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ABSTRACT

Background and Objective: Peritoneal dialysis (PD) associated peritonitis is the most common cause of
morbidity, mortality, and treatment failure in patients undergoing PD. We aimed to identify the inci-
dence, pathogens, antibiotic susceptibility, and the outcome of peritoneal dialysis (PD)-associated peri-
tonitis in children.
Methods: Data from medical records of children who underwent PD between 2007 and 2018 in King
Fahad Medical City were retrospectively collected. All children aged <14 years undergoing chronic PD
were included. The demographic characteristics of patients, peritonitis rates, and clinical outcomes were
collected.
Results: In total, 131 children [boys, 68 (51.9%)] underwent automated PD for 305 years. The most
common age group was 6—12 years (61 patients, 46.6%). A total of 74.0% of patients were new to dialysis;
25.2% were transferred from hemodialysis. Peritonitis incidence was 0.6 episodes/patient-year. Gram-
positive and -negative organisms were identified in 50.1% and 22% episodes, respectively, whereas
cultures remained negative in 20.5% episodes. Coagulase-negative Staphylococcus was the most common
isolated organism (22.1%), followed by methicillin-sensitive S. aureus (11.1%). Peritonitis was resolved in
153 (73.6%) episodes, whereas 52 (25.0%) episodes required removal through the catheter. The multi-
variate logistic regression analysis found the exit site infection to be a risk factor for catheter removal.
Three (1.4%) episodes caused death due to peritonitis complicated by septic shock.
Conclusions: Our data showed that the most common organisms causing peritonitis were similar to
those reported in the previous international registry. The rate of peritonitis was high, but markedly
improved in the past two years.

© 2020 Publishing services provided by Elsevier B.V. on behalf of King Faisal Specialist Hospital &
Research Centre (General Organization), Saudi Arabia. This is an open access article under the CC BY-NC-

ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Chronic kidney disease in childhood, which can be congenital or
acquired, is a leading cause to end-stage of several renal or urologic
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diseases [1]. Peritoneal dialysis (PD) is reported to be the dialysis
modality of choice in children with end-stage renal disease (ESRD)
worldwide [2]. PD-associated peritonitis is associated with
morbidity, mortality, and treatment failure in patients undergoing
PD [3]. Peritonitis secondary to bacterial causes is the most frequent
cause of morbidity and permanent technical failure in pediatric
patients [4]. Therefore, the use of empirical antibiotics according to
the most prevalent bacterial organism causing peritonitis has been
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recommended by the International Society of Peritoneal Dialysis
(ISPD) [5]. Early identifications of peritonitis and protocol-guided
management may reduce the rate of peritonitis. Proper catheter
placement, topical antibiotics for exit-site, frequent training for
patients and their families, and contamination treatment are ex-
amples for procedures that minimize infection risk in PD patients
[6]. This study aims to assess the rate, associated microbiology,
antibiotic susceptibility, and outcomes for PD-associated peritonitis
in pediatric patients at King Fahad Medical City over 12 years. These
data will be beneficial for establishing regional treatment
guidelines.

2. Materials and methods

A retrospective study was performed at King Fahad Medical City
in Riyadh, Saudi Arabia. Hospitalized pediatric patients aged 0—14
years, diagnosed with PD-associated peritonitis between 2007 and
2018 were retrospectively reviewed and analyzed. Patients above
14 years old were excluded. Both descriptive and inferential sta-
tistics were conducted. All the patients underwent surgical catheter
insertion and received antibiotic prophylaxis during catheter im-
plantation. Additionally, topical antibiotics of the exit site are used
routinely for all of the patients as per ISPD guidelines. Regarding
the caregiver training, at least two of the family members (e.g.,
father and mother) were trained at the time of initiation of dialysis
for 1-2 weeks, to reach the required competency of doing dialysis
independently.

We used MS Excel version 2010 to analyze 208 episodes of PD-
associated peritonitis and the relationships with other study vari-
ables. We used IBM SPSS Statistics for Windows, version 21 (IBM
Corp., Armonk, N-Y., USA) to analyze the outcomes in 131 patients
with peritonitis. Descriptive statistics were presented using counts,
proportions (%), and mean + standard deviation whenever appro-
priate. The relationship between the sociodemographic data and
the outcome of peritonitis had been conducted using Fisher’s Exact
test. To adjust for the potential confounders, a multivariate
regression analysis was conducted to predict the influence of pos-
itive peritonitis from the selected sociodemographic characteristics
of the patients. Survival analysis (Kaplan Meier) was also presented
to evaluate the differences of the outcome (survival vs. nonsurvival)
between male and female subjects measured in months where the
log-rank test was also being reported. We considered a P-value of
<0.05 as statistically significant. All study variables were carefully
assessed and grouped by subject order. Missing values were
handled carefully by excluding them from the analyses. This
method was applied to maintain the consistency and accuracy of
the study results.

Data collection obtained from the patient’s medical charts,
including demographics, age at initiation of PD, onset of first
peritonitis episode after PD initiation, incidence of PD peritonitis,
period between PD catheter placement and the first episode of
peritonitis, causes of ESRD, comorbid conditions, causing organism,
antibiotics susceptibility, and outcomes. The diagnosis of peritonitis
was based on ISPD 2016 [5], where the diagnosis of peritonitis re-
quires a minimum of two of the following: (1) clinical manifesta-
tions compatible with peritonitis, (2) white cell count >100/uL or
>0.1 x 109/L with >50% polymorphonuclear cells of dialysis
effluent, and (3) positive culture for dialysis effluent. The removal of
PD catheter, transfer to hemodialysis, relapse or recurrent perito-
nitis, and patient death were the outcomes observed in this study.
An episode that happened within four weeks of the therapy
completion for a prior episode caused by the same organism or one
sterile episode was considered as relapsing peritonitis. If an episode
happened within four weeks of the therapy completion for a prior
episode, but caused by a different organism was considered as
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recurrent peritonitis. Peritonitis-related death was recorded if
death occurred during the peritonitis treatment course. The stan-
dard antimicrobial empirical therapy in our center for PD-
associated peritonitis is IP cefazolin and ceftazidime, as per ISPD
guidelines then, antibiotics were switched according to the iden-
tified organism and its sensitivity. The institutional review board at
KFMC provided the ethical approval for this research.

3. Results

In total, the cases of 146 children undergoing PD were retro-
spectively reviewed and analyzed. We excluded 15 patients un-
dergoing acute PD. Of the remaining 131 patients, 68 (51.9%) were
boys (Table 1). The patients’ age were ranged from 0 to 12 years,
with 6—12 years being the most common age (46.6%). In total, 37.4%
of patients started PD after 48 months of age and 21.4% of patients
started PD between 25 and 48 months of age. Regarding the first
peritonitis episode, 27 (20.6%) children developed peritonitis
within three months after starting dialysis, and 20 (15.3%) first
experienced peritonitis between 3 and 6 months after starting PD.
Meanwhile, 50 (38.2%) patients remained peritonitis-free. The
mean number of peritonitis episodes was 1.6 (2.5) (Table 1). The
most common comorbidities were hypertension (55%), followed by
cardiac (29%) and central nervous system dysfunction (22.1%),
whereas malignancy was uncommon (0.8%) (Fig. 1). The most
common underlying primary diagnosis was focal segmental glo-
merulosclerosis (FSGS, 15.3%), followed by posterior urethral valves
(12.2%) and congenital nephrotic syndrome (11.5%) (Fig. 2).
Regarding the presence of peritonitis (negative vs. positive) in

Table 1

Baseline characteristics of participants.
Study variable N (%)

(n=131)

Gender
Male 68 (51.9)
Female 63 (48.1)
Nationality
Saudi 125 (95.4)
Non-Saudi 6(04.6)
Place of residence
Riyadh 55 (42.0)
Outside Riyadh 76 (58.0)
Socioeconomic status
Fair 57 (43.5)
Good 74 (56.5)
Age group (years)
<1 7 (05.3)
1-5 32 (24.4)
6—12 61 (46.6)
>12 31(23.7)
Age at initiation of PD (months)
<6 13 (09.9)
6—12 18 (13.7)
13-24 23 (17.6)
25—-48 8 (214
>48 49 (37.4)
The onset of first peritonitis episode after PD initiation (months)
<3 27 (20.6)
3-6 20 (15.3)
7-12 10 (07.6)
>12 24 (18.3)
No peritonitis 50 (38.2)

The number of episodes of peritonitis (mean + standard deviation)
Patient source

New to dialysis 97 (74.0)
Failed kidney transplant 1(0.80)
Transfer from hemodialysis 33(25.2)

PD: peritoneal dialysis.
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Fig. 1. The annual rate of peritonitis, revealing the improvement of rate in the last two years.
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Fig. 2. Primary diagnosis of end-stage renal disease. FSGS: Focal segmental glomerulosclerosis; HUS: Hemolytic uremic syndrome; and MPGN: Membranoproliferative

glomerulonephritis.

relation to the baseline characteristics of participants, only the
place of residence (P = 0.020) and total duration of PD (P < 0.001)
were significantly related to its presence (Table 2). A multivariate
regression analysis had been conducted to predict the influence of
positive peritonitis from the selected baseline characteristics of
patients. Regression was adjusted in the model, including the place
of residence and total duration of PD. It was revealed that the odds
of having positive peritonitis for those patients with 6—12 months
duration of PD are 17 times higher as compared to those with less
than 6 months duration (Adjusted odds ratio (AOR) = 17.425,
Cl = 4.404—68.942, and P-<0.001); however, the odds increased to
5 times higher in the duration of 13—24 months (AOR = 5.265,
Cl = 1.362—20.355, P = .016) when compared with less than six
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months. On the other hand, the place of residence did not reach
statistical significance when predicting the effect of positive peri-
tonitis (Table 3).

Most of the patients had a single episode of peritonitis (25.2%),
followed by two (19.1%) and three episodes (6.9%). Gram-positive
bacteria were most common causative organisms (50.1%), then
gram-negative microbes (26%) and fungi (3.4%). Meanwhile, 20.5%
of cases were culture-negative (Fig. 3). Among gram-positive or-
ganisms, coagulase-negative Staphylococcus was the most com-
mon (22.1%), whereas Klebsiella (6.3%) was the most common
gram-negative microbe. Most of the gram-positive microorgan-
isms were resistant to penicillin, whereas first-generation cepha-
losporins were effective against most streptococci and methicillin-
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Table 2
Relationship between baselines characteristics and the presence of peritonitis
(n = 131).

Study variable Peritonitis P-value®
Negative Positive
N (%) N (%)
(n =50) (n=81)
Gender
Male 26 (52.0) 42 (51.9) 1.000
Female 24 (48.0) 39 (48.1)
Nationality
Saudi 48 (96.0) 77 (95.1) 1.000
Non-Saudi 02 (04.0) 4(04.9)
Place of residence
Riyadh 15 (30.0) 41 (50.6) 029"
Outside Riyadh 35(70.0) 40 (49.4)
Socioeconomic status
Fair 21 (42.0) 36 (44.4) .857
Good 29 (58.0) 45 (55.6)
Age group (years)
<5 15 (30.0) 24 (29.6) 1.000
>5 35 (70.0) 57 (70.4)
The total duration of PD (months)
<6 24 (48.0) 7 (08.6) <.001°
6—12 12 (24.0) 12 (14.8)
13-24 6 (12.0) 19 (23.5)
25—48 4 (08.0) 21(25.9)
>48 4 (08.0) 22 (27.2)

PD: peritoneal dialysis.
¢ P-value was calculated by using the Fisher’s exact test.
b Significant at p < 0.05 level.

Table 3
Multivariate regression analysis to predict the effect of positive peritonitis from the
selected baseline characteristics of the patients (n = 131).

Factor AOR 95% CI P value
Place of residence

e Riyadh Ref

e Outside Riyadh 433 0.182—-1.029 .058
The total duration of PD (months)

e <6 Ref

o 6-12 17.425 4.404—-68.942 <.001"
e 13-24 5.265 1.362—20.355 .016°

e 25-48 1.736 0.418-7.215 448

o >48 0.909 0.197—-4.200 903

AOR: adjusted odds ratio and CI: Confidence Interval.
¢ Significant at P < .05 level.

sensitive Staphylococcus aureus. However, methicillin-resistant S.
aureus was resistant to most antibacterial agents tested excluding
vancomycin (Table 4). In general, aminoglycosides had the highest
sensitivity for gram-negative pathogens, whereas gram-negative
microbes were sensitive to ceftazidime and cefepime (Table 5).
Among the presenting symptoms, 56.7%, 50%, and 49% of patients
presented with abdominal pain, fever, and cloudy effluent,
respectively. In total, 18.9% of episodes were associated with exit-
site infection. The vast majority of episodes (95.9%) were not
associated with bloodstream infections. Peritonitis was resolved in
153 episodes (73.6%), whereas 52 (25.0%) episodes required cath-
eter removal. Three episodes (1.4%) were fatal. In the multivariate
regression model, to predict catheter removal from the selected
organisms, it was found that the odds of catheter removal for those
who had exit site infection was 5 times higher as compared to those
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without it (AOR = 5.64, CI = 0.52—61.32, and P =.049). On the other
hand, gram positive, gram negative, polymicrobial, and fungi did
not reach statistical significance after adjustment for confounders
(Table 6). The survival plot of male and female subjects regarding
the onset of first peritonitis revealed that the mean survival of male
was 3.48 months while for female it was 3.57 months, whereas the
overall mean survival rate was 3.53. (Fig. 4). However, this result did
not reach statistical significance based on log-rank (Mantel-Cox)
(X2 = 0.095, P =.758).

4. Discussion

PD continues to be an effective and safe dialysis for children
with ESRD [6]. However, according to several epidemiological
studies, peritonitis is a serious complication that is commonly
associated with PD [7]. This study is the largest of this type con-
ducted in Saudi Arabia. In our 12-year study, the peritonitis rate
exceeded those recorded in the USA (0.26 episodes/patient-year),
but the rate was markedly reduced in the last two years [8].
Furthermore, our rate is lower as compared to the Annual Dialysis
Report of the North American Pediatric Renal Trials and Collabo-
rative Studies (NAPRTCS) (0.64 episodes/patient-year) and reports
in Australia and New Zealand (0.71 episodes/patient-year) [8] [9].
Our results were similar to those reported from the King Saud
University Hospital in Riyadh (1 per 4.7 patient-months) [10]. In
contrast, better results were reported by Mirza et al. (one per nine
patient-months) from the Riyadh Medical Complex and King Fahd
National Guard Hospital [11]. Our findings were also in line with
those reported by Alharthi [12]. Per ISPD guidelines, the peritonitis
rate should not exceed 0.5 episodes per year [5]. This probably
reflects the improvement in our PD program, which included
retraining and strict protocols to prevent infections. The impor-
tance of preserving the peritoneal membrane and its function in
children, who will require a lifetime of ESRD care, dictates an
effective approach to prevent peritonitis. The ISPD pediatric
guidelines have been developed by taking this approach into
consideration. However, it is reflecting an opinion-based rather
than evidence-based approach, as there are limited studies in both
the pediatric nephrology and infectious disease literature.

It has been reported that gram-positive bacteria account for
more than 50% of peritonitis episodes, whereas 20—30% of these
episodes are related to gram-negative bacteria [12]. Our findings
were in line with previous results. Among gram-positive bacteria,
Staphylococcus epidermidis and S. aureus are commonly the causa-
tive organisms. S. epidermidis can form biofilms on silastic material
more quickly than other microorganisms [13]. Meanwhile, the rate
of fungal infections was in line with the findings of international
studies [14].

Peritonitis with culture-negative is rare in North America (11%)
and Argentina (15%), whereas it was causative of about 59% of all
episodes in a multicenter Brazilian prospective study [13,15].
However, the rate of culture-negative peritonitis was 20.5% in our
study. The culture-negative peritonitis rate should not exceed 20%
of all peritonitis episodes, with a goal to be lower than 10% in any
center [5]. The empiric therapy for peritonitis episodes consist of
intraperitoneal cefepime monotherapy or can be a first-generation
cephalosporin, such as cefazolin or a glycopeptide (vancomycin or
teicoplanin) combined with a third-generation cephalosporin such
as ceftazidime according to the current pediatric ISPD guidelines.
The guidelines also recommended the use of vancomycin with a
positive history of methicillin-resistant Staphylococcus aureus
(MRSA) colonization/infection, is seriously sick, or has a positive
history of allergy to penicillins and cephalosporins [5,6]. Never-
theless, there is no consensus concerning the best empirical anti-
microbial therapy of PD-related peritonitis. An empirical treatment
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Fig. 3. Most common microorganisms causing peritonitis. CONS: coagulase-negative Staphylococcus aureus; MSSA: Methicillin sensitive Staphylococcus aureus; and MRSA:

Methicillin-resistant Staphylococcus aureus.

Table 4
Gram-positive organisms’ susceptibility.

functional recovery in line with exit-site infection in 18.9%, which
makes exit-site infection an important risk factor [18]. Another risk

Gram-positive organisms  Penicillin Vancomycin  Cephalothin factor is prolonged PD; patients undergoing PD for more than 84

S R S R S R months developed more peritonitis episodes (28.8%), when
CONS % 44 956 100 0O 282 718 compared with patients undergoing PD for less than six months
MSSA % 7.5 925 100 0 963 3.7 (6.2%). P value was <.001. In the current study, 82% of full functional
Streptococcus % 77 33 100 0 80 20 recovery was the outcomes of the peritonitis episodes comparable
ﬁ“}gﬁ’;"“us % (2)3'5 Zég ?gg‘ (1)6'6 go ?80 to the rate of 89%, which was reported in large multicenter studies
Others % 100 0 100 0 100 0 with data extracted from the IPPR [18].

S: Sensitive; R: Resistant; CONS: Coagulase negative Staphylococcus aureus; MSSA:
Methicillin-sensitive Staphylococcus aureus; MRSA: Methicillin-resistant Staphylo-
coccus aureus.

with glycopeptide and ceftazidime was superior to cefazolin and
ceftazidime as demonstrated by a meta-analysis study [16,17].
However, our study results showed that the use of vancomycin is
essential in cases with coagulase-negative Staphylococcus aureus
(CONS) and MRSA peritonitis; however, the use of cefazolin plus
ceftazidime as empirical therapy for peritonitis is still effective,
when there is no concern for CONS and MRSA. Most of the gram-
negative organisms were sensitive to aminoglycoside; however, it
was used only in cases resistant to ceftazidime, secondary to its
effect on residual renal function. Regarding monotherapy cefepime,
additional prospective research is needed to assess its effectiveness
in our population.

The International Pediatric Peritonitis Registry from 44 pediatric
dialysis centers reported the outcomes of 548 episodes of perito-
nitis in 392 pediatric patients, 89% of patients achieved full

Moreover, concerning the long-term outcomes of children on
PD, our findings regarding the shift to hemodialysis were similar to
those of international and European registries (8.1% and 21%,
respectively) [19]. Besides, another study found that 18% of epi-
sodes of peritonitis in the US and 16% of those in Canada required
catheter removal [12]. There is an appreciable variation in the re-
ported prevalence of peritonitis-associated mortality in the litera-
ture [20]. In our study, peritonitis-related mortality was considered
for any death during the peritonitis course. However, the rate of
deaths due to peritonitis complicated by septic shock was lower
than that reported in Italy (9.5%) [21].

The main limitations of our study include the retrospective
design and sample size and subsequent bias in results and
conclusions.

5. Conclusion

The results of our study showed that the prevalence of perito-
nitis was comparable with those of other large pediatric studies and
previous international registries related to common organisms. The

Table 5

Gram-negative organisms’ susceptibility.
Gram-negative organisms Ceftazidime Cefepime Aminoglycoside Tazocin Ciprofloxacin Meropenem

S R S R S R S R S R S R

Pseudomonas% 92.8 7.2 91.6 84 100 0 92.8 7.2 100 0 100 0
Klebsiella including ESBL % 60 40 63.6 36.4 100 0 90 10 81.8 18.2 91 9
Escherichia coli including ESBL % 66.6 334 66.6 334 88.8 11.2 78.5 12.5 85.7 14.3 100 0
Acinetobacter baumanni% 87.5 125 100 0 100 0 87.5 12.5 100 0 100 0
Others % 55.5 445 83.3 16.7 100 0 75 25 83.3 16.7 833 16.7

S: Sensitive; R: Resistant; and ESBL: Extended-spectrum beta-lactamases.
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Table 6
Association between the outcome of peritonitis among the selected baseline characteristics and selective organisms of children with peritonitis (n = 208).
Factor Resolved Catheter Removal Death AOR (95% CI) P-value®
N (%) N (%) N (%)
(n=153) (n=52) (n=3)
Gram Positive 67 (43.8) 29 (55.8) 02 (66.7) 0.47 (0.16—1.41) 275
Gram Negative 35 (22.9) 11(212) 01(333) 0.32 (0.10—1.00) 739
Polymicrobial 09 (05.9) 02 (03.8) 0 0.96 (0.22—4.14) 774
Fungi 08 (05.2) 03 (05.8) 0 0.10 (0.02—0.55) 1.000
Exit Site Infection 28(18.3) 04 (7.7) 0 5.64 (0.52—61.32) 049 °
AOR — Adjusted Odds Ratio; CI — Confidence Interval.
¢ P-value has been calculated by using the Fisher’s Exact Test.
b Significant at P < .05 level.
Survival Functions
ender
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Onset of first peritonitis

Fig. 4. The survival plot of male and female subjects during the onset of first peritonitis. Kaplan Meier.

rate of peritonitis was noticeably high in our study, although the
rate was markedly reduced in the last two years, most likely related
to the prolonged duration of PD and exit site infection. Further
studies are required to identify other risk factors in our populations,
including the assessment of environmental factors. Our data sug-
gest that ceftazidime and cefazoline are still considered as effective
options in the empirical therapy. Vancomycin instead of cefazoline
should be considered when there is a concern for CONS and MRSA.
Renal transplants within the first two years after the initiation of PD
will decrease the overall rate of peritonitis.
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