen P, Mooraki A, et al. Outcome
of polymicrobial peritonitis in continuous
ambulatory peritoneal dialysis patients. Am J
Kidney Dis 1995; 25: 461-4.

Krishnan M, Thodis E, Ikonomopoulos D, Vidgen
E, Chu M, Bargman JM, et al. Predictors of outcome
following bacterial peritonitis in peritoneal dialysis.
Perit Dial Int2002; 22: 573-81.

Lo WK. Peritoneal dialysis in the far East—an
astonishing situation in 2008. Perit Dial Int 2009;
29 (Suppl 2): S227-9.

Janma J, Pongsakul C, Reungjui S, Sirivongs D.
The 24 months outcomes of CAPD patients under
the PD first policy in Thailand. Presented at the
Nephrology Society of Thailand annual meeting,
7 August 2010, Pattaya, Thailand..

Sirivongs D, Pongskul C, Keobounma T,
Chunlertrith D, Sritaso K, Johns J. Risk factors of
first peritonitis episode in Thai CAPD patients. J
Med Assoc Thai 2006; 89 (Suppl 2): S138-45.

Li PK, Szeto CC, Piraino B, Bernardini J, Figueiredo
AE, Gupta A, et al. Peritoneal dialysis-related
infections recommendations: 2010 update. Perit Dial
Int2010; 30: 393-423.

Van Biesen W, Vanholder R, Vogelaers D, Peleman
R, Verschraegen G, Vijt D, et al. The need for a
center-tailored treatment protocol for peritonitis.
Perit Dial Int 1998; 18: 274-81.

J Med Assoc Thai Vol. 94 Suppl. 4 2011



NsUARULURIAN HUENINARINUBY PD-Related Peritonitis Tuilszinalns

WUWIA WAUTEING, WIAST ATLAT, ANTNOMN TUNTINH, WNBEN LFENTUNT, NINIH 11958, BUAAT
AnAUUNY

Ingilseadn:; 1;/7J0ﬂﬁZmﬁ_/ﬂ7ﬂ_/"';ﬂmwmLL‘WuzmmE/f??@Nwwwmvm\flmjimvmiw A UIUANTUDE NI
nAsaINdn1ai3ale PD-First policy usanaziinidiaseseniisemes (peritonitis) goaviiugiassnaAtynisdne
Uddmglse CAIATIAS AT AN DY ‘Vl’)\mﬂuﬂ%@\?tﬂﬂf)ﬂ PD ,oer/ton/t/s luilszimalne lugarfaqiiy

¥

mmmzoﬁms 7’1’777’7ﬁ‘FIﬂH’]LLﬂ&QLP)?"?&’M?/'BJJ@W’NP)@%HLLUUE/@UW@JZUNI/OFJ PD peritonitis YA INNWENLNA
ﬁywmm@mmmmm;ﬂ‘mmu AAIAN N. A. 2551 ﬂ\? LA W.A. 2553

HNANITANS: N?J’JE/WL%WCJJ\IFI’I?FII’)HTI/I\MWJ"V’IL!QL! 93 AU m@@ﬂ‘ﬂfNi” ”LCJ@’)W@\?ﬂﬁi‘ﬁﬂﬂ’)ﬁ@ﬁlﬁﬂﬁﬁ‘MF
ﬂ’]imﬁ PD ,Oel’/tonltls 51 ﬂﬁ‘\? Yumjosl 33 AY @’IEIL@ﬂE/ﬁI'E]\W?J’JE/‘VIm@ ,oer/ton/t/s L‘VI’N’NJ 57.9 + 16.1 77
LL@Z?@E/@‘V 63.6 L7_7L!N‘I/7(L/\7 m@n@fmwwumwmfmm L%@ﬂﬁl@ﬂ (33.3%) ﬁl’?llmil m@nmmn (17.6%)
L‘H@i’] (5.9%) uas Tumnie (2%) Li,mwmﬁa‘@ﬂm 43.1 1174 culture negative per/tonms KAN173N1#1 PD
per/ton/t/s ’Zumwmuwmvmmmm@ﬂm 74 5 ﬁ?’)Lij‘lJEI@\?L@’) catheter @'an‘@ﬂ@q/ 7.8 LL@ N@Elﬂﬂ’]ﬁ‘
LZVEI’MW?‘@E/@V 17.6 ﬂ’)WW’N:HLLLILI’JL@ﬂ;?Vﬂ’I?"BE/?@@WL/Q’? n@umﬂnmmnmmmma‘@m@m ﬁ)‘lflﬂ@ (43.3 L@@u)
LJJ@LWE!?./n.‘I_/m@ﬂﬁJM/ (26.8 Lm@u) Lémﬂf\m culture negative ,oer/ton/t/s (76 1 Lm@u)

ﬂﬂ./ ZV@ZVCJ‘M%@JN?JQE/ PD peritonitis mnmvm%nimummqumwmﬂu@mmm JJNZV@VWﬁ%’I?;ﬂH’Iﬁ‘ZJJE

mﬁ/ﬂ/ﬂ;mmwNmjﬂ@mumwnmmwmyﬂw‘Zmﬂuﬂ@@E/mmyi/mmmmm‘luma‘@um“”nmglﬂqs/

J Med Assoc Thai Vol. 94 Suppl. 4 2011 S51



