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Abstract
Infection-related complications remain the most significant cause for morbidity and technique failure in infants, children and

adolescents who receive maintenance peritoneal dialysis (PD). The 2024 update of the Clinical Practice Guideline for the

Prevention and Management of Peritoneal Dialysis Associated Infection in Children builds upon previous such guidelines pub-

lished in 2000 and 2012 and provides comprehensive treatment guidance as recommended by an international group of pedi-

atric PD experts based upon a review of published literature and pediatric PD registry data. The workgroup prioritized

updating key clinical issues contained in the 2012 guidelines, in addition to addressing additional questions developed using

the PICO format. A variety of new guideline statements, highlighted by those pertaining to antibiotic therapy of peritonitis

as a result of the evolution of antibiotic susceptibilities, antibiotic stewardship and clinical registry data, as well as new clinical

benchmarks, are included. Recommendations for future research designed to fill important knowledge gaps are also provided.
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What’s New in the 2024 Update of the ISPD Pediatric
Peritonitis Guidelines?

• Revised, updated training recommendations (page 6)
• Revised, updated recommendations for early exit-site

care (page 17)
• Revised recommendations for chronic exit-site care

(page 18)
• Revised, updated recommendations regarding adjunct-

ive prophylactic antimicrobial therapy (page 29)
• Revised recommendations for the diagnosis of periton-

itis (page 33)
• Revised, updated recommendations for modification of

therapy for gram-positive peritonitis (page 41)
• Revised, updated recommendations for modification of

therapy for gram-negative peritonitis (page 46)
• Revised recommendations for treatment of culture-

negative peritonitis (page 54)
• Revised recommendations for treatment of fungal peri-

tonitis (page 57)
• New recommendations for treatment of Mycobacterial

peritonitis (page 60)
• Revised recommendations regarding relapsing, recurrent

and repeat peritonitis (page 62)
• Revised recommendations regarding adjunctive therapy

of peritonitis (page 66)
• Revised criteria for diagnosis of PD catheter related

infection (page 74)
• Revised recommendations for treatment of a PD catheter

related infection (page 79)
• Revised, updated recommendations regarding monitor-

ing of infection rates and risk factor assessment, and
clinical benchmarks for rates of peritonitis overall,
culture-negative peritonitis and percentage of PD cath-
eter insertions followed by peritonitis within 30 days
of catheter insertion (page 84)

Introduction
Infection-related complications remain the most significant
cause of morbidity and peritoneal dialysis (PD) discontinu-
ation in infants, children and adolescents who receive main-
tenance peritoneal dialysis (PD). The clinical, emotional
and economic impact associated with these infections
prompted publication of the initial, largely opinion based
recommendations pertaining to the prevention and treat-
ment of catheter-related infections and peritonitis in pediat-
ric patients receiving PD in 2000.1 Subsequent to that work,
the International Pediatric Peritonitis Registry (IPPR) was
established to collect infection related data and to evaluate
the influence of implementation of the guidelines on the
pediatric PD population. The information made available
from the IPPR served as the foundation for the second set
of guidelines published in 2012.2 Over the past decade,
further data collection by the International Pediatric
Peritoneal Dialysis Network (IPPN) and the Standardizing

Care to Improve Outcomes in Pediatric End-stage Kidney
Disease (SCOPE) quality improvement collaborative, com-
plemented by a variety of publications, has created a new
evidence base that allowed the creation of this update to
the 2012 consensus guidelines.

Methods
As was the case with the two prior sets of guidelines, the
workgroup consisted of an international team of experts
comprised of pediatric nephrologists, pediatric infectious
diseases specialists, a pediatric dialysis nurse, and method-
ology experts. Pediatric pharmacologists were added to the
workgroup for this set of guidelines. Panel discussions took
place face-to-face, during conference calls, and by email.

The current set of guidelines was developed using the
Grading of Recommendations Assessment, Development
and Evaluation (GRADE) approach for evidence assess-
ment in collaboration with the Evidence Based Practice
and Implementation Center (EPIC) at the University of
Kansas Medical Center. The workgroup prioritized updat-
ing questions addressed in the 2012 guidelines and devel-
oped a list of additional questions for good practice and
implementation using the PICO format (Population,
Intervention, Comparison, Outcomes).3 In addition to peri-
tonitis rates, workgroup members also considered other out-
comes such as PD catheter exit-site/tunnel infections,
resolution of clinical symptoms, and transfer to hemodialy-
sis in the process. Details around both sets of questions and
corresponding outcomes can be found in Supplemental
Tables S1 and S2.

Literature search and article selection
Ovid Medline, Embase, and Cochrane databases were
searched for relevant articles published through
November 2021. A combination of keywords and subject
headings were used for a more comprehensive search. As
an additional step, a reference list of existing peritonitis
guidelines and resources suggested by workgroup
members was reviewed.2,4–6 Supplemental Table S3 pro-
vides the search strings we used across databases.

All titles and abstracts of the references identified by the
search strategy were screened by two independent work-
group members using the online platform Rayyan.7 Any
article that was included by at least one reviewer was
included for full-text screening. A similar process was
carried out for the full-text screening of articles using the
software Covidence.8 Disagreements around inclusion or
exclusion of articles at the full-text screening stage were
resolved through workgroup meeting discussions.

Any studies that addressed at least one of the 54 priori-
tized PICO questions were included. This included rando-
mized studies, non-randomized studies with a comparison
(e.g., cohort, case-control, cross-sectional), and non-
randomized studies without a comparison (i.e., case series).
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We excluded non-English studies, studies describing only
the adult population, and case reports. Supplemental
Figure S1 provides detailed information about inclusion
and exclusions, using the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) flow
diagram.9 Supplemental Table S4 provides information
around the included studies.

Data collection and analysis
Two independent workgroup members extracted informa-
tion in duplicate from the eligible studies using a standar-
dized data extraction form. The two extractions were
collated into one and any disagreements were resolved
through discussions. For each study, general characteristics
(e.g., publication year, country, study design), details
about the population (age, gender, duration of PD treat-
ment), details about the intervention (e.g., dose, route of
administration), and details around outcomes (e.g., fre-
quency of peritonitis episodes, change in dialysis modal-
ity) were extracted. When studies reported a mix of
children and adults, only the results from children were
included. When studies used more than one intervention
and reported on the combined results of all interventions,
the results of the intervention were summarized only if
more than 80% of the study participants received that
intervention. Since performing a quantitative synthesis of
the results was not possible with the heterogeneity of the
eligible studies, the study results were synthesized
narratively.

Risk of bias and certainty of evidence
We used the Risk of Bias in Nonrandomized Studies of
Interventions (ROBINS-I) tools10 to appraise the risk of
bias in prevalence studies and in case series.11

Supplemental Tables S5 and S6 provide a summary of
those judgments. The GRADE framework was used to
assess the overall certainty of the evidence by evaluating
the body of evidence for each outcome in the following
domains: risk of bias, imprecision, inconsistency, indirect-
ness, and publication bias.12,13 The GRADE summary of
findings tables were developed using the GRADEpro
Guideline Development Tool.14 Supplemental Tables S7–
S47 provide details around those summaries and the cer-
tainty of evidence judgments.

Unpublished data
For questions that have no or sparse published data to inform
them, the guideline workgroup communicated with the lead-
ership of the IPPN registry and the SCOPE Collaborative
requesting analyses be completed to answer these questions.
When feasible, published or unpublished evidence from
IPPN and SCOPE was utilized to inform questions.

Evidence to recommendations
The workgroup used the Evidence-to-Decision (EtD)
framework for developing recommendations using
GRADEpro software.14 This included considering the cer-
tainty of evidence and the balance between desirable and
undesirable effects, in addition to other domains (e.g., feasi-
bility, resource use, acceptability) for developing recom-
mendations. Supplemental Tables S48–S85 provide
details around the considerations and judgments for each
recommendation.

These recommendations are based on contemporary
evidence when such evidence is available. As per
GRADE methodology, within each recommendation,
the strength of recommendation is indicated as Level 1
(We recommend), Level 2 (We suggest) or Not
Graded, and the quality of the supporting evidence is
shown as A (high quality), B (moderate quality), C
(low quality) or D (very low quality). The recommenda-
tions are not meant to be implemented in every situation
indiscriminately. Each PD unit should examine its own
pattern of infection, causative organisms and antibiotic
susceptibilities and adapt the protocols to local condi-
tions as necessary. Supplemental Figure S2 provides
the suggested interpretation of strong and weak recom-
mendations for the population, health care workers,
and policy makers.

Statements that are not supported by a systematic review
of the pediatric literature (often times as a result of the
absence of pediatric literature), there is no supporting pedi-
atric registry data, they are opinion based or the recommen-
dation might have been extrapolated from pediatric
literature published subsequent to November, 2021, are
based on the adult experience without a systematic review
of the supporting evidence or are based on a non-systematic
review of other pertinent literature, were Not Graded (We
suggest).

Finally, when possible, the workgroup attempted to
harmonize the recommendations for children with the
recently published adult recommendations. However,
where the adult and pediatric recommendations dif-
fered, the adult recommendation has been included in
the rationale which supports the pediatric recommenda-
tion following the specific guideline statement. In add-
ition, supporting information (e.g., reporting of
peritonitis rates, definitions, stability of antimicrobials)
included in recent publications pertaining to adult PD
patients that is equally applicable to the pediatric PD
population has been included in this publication.

Guideline 1 – Training
1.1 PD training should be performed using a formalized

teaching program with clear content, objectives, and con-
sideration of the previously published ISPD syllabus for
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teaching peritoneal dialysis to patients and their caregivers
(Not Graded).

1.2.We suggest that the training session length and total dur-
ation of training be tailored to the needs of the child on PD and
their caregivers, with an emphasis on providing longer total
training duration rather than shorter, whenever possible (2D).

1.3. We suggest that a formal assessment, including
post-training written and demonstration competency
testing, be performed as part of home PD training for chil-
dren on PD and/or their caregivers (2D).

1.4. We suggest that a home visit be performed as part of
the training process for children on PD (2D).

1.5. We suggest regular retraining/reassessment of all
children on PD and/or their caregivers (2D).

Rationale
Guideline 1.1: Peritoneal dialysis (PD) performed in the

home requires appropriate training of the patient and/or their
caregiver(s) to minimize the risk of complications, including
infection. As healthcare educators, we must consider the ele-
ments of adult learning principles when providing home PD
training, as well as the patient and/or caregiver’s readiness to
learn.15 It is necessary to identify barriers that prevent effective
delivery of healthcare information including literacy, culture,
language, and physiological barriers.15

When training patients and caregivers to perform home
PD, current guidelines suggest the use of a formalized train-
ing program that has clear objectives and criteria, and

Table 1. Peritoneal dialysis training contents.

1. Design

a. Training course should be based on Knowle’s 6 principles for Adult Education17,398

b. ISPD Training Course Syllabus should be used as a guide for planning training sessions.17

c. Assess learning style using the VARK Questionnaire and modify the training content to meet the needs of the type of learner

(Visual, Aural, Read-write, Kinesthetic).17,399

d. Assess health literacy of the learner prior to beginning training17

e. Assess and address any barriers to learning PD17

f. Establish rapport and develop a relationship with the patient/caregiver prior to beginning training17

g. Discuss course overview and describe the goals and plans for each training session.17

2. Theory

a. Functions of the kidney

b. Overview of PD (osmosis, diffusion, PD prescription)

c. Fluid balance

d. Prevention of infection

e. Dietary Management

3. Practical

a. Hand hygiene

b. Aseptic technique

c. Dialysis therapy: cycler and/or manual exchanges

d. Troubleshooting alarms on the cycler

e. Obtaining and documenting vital signs (blood pressure, HR, temperature)

f. Obtaining, documenting and managing fluid weight

g. Exit-site care

h. Review use of any technology applications used for recording/communicating treatment data

4. Complications

a. Emergency measures for contamination

b. Signs, symptoms and treatment of peritonitis

c. Signs, symptoms and treatment of exit-site and tunnel infections

d. Drain problems (constipation, fibrin)

e. Fluid balance (hypertension, hypotension)

f. Other (leaks, pain)

5. Other

a. Administration and storage of medications

b. Ordering and managing supplies

c. Managing life with PD (school, sports, activities, holidays, travel)

d. How to contact the PD team

e. Clinic visit expectations

f. Home visit expectations

g. Community resources

h. Emergency/disaster preparedness

i. Domestic pets and zoonotic infection (link)
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incorporates adult learning principles (Table 1).16,17 Health
literacy assessments18 and learning style assessments19 are
commonly used to tailor patient and/or caregiver education
to the learning style, literacy and health literacy level of
each learner. The ISPD published a syllabus for teaching
PD to patients and caregivers in 2016, based on theories
and principles of adult education, which is currently being
updated. The current syllabus provides a 5-day training
course of 3 hours each day. Each training day has an object-
ive, a list of topics to be covered, and incorporates adult
learning principles and teaching tips for the nurse about
each topic (ISPD Syllabus). The syllabus also includes an
assessment and checklist which documents who the lear-
ners are, who the trainers are, dates for training, total train-
ing hours per day, patient and/or caregiver’s learning styles
(based on VARK assessment) and patient and/or care-
giver’s barriers to learning (such as low literacy, low
health literacy, depression, anxiety, language barrier).
Duration of training and specific content of the syllabus
used should be modified to accommodate the learner.

The ISPD training syllabus suggests that “after comple-
tion of the content contained in the PD training syllabus, the
PD nurse will have provided education to a patient and/or
caregiver such that the patient/caregiver has the required
knowledge, skills and abilities to perform PD at home
safely and effectively.”17 While this training syllabus was
intended for the adult learner and the adult PD patient popu-
lation, it can be modified to include pediatric specific
content that the learner would need to know to be successful
in providing PD care to children on PD.

The training should be performed by an experienced PD
nurse, ideally with pediatric training, and should include
content related to infection prevention such as hand
hygiene, aseptic technique, exit-site care and appropriate
treatment for contamination.16,17

Training can take place in the clinic, the patient’s home,
in the hospital or any location that can accommodate all of
the components of PD training. There is no evidence to
suggest that any location is superior to the others.17

Guideline 1.2: Overall, studies have shown inconsistent
associations between peritonitis risk and training duration.
An international survey from 2001 of centers which cared
for children on PD showed that the greater the amount of
training time spent on theory and practical/technical
content, the lower the associated peritonitis rate.20 In con-
trast, a survey from 2016 in one country failed to demon-
strate a correlation between training time and peritonitis
rate. The SCOPE Collaborative evaluated whether compli-
ance with 4 key components of PD training as suggested by
the ISPD guidelines, was associated with risk for infection
at the patient level; limiting training sessions to under
3 hours was one component. The analysis found that there
was no significant difference in median days to first periton-
itis episode or first peritonitis episode within 3 months of
training completion between the ISPD compliant
(≤3 hours per training session) and the ISPD non-compliant

groups. The median total training hours was 21.5 hours.
There was no difference in peritonitis risk for patients
with less than or greater than 20 hours total training
time.21 In contrast, a recent international survey from the
IPPN did show that the overall peritonitis rate was signifi-
cantly higher in centers performing training for less than a
total of 20 hours.22 This survey also showed a higher risk
for gram-positive peritonitis in centers performing training
for less than 20 hours. This same survey showed no associa-
tions between training practices and exit-site infection (ESI)
rates.

Additional Considerations: Whereas a longer duration
of training may be required in some instances, this may be
limited by the number of trained staff available, and the
labor costs associated with prolonging training, despite
the clinical and economic benefits associated with prevent-
ing peritonitis.

Guideline 1.3: Subsequent to the completion of training,
a formal training assessment is recommended. The type of
assessment performed at the completion of home PD train-
ing to determine if the objectives of training have been met,
should be determined by each dialysis training program (eg
oral, written, demonstration).17 The SCOPE Collaborative
recommends concept and demonstration testing at comple-
tion of training and every 6 months thereafter.23 In the
SCOPE collaborative, 96% of trainings complied with the
post training protocol, including a concept and demonstra-
tion test at the completion of training. Although compliance
with the training bundle has not been associated with peri-
tonitis rate, compliance with this bundle was quite high at
96%, which may have limited the ability to detect associa-
tions between compliance and peritonitis rate.23,24

Guideline 1.4: Although studies have not demonstrated
that home visits impact peritonitis risk, an assessment of the
home environment may provide valuable information that
informs delivery of care.25 Findings during the home visit
may warrant recommendations from the dialysis staff
about the home dialysis treatment room setup, storage of
supplies and medications, and general cleanliness of the
treatment space. Equipment should also be inspected
during a home visit and may prompt necessary maintenance
and/or replacement.25 An assessment of the sinks used at
home for hand hygiene and the showers/tubs used for
bathing may yield findings that mandate continued educa-
tion about the importance of routine cleaning of these
areas to prevent bacteria growth.

In a retrospective pediatric study, patients on home auto-
mated PD (APD) had their initial home visit conducted by a
trained dialysis nurse. The authors suggested that home
visits be performed soon after initiation of home PD and
that follow-up home visits should occur every 12 months,
after episodes of peritonitis, or when other concerns
arise.25 The recommendation was made that the following
should be recorded as part of the home visit assessment:
type of surrounding community, type of dwelling, presence
of a working dialysis machine, thermometer, smoke
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detector, and fire extinguisher, assessment of the room
where dialysis is performed each night, assessment of the
space where handwashing occurs, assessment of where dis-
posal of fluids occurs, location of storage of dialysis sup-
plies, and a review of medications and their proper
storage. A review of the findings at each home visit
should then be discussed with the interdisciplinary team
and recommendations made based on the findings.25

In terms of peritonitis risk, an international survey from
2001 showed no correlation between home visits and peri-
tonitis rates, whereas a survey from 2016 in one country
demonstrated a significant correlation between home
visits and peritonitis rates.26 A recent international survey
from the IPPN registry showed that there was no significant
difference in the rate of peritonitis between those pediatric
patients who received a home visit and those who did
not, after adjusting for country gross domestic product
(GDP) and center size.22 The SCOPE Collaborative also
evaluated whether compliance with a home visit was asso-
ciated with risk for infection at the patient level. This
assessment revealed that there was no significant difference
in median days to first peritonitis or first episode of periton-
itis within 3 months of PD training completion between
those patients who did and did not have a home visit.21

As part of training and home visits, an assessment should
be performed regarding pets in the home. Education of chil-
dren on PD and their caregivers should include risks of peri-
tonitis when the child on PD and/or the PD equipment has
direct contact with animals. The ISPD peritonitis guideline
recommendations: 2022 update on prevention and treat-
ment describes specific infectious complications
and should be referred to during training, home visits and
when a diagnosis of peritonitis with unusual organisms sus-
picious of zoonoses occurs.27 These guidelines suggest that
pets not be allowed in the room where PD exchanges takes
place and where dialysis tubing, equipment and the
machine are stored.27

Additional Considerations: In the IPPN survey, a sig-
nificantly lower prevalence of home visits were noted in
countries with a low GDP. A lack of resources, staffing,
logistical and financial constraints along with distance
between the hospital/PD center and the patient home are
possible limitations to the capacity to perform home visits.

Guideline 1.5: Studies and registry data have shown
inconsistent associations between peritonitis risk and the
frequency of retraining. A study from 2021 revealed that
the adjusted peritonitis rate decreased by 0.38 episodes
per patient year from Phase 1 (no re-training) to Phase 2
(re-training).28 The curriculum for this study included
modules on exit-site care, hand hygiene, peritonitis, PD
setup and trouble-shooting and home visit.

Data from the SCOPE Collaborative has demon-
strated that provider compliance with the follow-up
bundle and a regular (e.g., monthly during clinic visit)
review of catheter care practice recommendations, as
well as demonstration of competency with these

procedures every 6 months, was associated with a sig-
nificantly lower risk of peritonitis at the patient
level.24 Compliance with the individual elements of
the follow-up bundle including review of hand
washing, exit-site care and aseptic technique was sig-
nificantly lower in those patients with peritonitis com-
pared with the no peritonitis group.

In contrast, a recent international survey from the IPPN
found no significant difference in peritonitis rates between
those centers who conducted regular periodic training reas-
sessments and those who provided a training reassessment
post peritonitis only, after adjusting for GDP and center
size. However, these results may be confounded by the
small number of centers in the survey who regularly con-
ducted retraining sessions.22

Additional Considerations: There is an assumed cost
saving if peritonitis is prevented by retraining. However,
a lack of resources, staffing, logistical and financial con-
straints are possible limitations for retraining.

Limitations: There is a very low quality of evidence
regarding the relationship between the duration of training
and peritonitis risk as the data and publications that exist
are largely derived from surveys and expert opinion.
Clarification is also needed regarding what “duration of
PD training” means, as studies reference total training
time as well as training time per session. Since formal post-
training assessment is almost universally included as stand-
ard practice among pediatric dialysis programs world-wide
and home visits are commonly practiced, the capacity of
clinical practice surveys to determine the impact of these
interventions on peritonitis rate is limited.

Research Recommendations

● Future studies should clearly define duration of PD training
and evaluate the relationship between training duration and
cost, patient and caregiver satisfaction, and peritonitis rate.
● Future studies should attempt to determine the form of
post-training assessment which is most informative
regarding future performance of PD and the risk of
peritonitis.
● Future research should be conducted to address the
impact of the timing and content of retraining on peritonitis
rate. Studies looking at the cost and potential cost savings
associated with retraining are also needed.

Guideline 2 – Catheter Type and
Placement

2.1 We suggest the use of a double-cuff PD catheter with
a downward or lateral exit-site orientation (2D).

2.2 We suggest that the technique used for PD catheter
placement be based on patient suitability and expertise of
the operator (2D).
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2.3 We suggest that perioperative intravenous antibiotics
be provided prior to insertion of a PD catheter (2C).

Rationale
Guideline 2.1: Efforts to minimize the risk for periton-

itis and exit-site infection begin with placement of the PD
catheter. The Tenckhoff catheter remains the most com-
monly used catheter for children on PD, but various cath-
eter characteristics, including the number of dacron cuffs
in the subcutaneous tunnel and the orientation of the cath-
eter as it exits the skin, may influence the risk for infec-
tion.29–31

The theoretical benefit of a PD catheter with two cuffs in
the subcutaneous tunnel, rather than one, is the additive
barrier against migration of organisms from the skin to
the peritoneal cavity. In fact, early data from the North
American Pediatric Renal Trials and Collaborative
Studies (NAPRTCS) revealed a higher risk for peritonitis
in children with a PD catheter with a single cuff rather
than 2.32 Those early data influenced clinical practices,
and data from the SCOPE Collaborative and the IPPN
reveal that two-cuffed catheters are now placed in the
majority of children on maintenance PD.30,31 However,
observational studies in children on PD have failed to
show a consistent benefit of a second cuff in terms of infec-
tion prevention. Data from a single center retrospective
review and several analyses of SCOPE data have shown
no difference in peritonitis rates and/or rate of exit-site
infection between catheters with one or two cuffs.24,30,33–
35 A single center study of children on PD published by
Macchini et al. noted higher exit-site infection rates asso-
ciated with catheters with two cuffs, while data from the
IPPR Registry demonstrated that the presence of a single
cuff catheter was associated with a higher rate of relapsing
peritonitis and gram negative peritonitis.36–38 Data from the
IPPN shows no difference in the rates of catheter revision or
obstruction between single and double cuffed catheters.31

One potential complication of a double cuff catheter is
the risk of cuff extrusion, with extrusion rates between 2
and 10% reported in studies of children on PD, and 0–
13% in studies of adults on PD.39,40 Placement of the
outer cuff at least 2 cm from the exit site may reduce the
risk for extrusion.41,42

In adults on PD, a small, potentially underpowered ran-
domized controlled trial showed no difference in peritonitis
rates with one versus two cuffed catheters, while a large
retrospective study did reveal a lower peritonitis rate asso-
ciated with two cuffs.43,44 However, the impact seen in the
latter study may have been era related, with no difference in
peritonitis rates noted in the era after the use of prophylactic
exit-site and/or intranasal antibiotics had been widely
adopted.44 In fact, previous guidelines for adults on PD
emphasized that placement of a catheter with two cuffs
may be particularly beneficial when prophylactic antibiotics
are not used.41 However guidelines published in 2023

suggest that no catheter design, including the number of
cuffs, has been shown to be superior to another in terms
of reducing the risk for catheter-related infections.45

Early data from the NAPRTCS registry demonstrated a
higher risk for exit-site infection and/or peritonitis with an
upward, rather than a lateral or downward orientation of
the catheter exit site.32 Subsequently, data from the IPPN
and SCOPE revealed that the majority of catheters placed
in children have a downward or lateral orientation of the
exit site.30,31 Data from the SCOPE collaborative support
the earlier findings from NAPRTCS, with multivariable
analyses revealing a higher risk for peritonitis with an
upward orientation of the exit site (rate ratio, 4.2; 95% con-
fidence interval, 1.49 to 11.89).37 A separate analysis of
SCOPE data did not, however, find an association
between exit-site orientation and rate of exit-site/tunnel
infection.35 These findings support the notion that unrecog-
nized factors, including patient factors or center preference,
also likely influence catheter choice.30,31

Additional Considerations: Other catheter character-
istics to consider include the shape of the subcutaneous
tunnel, which may be straight or have a preformed arc
or swan-neck configuration, and the intraperitoneal cath-
eter segment, which may be straight or coiled. The poten-
tial benefit of a swan-neck tunnel configuration is that the
arc facilitates a downward orientation of the exit site and
allows the distal end of the catheter to be positioned in the
pelvis in an “unstressed condition”, reducing the risk for
catheter migration out of the pelvis.46,47 Observational
studies in children on PD have not demonstrated significant
associations between infection, including peritonitis and/or
exit-site infection, and the shape of the subcutaneous tunnel
or the intraperitoneal segment.24,32,34,35 Of note, data from
the IPPR did show an increased rate of post-peritonitis PD dis-
continuation with the use of a straight intraperitoneal catheter
segment and an analysis of data from the IPPN demonstrated
a higher risk for catheter revision with a swan neck tunnel
and a curled intraperitoneal segment.31,48

A final consideration is the adapter that connects the
catheter to the transfer set. Most PD catheters are supplied
by the manufacturer with a plastic adapter, but this may be
exchanged for a titanium adapter. Studies from the SCOPE
collaborative have demonstrated a higher risk of peritonitis
with the use of a plastic, rather than a titanium adapter.24,30

Guideline 2.2: Optimal placement of a PD catheter is
vital to ensure a well-functioning access and to minimize
the risk for infection. Historically, PD catheters were
placed using an open technique, but increasingly a laparo-
scopic approach has been used for PD catheter insertion
in children.30,49 The potential benefits of the laparoscopic
approach include that it is less invasive, with a smaller-
diameter perforation which may aid healing and reduce
the risk for leakage of dialysate. It also allows complete
visualization of the peritoneal cavity, which may facilitate
lysis of adhesions and identification and repair of internal
hernias.50
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Unfortunately, there have not been any prospective trials
comparing outcomes in children with PD catheters based on
insertion technique. Data from observational studies
include an analysis of 1106 PD catheter insertions among
children enrolled in the SCOPE Collaborative which inves-
tigated risk factors for early peritonitis, defined as periton-
itis in the first 90 days after catheter placement.30 In
univariate analysis, catheter placement technique was not
associated with the risk for early peritonitis (p= 0.440).30

A more recent analysis of SCOPE data included 1826
PD catheters of which 1416 were inserted using the laparo-
scopic technique, and 410 inserted using an open technique.
In multivariable analyses, there was also no significant
association between laparoscopic PD catheter placement
and the occurrence of peritonitis within 7 days (aOR =
2.50, 95% CI 0.64–9.80, p= 0.19) and 30 days of PD cath-
eter insertion (aOR = 1.20, 95% CI 0.67–2.18, p= 0.54).51

A retrospective study by Lindley et al. compared the
peritonitis rate among 10 patients who received simultan-
eous laparoscopic-assisted placement of a percutaneous
endoscopic gastrostomy (PEG) and PD catheter placement
with the rate among 23 children who received simultaneous
PD catheter and gastrostomy creation using an open tech-
nique.52 There was no significant difference in peritonitis
rates per catheter year between the two groups (0.89
versus 0.59, p= 0.12).52 This study also evaluated exit-site
infection rates and catheter survival and found no difference
in these outcomes based on insertion technique.52 Whereas
a higher percentage of peritonitis episodes due to Candida
species was observed in the laparoscopic group, the differ-
ence was not statistically significant (27% versus 14%, p=
0.42).52 It should be noted that this study included infection
events well beyond the early post-operative period when the
impact of implantation technique on the risk of infections is
less obvious.52

As stated above, there may be additional benefits of lap-
aroscopic PD catheter insertion including improved
healing, but these outcomes are not routinely captured in
large national or international registries. A single center,
retrospective study found no difference in catheter rates
of leakage or obstruction after 25 laparoscopic and 23
open PD catheter placements in children.50

Studies in adults with side-by-side comparisons of various
PD catheter insertion techniques including percutaneous
needle-guidewire with or without image guidance, peritoneo-
scopy, laparoscopy, and open dissection, as well as system-
atic reviews and meta-analyses comparing laparoscopic and
open placement have not demonstrated consistent superiority
of one technique with regard to infection prevention.41,45,53–
63 However, a meta-analysis published in 2018 differentiated
between basic and advanced laparoscopic catheter place-
ment, with basic laparoscopic technique defined as using
laparoscopy only to monitor the position of the catheter tip
in the peritoneal cavity, while advanced laparoscopic place-
ment includes various preemptive procedures to optimize
catheter function such as rectus sheath tunneling,

omentopexy, and lysis of adhesions.41,64,65 This
meta-analysis found that advanced laparoscopic placement
provided better outcomes than open dissection or basic lapar-
oscopy, with outcome metrics including catheter tip migra-
tion, obstruction and catheter survival.64

Additional Considerations: Although this recommen-
dation focuses on the technique used for catheter place-
ment, good clinical practice includes other practices to
minimize the risk of infection. This includes determination
of the location of the exit site, with placement away from
the beltline in older children and the diaper area in
infants.2 The presence of stomas (e.g., vesicostomy, ureter-
ostomy, colostomy, gastrostomy) will also influence the
preferred exit-site location. To optimize function of the
PD catheter, pre-placement care should include screening
for and treatment of constipation.66

The PD catheter may be inserted through either a lateral or
midline incision. In infants and children, a paramedian inser-
tion is typically recommended to minimize the risk for her-
niation or dialysate leakage.2,61,62,67,68 An omentectomy is
routinely performed at the time of PD catheter placement,
to minimize the risk for PD catheter obstruction.66,68

Once inserted, the catheter should be securely anchored to
optimize healing and minimize the risk for traction
injury-related exit-site infection. A suture should not be
placed at the exit site, as the presence of sutures increases
the risk for bacterial colonization and subsequent infection.2

The application of fibrin glue to the peritoneal cuff during
implantation may be used, and was shown to reduce the
risk for dialysate leakage in an open-label randomized
study in a single pediatric center, but that study did not
find an association between application of fibrin glue and
the development of either exit-site infections or peritonitis.69

Previous guidelines for children on PD recommended
delaying catheter use for 10–15 days following catheter
insertion.2 In fact, data from the SCOPE collaborative iden-
tified use of the PD catheter for dialysis within 14 days of
catheter insertion as an independent risk factor for periton-
itis in the first 60 days after catheter insertion.30 Data in
adults on PD has shown an association between early use
of the PD catheter and risk of dialysate leak, but uncertain
effect on the risk for exit-site infection.45,70

Guideline 2.3: Administration of perioperative antibio-
tics is widely employed to reduce the risk for surgical site
infection, and previously published guidelines for the pre-
vention of peritonitis have advocated for this approach to
minimize the risk of peritonitis following insertion of a
PD catheter.2,27 Data on the effectiveness of this strategy
in children are limited. Sardegna et al. conducted a retro-
spective study of 73 children who received 89 PD catheters
and demonstrated that peritonitis in the first 14 days after
PD catheter insertion was less common in children receiv-
ing prophylaxis with a cephalosporin (cefazolin, cefurox-
ime, ceftriaxone), vancomycin, ampicillin, or nafcillin–
gentamicin, than in patients who did not receive prophylaxis.
A step-wise logistic regression analysis demonstrated that the
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only independent variable which correlated with a reduction
in the frequency of peritonitis episodes was antibiotic admin-
istration in the perioperative period.71 The reduction in peri-
tonitis was not specific to any antibiotic class.71 An analysis
of more than 1000 PD catheters inserted in children as part of
the SCOPE collaborative sought to identify risk factors for
early onset peritonitis, defined as peritonitis in the first 60
days after catheter insertion.30 In the analysis, intravenous
antibiotics were given within 60 minutes of PD catheter
insertion in 98.8% of procedures as recommended in the
2012 ISPD guidelines, precluding assessment of an associ-
ation between this practice and the risk for infection.30

Data in adults on PD include four randomized controlled
studies that compared the use of perioperative intravenous
antibiotic prophylaxis (cefuroxime, gentamicin, cefazolin,
and vancomycin) versus no antibiotic treatment.72–75

Follow-up periods ranged from 10 to 28 days. The most
compelling data comes from a 3 arm study published by
Gadallah et al., which included 221 adults randomly
assigned to receive intravenous vancomycin (1 g 12 h
before the procedure, n= 86), intravenous cefazolin
(1 g given 3 h before placement n= 85) or no antibiotic
(n= 83). The incidence of peritonitis within 2 weeks of
catheter placement was significantly lower for both
vancomycin (1%) and cefazolin (7%) treated patients
compared to controls (12%) (p= 0.02), and vancomycin
was superior to cefazolin.75

A subsequent systematic review published in 2017 con-
cluded that pre- or peri- operative intravenous antibiotic
prophylaxis compared to no treatment may reduce the risk
of early peritonitis based primarily on the results of the
study published by Gadallah et al., but found that there
was no difference demonstrated in the three other studies
using different antibiotics.72–76 In fact, an update to the
ISPD-catheter related infection recommendations published
in 2023 qualifies the 1A recommendation by stating that the
effects of antibiotics administered immediately before cath-
eter insertion on catheter-related infections are uncertain.45

Although the studies in adults on PD suggest that cefazolin
may not be as effective as vancomycin for prevention of peri-
tonitis following PD catheter placement, given the risk for
development of vancomycin resistant organisms, cefazolin is
the preferred agent for perioperative prophylaxis. A single
dose of cefazolin (25 mg/kg, maximum 2 g) is given within
60 min prior to the surgical incision (Table 2). It has been
suggested that the efficacy of vancomycin, especially when
compared to cefazolin, may be related to its relatively long
half-life in the setting of end-stage kidney disease.76 Local
antibiograms should help guide antibiotic choice at the unit
level, and infection history, including infection with and/or
carriage of methicillin-resistant S. aureus, should guide anti-
biotic choice at the patient level.

Additional Considerations: The ability to provide
appropriate perioperative antibiotics may vary by region
and may be impacted by the cost of intravenous antibiotics.
Provision of prophylactic antibiotics should, however, be

cost effective as the treatment for peritonitis would likely
exceed the cost of a single dose of antibiotics at the time
of catheter insertion.

Recently published guidelines for adults on PD
suggest provision of nasal antibiotic prophylaxis when
pre-PD catheter placement screening identifies nasal
carriage of S. aureus (1C recommendation).45 This sug-
gestion is supported by data from a systematic review
and meta-analysis which showed that while use of nasal
antibiotic prophylaxis had uncertain effects on the risk
of exit-site and tunnel infections in general, there was evi-
dence of a significant reduction in catheter-related infec-
tions with use of intranasal mupirocin among patients
who were S. aureus nasal carriers.76 Data from SCOPE
suggests that the practice of pre-PD catheter placement
screening for S. aureus currently occurs in a minority
of children enrolled in that collaborative, with only 529
screenings reported prior to 1998 PD catheter placements
(26.5%) (B. Warady - personal communication).

Limitations: As noted above, several randomized
controlled trials in adults, but not children, on PD
informed the guideline regarding provision of antibiotics
prior to PD catheter placement.72–76 Multiple factors
including the presence of co-morbidities, previous
intra-abdominal events, previous procedures including
PD catheter placement, and requirement for other
abdominal procedures (e.g., ostomy creation or revision)
may influence both the implantation technique and out-
comes, but are not regularly captured in registry
data.64 Finally, it is intuitive that the experience of the
implanting surgeon or interventional nephrologist will
impact outcomes, but experience and expertise is diffi-
cult to quantify, and therefore this variable is not rou-
tinely included in studies/registry data.

Research Recommendations

● Future observational studies should seek to quantify sur-
gical experience and explore associations between experi-
ence and PD catheter insertion outcomes.
● Studies evaluating the impact of insertion technique on
risk for infection should uniformly focus on peritonitis
and exit-site infections in the early post-implantation
period (e.g., initial 30 days).
● Research should address the impact of pre-PD catheter
placement screening for S. aureus and decolonization on
the risk for PD catheter related infection in children, par-
ticularly in the early post-operative period.

Guideline 3 – Early Exit Site Care
3.1 We suggest delaying the first PD catheter dressing

change for at least seven days post-PD catheter insertion
unless the dressing is soiled, loose, or damp (2C).
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Rationale
Guideline 3.1: Early exit-site care is crucial to

optimize healing and minimize the risk for infection.
Compared to late onset peritonitis, early onset periton-
itis in children on PD, defined by the SCOPE collabora-
tive as peritonitis occurring within 60 days of catheter
insertion, is associated with higher rates of subsequent
peritonitis episodes and PD discontinuation.30,77,78

Unfortunately, very few studies have addressed PD
catheter exit-site care in the early post-operative period
and most guidelines rely on work done by Twardowski
and Prowant.79 In order to allow wound healing by
primary intention and epithelialization, good surgical prac-
tice recommendations have suggested that all incisions be
covered and dressings left undisturbed for three to five
days. It follows that immobilization of the PD catheter
after insertion and delayed initiation of dressing changes
is also required to allow optimal healing of the PD catheter
exit site, and to reduce the risk for bacterial colonization,
which is a significant risk factor for infection.80 In all
cases, the dressing used should be clean, dry and non-
occlusive. Data from the SCOPE collaborative showed
that among newly placed catheters, peritonitis occurred in
40/625 (6.4%) that had no dressing change before 7 days
and in 44/404 (10.9%) of those that had a dressing
change before 7 days (p< 0.001).30

The suggestion has also been made that subsequent
PD catheter exit-site dressings should ideally be
changed only weekly until the exit site is healed as
long as the dressing remains dry and intact.80

Typically, the exit site may not be completely healed
for 4–6 weeks post insertion.79

Additional Considerations: ISPD guidelines for
adults on PD recommend that immobilization of the cath-
eter post-insertion using properly applied surgical dressings
is important to prevent traction injury and exit-site contam-
ination.41,45 Nonocclusive gauze dressings are preferred
over transparent occlusive dressings as the former allow
for drainage away from the exit site and the surgical inci-
sion.81,82 The transfer set should be taped away from the
dressing to allow for access to the catheter for flushing by
the trained PD nurse without disturbing the exit-site
dressing.41

It is generally accepted that dressing changes be per-
formed using sterile technique by trained staff until the
exit site is healed.2,81 Previously published ISPD guidelines
for children on PD also recommended that the exit site be
cleansed with a non irritating, nontoxic agent followed by
application of a topical antibiotic cream or ointment.2 In
particular, cytotoxic agents such as povidone-iodine or
hydrogen peroxide should be avoided during the healing
phase.45,80 Unfortunately, there are no studies evaluating
the use of specific cleansing agents or placement of any
antimicrobial agent at the exit site in newly placed PD
catheters in children.

Limitations: There is a low certainty of evidence for this
recommendation as supporting data are primarily derived
from observational studies in multicenter cohorts and inter-
national registries. It is possible that factors such as early
dialysate leakage may have influenced both the frequency
of dressing changes and the risk for peritonitis.

Research Recommendations

● Studies evaluating the use of antimicrobial agents at the
exit-site in the post-implantation period should include the
use of antimicrobial impregnated dressings.

Guideline 4 – Chronic Exit Site Care
4.1 We suggest that routine PD catheter exit-site care

with a sterile cleansing solution be conducted 2–3 times
per week and after water exposure, vigorous exercise or
soiling of the dressing (2D).

4.2 We suggest that a topical antibiotic be applied to the
PD catheter exit site whenever exit-site care is performed
(2D).

Rationale
Guideline 4.1: Data supporting optimal exit site care

practices in children in PD are scarce. The IPPR has pro-
vided pediatric-specific data on the topic of chronic exit-site
care, with clear differences in practice patterns observed
around the globe.48 With regard to the frequency of exit-site
care, data from the IPPR revealed that chronic exit-site care
is conducted daily in 93% of centers in America and Asia,
in 64% of centers in eastern Europe and Turkey, but in only
8% of western European centers.48 This observational study
found that peritonitis caused by Pseudomonas spp. (total of
28 cases) was significantly more common in patients from
centers where exit-site care was performed more than twice
per week (P < 0.005).48,83 The ISPD Catheter-related
Infection Recommendations: 2023 Update for adult patients
recommend exit-site care at least twice a week, and when-
ever there is water contamination of the exitsite.45 We agree
that water exposure, vigorous exercise or soiling of the
dressing are additional indications for exit-site care.

Numerous exit-site cleansing agents are available
including povidone-iodine, chlorhexidine solution, hydro-
gen peroxide and electrolyte chloroxidizing solutions. An
observational study in children on PD revealed a reduction
in exit-site infections, peritonitis and infection-related cath-
eter removal when exit-site cleansing with sodium hypo-
chlorite and application of mupirocin were routinely used,
compared to application of mupirocin alone.84

Studies in adults on PD have not consistently demon-
strated superiority of one solution for prevention of exit-site
infection or peritonitis. In fact, a systematic review
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concluded that the use of any topical disinfectant had an
uncertain effect on the risk for these infections.45,76,85–93

Additional Considerations: There is a labor and equip-
ment cost associated with more frequent exit-site care and
the use of sterilizing agents, but there is no published evi-
dence on the resources required and cost effectiveness of
the procedure.

Guideline 4.2: Nasal carriage and exit-site colonization
with S. aureus is associated with a higher risk for exit-site
infection and peritonitis in people on PD, including chil-
dren.2,94–98 It follows that antimicrobial prophylaxis may
reduce the development of these infections. While oral
rifampin and intranasal mupirocin have been employed
for prophylaxis against PD catheter related infections in
the past, current guidelines for adults on PD and the previ-
ously published guidelines for children on PD encourage
the routine application of a topical antibiotic to the PD cath-
eter exit site as prophylactic therapy.2,27,45,85 There are no
studies comparing infection rates with application of an
antimicrobial agent to the PD catheter exit site versus no
antimicrobial agent in children on PD, but an observational
study suggested that exit-site infections, peritonitis and
infection-related catheter removal were reduced when exit-
site cleansing with sodium hypochlorite and application of
mupirocin were used in combination, compared to exit-site
application of mupirocin alone.84 However, an analysis of
data in the IPPR registry, which included 28 episodes of
Pseudomonas peritonitis, revealed that Pseudomonas peri-
tonitis was more common at centers where mupirocin was
applied to the PD catheter exit site.48 This study also
demonstrated that implementation of this practice in chil-
dren on PD varies considerably by region.48

As stated above, guidelines for adults on PD recommend
daily topical application of an antibiotic cream or ointment
at the catheter site.85 This was included as a 1A recommen-
dation in the ISPD guidelines published in 2017, although
an update to these guidelines published in 2022 acknowl-
edges that this practice varies among centers around the
world.27,85 The recommendation was based on studies in
adults on PD demonstrating daily application of mupirocin
to the exit site as an effective strategy to reduce PD catheter-
related infections.85,99–104 A meta-analysis published in
2004 found that topical administration of mupirocin to the
nares of people on PD who were colonized with S.
aureus significantly reduced the overall rates of exit-site
and tunnel infections, but it did not reduce the rate of peri-
tonitis.61 Topical nasal application of mupirocin was subse-
quently found to have an uncertain effect on exit-site
infections in a systematic review and meta-analysis pub-
lished in 2017, but application of mupirocin to the exit
site was grouped with oral antibiotic prophylaxis in this
review.76 More recently, a meta-analysis of six randomized
controlled trials in adults on PD concluded that it was
uncertain whether application of mupirocin to the exit site
prevents exit-site infections, peritonitis or technical
failure.105 In light of these findings, the 2023 update to

the ISPD catheter-related infection recommendations
downgraded the recommendation for topical application
of antibiotic cream or ointment to the catheter exit site
from 1A to 1C.45 The guideline workgroup commented
that the certainty of evidence was reduced by highly vari-
able approaches to the administration of mupirocin (intra-
nasal versus exit site).105

With the broad adoption of mupirocin as a topical
prophylactic agent, early reports of mupirocin resistance
and an increase in infections due to Pseudomonas spp.
led to a search for alternative agents.106 Studies in adults
on PD revealed that gentamicin cream was at least as effect-
ive as mupirocin in reducing exit-site infections caused by
both Pseudomonas spp. and S. aureus.101,107 However,
subsequent observational studies suggested conversion
from mupirocin to gentamicin was associated with an
increase in Enterobacteriaceae and Pseudomonas spp. exit-
site infections and that alternating between mupirocin and
gentamicin may increase the risk of fungal peritonitis.108,109

A recent meta-analysis included 2 randomized controlled
trials in adults on PD comparing exit-site application of
gentamicin and mupirocin and found no difference in the
rate of exit-site infections.105 Guidelines published by
ISPD in 2017 and 2023 suggest that topical gentamicin
may be considered as an alternative to mupirocin.45,85

The HONEYPOT Study was an open-label trial in 26
centers in Australia and New Zealand in which 371 adults
on PD were randomly assigned to daily topical exit-site
application of antibacterial honey plus standard exit-site
care versus standard exit-site care plus intranasal mupirocin
in nasal carriers of S. aureus.110 The median PD-related
infection-free survival times were not significantly different
in the antibacterial honey and control groups (unadjusted
hazard ratio 1.12, 95% CI 0.83–1.51; p= 0.47).110 In con-
trast, in a single-center case series of children on PD, the
incorporation of antibacterial honey to the exit site as part
of routine care was associated with a significant decrease
in peritonitis rates.76

Additional Considerations: When implemented, the
optimal frequency of topical antibiotic application for
prophylaxis has not been determined. Case reports
suggest that mupirocin may damage PD catheters made
from polyurethane, while gentamicin cream may damage
catheters made from silicone.111–113 Contact between
these creams/ointments and the PD catheter should there-
fore be minimized.45

Chronic exit-site care should also include efforts to min-
imize stress or tension on the exit site, including catheter
immobilization. While use of a dressing is important to
protect the healing exit-site, the benefit of a dressing once
the exit site is healed for infection prevention has not
been studied in children. Whereas current guidelines for
adults on PD suggest that a dressing to cover the exit site
is not mandatory, the use of a dressing in children with
incontinence, including infants and toddlers, is crucial to
minimize exposure of the exit site to stool and urine.45
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There is a cost associated with the use of antimicrobial
prophylaxis, which varies significantly by region and the
antimicrobial agent used. There are no cost-effectiveness
studies in children, but a study in adults on PD demon-
strated that daily application of mupirocin to the PD cath-
eter exit site was a cost-effective preventive measure for
gram-positive peritonitis.114

Limitations: The level of certainty pertaining to the fre-
quency of exit-site care is very low as the only study in chil-
dren was observational and there was a very low number of
peritonitis events, which may have limited the ability to
detect difference in peritonitis rates between the various
treatment strategies. The level of certainty regarding
topical antibiotic usage is also very low as the studies in
children were observational, there were very low numbers
of infectious events which may have limited the ability to
detect differences in outcomes among the different treat-
ment strategies, and there were other aspects of exit-site
care that may have impacted development of PD catheter-
associated infection.48,84,115

Research Recommendations

● Future studies are required to clarify the relationship
between infection rate (overall peritonitis rate, Pseudomonas
spp. and S. aureus peritonitis rate, ESI rate) and the frequency
of exit-site care.
● Ongoing studies should seek to clarify the risk and
benefit of various antimicrobial agents, in terms of the effi-
cacy of infection prevention and the development of
antibiotic-resistant organisms.

Guideline 5 – Connectology
5.1 We recommend the use of flush before fill of the

tubing system as part of an infection prevention strategy
for children on PD (1A).

Rationale
Guideline 5.1: Touch contamination when establishing

connections between the dialysate bag tubing and the transfer
set on the PD catheter is a well-recognized cause of periton-
itis. One of the most impactful modifications of the dialysis
procedure to minimize the risk for infection is the “flush
before fill” procedure, i.e., flushing the dialysate tubing
with sterile dialysate before instilling dialysis solution into
the abdomen. Early observations in people on continuous
ambulatory peritoneal dialysis (CAPD) demonstrated that
flushing the dialysate tubing with 100 mL of fresh dialysis
fluid was able to remove 1000 colony-forming units of
Staphylococcus epidermidis if there was no prior incuba-
tion.116 This was dependent on the inoculum size, the
contact time between bacteria and tubing, bacterial adherent

properties and the flush volume. The development of a
two-bag system for CAPD, with either an O- or Y-set, not
only made flush before fill inherent, but reduced the need
to connect the dialysis tubing to the dialysate bag. In auto-
mated PD (APD), the cycler flushes the dialysate tubing
with sterile dialysate prior to instilling fluid into the periton-
eal cavity. Thus, the flush before fill maneuver is available
for both CAPD and APD.

Studies evaluating the impact of flush before fill in chil-
dren have included a randomized, prospective study pub-
lished by Warady et al. in which children on APD using
flush before fill had a peritonitis rate of 1 infection per
16.8 patient months, whereas patients in the no flush group
had a peritonitis rate of 1 infection every 12.6 patient
months (p= 0.193).117 The 1-year estimated infection-free
survival was 59.7% in the flush group and 47.5% in the no
flush group (p= 0.196).117 In a retrospective observational
study in children on CAPD, the traditional spike system
(37 patients) and disconnect systems (16 patients) that com-
prised the O-set system (10 patients) and the basic Y-set
system (6 patients) were compared.118 Peritonitis rates
were 1 episode every 10 months for the conventional spike
system, versus 1 episode every 58 months for disconnect
systems with flush before fill (p < 0.05).

The majority of the high-level evidence comes from
studies in adults on CAPD, where a systematic review
showed that twin-bag systems were superior to conven-
tional single bag systems (7 trials, 485 patients, RR 0.64,
95% CI 0.53 to 0.77) in preventing peritonitis.119 On the
other hand, there was no difference in the number of
patients with exit-site or tunnel infections (3 trials, 226
patients; RR, 1.00; 95% CI, 0.70 to 1.43) or in the exit-site
and tunnel infection rates (2 trials, 2841 patient-months; RR
1.24; 95% CI, 0.91 to 1.69).119 When comparing the two
different systems of flush before fill, there was no signifi-
cant difference between double-bag systems compared
with the Y-set in terms of the number of patients with peri-
tonitis (3 trials, 292 patients; RR 0.59; 95% CI, 0.35 to
1.01) and peritonitis rates (4 trials, 4319 patients-months;
RR 0.90; 95% CI, 0.49).119–135

Additional Considerations: The resources required for
the intervention in CAPD includes the cost of the twin-bag
system, which may limit implementation in low resource
areas where the conventional system continues to be
widely used.

Limitations: The strength of the data in adults on PD
supports this as a strong recommendation. Whereas there
is only one investigation in children on APD, it was a ran-
domized, controlled study. Studies in children on CAPD are
observational.

Research Recommendation

● Randomized controlled trials should be conducted to
determine whether the reduction in peritonitis rates due to
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the use of the twin-bag systems is also observed in children
on CAPD in low resource settings.

Guideline 6 – Ostomy Patients
6.1 We suggest placing a gastrostomy tube (GT) either

prior to or concurrently with PD catheter insertion (2D).
6.2 We suggest that a gastrostomy tube can be placed

using an open surgical procedure or laparoscopically for
children receiving PD. In children not yet receiving PD,
gastrostomy placement can be performed using either an
open or laparoscopic surgical technique or by percutaneous
endoscopic technique (PEG) (2D).

6.3 We suggest providing prophylactic antibiotic and
antifungal therapy to children on PD in association with
gastrostomy placement (2D).

Rationale
Guideline 6.1: Enteral tube feeding has become stand-

ard of care in children with chronic kidney disease and on
PD who are unable to meet nutritional requirements by
oral feeds alone. In many centers, a gastrostomy is placed
when long-term enteral support is anticipated.31,136 The lit-
erature is divided as to whether the presence of an estab-
lished gastrostomy incurs a higher risk for infection or
compromised PD catheter survival.137–141 Recent evidence
from the IPPN database suggests a higher risk of PD cath-
eter loss from infection when patients on PD have a gastros-
tomy, whereas there was not a higher risk of peritonitis as
per the SCOPE database.24,142 The timing and technique
of placement may be important factors in determining the
risk of peritonitis.

A report by Ledermann et al., showed a lower annual
peritonitis rate in 15 pediatric patients undergoing PEG or
Nissen fundoplication and gastrostomy (NG) or open gas-
trostomy (OG) prior to initiation of PD (annualized periton-
itis rate: 0.6) compared with 9 pediatric patients undergoing
NG or OG (annualized peritonitis rate: 1.4) and 5 pediatric
patients undergoing PEG (annualized peritonitis rate: 1.0)
while receiving PD. In the group of patients receiving a
PEG after initiation of PD, the majority of infections
occurred in the immediate postoperative period suggesting
that it may not have been the timing, but the placement tech-
nique that was more important.143 In a study by Ramage
et al., no significant difference was found between nine
patients who had a gastrostomy tube placed prior to com-
mencement of PD (one episode every 7.5 patient-months)
compared to 14 patients who had insertion of the gastros-
tomy while receiving PD.140 There was also no statistical
difference in the ESI rate of those undergoing gastrostomy
tube placement prior to initiation of PD (one episode every
17.5 patient-months) and those undergoing placement
while receiving PD.140

The SCOPE collaborative investigators analyzed peri-
tonitis rates in 204 patients who underwent gastrostomy

placement before or at the same time as PD catheter inser-
tion and compared this to the experience of 406 patients
with gastrostomy placement after the initiation of PD.51

Per multivariable analysis, timing of gastrostomy place-
ment in relation to PD catheter insertion was not associated
with risk of peritonitis within 30 days of gastrostomy place-
ment (aOR = 1.72, 95% CI 0.87–3.38, p= 0.12). The asso-
ciation between gastrostomy placement after PD catheter
insertion and the development of peritonitis within 7 days
of gastrostomy placement did, however, reach borderline
statistical significance (aOR = 3.19, 95% CI 0.90–11.28),
p= 0.07), suggesting a potentially higher risk of peritonitis
when a gastrostomy is placed after the PD catheter proced-
ure. Further evidence supporting this comes from previous
SCOPE data focusing on infants.34 In this study, gastros-
tomy tube placement after PD catheter insertion was asso-
ciated with a nearly threefold higher risk of peritonitis
(OR 2.81, 95% CI 1.31, 6.01; p < 0.01). There is a further
concern regarding a possible increased rate of fungal peri-
tonitis when a gastrostomy tube, particularly a PEG, is
placed after the initiation of PD. A report by von
Schnakenburg, et al., showed that fungal episodes
accounted for around 20% of all peritonitis episodes in
those patients who had a PEG placed while receiving
PD.144 In the report by Lederman, et al., there was also a
higher fungal peritonitis rate in those patients for whom
gastrostomy tube placement (largely in those receiving a
PEG) took place after PD had been established compared
to the rate when gastrostomy placement occurred prior to
PD establishment (0.36/pt-year vs. 0.093/pt-year).143

Additional Considerations: The resources required for
the placement of a gastrostomy is the same whether it is
placed before or after the initiation of PD. In turn, timing
of gastrostomy placement that is associated with a higher
risk of peritonitis should be discouraged because of the
patient morbidity and cost that results from the infection.

Guideline 6.2: Because of the concern regarding a
higher risk of peritonitis in patients having a gastrostomy
placed while already receiving PD, the recommendation is
that an open surgical or laparoscopically placed gastros-
tomy be placed rather than a percutaneous endoscopic gas-
trostomy (PEG) in children receiving PD because of a
higher risk of infection and complications with the latter
procedure. A report by Ledermann et al., showed that 4
out of 5 children given a PEG while on PD developed peri-
tonitis in the immediate post-operative period, whereas only
one of the nine children who underwent an open procedure
developed peritonitis in the immediate post-operative
period.143 In this study, there was also an increased rate
of fungal peritonitis in the patients already established on
PD who received a PEG compared to open gastrostomy
(0.97 episodes/year vs 0.18 episodes/year). In a retrospect-
ive, multicenter survey carried out in Germany that
included 27 pediatric patients who had a gastrostomy
placed (25 by PEG) while already receiving PD, peritonitis
occurred in 10 of the 27 (37%) within 7 days of PEG
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insertion, and fungal peritonitis occurred in 7 of the 27
(26%).144 Furthermore, 8 of the 27 required replacement
of their PD catheter, 4 were transferred to HD, and
another 2 experienced late deaths because of the associated
complications. In contrast, in a recent retrospective single
center review of 8 children which reported outcomes
within 28 days of PEG placement after PD initiation, only
one patient developed bacterial peritonitis. There were,
however, no comparisons made to patients not undergoing
PEG placement in this study.145 In patients who are receiv-
ing simultaneous gastrostomy and PD catheter insertion,
placement of a PEG may be acceptable. In a retrospective
review, Lindley et al., compared ten patients with simultan-
eous laparoscopic PD catheter insertion and PEG placement
to 23 patients who had open gastrostomy and PD catheter
insertion.52 In this study, the risk of peritonitis was not
related to the method of gastrostomy placement, but the
small number of patients limits the ability to draw definitive
conclusions.

Laparoscopy, where available, has largely supplanted
open gastrostomy as the surgical technique of choice in
non-CKD children.146,147 There are, however, no studies
directly comparing open vs laparoscopic surgical gastros-
tomy placement in children on PD. In a recent retrospective
study of children receiving a laparoscopic gastrostomy (11
patients) after initiation of PD, all patients were able to ini-
tiate gastrostomy use by postoperative day 2, and peritoneal
dialysis was resumed in all patients between post-operative
day 0 and 4.148 The post gastrostomy peritonitis rate of 0.36
per patient year during a median follow-up time of 404 days
was not significantly different than the rate experienced
during the period before gastrostomy placement, and
there were no fungal peritonitis episodes. In a study from
New Zealand of 15 children, most of whom had a gastros-
tomy inserted using an open surgical procedure (2 laparo-
scopic) after PD had been initiated, the peritonitis rate
increased from 0.6 to 1.21 episodes per patient year post
gastrostomy placement. The increase did, however, not
reach statistical significance and there were also no fungal
peritonitis episodes in this study. Follow up before and
after gastrostomy was 160 months.149

Additional Considerations: There is a cost asso-
ciated with the laparoscopic technique for gastrostomy
placement and thus the technique may not be available
in low-income countries and the surgical expertise may
be minimal.

Guideline 6.3: There is good evidence for the use of
antibiotic prophylaxis to prevent surgical site infection
from adult and some pediatric studies when inserting PEGs
in patients not on PD. A Cochrane review including 12 ran-
domized, controlled trials (RCT) showed a reduced infection
rate in adult non-PD patients receiving prophylactic antibio-
tics before PEG placement.150–152 In a recent RCT in
non-CKD children receiving PEGs, those who received
prophylactic antibiotics showed a significantly reduced
infection rate compared to those not receiving antibiotics.153

The evidence supporting the use of prophylactic anti-
biotic and antifungal therapy in PD patients comes from a
single comparative study of children who received a PEG
after initiation of PD.144 In this multi-center retrospective
study, one-third of patients (7/21) who received antibiotic
prophylaxis (with or without antifungal therapy) developed
bacterial peritonitis, while 7/19 (37%) patients who
received no fungal prophylaxis (with or without antibiotics)
developed fungal peritonitis. One out of 8 patients who
received antibiotic and antifungal therapy developed peri-
tonitis within the first week following PEG insertion, with
no fungal infections. In contrast, peritonitis occurred in 3/
6 patients (2 bacterial, 1 fungal/bacterial) who did not
receive any prophylactic agents. There was also an
increased incidence of modality change and death on PD
in patients who did not receive antifungal therapy.

Dorman et. al. studied 11 children who received a lap-
aroscopic gastrostomy after initiation of PD.148 All patients
received antibiotic and antifungal prophylaxis, and after a
median follow-up of 404 days, the post-gastrostomy peri-
tonitis rate of 0.36 episodes per patient year was not signifi-
cantly different than the rate experienced during the period
before gastrostomy insertion in the same group of patients.
There were no episodes of fungal peritonitis.

A retrospective review from New Zealand reported on
15 children who received either an open gastrostomy
(90%) or a laparoscopic gastrostomy after initiation of
PD.149 All patients received prophylactic antibiotics, but
not prophylactic anti-fungal therapy. There was no statistic-
ally significant increase in the peritonitis rate post gastros-
tomy insertion, and there were no fungal infections. The
follow up period was 160 months before and after insertion.

Analysis of data from the SCOPE Collaborative revealed
that in 76 patients who underwent gastrointestinal procedures
(type not specified) while on PD, there was no difference in
the peritonitis rate within 7 or 30 days of the procedure in
the 56 patients who were given antibiotics prior to these pro-
cedures when compared to those who did not receive prophy-
lactic therapy.51 Nevertheless, because of the devastating
consequences of fungal peritonitis, this workgroup remains
in favor of prophylactic antifungal therapy in addition to anti-
biotic prophylaxis in patients who require a gastrostomy and
who are already receiving maintenance PD. Whereas the use
of prophylactic antibiotics generally raises concern regarding
antibiotic resistance and side effects, the risks appear to be
low based on adult data regarding prophylactic antibiotics
for PEG placement.152

Additional Considerations: The duration, type and
route of therapy that has been studied varies and an
optimal anti-infectious regimen has not yet been deter-
mined. In studies describing prophylaxis in patients receiv-
ing a gastrostomy while already on PD, the antimicrobial
prophylaxis has generally been continued for longer
periods post procedure. In the study by Dorman et. al., all
patients received an intravenous cephalosporin or vanco-
mycin prior to the procedure, and antibiotics
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(cephalosporin) for up to four days post-operatively.148 All
patients were also on prophylactic fluconazole (duration not
stated). In the New Zealand study of surgical gastrostomy
insertion, intravenous second- or third-generation cephalo-
sporin or co-amoxyclav was administered for 24 h after the
procedure.149 Typically, patients are given a single dose of
a parenteral cephalosporin, with completion of the infusion
within 60 minutes prior to initiation of the surgical proced-
ure. If the risk for MRSA is high, vancomycin is provided
over 60–90 minutes to conclude within 60 minutes prior to
gastrostomy insertion. Antibiotic choice should take into
consideration local susceptibilities. Antifungal prophylaxis
can be provided by giving fluconazole or echinocandins.
Both antimicrobials have often been continued by the intra-
venous route for an additional 3–5 days.

Regardless of the gastrostomy placement technique used,
PD should preferably be withheld for a period of time after
gastrostomy placement. The optimal duration the patient
should be maintained off PD is not known, but various pub-
lications have reported 0–4 days.143,148 If the gastrostomy is
inserted using a PEG technique, a longer time off PD is prob-
ably warranted.145 It is generally advisable to reinitiate dialy-
sis with a lower PD fill volume and then gradually increase to
the maintenance volume over the next 5–7 days. In the patient
receiving CAPD, consideration may also be given to tempor-
arily changing the PD modality to APD, with a diminished or
absent daytime fill volume.

The presence of a concurrent colostomy in infants on PD
is becoming more common in centers where neonatal main-
tenance PD is practiced. Recent data from the IPPN data-
base identified 20 children on PD who also had a
colostomy.154 In this report, children with a colostomy
had a significantly higher annualized peritonitis rate than
a matched control group (1.13 vs 0.7). The authors of this
report suggest that alternative strategies may be necessary
to reduce the risk of infectious complications, such as place-
ment of the PD catheter exit-site on the chest wall.

Limitations: The level of certainly regarding the rela-
tionship between the timing of PD catheter and gastrostomy
placement is very low as the studies in children were obser-
vational. The low number of patients and the low number of
events also lowers the degree of certainty. Likewise, the
certainty of evidence regarding gastrostomy placement
technique is very low as there are rare direct comparisons
of the techniques. Finally, in the study of von
Schnakenburg et. al., upon which guideline 6.3 is largely
based, the low number of patients and low event rates, as
well as the use of a survey and concerns regarding recall
bias, resulted in lowering the certainty of the evidence sup-
porting the recommendation.

Research Recommendations

● Additional data should be sought that provides direct
comparisons between laparoscopic and open surgical

procedure for gastrostomy placement with respect to infec-
tion risk, longevity of a functional gastrostomy and patient
well-being.
● Future research should be conducted to determine the
optimal antibiotic and antifungal prophylactic regimen for
surgically placed gastrostomies (laparoscopic or open) in
children receiving PD.
● Infection prevention strategies should be developed to
decrease the risk of peritonitis in children on PD with a con-
current colostomy.

Guideline 7 – Adjunctive Prophylactic
Antimicrobial Therapy

7.1 We suggest the use of prophylactic nystatin or flu-
conazole therapy for children on PD receiving intraperito-
neal or systemic antibiotic therapy (2D).

7.2 We suggest using prophylactic antibiotics for pediat-
ric PD patients undergoing certain GI (eg. colonoscopy) or
GU procedures (e.g., invasive gynecological), in accord-
ance with local guidelines (2D).

7.3 We suggest NOT using prophylactic antibiotics for
pediatric PD patients undergoing dental procedures (2D).

7.4 We suggest that prophylactic antibiotics be adminis-
tered after wet contamination of the PD system to prevent
the development of peritonitis (2D).

Rationale
Guideline 7.1: Fungal peritonitis is a serious, but rela-

tively uncommon complication of PD, accounting for 2–
8% of all episodes of peritonitis in children.155–158 The
majority of fungal peritonitis episodes are caused by
Candida species. Young age (<2 years) and antibiotic use
have been identified as risk factors for the development of
fungal peritonitis.155,158,159 In observational studies, 56–
100% of fungal peritonitis episodes in children are preceded
by antibiotic use during the previous month, with variable
proportions of this use (17–86%) specifically for an
episode of bacterial peritonitis.159 Antibiotic use is pre-
sumed to disrupt the intestinal microbiome, eliminating
beneficial bacteria and allowing increased growth of
fungi, which can subsequently invade the peritoneal
cavity and lead to fungal peritonitis.

A number of historically controlled studies, including
one pediatric study and several studies in adults, have
shown a decrease in fungal peritonitis after introduction
of antifungal prophylaxis during the administration of anti-
biotics.160–164 Two randomized controlled trials in adults
on PD have also demonstrated a reduction in fungal periton-
itis in patients prescribed antifungal prophylaxis during the
course of antibiotic therapy.165,166 In one study, patients
were randomized to receive placebo or nystatin for the dur-
ation of any antibiotic administration, regardless of the indi-
cation for antibiotics. Those randomized to nystatin
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experienced fewer episodes of Candida peritonitis (1.9/100
vs. 6.4/100; p < 0.05).165 In the other trial, patients were
randomized to receive fluconazole or a placebo while
they were treated with antibiotics for peritonitis.166 There
were significantly fewer episodes of fungal peritonitis (3
vs 15, p= 0.005) in the group receiving fluconazole. Of
note, only 4 of 10 cases of Candida peritonitis were flucon-
azole susceptible, raising concerns about the potential for
the development of resistance. A Cochrane review of the
use of antimicrobials for the prevention of peritonitis in
patients on PD found a significant benefit to the administra-
tion of antifungal therapy during treatment with antibio-
tics.76 More recent data from SCOPE and IPPN did not
identify a difference in the risk for development of fungal
peritonitis between children who did and did not receive
antifungal prophylaxis during episodes of bacterial periton-
itis; however, 77% of 586 patients in SCOPE and 95% of
2000 patients in IPPN received antifungals during antibiotic
treatment for peritonitis.167,168 Therefore, there were rela-
tively few patients in the unexposed groups, which, com-
bined with the rarity of fungal peritonitis, limits the
conclusions that can be drawn from these data.

Additional Considerations: The most important inter-
vention to reduce the risk of fungal peritonitis is to limit anti-
biotic use as much as possible, especially in children <2
years of age who are already at highest risk for fungal periton-
itis. The 2012 ISPD pediatric peritonitis guideline recom-
mended use of antifungal prophylaxis only when antibiotics
were used for peritonitis. However, in one of the two rando-
mized controlled trials of antifungal prophylaxis in adults, anti-
fungals were administered with antibiotics that were given for
any reason, not limited to peritonitis. In retrospective studies in

children, antibiotics for any indication are associated with a
higher risk of peritonitis. In turn, when intraperitoneal or sys-
temic antibiotics are required, whether for peritonitis or for
another indication, we suggest administration of prophylactic
antifungals. (Table 2) At the same time, there are no data
regarding prolonged use of antifungal prophylaxis in children
receiving extremely long courses of antibiotics, such as antibio-
tics for prophylaxis of urinary tract infections. The expert
opinion of the workgroup is that the risks of antifungal-asso-
ciated adverse events and development of antifungal resistance
likely outweighs the possible benefit of such prolonged anti-
fungal exposure. There are no head-to-head comparisons of
nystatin vs. fluconazole, but concerns for the development of
fluconazole resistance, which would seriously limit treatment
options for fungal peritonitis, may favor the use of nystatin
when it is available. Thus, lacking any data to support a
longer duration of antifungals and balancing the risk of devel-
opment of antifungal resistance and drug-associated adverse
events, we suggest that antifungal therapy be continued for
the duration of antibiotic therapy and not longer.

Guidelines 7.2 and 7.3: Data from the SCOPE
Collaborative demonstrated no significant difference in peri-
tonitis rates between those receiving prophylactic antibiotics
versus those who did not receive prophylactic antibiotics
when undergoing any invasive procedure including dental,
GI, or GU procedures when adjusting for age, race, sex,
cause of kidney failure, touch contamination, and upward
catheter orientation.51 An important limitation of this study
was that 79% of the patients in these settings and enrolled
in the SCOPE collaborative received prophylactic antibiotics.

When evaluating the impact of prophylactic antibiotics
on peritonitis rates with dental procedures, no difference

Table 2. Antifungal and antibacterial prophylaxis in peritoneal dialysis patients.

Situation Indication Antimicrobial

Surgical prophylaxis for peritoneal

dialysis catheter placement

PD catheter placement Antibiotics per local guidance based on

procedure type. Preferred optiona:

Cefazolin (25 mg/kg IV; maximum 2 g)

Presence of risk factors for fungal

peritonitis

- Gastrostomy tube placement

- Use of systemic or intraperitoneal antibiotics

Nystatin PO 5000 units/kg twice daily

(maximum: 500,000 units/dose)

Fluconazole 3–6 mg/kg IV or PO every

24–48 h (maximum: 200 mg/dose)

Touch contamination - Instillation of PD fluid after disconnection of

system

- Disconnection during PD

Cefazolin (125 mg/L IP), or vancomycin

(25 mg/L IP) if known colonization

with MRSAb

Antibiotic prophylaxis for surgical

procedures associated with increased

risk of peritonitis

-High-risk procedures including gastroscopy,

colonoscopy, and invasive or instrumental

gynecological proceduresc

-Gastrostomy tube placement

Antibiotics per local guidance based on

procedure type. Suggested options

includea:

Cefazolin (25 mg/kg IV; maximum 2 g)

Ceftriaxone (50 mg/kg IV; maximum 2

g)

PO=oral; IV= intravenous; IP= intraperitoneal
aAntibiotic prophylaxis has not been shown to be beneficial in pediatric studies, though data is limited. Adult data suggests benefit with endoscopic or

invasive gynecological procedures
bMay consider vancomycin for patients with a history of methicillin-resistant coagulase-negative Staphylococcus infection
cHigh-risk procedures reflect those determined to be high risk in the 2022 ISPD peritonitis guideline recommendations for adult patients.
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was observed. This finding is consistent with the recom-
mendation not to administer prophylactic antibiotics for
the prevention of subacute bacterial endocarditis in most
children with underlying heart disease when they undergo
a dental procedure.169

The adult ISPD guideline recommends prophylactic
antibiotics prior to colonoscopy and invasive gyneco-
logical procedures based on rates of peritonitis for these
procedures being as high as 8.5% and 38.5%, respect-
ively. With consideration of the combination of the pedi-
atric and adult data, we also suggest that antibiotic
prophylaxis may be indicated for certain GI and GU pro-
cedures such as colonoscopy and invasive gynecological
procedures. However, the local setting experience
should help guide the decision regarding which proce-
dures should be conducted with antibiotic prophylaxis.
(Table 2)

The main harms associated with the use of antibiotics
include common adverse drug events including Clostridium
difficile infection, for which even a single dose of antibiotics
can put an individual at significant risk.170 Furthermore, as
antibiotic resistance becomes more prevalent, data has
demonstrated that each additional day of antibiotic use
confers a 4% risk for the development of resistance.171 On
the other hand, the loss of the peritoneum as a modality for
dialysis can have significant consequences to a child, so
weighing the risk and benefits of the use of prophylactic anti-
biotics for GI and GU procedures is not trivial.

Additional Considerations:Data are limited on the best
prophylactic antibiotics to use for GI/GU procedures. The
most common bacteria reported in adult studies causing
peritonitis is E. coli. For this reason, antibiotics targeting
this bacterial pathogen including cefazolin and ceftriaxone
are often utilized. Additionally, the timing of the adminis-
tration of this antibiotic likely is important, and data sup-
porting the use of antibiotics for surgical prophylaxis
would suggest that administration within one hour prior
to the start of the procedure to be optimal.

Guideline 7.4: Dry contamination is “contamination
outside a closed PD system, such as disconnection distal
to a closed clamp,” which does not require prophylactic
antibiotics. Wet contamination is defined as “contamination
in an open system, when either dialysis fluid is infused after
contamination or if the catheter administration set has been
left open for an extended period.” Some examples of wet
contamination listed in the 2022 adult guidelines include:
leaks from dialysate bags, breaks or leaks in tubing prox-
imal to tubing clamp, improper or breaks in aseptic tech-
nique, or any touch contamination during a PD
exchange.27 If questions exist as to whether the clamp
was open or closed, the assumption should be that it was
open and antibiotics should be prescribed for possible wet
contamination.

In children receiving PD, touch contamination is a well
recognized risk factor for the development of peritonitis.
The risk of peritonitis following touch contamination in

children was significantly higher in the SCOPE collabora-
tive (rate ratio 2.22, 1.44–3.34) based on data collected
from 734 children enrolled in the collaborative. Touch con-
tamination can be divided into two categories. In the adult
ISPD guidelines and in this guideline, the type of touch con-
tamination, wet or dry, determines the need for the admin-
istration of prophylactic antibiotics.

Data supporting the use of antibiotics as prophylaxis fol-
lowing wet contamination include a single center study of
548 episodes of touch contamination in adults on PD, in
which the overall rate of peritonitis following touch con-
tamination was relatively low (3.1%) and all episodes of
peritonitis (N= 17) occurred after wet contamination
(5.6%).172 Among these cases of peritonitis, only one received
prophylactic antibiotics following the wet contamination and
prophylactic antibiotic use following touch contamination
was associated with a significantly lower risk for peritonitis.
In this study, the episodes of peritonitis following touch con-
tamination were culture negative or caused by MSSA,
methicillin-susceptible and methicillin-resistant coagulase
negative Staphylococcus and gram-negative bacteria such as
Pseudomonas aeruginosa and Acinetobacter baumanii.

The optimal antibiotic to be administered following an
episode of touch contamination has not been established.
Given the predominance of culture-negative peritonitis,
MSSA, and methicillin-susceptible coagulase-negative
Staphylococcus peritonitis following touch contamin-
ation, and weighing the risks of broader or longer anti-
biotic treatment, a single dose of intraperitoneal (IP)
cefazolin is reasonable for most patients. IP vancomycin
could be considered in patients known to be colonized
with MRSA.

Limitations: There are no randomized studies evaluat-
ing the use of fungal prophylaxis during antibiotic use in
children on PD and the historically controlled study that
demonstrated benefit of antifungals included too few
patients to allow definitive conclusions. As noted above,
data from pediatric registries are limited by the rarity of
fungal peritonitis and the near ubiquitous use of antifungal
prophylaxis.

The SCOPE collaborative data is limited as non-
specific GI, GU, and dental procedures were included in
the multivariate model demonstrating that prophylactic
antibiotics are not beneficial in preventing peritonitis.

Research Recommendations

● Research is needed to evaluate the safety, efficacy, and
risk of development of antifungal resistance associated
with the use of antifungal prophylaxis in children with
administration of antibiotics for indications other than
peritonitis.
● Further research is needed to compare the efficacy of
nystatin vs. fluconazole as prophylactic agents in PD
patients and to better understand the optimal duration of
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antifungal prophylaxis during treatment with systemic
antibiotics.
● More research is needed, specifically in children under-
going GI and GU procedures, to determine which invasive
procedures should be preceded by prophylactic antibiotics.

Guideline 8 – Diagnosis of PD-Related
Peritonitis

8.1 Cloudy peritoneal effluent should be sent for cell
count, differential count, gram stain and culture when the
diagnosis of peritonitis is suspected (Not Graded).

8.2 An empiric diagnosis of peritonitis should be made
when at least two of the following are present: effluent
white blood cell count greater than 100/mm3, with at
least 50% of the WBCs as polymorphonuclear leukocytes,
clinical signs and symptoms (fever, abdominal pain) and
growth of microorganisms in PD effluent culture (Not
Graded).

8.3 We suggest that inoculation of blood culture bottles
be used for bacterial culture of PD effluent, with the add-
ition of centrifugation to enhance the bacterial yield (Not
Graded).

Rationale
Guideline 8.1: Investigations of patients suspected of

having peritonitis should include a peritoneal fluid cell
count, differential count, gram stain, and culture. A blood
culture should also be obtained if the patient appears septic.

Microscopy is essential to confirm the presence of white
blood cells (WBCs), because cloudy fluid can also be a
result of the presence of eosinophilic peritonitis, blood,
chyle, fibrin, chemical peritonitis, specimen taken from a
“dry” abdomen, and rarely, malignancy. Eosinophilic peri-
tonitis in particular is a common differential diagnosis,
accounting for more than one third of culture-negative peri-
tonitis episodes in children.173 The condition usually occurs
early in the course of PD and may be caused by mechanical
irritation related to the PD catheter, allergenic chemicals
including antibiotics and fibrinolytics, PD fluid contami-
nants (e.g.,peptidoglycan in icodextrin soluton), or
non-PD related allergic reactions.174

Asan early screening test for the presence ofWBCs, leuko-
cyte esterase reagent test strips have been used at some centers
in patients suspected of having peritonitis.175,176

For patients on CAPD or APD with a daytime exchange,
the first cloudy bag or the manual drain should be sent for
cell count, differential count, gram stain, and culture. For
the child on APD without a daytime dwell, the fill
volume should be instilled for a minimum of 2 hours,
with the subsequent effluent being sent for cell count, dif-
ferential count, and culture.

To guide empiric therapy, it is useful to perform a gram
stain on all samples; however, the sensitivity of a gram stain
is low. Cytocentrifugation of samples is recommended to

increase the sensitivity of gram staining.177,178 Despite a
large number of WBCs, microorganisms may not be
visible or may be low in yield because of their sequestration
within phagocytes. Still, the gram stain could be the first
clue to a fungal infection, because budding yeast may be
seen.

Guideline 8.2 Patients on PD who have peritonitis
usually present with cloudy effluent and abdominal
pain.179,180 Other symptoms include fever, chills and
rigors, anorexia, vomiting, abdominal distension, and in
late cases, septic shock. In the PD patient with abdominal
pain and clear fluid, peritonitis must also be excluded.
Some of the peritonitis episodes collected by the IPPR
were associated with clear effluent at presentation.181 In
such cases, a repeat assessment of the effluent for cloudi-
ness should be conducted with subsequent exchanges.
Other causes of abdominal pain in children on PD include
constipation, acute gastritis, gastroenteritis, and acute
appendicitis or pancreatitis.

The abdominal pain in peritonitis is typically generalized
and is often associated with guarding and rebound tender-
ness. The degree of pain is variable, being mild to moderate
in coagulase-negative Staphylococcus (CoNS) peritonitis
and more severe in infections involving Streptococcus,
gram-negative rods, and S. aureus. If the pain and tender-
ness are localized, acute appendicitis must be considered.
If subsequent peritoneal fluid cultures grow multiple organ-
isms, viscus perforation must be excluded.

A Disease Severity Score, defined by the sum of points
for pain (0= no pain; 1=moderate pain, or nausea not
requiring specific therapy; 2= severe pain usually requiring
analgesic therapy, or vomiting; 3= peritoneal pain with a
tense abdomen or paralytic bowel) and fever based on
oral temperature (0=<37.5°C; 1= 37.5°C – 38.9°C; 2=
>38.9°C) has been used to objectively evaluate the severity
of the clinical status.182,183

After a dwell time of at least 2 hours, a peritoneal efflu-
ent WBC count of more than 100/mm3 in an uncentrifuged
specimen, with a differential count of at least 50% neutro-
phils, is highly suggestive of peritonitis.

For the child on APD without a daytime dwell, the abso-
lute WBC count may not fulfill the standard diagnostic cri-
teria if the dwell time is too short, as in the case of
many patients receiving APD; in this case, the presence
of 50% or more neutrophils, even if the total cell count is
less than 100/mm3, is highly suggestive of peritonitis. In
equivocal cases, or in patients with systemic or abdominal
symptoms in whom the effluent appears clear, a second
exchange with a dwell time of at least 2 hours should be
performed and a second effluent sample evaluated.

In an IPPR report, 2.8% of clinical peritonitis episodes
had peritoneal effluent WBC counts less than 100/mm3,
and 8.5% of cases had less than 50% neutrophils.181 If
the eosinophil count exceeds 10%, a diagnosis of eosino-
philic peritonitis should be considered, especially if the
peritoneal fluid cultures are negative.173
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Guideline 8.3 Obtaining the sample correctly and
using proper culture techniques are crucial in establish-
ing the diagnosis of peritonitis and in determining the
proper choice of antibiotics. The rate of culture-negative
peritonitis should not exceed 15% of peritonitis episodes
in any center, and in an ideal setting, the goal is to
achieve a culture-negative peritonitis rate of less than
10%.184,185

Specimens should be sent to the laboratory and pro-
cessed within 6 hours. Should there be any delay in
either transport or processing for culture, effluent
samples must be refrigerated at 4°C until processed. A
delay of more than 12 hours is unacceptable and will
likely generate spurious results.184,186 Patients who
reside in areas far from medical facilities should be
taught the recommended technique for collecting the
cloudy peritoneal effluent and either inoculating it in
blood culture bottles for transport or for refrigerating
(not freezing) the effluent bag until the sample can be
brought to the dialysis center for transport to the
laboratory.

Centrifuging a large volume (50 mL) of peritoneal efflu-
ent at 3000 g for 15 minutes to obtain sediment for
culture187 has increased the yield by 5–10 times . The sedi-
ment is resuspended in 6–10 mL of sterile normal saline
and inoculated directly on to solid-culture media and into
standard blood-culture media.27,188 At a minimum, blood
and chocolate agar plates should be inoculated with
re-suspended sediment; ideally, MacConkey agar plates
should also be plated. The solid-culture media should be

incubated in aerobic conditions. Anaerobic cultures may
also be performed as required. Concentration techniques
such as this one have yielded a culture-negative rate of less
than 5%.188,189

Rapid blood culture techniques such as Bactec (Becton–
Dickinson, Franklin Lakes, NJ, USA), Septi-Chek
(Becton–Dickinson), and BacT/Alert (bioMérieux, Marcy
l’Etoile, France) are useful in reducing the time to identifi-
cation of microorganisms. The total number of microorgan-
isms recovered has been found to be significantly better
from inoculated blood culture bottles than from routine
culture on solid media.190 Bedside-inoculated bottles have
yielded similar results compared to laboratory-inoculated
bottles.

Using the foregoing culture techniques and associated con-
centration methods, most cultures will become positive within
24 hours. Certain situations, such as suspicion of a slow
growing organism per clinical history, may call for additional
incubation time. Agar plates should be incubated at 35˚C to
37˚C in 5%CO2 for 24 hours. Anaerobic plates should be incu-
bated at 35˚C to 37˚C under anaerobic conditions for a
minimum of 7 days. Blood culture bottles should be incubated
in a blood culture system for 5 days. Amicrobiologic diagnosis
can be obtained in more than 75% of specimens by 72 hours.

Polymerase chain reaction can be a sensitive method for
identifying causative organisms. Broad-spectrum polymer-
ase chain reaction with sequencing, and quantitative bacterial
DNA polymerase chain reaction assays can complement, but
not replace, culture methods in the diagnosis of peritonitis,
especially if the patient is receiving antibiotic therapy.191,192

Figure 1. Management algorithm for empiric antibiotic therapy.
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Limitations: Pediatric data regarding when to recom-
mend use of the effluent WBC differential counts as a
means to diagnose peritonitis when the total effluent
WBC count is low in patients receiving APD are limited.

Research Recommendations

● The factors contributing to elevated rates of culture-
negative peritonitis (>15%) in pediatric centers should be
explored.
● Prospective trials should be used to compare the sensitiv-
ity and specificity of the various diagnostic technologies
available in the setting of PD-related peritonitis.

Guideline 9 – Empiric Antibiotic Therapy
9.1 Empiric antibiotic therapy should be initiated as soon

as possible after appropriate microbiological specimens for
the diagnosis of peritonitis have been obtained (Not
Graded).

9.2 Center-specific antibiotic susceptibility patterns and
patient history should help guide the selection of empiric
antibiotic therapy (Not Graded).

9.3 We suggest using either a) intraperitoneal cefepime
monotherapy or b) gram-positive coverage with a first-
generation cephalosporin or vancomycin AND gram-
negative coverage with ceftazidime (preferred) or an amino-
glycoside (if ceftazidime is unavailable). In patients with fea-
tures of sepsis, intravenous antibiotics should be used (2D).

Rationale
Guidelines 9.1 and 9.2: Empiric antibiotic therapy for

pediatric patients suspected to have PD associated peritonitis
must provide coverage for both gram-positive and gram-
negative bacteria (Figure 1). These antibiotics should be
started as soon as peritonitis is suspected as data in adults
demonstrate greater rates of PD discontinuation, catheter
removal and death with delays in therapy.193,194 The
choice of empiric antibiotic regimen should be center-
specific and should take into account local epidemiology,
the relative prevalence of different organisms, as well as
local antibiograms and rates of resistance.

Guideline 9.3: The 2012 ISPD Pediatric guidelines
recommended intraperitoneal (IP) cefepime monotherapy
as one option for empiric therapy to provide empiric treat-
ment for both gram-positive and gram-negative bacteria.2

Cefepime has proven effective in the treatment of peritonitis
in multiple studies, including two randomized controlled
trials and a prospective observational study, and the use
of a single agent may be more convenient than the use of
multiple agents.195–197 However, in some countries cefe-
pime is not available and/or is not affordable. For institutions
in which cefepime is not available or is prohibitively

expensive, empiric treatment with vancomycin or cefazolin
for gram-positive coverage combined with either ceftazidime
or an aminoglycoside for gram-negative coverage, is a rea-
sonable alternative. Data from the IPPN registry demon-
strated that when comparing empiric treatment with
aminoglycosides to cefepime or ceftazidime, no difference
in PD continuation (88% vs. 92%) or peritonitis relapse
(7% vs 8%) was observed after adjusting for age, severity
of symptoms and therapy duration.168

We suggest the use of ceftazidime over the aminoglyco-
sides due to concerns for adverse events including ototoxicity
and nephrotoxicity/loss of residual kidney function associated
with aminoglycoside therapy. However, from observational
studies and a randomized controlled trial, empiric IP amino-
glycoside therapy has not been shown to negatively impact
residual kidney function.198–200 Ototoxicity has, however,
been observed in patients receiving IP aminoglycosides and
in adults the use of N-acetylcysteine appears protective.201–
205 Furthermore, individuals with specific variants in the
MT-RNR1 gene should not receive aminoglycosides due to
the risk of ototoxicity with just a single dose. The impact of
this gene in patients receiving IP aminoglycosides is not
known. In some areas, individuals can be tested for this spe-
cific gene variants.206 Furthermore, the United States
Clinical Laboratory Standards Institute (CLSI) and the
European Committee on Antimicrobial Susceptibility
Testing (EUCAST) no longer recommends gentamicin for
the treatment of P. aeruginosa infections due to emerging
data that gentamicin is inferior for treating this pathogen.207,208

CLSI recommends amikacin for P. aeruginosa only in urinary
tract infections. The aminoglycoside with the best activity for
invasive P. aeruginosa infections is tobramycin. If aminogly-
cosides are used, intermittent daily IP dosing is preferred to
continuous dosing. This strategy takes advantage of the
concentration-dependent mechanism of action of aminoglyco-
sides by allowing for high peak concentrations and lower
trough concentrations to minimize toxicity. Studies in adults
have shown no difference in efficacy between continuous
and intermittent dosing strategies, but have shown higher
serum troughs in patients receiving continuous dosing,
which are associated with a higher risk for ototoxicity.

Intraperitoneal administration of cephalosporins has also
been associated with systemic absorption. Most import-
antly, neurotoxicity has been observed with IV cefepime
in the form of seizures, encephalopathy and depressed con-
sciousness. Primary risk factors have included the elderly
and those with kidney dysfunction and requiring intensive
care.209 There is a report of cefepime-associated neurotox-
icity in 2 patients receiving IP cefepime; in both cases,
symptoms resolved with dose reduction or discontinuation
of the antibiotic.210 In a larger study of 87 episodes of peri-
tonitis treated with IP cefepime, it was very well tolerated
with no evidence of neurotoxicity.196

In institutions where MRSA accounts for a high percent-
age of peritonitis episodes (for example, > 10% of all epi-
sodes of peritonitis), the center should consider
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vancomycin instead of cefepime or cefazolin for gram-
positive coverage. The workgroup also suggests that provi-
ders choose vancomycin as part of the empiric treatment
regimen in patients with a personal history of MRSA infec-
tion. In these cases, vancomycin should be combined with
ceftazidime for gram-negative coverage.

Finally, intravenous therapy should be used initially in
patients who are critically ill with signs of sepsis so as to
ensure the achievement of therapeutic antibiotic blood levels.

Additional Considerations:While gentamicin and ami-
kacin are not preferred for definitive treatment of P. aerugi-
nosa, data suggests that their empiric use is not associated
with increased treatment failures. Additionally, recommen-
dations against the use of gentamicin and amikacin for inva-
sive P. aeruginosa infections are based on clinical and
pharmacokinetic data for IV administration of these antibio-
tics and it is not clear whether IP administration could over-
come the limitations of systemic dosing.

Limitations: No direct comparative data from prospect-
ive studies are available to inform empiric treatment
recommendations.

Data are limited on the rate of systemic absorption of IP
aminoglycosides and cephalosporins in children and the
potential for associated adverse effects.

Research Recommendations

● More comparative clinical outcome data are needed to
further evaluate the different empiric antibiotics regimens
utilized to ensure their efficacy and safety.

● Given the recent recommendations to avoid the use of
gentamicin and amikacin in the treatment of P. aeruginosa,
more data are needed to evaluate the impact of this empiric
antibiotic recommendation on clinical outcomes in patients
with P. aeruginosa peritonitis.

Guideline 10 – General Principles of
Antibiotic Therapy for Peritonitis

10.1 Antibiotic therapy should be adjusted once a causa-
tive pathogen is identified, and antibiotic susceptibility data
should guide the definitive antibiotic selection (Not
Graded).

10.2 Providers should select the narrowest effective
agent and treat for the shortest effective duration to
reduce the risks for development of resistance,
antibiotic-associated adverse events, and time at risk for
fungal peritonitis (Not Graded).

10.3 The IP route of antibiotic administration should be pre-
ferred as long as the compatibility and stability of the IP anti-
biotics allow, unless the patient has features of sepsis, in which
case intravenous antibiotics should be used (Not Graded).

Rationale
Guideline 10.1: Definitive antibiotic selection should be

guided by culture and antibiotic susceptibility results.
(Tables 3 and 4). Clinicians should select the narrowest
effective antibiotic. Broad-spectrum antibiotics are asso-
ciated with higher risks for the development of antibiotic

Table 3. Intraperitoneal antibiotic dosing recommendations for treatment of peritonitis.

Therapy Typea

Continuous

Antibiotic Type Loading Dose Maintenance Dose Intermittent

Intraperitoneal (IP)

Aminoglycosidesb

Amikacin N/A N/A 2 mg/kg400

Gentamicin N/A N/A 0.6 mg/kg401

Tobramycin N/A N/A 0.6 mg/kg402

Beta-Lactams
Cefazolin 500 mg/L 125 mg/L197 20 mg/kg402

Cefepime 500 mg/L 125 mg/L197 15 mg/kg403 (Max dose: 1000 mg)

Ceftazidime 500 mg/L 125 mg/L197 20 mg/kg404

Imipenem/cilastatin 250 mg/L 50 mg/L405 N/A

Meropenem N/A 125 mg/L406 N/A

Miscellaneous
Daptomycin 100 mg/L 20 mg/L407 N/A

Ciprofloxacin N/A 50 mg/L408 N/A

Vancomycinc 225 500 mg/L 25 mg/L 30 mg/kg; repeat dosing: 15 mg/kg every 3–5 days

aFor continuous therapy, the exchange with the loading dose should dwell for 6 hours; all subsequent exchanges during the treatment course should

contain the maintenance dose. For intermittent therapy, the dose should be applied once daily in the long-dwell, unless otherwise specified.
bAminoglycosides and penicillins should not be mixed in dialysis fluid because of the potential for inactivation.
cIn patients with residual kidney function, glycopeptide elimination may be accelerated. If intermittent therapy is used in such a setting, therapeutic drug

monitoring may be considered to help guide dosing, especially in patients who are not responding to vancomycin or have evidence of toxicity. Redosing

may be considered when serum concentrations are< 15 mcg/mL.
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resistance, as well as higher rates of antibiotic-associated
adverse drug events.211 Specific recommendations based
on the organism identified and susceptibility patterns are
summarized in Figures 2 to 5.

The approach to management of children with penicil-
lin allergies has changed over time. While 5–10% of
people report penicillin allergies, only about 10% of
those who undergo testing have a true penicillin allergy.

Table 4. Systemic antibiotic dosing recommendations for treatment of peritonitis.

Antimicrobial Route Recommended Dose Dose Frequency Per-dose maximum

Beta-Lactam Antibiotics
Amoxicillin PO 20 mg/kg/dose Daily 1000 mg

Cefazolin IV 25 mg/kg/dose Every 24–48 h 1000 mg

Cefepime IV 25–50 mg/kg/dose Every 24–48 h 2000 mg

Ceftazidime IV 50 mg/kg/dose Every 48 h 2000 mg

Meropenem IV 10–20 mg/kg/dose Daily 1000 mg

Fluoroquinolone
Antibiotics
Ciprofloxacin IV/PO 10–15 mg/kg/dose Daily IV: 400 mg; PO: 500 mg

Levofloxacin IV/PO 10 mg/kg/dose Every 48 h 500 mg

Other Antibiotics
Linezolid IV/PO 10 mg/kg/dose < 12 years old:

Three times daily

≥ 12 years old:

Twice dailya

600 mg

Minocycline IV/PO 4 mg/kg/dose for first dose,

then 2 mg/kg/dose

thereafter

Once daily for first

dose; then twice

daily

200 mg

Sulfamethoxazole/

trimethoprim (based on

trimethoprim)

IV/PO 4–6 mg/kg/dose Daily 160 mg

Rifampin IV/PO 5–10 mg/kg/dose Twice daily 600 mg

Antifungals
Amphotericin B Liposomal IV 3–5 mg/kg/dose Daily N/A

Fluconazole IV/PO 6 mg/kg/dose Every 24–48 h Treatment: 400 mg

Isavuconazonium sulfate

(Isavuconazole)

IV/PO 10 mg/kg/dose of

isavuconazonium sulfate409
Three times daily

for 6 doses then

once daily

372 mg (isavuconazonium

sulfate)

Posaconazoleb PO (delayed

release tablets)

300 mg Twice daily for 2

doses, then once

daily

PO (immediate

release

suspension)

4.5–6 mg/kg/dose Four times daily 200 mg

Voriconazoleb PO 2 to < 12 years old: 9 mg/kg/

dose

≥ 12 years old and < 50 kg: 9

mg/kg/dose

≥ 12 years old and≥ 50 kg:

200 mg

Twice daily 350 mg

Caspofungin IV < 3 months: 25 mg/m2/dose

≥ 3 months: 70 mg/m2/dose

for first dose, then 50 mg/

m2/dose

Daily 70 mg (first dose); 50 mg

(subsequent doses)

Micafungin IV < 4 months old: 10 mg/kg/dose

≥ 4 months old: 2 mg/kg/

dose

Daily 100 mg

PO=oral; IV= intravenous
aMay consider reducing to 300 mg Q12hr after 72 hours if a prolonged duration (>10 days) is anticipated and patient is at risk for development of

thrombocytopenia based on limited data410,411

bAvoid intravenous (IV) formulations if possible due to accumulation of cyclodextrin-component and potential kidney toxicity
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Children with penicillin allergy labels are more likely to
receive guideline-discordant antibiotics that are broader
than necessary and are more likely to experience
antibiotic-associated adverse events.212 It is, in turn,
important to remove inaccurate penicillin allergy labels
and multiple organizations recommend a proactive

approach to penicillin allergy delabeling when
appropriate.213,214

Even for patients with a true penicillin allergy, most
cephalosporins can be used safely. Cross-reactivity
between penicillins and cephalosporins was initially
thought to be as high as 8% but is now understood to be

Figure 2. Management algorithm for gram-positive bacteria on culture.

Figure 3. Management algorithm for gram-negative bacteria on culture.
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much lower.215,216 Patients with non-anaphylactic penicil-
lin allergies can receive any cephalosporin without add-
itional testing. Patients with anaphylaxis to penicillin can
safely receive cephalosporins with side chains that are dif-
ferent from penicillin, in particular cefazolin. Children with
penicillin allergies, including anaphylaxis, can receive

carbapenems when clinically appropriate.217 If a child is
thought to have an allergy to a preferred agent or an anti-
biotic with a similar side chain that would preclude use of
the preferred agent, we recommend involvement of an aller-
gist to facilitate optimal prescribing, rather than using
second-line antibiotics.

Figure 4. Management algorithm for culture-negative peritonitis.

Figure 5. Management algorithm for fungal peritonitis.
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Guideline 10.2: The shortest effective duration of
therapy should be used to treat peritonitis. Longer dura-
tions of antibiotics increase the risk for development
of resistance, antibiotic-associated adverse events,
and increased time at risk for fungal periton-
itis.155,158,159,171,218 Comparative data regarding
optimal durations of therapy are limited, but registry
data from the IPPN does shed some light on this ques-
tion. The sections below and Figures 2 to 5 outline
recommended durations of therapy, which are generally
2–3 weeks and dependent on the causative organism.
Resistant organisms do not require longer durations of
therapy.

Guideline 10.3: Use of IP antibiotics is preferred for
treatment of peritonitis to deliver optimal concentra-
tions of the antibiotic to the site of infection and to min-
imize systemic absorption and associated toxicities.
Some patients may also find it easier to administer anti-
biotics by the IP route than to remember to take mul-
tiple doses of oral antibiotics daily. For some agents,
IP administration is not possible due to concerns
about compatibility or safety associated with IP admin-
istration, or the lack of pharmacokinetic or pharmaco-
dynamic data to identify an appropriate dose. In these
cases, intravenous (IV) or oral administration of anti-
biotics may be required. Intravenous therapy may also
be needed initially in patients who are critically ill
with signs of sepsis. In these cases, there is no particu-
lar obligatory duration of IV therapy before transition to
oral or IP antibiotics.219 In patients who are able to tol-
erate and absorb oral antibiotics and for infections
where there are reasonable options for oral administra-
tion based on susceptibilities, enteral antibiotics are
preferred over IV medication to reduce the need for
intravenous catheters, which are associated with high
rates of complications (both infectious and mechanical)
in children.220,221 Avoidance of IV access when pos-
sible is particularly important in children on PD who
may eventually require vascular access for
hemodialysis.

Limitations: Data comparing specific treatment regi-
mens or routes of administration of antibiotics are
lacking. Most of the data regarding IP dosing of antibiotics
is based on published clinical experience rather than formal
pharmacokinetic studies.

Guideline 11 – Modification for
Gram-positive Peritonitis

11.1 We suggest that peritonitis caused by methicillin-
susceptible S. aureus (MSSA) be treated with IP cefazolin
for a duration of 2 weeks (2D).

11.2 We suggest that peritonitis caused by methicillin-
resistant S. aureus (MRSA) be treated with IP vancomycin
for a duration of 2 weeks (2D).

11.3 We suggest the addition of PO rifampicin for peri-
tonitis caused by either MSSA or MRSA if there is a poor
initial response (2D).

11.4 We suggest that coagulase-negative staphylococci
should be treated with IP cefazolin or vancomycin, accord-
ing to susceptibilities, for a period of 2 weeks (Not Graded).

11.5 We suggest that peritonitis caused by enterococci
should be treated according to susceptibilities with PO
amoxicillin (for ampicillin-susceptible enterococci), IP
vancomycin (for ampicillin-resistant, but vancomycin-
susceptible enterococci), or with IP daptomycin or PO line-
zolid (for vancomycin-resistant enterococci) for a duration
of 2–3 weeks (Not Graded).

11.6 We suggest that peritonitis caused by Streptococcus
spp. should be treated with IP cefazolin, if susceptible, or IP
cefepime or IP vancomycin if not susceptible to cefazolin,
for a duration of 2 weeks (Not Graded).

11.7 We suggest that other gram-positive bacteria should
be treated with the narrowest available agent for a duration
of 2 weeks (Not Graded).

Rationale
Gram-positive organisms are the most commonly identified
pathogens in pediatric PD-associated peritonitis, accounting
for 50–60% of cases in which an organism is identified.24,48

Coagulase-negative Staphylococci are most common, fol-
lowed by Staphylococcus aureus, then Enterococci and
Streptococci. Outcomes for gram-positive peritonitis in chil-
dren tend to be quite good, with resolution as characterized
by the lack of impairment in ultrafiltration capacity and
absence of clinically apparent intraperitoneal adhesions in
85% of episodes. Treatment regimens, both antibiotic
choice and duration, should be tailored to the identified
organism (Figure 2).

Guideline 11.1 and 11.2: Antistaphylococcal beta
lactams, including cefazolin, are the preferred treatment
for serious MSSA infections.222 Numerous studies have
shown that antistaphylococcal beta lactams, including cefa-
zolin, are superior to vancomycin for the treatment of
MSSA bacteremia, including one study demonstrating
lower mortality in children.223 Prior data from the IPPR
had suggested more frequent peritonitis relapses in patients
treated with a first-generation cephalosporin compared to
other antibiotics.37 This evaluation included peritonitis
caused by any organism and did not specifically evaluate
outcomes in patients with MSSA. The dosing that was
reported in that study was also lower than currently recom-
mended dosing, which is very important for beta lactam
antibiotics whose activity depends on time above the
minimum inhibitory concentration. More recent data from
the IPPN has shown more favorable outcomes in patients
who received cefazolin compared to other beta-lactams.
After adjusting for age, disease severity, and therapy
duration, PD continuation was higher in those who
received cefazolin (218/223 (98%)) vs. other beta-lactams
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(52/57(91%)), with an odds ratio of 0.24 (0.063, 0.91) and a
p-value of 0.036.168 Relapse was also less common in those
treated with cefazolin (12/223 (5%)) compared to those who
received other beta-lactams (6/57(11%)), with an odds ratio
of 2.22 (0.77, 6.25) and a p-value of 0.14.

Previous concerns about worse outcomes in children with
PD-associated peritonitis treated with cefazolin have not per-
sisted in analyses of more recent data with improved cefazo-
lin dosing and are consistent with data in other serious
MSSA infections, where cefazolin is preferred. Cefazolin
also has a narrower antibiotic spectrum than other cephalos-
porins or glycopeptides, reducing the risk for development of
resistance. It is very well tolerated, and its use avoids the
risks of nephrotoxicity associated with vancomycin or the
neurotoxicity associated with cefepime, and it is inexpensive.
Allergy to cefazolin is rare, and there is little cross-reactivity
between cefazolin and other beta lactams, so it can be used
safely even in children with reported allergy, including ana-
phylaxis, to penicillins or other cephalosporins. Therefore, in
children with PD-associated peritonitis confirmed to be
caused by MSSA, we suggest transition to IP cefazolin
alone for treatment.

Intraperitoneal vancomycin is the treatment of choice for
MRSA infections. Use of teicoplanin is not recommended
because its activity against MRSA biofilm is impaired in
PD solutions.224 Optimal dosing for IP vancomycin is not
clear. Several studies, including those with pharmacoki-
netic modeling, have demonstrated significant inter-
individual variability in serum levels of vancomycin with
fixed IP dosing strategies. Previous iterations of this guide-
line recommended higher loading doses of IP vancomycin
for patients undergoing continuous PD, but more recent lit-
erature has demonstrated that lower loading doses may be
utilized to minimize potential toxicity.225,226 It is also
unclear whether there is a role for modifying dosing
based on therapeutic drug monitoring (TDM). Whereas
the utility and optimal parameters for IP vancomycin
TDM are not clearly defined, clinicians may consider
TDM in consultation with pharmacy experts for some
patients, including those at high risk of toxicity or with
poor clinical response.

The 2012 ISPD pediatric peritonitis guidelines and the
ISPD peritonitis guideline recommendations: 2022 update
on prevention and treatment for adult patients, recommend
3 weeks of therapy for S. aureus peritonitis. The recommen-
dation is based on limited retrospective data from two
studies in adult patients with S. aureus peritonitis, which
suggested better outcomes in patients treated with 3
weeks of therapy in one study compared to worse outcomes
in another study in which patients received an average of 2
weeks of therapy.2,27,227,228 No definitive conclusions can
be drawn from this comparison across studies that were
conducted in different geographic locations (Hong Kong
vs. Australia) and across different time periods (1994–
2005 and 2003–2006). Importantly, data from the IPPN
registry did not show a difference in outcomes for patients

with S. aureus peritonitis treated with 2 vs 3 weeks of
antibiotics.168

A comparison of 106 patients with MSSA peritonitis
who received antibiotic therapy for a median of 14 days
(range 12–17) to 94 patients treated for a median of 21
days (range 19–24), revealed no difference in full functional
recovery (p= 0.91), PD discontinuation (p= 0.83) or cath-
eter removal (p= 0.97).

Among 73 patients with MRSA peritonitis treated with
vancomycin maintenance therapy (42% intermittent IP,
25% continuous IP, 33% iv), full functional recovery was
achieved in 95% of 22 episodes treated for a median of 14
days (range 12–17 days), as compared to 73% of 51 episodes
treated for a median of 21 (range 19–24) days (p= 0.03). The
relapse rate was similar in both groups (4% vs. 5%, p= 0.91).

While the data from IPPN are also limited by their retro-
spective nature, this does provide important evidence that 2
weeks of therapy appears to be safe and effective for chil-
dren with both methicillin susceptible and methicillin resist-
ant S. aureus peritonitis.

Guideline 11.3: Data from the IPPN showed that among
all gram-positive infections, there was no significant differ-
ence in PD continuation rates between those who received
rifampicin (34/38 (89%)) and those who did not receive
rifampicin (859/915 (94%)), with an odds ratio of 1.23
(0.38, 3.92) and a p-value of 0.72 after adjusting for age,
disease severity, and therapy duration.168 Similarly, there
was no significant difference in relapse rates between
those who received rifampicin (1/38 (2.6%)) and those
who did not (69/915 (7.5%)), with an odds ratio of 2.5
(0.33, 18.8) and a p-value of 0.37. An analysis based on
S. aureus and CoNS infections showed that 28/588 S.
aureus and CoNS infections were treated with rifampicin.
The PD discontinuation rate was similar in the treated and
non-treated groups; 2/28 (7%) vs. 33/560 (6%) p= 0.78,
and the relapse rate was nominally higher in the non-treated
group: 43/560 (8%) vs. 1/28 (4%) p= 0.42.

In a retrospective, observational single-center study of
245 S.aureus episodes that occurred in 152 adult patients,
primary response rate was similar between patients with
and without adjuvant rifampicin therapy (82.4 v. 89.8%;
P= 0.11), as was the complete cure rate (77.9
versus 72.9%; P= 0.4).227 However, adjuvant rifampicin
treatment was associated with a significantly lower risk
for relapse or repeat S.aureus peritonitis than was treatment
without rifampicin (21.4 versus 42.8%; P= 0.004).
Adjuvant rifampicin treatment resulted in a 49.9% relative
risk reduction in relapse or repeat S. aureus peritonitis
(95% CI 14.6 to 70.6%). The effect of rifampicin remained
substantial even after exclusion of cases with early relapse
(within 4 weeks after completion of antibiotics). Adjuvant
rifampicin significantly reduced the risk for repeat periton-
itis (23.3 v. 38.0%; P= 0.012).

Guideline 11.4: Coagulase-negative Staphylococci
(CoNS), including Staphylococcus epidermidis, are among
the most common causes of peritonitis in children.
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Coagulase-negative staphylococcal peritonitis is often asso-
ciated with touch contamination. Coagulase-negative
staphylococci tend to be less virulent than S. aureus, but a
significant proportion of CoNS are resistant to methicillin,
40–70% in adult series.229–231 Treatment should be modified
according to susceptibilities once they are available, using IP
cefazolin for methicillin-susceptible and IP vancomycin for
methicillin-resistant isolates. We do not recommend using
the CoNS resistance rate to determine an institution’s
empiric therapy, because coagulase-negative peritonitis
tends to be clinically mild and treatment failure is rare, as
long as patients are placed on appropriately targeted defini-
tive therapy once susceptibilities are known.232,233 Two
weeks of therapy are as effective as 3 weeks in the treatment
of coagulase-negative staphylococcal peritonitis.232

Guideline 11.5: Enterococci are part of the normal
genitourinary and intestinal flora. Enterococcal peritonitis
may be related to intraabdominal pathology, but can also
occur through touch contamination. In adults, outcomes
appear to be worse when Enterococcus spp. are isolated
along with other pathogens, which is more suggestive of
intraabdominal pathology.234–236 There are few data in chil-
dren about polymicrobial peritonitis specifically, and
overall outcomes for enterococcus peritonitis in children
seem to be better than in adults. This holds true even
when empiric treatment is not effective against entero-
coccus, which is relatively common since enterococci are
intrinsically resistant to cephalosporins.237

Many enterococci are susceptible to ampicillin, which
was the first-line recommendation for treatment of suscep-
tible isolates in the 2012 guideline. However, newer data
suggest that ampicillin’s activity is significantly impaired
by PD fluid and so IP administration of ampicillin is not
recommended.238 In turn, we suggest that treatment of
ampicillin-susceptible enterococci consist of oral amoxicil-
lin. In children who are unable to tolerate or absorb PO
amoxicillin, IV ampicillin/amoxicillin may be used. When
there are viable alternatives, we do not recommend vanco-
mycin for treatment of ampicillin-susceptible enterococci
due to a higher risk for colonization with vancomycin-
resistant enterococci (VRE). For enterococcal isolates that
are resistant to ampicillin but susceptible to vancomycin,
the group recommends treatment with IP vancomycin.

Treatment of VRE can be challenging and so we encour-
age consultation with a local infectious diseases specialist in
this case. Intraperitoneal daptomycin appears to have
acceptable pharmacokinetics and there are case reports of
successful treatment of VRE with IP daptomycin in
adults.239,240 Both oral and IV linezolid appear to achieve
adequate IP concentrations and have also been used suc-
cessfully for treatment of VRE peritonitis, although IP
administration of linezolid is not recommended due to
similar concerns to ampicillin regarding impaired activity
in PD fluid and unknown dosing regimens.241,242

The optimal duration of therapy for enterococcal periton-
itis is not clear. While the ISPD peritonitis guideline

recommendations: 2022 update on prevention and treatment
for adult patients, recommend 3 weeks of therapy for enter-
ococcal peritonitis, large case series of adults with enterococ-
cal peritonitis reveal that most are treated with 2 weeks of
antibiotics and there are no comparative data suggesting
that 3 weeks is superior.234,235 In turn, we suggest treatment
with antibiotics for 2–3 weeks, with longer durations consid-
ered for patients who are slower to improve.

Guideline 11.6: Streptococcal peritonitis can be caused
by skin flora and exit-site or tunnel infection (Streptococcus
pyogenes) or be related to transient bacteremia (viridans
group Streptococci and Streptococcus pneumoniae).
Susceptibility patterns for Streptococci vary by species
and region. Infections should be treated according to sus-
ceptibilities with either IP cefazolin, IP cefepime, or IP
vancomycin. While organisms may be susceptible to ampi-
cillin, as discussed above, ampicillin’s activity is signifi-
cantly impaired by PD fluid and so IP ampicillin is not
recommended. Oral amoxicillin has been used in some
patients with enterococcal peritonitis and may be an option
for patients with ampicillin-susceptible Streptococcal peri-
tonitis, but this is not well-studied.235

Guideline 11.7: Other gram-positive bacteria are rarer
causes of peritonitis in children and so clinical experience is
often limited to case reports. Consultation with an infectious
diseases specialist is suggested for uncommon organisms. In
general, treatment should be guided by antimicrobial suscepti-
bility testing and the narrowest available agent should be
administered for two weeks.

Limitations: No data are available about adverse effects
of rifampicin use in addition to current antibiotic treatment
in slowly resolving and/or severe peritonitis and/or catheter
exit-site infections. Data suggesting inactivation of IP ampi-
cillin relate to its activity against enterococcus rather than in
treatment of streptococci, but it is likely that the impaired
activity would also decrease efficacy for streptococcus.243

There are no clinical outcome data evaluating the efficacy
of IP ampicillin, or any comparative data about any specific
treatment regimens for Streptococcal peritonitis.

Research Recommendations
● Additional research is needed to determine the optimal
dosing strategy for intraperitoneal vancomycin and
whether there is a role for therapeutic drug monitoring,
either universally or in a subset of children.

● Further evaluation of oral amoxicillin vs. vancomycin or
other strategies for Streptococcal peritonitis should be
conducted.

Guideline 12 – Modification of Therapy for
Gram-Negative Peritonitis

12.1 We suggest that peritonitis caused by gram-
negative organisms that are not otherwise specified
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below (i.e., not Pseudomonas aeruginosa, Acinetobacter
sp., Stenotrophomonas maltophilia, Enterobacter cloacae,
Klebsiella aerogenes, Citrobacter freundii) and that do not
have specified markers of resistance, extended-spectrum beta-
lactamases (ESBL) or carbapenem-resistant Enterobacterales
(CRE), be treated according to susceptibilities with either IP
cefazolin or IP ceftazidime for a duration of 2 weeks (2D).

12.2 We suggest that peritonitis caused by Extended-
spectrum beta-lactamase producing Enterobacterales
(ESBL-E) be treated with IP or IV meropenem or IP or
PO ciprofloxacin according to susceptibilities for a duration
of 2 weeks (2D).

12.3 We suggest that peritonitis caused by organisms
with high risk for AmpC beta-lactamase production,
defined as Enterobacter cloacae, Klebsiella aerogenes,
and Citrobacter freundii, be treated with IP cefepime if sus-
ceptible, or IP or IV meropenem or IP or PO ciprofloxacin if
not, for a duration of 2 weeks (2D).

12.4 We suggest that peritonitis caused by Carbapenem-
resistant Enterobacterales (CRE) be treated according to
susceptibilities, in consultation with an infectious diseases
expert, for a duration of 2 weeks (2D).

12.5 We suggest that peritonitis caused by Pseudomonas
aeruginosa be treated according to susceptibilities with a
single agent, either IP ceftazidime or cefepime if suscep-
tible, or IP or IV meropenem or IP or PO ciprofloxacin if
not, for a duration of 3 weeks (2D).

12.6 We suggest that peritonitis caused by Acinetobacter
spp. be treated according to susceptibilities with a single
agent, either IP cefepime, IP ceftazidime, or IP or IV mero-
penem, for a duration of 3 weeks (Not Graded).

12.7 We suggest that peritonitis caused by carbapenem-
resistant Acinetobacter baumannii (CRAB) be treated
according to susceptibilities with at least two active
agents when possible, including high-dose IV ampicillin-
sulbactam+ IV or PO minocycline/tigecycline, IV poly-
myxin B, or IV cefiderocol, for a duration of 3 weeks.
Consultation with an infectious diseases specialist is also
suggested (Not Graded).

12.8 We suggest that peritonitis caused by
Stenotrophomonas maltophilia be treated with PO
trimethoprim-sulfamethoxazole in combination with
another active agent, such as IV or PO levofloxacin, mino-
cycline, tigecycline, or cefiderocol, for a duration of 3
weeks (Not Graded).

Rationale
Outcomes for gram-negative peritonitis tend to be worse
than for gram-positive peritonitis. Previous analysis of
data from the IPPR showed that full functional recovery
was achieved in 86% of episodes of gram-negative periton-
itis.38 Treatment of gram-negative infections can be particu-
larly challenging due to rising resistance and the numerous
different mechanisms of resistance that can make antibiotic
selection complex. Studies comparing different treatment

strategies for specific gram-negative causes of peritonitis
are lacking, so most recommendations are extrapolated
from general principles for the management of gram-
negative infections. (Figure 3)244 As antibiotic resistance
continues to increase worldwide, it is increasingly import-
ant to prioritize therapies that limit negative consequences
(i.e., narrow-spectrum antibiotics, shorter treatment time)
for the treatment of susceptible organisms, as long as
these are not associated with inferior outcomes.

Guideline 12.1: For susceptible isolates, IP cefazolin is
preferred to ceftazidime due to its narrower spectrum. Out
of 154 gram-negative Enterobacterales peritonitis (E.coli,
Klebsiella spp., Enterobacter, Citrobacter and Serratia
spp.) episodes reported to the IPPN Registry between
2011 and 2022, monotherapy with IP cephalosporins as
post-empiric therapy was prescribed in 56 cases (45 ceftazi-
dime or cefepime and 11 cefazolin).168 Full functional
recovery was reported in 10 (91%) episodes treated
with cefazolin monotherapy (8 E.coli, 3 Klebsiella spp.),
as compared to 42 (93%) receiving ceftazidime or
cefepime treatment (p= 0.79). There was also no significant
difference in the relapse rate, with no relapses reported in
cefazolin treated patients and 4 relapses in the ceftazi-
dime/cefepime group (p= 0.29).

Although previously reported data from the IPPR cohort
suggested that cefazolin monotherapy was associated with a
higher risk of relapse as compared to treatment with
a glycopeptide, ceftazidime or aminoglycoside monother-
apies, the published analysis did not specify the type of
causative bacteria.37 In addition, the reason for inferior out-
comes with cefazolin for treatment of organisms that are in
vitro susceptible, might be attributed to the previously
advocated lower dosing of cefazolin that we now recognize
to be inadequate. This association did not hold true in more
recent analyses in patients receiving higher doses of cefazo-
lin. Given the risk for development of resistant organisms
(ESBL, AmpC-producing bacteria) with use of a third gen-
eration cephalosporin, cefazolin use for the treatment of
susceptible gram-negative bacteria is a reasonable
option.245 In addition, cefazolin is well-tolerated and inex-
pensive, in addition to having a narrow spectrum of activity
making it less likely to induce broader antimicrobial
resistance.

The suggested duration of therapy for most gram-negative
organisms, with the exceptions of Pseudomonas aeruginosa,
Acinetobacter baumanii, and Stenotrophomonas maltophilia,
is 2 weeks. Data from the IPPN registry found no difference
in full functional recovery from peritonitis in cases of
non-Pseudomonas gram-negative peritonitis in patients
treated with 2 vs. 3 weeks of antibiotics.168 Among 140
patients treated for a median of 14 (range 12–17) days,
91% experienced full functional recovery versus 88%
recovery among 106 patients receiving therapy for a
median of 21 (range 19–24) days (p= 0.45). When per-
forming a multivariate analysis controlling for age, pres-
ence of preceding exit-site infection, severity of
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symptoms at presentation and early treatment response,
there was still no difference in full recovery between
patients treated with short vs. long durations of
therapy.168 Prior versions of this guideline and current
guidelines for the management of peritonitis in adults
have recommended 3 weeks of therapy for all gram-
negative peritonitis, but there are no studies showing
better outcomes with 3 weeks of antibiotics compared to
shorter durations of therapy.27 The data from the IPPN
registry, in addition to the risks associated with prolonged
antimicrobial therapy including development of antimicro-
bial resistance, adverse events, and cost of therapy, favor
the use of a 2-week duration. The use of shorter durations
of treatment is also consistent with emerging evidence sup-
porting shorter durations of therapy for gram-negative
infections in general, including serious infections such as
bacteremia.246 Clinicians may consider longer durations
of therapy if patients are slow to improve or there is
concern for concomitant exit-site/tunnel infection, though
these factors may also lead providers to consider catheter
removal for source control.

Guideline 12.2: ESBL-E are among the most common
resistant gram-negative organisms identified in clinical
infections. Infections with ESBL-E tend to be less
common in children than adults, but have also increased
rapidly and rates and risk factors vary widely by geog-
raphy.247–249

ESBLs are enzymes that inactivate most penicillins,
cephalosporins, and aztreonam. Most ESBL-E remain sus-
ceptible to carbapenems and non-beta lactams (fluoroquino-
lones, TMP/SMX, aminoglycosides), although some may
also have additional mechanisms of resistance that lead to
broader resistance. ESBLs are most common in
Escherichia coli, Klebsiella pneumoniae, Klebsiella
oxytoca, and Proteus mirabilis, although they can be found
in any gram-negative organism. Most clinical laboratories
do not perform ESBL testing, so non-susceptibility to ceftri-
axone is used instead as a proxy for ESBL production. While
some organisms may be resistant to ceftriaxone for reasons
other than ESBL production, Enterobacterales that are resist-
ant to third generation cephalosporins (ceftriaxone, cefotax-
ime, or ceftazidime) should be presumed to be ESBL-E.244

A large randomized clinical trial in adults found higher
mortality in patients with ESBL-E bacteremia treated with
piperacillin/tazobactam compared to meropenem.250 IDSA
guidelines recommend extending the preference for carba-
penems for treatment of serious infections with ESBL-E
to other sites, including intraabdominal infections, particu-
larly for initial treatment. Intraperitoneal administration is
preferred, and with optimal dosing for intermittent adminis-
tration in children unclear, this would require continuous
administration. If this is not possible, intravenous adminis-
tration can be used.

Oral or IP fluoroquinolones can be used as step-down
therapy in patients who have shown clinical improvement,
or may be reasonable options for first-line treatment in

children who are not critically ill.251,252 Both ciprofloxacin
and moxifloxacin appear to be compatible with PD solu-
tions and to have bactericidal activity in PD
fluid.238,253,254 Fluoroquinolones are highly orally bioavail-
able and thus when given orally, can achieve adequate IP
concentrations.255,256 If given orally, it is important to
note that fluoroquinolone absorption is impaired by
calcium-, magnesium-, aluminum-, zinc-, or iron-
containing products (eg, antacids, dairy products, tube
feeds) as well as phosphorus binders, and so administration
of fluoroquinolones should be timed to be several hours
before or after receipt of these products. Fluoroquinolones
have been used extensively in children with very rare
reports of musculoskeletal adverse events, primarily tendin-
itis and tendinopathy that is generally short-term and
reversible.257–259 Observational data in adults suggest fluor-
oquinolones may be associated with an increased risk of
aortic aneurysm or dissection.260–264 Unless no other treat-
ments are available, fluoroquinolones should be avoided in
children known to have an aortic aneurysm or who have
risk factors for aneurysm, such as Marfan syndrome or
Ehlers Danlos syndrome.265

There is no evidence to suggest that resistant infections
require longer durations of treatment than susceptible
ones, as long as they are ultimately treated with an effective
antibiotic.244 Since these patients may have been started on
empiric treatment with an antibiotic to which their isolate
was ultimately found to be non-susceptible, it is recom-
mended that they complete 2 weeks of treatment with an
effective agent.

Guideline 12.3:AmpC beta lactamases are enzymes that
hydrolyze a number of beta lactams. Some gram-negative
organisms exhibit inducible AmpC production. These
organisms may initially test susceptible in vitro to third gen-
eration cephalosporins (ceftriaxone, cefotaxime, and cef-
tazidime), but use of these antibiotics can induce
increased AmpC production leading to rapid development
of resistance. Based on both clinical and in vitro data,
IDSA guidelines consider Enterobacter cloacae complex,
Klebsiella aerogenes (formerly Enterobacter aerogenes),
and Citrobacter freundii to be at moderate to high risk for
clinically significant AmpC production due to an inducible
ampC gene.266,267 As many as 20% of isolates of these
organisms exhibit clinically significant inducible AmpC
beta lactamases.268–272 While prior classification schemes
included organisms such as Proteus spp., Serratia marces-
cens, and Morganella morganii as AmpC producers, more
current data show that clinically significant AmpC produc-
tion occurs in less than 5% of these organisms and they can
be treated according to in vitro susceptibilities.268,273,274

For the three groups of organisms with the highest risk
for inducible AmpC expression, E. cloacae, K. aerogenes,
and Citrobacter freundii, even if in vitro susceptibility
testing indicates susceptibility to third generation cephalos-
porins, these antibiotics should be avoided. Intraperitoneal
cefepime is recommended because it is a weak inducer of

Warady et al. 331



AmpC beta lactamases and can withstand hydrolysis by
AmpC beta lactamases. For organisms that are resistant to
cefepime, the workgroup recommends use of either IP or
IV carbapenem or an IP or PO fluoroquinolone.
Carbapenems are also resistant to hydrolysis by AmpC
beta lactamases and fluoroquinolones are not susceptible
to beta lactamases.

Guideline 12.4: CRE are gram-negative organisms that
are resistant to at least one carbapenem antibiotic or that
produce carbapenemase enzymes. They are a heterogenous
group of organisms with a variety of different mechanisms
of resistance, including carbapenemases, other beta lacta-
mases, and porin mutations. The prevalence of CREs and
mechanisms of resistance varies widely worldwide.275

Knowledge of a specific CRE isolate’s mechanisms of
resistance, including whether it produces a carbapenemase
and, if so, which carbapenemase, is critically important
for determining optimal treatment.244 For example, the
most common carbapenemases in the United States are K.
pneumoniae carbapenemases (KPCs), which can be found
in many Enterobacterales in addition to K. pneumoniae.
Novel beta lactam/beta lactamase inhibitor combinations
such as ceftazidime-avibactam, meropenem-vaborbactam,
and imipenem-cilastatin-relebactam are active against
most Enterobacterales that produce KPC enzymes.

Because management of carbapenem-resistant infection
is complex and nuanced and may vary according to local
susceptibility patterns and antimicrobial availability, con-
sultation with an infectious diseases expert is recom-
mended. In general, beta lactam/beta lactamase inhibitor
combinations with activity against the isolated organisms
are preferred over aminoglycosides and colistin due to
improved efficacy and decreased toxicity with such
regimens.244

Guideline 12.5: Infections secondary to Pseudomonas
spp. are difficult to treat because of the bacteria’s capacity
to generate a biofilm that lowers the likelihood of successful
treatment without catheter removal. In many cases, a tunnel
infection accompanies the peritonitis episode and increases
the likelihood of subsequent PD discontinuation.276

Analysis of the gram-negative peritonitis episodes reported
to the IPPR registry revealed that Pseudomonas spp. was
the most frequent bacterial cause of an exit-site infection
or colonization and the association with peritonitis was sig-
nificant for the latter (P= 0.01).38 In addition, antibiotic use
in the preceding 30 days has been identified as a risk factor
for the development of peritonitis attributable to
Pseudomonas spp. in both pediatric and adult patients
receiving PD.277

Combination therapy with cefepime or ceftazidime and a
second agent that has a different mechanism of action (for
example, fluoroquinolone or aminoglycoside) and to
which the bacteria is susceptible was advocated in the
2012 pediatric ISPD guidelines and treatment with 2
agents is also recommended in the ISPD peritonitis guide-
line recommendations: 2022 update on prevention and

treatment for adult patients. This recommendation is
based on an outcomes analysis of 191 Pseudomonas
related peritonitis episodes reported to the ANZDATA
database between 2003 and 2006. 79% of these episodes
were treated with one antibiotic only (most commonly
ciprofloxacin) and 21% with two anti-pseudomonas
agents (most commonly ciprofloxacin and an aminoglyco-
side).278 In patients treated with a single agent, 38%
required permanent discontinuation of PD compared to
10% in dual therapy (p= 0.03). This was a retrospective
analysis with a number of important limitations, including
lack of information about or adjustment for concomitant
exit-site/tunnel infection, disease severity, and initial
response to antibiotic treatment. In that report, there was
also little information given about the specific antibiotic
regimens used, which apparently included relatively infre-
quent use of beta lactams. Most patients were empirically
treated with an aminoglycoside and then switched to cipro-
floxacin once Pseudomonas aeruginosa was isolated in
culture. Treatment durations were also relatively short,
with a median of 16 days.

In contrast, a more recent analysis of Pseudomonas aer-
uginosa peritonitis episodes reported to the IPPN registry
between 2012 and 2020 revealed no difference in
outcome between one- and two-agent therapy.168 Out of
70 episodes, 29 were treated with one anti-pseudomonas
agent (ceftazidime, gentamicin, fluoroquinolone or cefe-
pime). The full functional recovery rate was 79%, as com-
pared to 56% in patients treated with two anti-pseudomonas
agents (p= 0.04). Patients who received two anti-
pseudomonas agents presented with more severe signs
and symptoms of infection at 60–72 hours of empiric
therapy and more commonly had a preceding ESI (26 vs.
21%). However, multivariate analysis showed no difference
in outcome between the groups after adjusting for age,
disease severity score, 60–72-hour treatment response and
treatment duration.

This is in line with IPPR data from 2008, where although
the outcome of infections caused by Pseudomonas spp.
tended to be least favorable compared to other pathogens,
it was influenced independently by the concurrent presence
of an exit-site infection and the initial response to treat-
ment.38 This is also consistent with data from gram-
negative infections of other body sites that show no
benefit associated with double coverage with multiple anti-
biotics, including infections secondary to Pseudomonas
aeruginosa.279 Current guidance from the IDSA recom-
mends against combination therapy, even for highly resist-
ant Pseudomonas aeruginosa.244 If there is suspicion of an
extremely resistant infection based on patient history or
local susceptibilities, an aminoglycoside and beta lactam
may be considered as combination therapy initially to
broaden coverage and increase the likelihood that at least
one agent will cover the organism. Once susceptibility to
a beta lactam is confirmed, there is no evidence that contin-
ued therapy with two agents improves outcomes.279 Also
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noteworthy, combination therapy is associated with an
increased risk for adverse events, particularly kidney
injury and potential loss of residual kidney function.

Considering the possible risks of adverse events and
additional costs associated with combination treatment
and the lack of discernible benefit, the balance between
desirable and undesirable effects favors definitive treatment
with one anti-pseudomonas agent, preferably a beta lactam
when possible. We suggest treatment with IP ceftazidime or
cefepime if susceptible, or IP or IV meropenem if not. If,
once antimicrobial susceptibilities are available, there are
no options for IP beta lactams for treatment, PO fluoroqui-
nolones may be a reasonable alternative, especially for step-
down therapy after initial improvement.

Importantly, recent updates to The United States Clinical
Laboratory Standards Institute (CLSI) recommendations
have eliminated breakpoints for gentamicin based on a
review of clinical and pharmacokinetic/pharmacodynamic
data showing that there is no safe aminoglycoside dosing
regimen that can achieve adequate killing of P. aeruginosa.
Gentamicin has therefore been removed as a treatment
option for P. aeruginosa.280 Although the CLSI review
focused on systemic treatment rather than IP administration
of antibiotics, these changes will impact reporting of sus-
ceptibilities for bacteria grown from peritoneal fluid as clin-
ical laboratories are recommended to no longer report P.
aeruginosa susceptibility to gentamicin, and to only
report amikacin for urine isolates. Beta lactams are pre-
ferred for treatment of P. aeruginosa, including novel
beta lactam/beta lactamase inhibitors for highly resistant
P. aeruginosa isolates. If an aminoglycoside must be used
due to lack of susceptibility to a beta lactam, IP tobramycin
is preferred over gentamicin or amikacin and may be con-
sidered in combination with a beta lactam in consultation
with an infectious diseases specialist.

The suggested length of therapy for Pseudomonas aeru-
ginosa peritonitis is 3 weeks. In the IPPN database, full
functional recovery was achieved in 75% of patients with
Pseudomonas peritonitis treated for a median of 21 (range
19–24) days and in 61% of those treated for a median of
14 (range 12–17) days (p= 0.28).168 Although the differ-
ence was not statistically significant due to low patient
numbers, there was a trend towards worse outcomes in
those treated with shorter durations of therapy. In light of
this, as well as the generally poor outcomes associated
with Pseudomonas aeruginosa peritonitis compared to
other etiologies, including other gram-negative organisms,
the workgroup favors 3 weeks of therapy.

Guidelines 12.6 and 12.7: Peritonitis caused by
Acinetobacter spp. should be treated according to suscepti-
bilities. For generally susceptible isolates, this may include
either IP cefepime, IP ceftazidime, or IP or IV meropenem.

We recommend consultation with an infectious diseases
specialist for peritonitis caused by carbapenem-resistant
Acinetobacter baumannii (CRAB), which can be very diffi-
cult to treat. It often displays resistance not just to

carbapenems, but also to other agents that may be active
against wild-type A. baumannii. In concordance with
IDSA guidance, we suggest that treatment regimens
should include combination therapy with two active
agents.244 While it is not clear as to whether combination
therapy results in better outcomes when compared to treat-
ment with a single agent, combination therapy is suggested
because data identifying the optimal single agent to use for
treatment are lacking. The high degree of resistance of most
CRAB isolates means that in general, if patients are not on
appropriate therapy initially, they may in turn have a high
burden of disease by the time CRAB is identified, and
CRAB may develop resistance to antibiotics during the
course of treatment.

We also suggest that regimens include ampicillin/sulbac-
tam, even if the isolate is resistant to ampicillin/sulbactam
in vitro. Sulbactam is a potent beta lactamase inhibitor
that saturates PBP1z/1b and PBP3 of A. baumannii and
has unique activity against A. baumannii. Even if an
isolate is resistant to ampicillin/sulbactam, the sulbactam
may saturate altered PBP targets and allow the second
agent to be more effective. Multiple studies have demon-
strated that sulbactam-containing regimens are associated
with lower mortality in critically ill patients with CRAB.
The optimal dosing of sulbactam in pediatric patients
undergoing PD with an active CRAB infection is
unknown and should be further discussed with local infec-
tious diseases and pharmacy experts. When used for treat-
ment of CRAB, ampicillin/sulbactam should be given in
combination with minocycline, tigecycline, polymixin B,
or cefiderocol.

There were too few episodes of Acinetobacter bauman-
nii peritonitis in the IPPN database to draw any conclusions
about the optimal duration of therapy for Acinetobacter spp.
Therefore, we have extrapolated the 3-week duration
recommended for Pseudomonas aeruginosa to
Acinetobacter spp.

Guideline 12.8: Infections caused by Stenotrophomonas
maltophilia can be difficult to treat due to biofilm formation
and antimicrobial resistance. Diagnosis can also be challen-
ging because S. maltophilia can be a common colonizer of
hardware, as well as a true pathogen. S. maltophilia isolates
often harbor a large number of antimicrobial resistance
genes, including beta-lactamases that render it resistant to
most conventional beta-lactamases, and efflux pumps that
can reduce activity of other antibiotics, including
TMP-SMX, tetracyclines, and fluoroquinolones. Studies
comparing different treatment regimens for S. maltophilia
infections (at any site, not only for peritonitis) are
lacking. Consistent with IDSA guidance, we suggest treat-
ment with a combination of PO trimethoprim-
sulfamethoxazole and either IV or PO levofloxacin, IV or
PO minocycline, IV tigecycline, or IV cefiderocol. If PO
trimethoprim-sulfamethoxazole is not tolerated, use of
two other active agents is recommended. Unfortunately,
none of the antimicrobials that are typically recommended
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for treatment of S. maltophilia can be given by the intraper-
itoneal route and so these recommendations all include anti-
microbials given by the PO or IV route of administration.

TMP-SMX has historically been the preferred treatment
for S. maltophilia infections and most isolates are suscep-
tible to TMP-SMX (>90% in the US), although there is
increasing recognition of resistance.281,282 Existing data,
which are limited to small retrospective studies or observa-
tional studies using administrative databases, conflict as to
the optimal approach to treatment (eg. combination vs.
monotherapy).283–286 For serious infections, IDSA guid-
ance recommends combination therapy to ensure that at
least one antibiotic will be active. Despite the lack of
robust data, we suggest inclusion of PO TMP-SMX in com-
bination antibiotic treatment strategies due to the abun-
dance of clinical experience with its use for S.
maltophilia and no clear evidence of lack of efficacy.
We suggest treatment with two agents initially, with con-
sideration of using PO TMP-SMX alone for step down
therapy in patients who have exhibited marked clinical
improvement or in those with relatively mild infection.
If TMP-SMX cannot be used due to resistance, toxicities,
or allergy, we recommend the use of combination therapy
with two other active agents.

As with Acinetobacter spp., there are no data to identify
optimal duration of therapy for S. maltophilia peritonitis;
we recommend a treatment duration of 3 weeks due to its
propensity to form biofilms, extrapolated from the recom-
mended treatment duration for P. aeruginosa.

Limitations: There are no prospective studies evaluat-
ing outcomes in patients with peritonitis caused by specific
gram-negative organisms or groups of organisms (i.e.,
ESBL-E or AmpC producers), including no data comparing
one antibiotic regimen to another. Thus, these recommenda-
tions are extrapolated from reviews of registry data studies
and guidelines regarding management of other serious
gram-negative infections.

Research Recommendations

● Since multicenter, controlled studies on gram-negative
peritonitis treatment schemes are usually not feasible in
pediatrics due to very low patient numbers per center and
country, more information should be recovered from inter-
national pediatric dialysis registries.
● Further research into the pharmacokinetics and feasibil-
ity of intraperitoneal use of carbapenems and fluoroquino-
lones is needed to help meet the increasing demand for
treatment of peritonitis caused by resistant gram-negative
organisms.
● Additional research is needed comparing outcomes in
patients treated with a single agent versus two agents with
different mechanisms of action for Pseudomonas
aeruginosa.

Guideline 13 – Modification of Therapy for
Culture-Negative Peritonitis

13.1 We suggest that antibiotic therapy for culture nega-
tive, non-relapsing peritonitis be continued for 2 weeks (2D).

13.2 We suggest that antibiotic therapy be switched to
cefazolin monotherapy if the initial PD cultures remain
sterile at 72 h and signs and symptoms of peritonitis are
improved (2D).

Rationale
Guideline 13.1: Infectious peritonitis in which no causa-

tive organism is identified is classified as culture-negative
peritonitis. Culture-negative peritonitis poses a therapeutic
dilemma both in terms of antibiotic choice and treatment
duration, as a negative culture does not allow differentiation
between slowly replicating, effectively opsonized or atyp-
ical bacterial infection, a non-bacterial (fungal, viral) infec-
tion and noninfectious causes of peritoneal leukocytosis
(chemical, eosinophilic peritonitis). On the other hand,
failure to isolate the causative organism may be related to
recent antibiotic use or to the variability of PD fluid sam-
pling and culture technique.245 Large case series have
demonstrated that outcomes of non-relapsing, culture-nega-
tive peritonitis are generally favorable. Treatment for
culture-negative peritonitis has shown higher success rates
and a lower likelihood of catheter removal than culture-
positive peritonitis. However, the minimal effective dur-
ation of antibiotic treatment in culture-negative peritonitis
is unknown.185 The ISPD peritonitis guideline recommen-
dations: 2022 update on prevention and treatment for
adult patients recommend 2 weeks treatment duration,
based on 1760 culture-negative episodes reported to the
ANZDATA database in which outcomes were similar
with treatment durations of 2 and 3 weeks.287

There are no published pediatric data regarding the
optimal treatment duration for culture-negative peritonitis.
An analysis of 289 culture-negative peritonitis episodes
reported to the IPPN database revealed a detrimental
effect of shortening treatment duration below 14 days.
The PD discontinuation rate was 15% for 48 peritonitis epi-
sodes treated for shorter than 14 days as compared to 5% for
241 episodes treated for at least two weeks (p= 0.008,
adjusting for age and disease severity).168 In light of the
above data, it appears safe to continue the initial empiric
therapy, which provides gram-positive and gram-negative
coverage, for a complete treatment course (at least 14
days) to potentially lower the risk of treatment failure and
relapse. (Figure 4)

Guideline 13.2: If the initial peritoneal fluid cultures
remain sterile at 72 hours in patients who show clinical
improvement and largely cleared dialysate under empiric
treatment, it appears justified in most cases to narrow anti-
biotic coverage to a 1st generation cephalosporin and to dis-
continue cefepime, vancomycin, and aminoglycosides used
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in the empiric scheme. The rationale for this recommenda-
tion is based on several considerations: Analysis of the
culture-negative peritonitis episodes in the IPPN registry
demonstrated no difference in PD continuation and
relapse rates between patients who were continued on a gly-
copeptide and those in whom the glycopeptide was discon-
tinued and switched to cefazolin for gram-positive
coverage, after adjusting for age, disease severity and
urine output.168 Likewise and noteworthy are the findings
from a recent adult retrospective cohort study of 58 patients
which demonstrated a favorable outcome in 95.2% of
culture-negative peritonitis episodes treated with cefazo-
lin/ceftazidime combination and 93.7% in those treated
with cefazolin monotherapy.288 Taking into account that
extended glycopeptide use increases the risk of
drug-induced nephrotoxicity (and potential loss of residual
kidney function) and the occurrence of bacterial resistance
in non-Staphylococcus aureus infections, it seems advis-
able to discontinue vancomycin at 72 hours in patients
with a negative culture who are clinically improved. The
same argument holds true for the use of aminoglycosides;
their distinct nephro- and ototoxic potential and the low
chance of a cefazolin-resistant, aminoglycoside-sensitive
organism not growing in culture at 72 hours in a patient
with clinical improvement do not define a risk-benefit
ratio that would justify extended aminoglycoside use.

Additional Considerations: Patients with culture-
negative peritonitis who fail to demonstrate clinical
improvement after 72 hours should undergo a repeat PD
effluent cell count, differential, and culture. If the culture
continues to be negative and the PD effluent cell count
has not improved, special culture techniques should be
used for the isolation of unusual or fastidious organisms,
including fungi, mycobacteria, nocardia and legionella.
Patients with culture-negative peritonitis who fail to
improve after 5 days of therapy should undergo catheter
removal, per the recommendations for refractory peritonitis.

In centers in which the culture-negative peritonitis rate
exceeds 15% of peritonitis episodes, sampling and culture
techniques should be reviewed with the dialysis staff and
the laboratory.27

Limitations: There is low certainty for this recom-
mendation as supportive data are from observational
registries and retrospective studies, leaving a possibility
of bias by various factors including center and regional
effects.

Research Recommendations

● Since randomized controlled studies comparing differ-
ent treatment durations for culture-negative peritonitis
are presumably not feasible, more information should be
recovered from international pediatric peritonitis registries
on the treatment and outcome of culture-negative
infections.

● Further research should be conducted to determine if
improved culture strategies result in a decrease in the per-
centage of culture-negative peritonitis episodes.

Guideline 14 – Modification of Therapy for
Fungal Peritonitis

14.1 We suggest immediate catheter removal when
fungal elements are identified in PD effluent (2D).

14.2 We suggest antifungal therapy be administered for
at least 2 weeks after catheter removal in children with
PD-associated fungal peritonitis (2D).

14.3 Clinicians should select an appropriate agent based
on antifungal susceptibility results, with oral fluconazole
preferred for infections caused by susceptible Candida
species (Not Graded).

Rationale
Fungal peritonitis (FP) is rare, accounting for 2–8% of epi-
sodes of peritonitis episodes in children, but is associated
with poor outcomes, including high rates of PD discontinu-
ation.155,158,159 The two largest series of pediatric fungal
peritonitis, from NAPRTCS and SCOPE, demonstrated
worse outcomes for FP relative to non-fungal peritonitis;
however, in contrast to the adult experience, there does
not appear to be a significant increase in mortality asso-
ciated with FP in children relative to bacterial peritonitis.
Retrospective case series have demonstrated mortality
rates associated with FP in children of 0–2.6%, compared
to 9–28.7% in adults.155,158,159,289–291 (Figure 5)

Guideline 14.1: Catheter removal is generally recom-
mended following the diagnosis of FP because of the pro-
pensity for fungi to form biofilms that cannot be
eliminated with antifungal drugs alone. This diagnosis
should be made as soon as fungal elements are identified
in the PD effluent; clinicians should not wait for fungal
culture results or species identification. In observational
studies in adults, retaining the PD catheter in patients
with FP has been associated with increased mortality and
PD discontinuation when compared to catheter
removal.289,290,292 There are no data directly comparing
treatment strategies for FP (i.e., antifungals alone, catheter
removal in combination with antifungals, or catheter
removal alone) in children. Small pediatric series have not
demonstrated an association between catheter removal
and improved outcomes, including mortality or PD discon-
tinuation.155,158,159 In the series of 51 cases of FP reported
by Warady et al., there were 5 patients in whom the catheter
was retained and at 6 month follow up, all were still alive
and continuing PD. 53% of all patients who experienced
FP continued PD at 6 months.155 However, in the more
recent series of 41 cases from Munshi et al., there was a
68% PD discontinuation rate associated with FP and FP
was also associated with a 3-fold higher risk of

Warady et al. 335



hospitalization compared to bacterial peritonitis.158 The
catheter was retained in 15% of episodes, but outcomes
were not reported separately for those children in whom
the catheter was retained or removed.158 PD catheters
were removed in the majority of children with FP in both
series, making the number of children in the comparator
group too small to draw definitive conclusions from regard-
ing outcomes.

There are conflicting data regarding the optimal timing for
catheter removal. In the NAPRTCS series in which 90% of
children underwent catheter removal, 17% were removed
within one day of diagnosis and 39% were not removed
for four or more days after diagnosis.155 There was no asso-
ciation between conversion to HD and time of catheter
removal following the diagnosis of FP. In three observational
studies in adults that evaluated the association between
timing of catheter removal and mortality, two found that
removal after 24 hours was associated with increased mortal-
ity, while the third found no difference in mortality between
patients with catheter removal within the first 5 days com-
pared to later removal.289,290,292 The conflicting results
may be explained by different time frames defining early
vs. late removal.

As noted above, whereas multiple studies in adults with
FP have demonstrated an association between failure to
remove the PD catheter or delayed removal (more than 24
hours after diagnosis) and mortality, these studies were
observational and were not controlled for confounding by
indication, i.e., the fact that patients who are sicker and
more likely to fail treatment are also more likely to be
unable to have their catheter removed or to have their cath-
eter removed later.

Guidelines 14.2 and 14.3: There are no comparative
studies addressing the duration of therapy for FP or the
optimal choice of an antifungal agent. We suggest a
treatment duration of at least 2 weeks after catheter
removal, which is consistent with durations adminis-
tered in most case series of fungal periton-
itis.159,289,290,293 (Figure 5)

The choice of antifungal agent should be driven by species
identification and susceptibility testing. The vast majority of
fungal infections are due to Candida spp., many of which
can be effectively treated with oral fluconazole. Fluconazole
is highly orally bioavailable and achieves excellent IP con-
centrations.294 For organisms that are not susceptible to flu-
conazole, including filamentous fungi such as Aspergillus
spp., voriconazole, posaconazole, and isavuconazole may
be chosen, generally in consultation with an infectious dis-
eases specialist. When possible, IV voriconazole and posa-
conazole should be avoided in PD patients due to the risk
of accumulation of cyclodextrin, which may contribute to
kidney toxicity. PO voriconazole and posaconazole achieve
adequate IP concentrations and are appropriate alternatives
in children with adequate absorption.295 Intravenous echino-
candins (micafungin, caspofungin, anidulafungin) may be
used for fluconazole-resistant Candida spp. Intraperitoneal

administration of echinocandins is discouraged due to con-
cerns about impairment of activity against Candida biofilm
by PD fluid.296,297 IV amphotericin B does not penetrate
the peritoneum well and is generally reserved for infections
that are not susceptible to azoles or echinocandins.294

Intraperitoneal administration of amphotericin is poorly toler-
ated with significant peritoneal irritation and abdominal pain.

Limitations: It is unclear how well data from adults
can be extrapolated to children, in whom PD discon-
tinuation and mortality are much less common and the
burden of catheter removal and possibility of permanent
transfer to HD is much greater. Despite these limita-
tions, the association with decreased mortality in
adults likely favors the strategy of antifungal therapy
in combination with immediate catheter removal in
children as well.

Research Recommendation

● Further research dedicated to the optimal treatment strat-
egy for management of FP in children is needed. Because
catheter removal has become the standard of care, there is
likely not equipoise to conduct a prospective study evaluat-
ing retention of the PD catheter compared to removal.
However, a larger retrospective series could provide some
answers regarding the need and optimal timing for catheter
removal in children.

Guideline 15 – Mycobacterial Peritonitis
15.1 We suggest that antituberculosis therapy without

PD catheter removal be provided as the primary treatment
of peritonitis caused by Mycobacterium tuberculosis (2D).

15.2 We suggest that non-tuberculous mycobacteria
(NTM) be treated with both effective antibiotics and cath-
eter removal (2D).

Rationale
Guideline 15.1: PD associated peritonitis secondary to

Mycobacterium tuberculosis (Mtb) is rare and most cases
have been reported in adults from endemic countries with
high disease burden.298–301 The clinical features are non-
specific and indistinguishable from other causes of peritonitis,
and the dialysis effluent can have a predominantly poly-
morphonuclear cellular response similar to bacterial periton-
itis.298 A high index of suspicion is therefore needed,
especially in countries with low-disease burden as significant
delays (average 6.1 weeks) from symptom onset to diagnosis
are commonly reported.301 When suspected, consultation with
an infectious diseases physician with expertise in the diagnosis
and management of mycobacterial infections will help facili-
tate appropriate mycobacterial (acid-fast bacilli) testing and
drug therapy. A chest x-ray can assist in early diagnosis as
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extraperitoneal tuberculosis is seen in a third of patients, with
pulmonary involvement beingmost common.301 Additionally,
HIV testing should also be conducted in anyone diagnosed
with Mtb. Mortality rates associated with infection are high
(35%), but there is no evidence to suggest that PD catheter
removal is associated with an increased probability of
survival.299,301

Guideline 15.2: Non-tuberculous mycobacteria (NTM) are
a group of environmental organisms that are ubiquitous in soil
and water. While more than 130 species of NTMs have been
identified, only a few,M fortitum,M. chelonae, andM absces-
sus, have been reported to cause PD associated peritonitis.302–
304 NTM associated peritonitis is an uncommon, but serious
disease as the diagnosis is challenging and often
delayed.303,305 NTM are resistant to many antibiotics, the
complete cure rate is low (14.8%), and mortality can be as
high as 30% despite PD catheter removal, and 43% when
the catheter is left in place.302,304,306 The incidence of NTM
peritonitis might be increasing, with several cases reported
over the last decade.302,304,307–310 A hospital-acquired out-
break resulting from colonization of a shower-head affecting
5 infants has been reported from Japan.311

The classical clinical presentation is a refractory, culture-
negative peritonitis that may or may not be associated with
an exit-site infection.303,304,306,308 In such cases, one should
have a high-index of suspicion, and the laboratory should
be notified to prolong the incubation time of standard bac-
terial cultures to 7 days, and/or use selective culture media
such as Lowenstein-Jensen medium.303 Consultation with
an infectious diseases physician with expertise in the diag-
nosis and management of mycobacterial disease is recom-
mended. Identification of NTMs at the species level is
important because bacterial susceptibility to antimicrobial
drugs is often closely predicted from characterization of
the isolated species.302

Most NTMs are resistant to standard anti-tuberculous drugs
and the majority of antimicrobials, with the exception of amika-
cin.303,304,312 The majority of patients require catheter removal
as most NTMs have a tendency to exhibit growth in
biofilms.304

Additional considerations: On gram stain, NTMs can
be mistaken for diphtheroids resulting in a delay in the diag-
nosis of an NTM infection and continuation of unnecessary
and/or inappropriate treatment.303,307

A previous study had reported topical gentamicin for
exit-site care as a potential risk factor for acquiring NTM
peritonitis; however, a more recent report failed to validate
that association.304,313

Limitations: Experience with Mtb associated peritonitis
is very limited in children as apart from being an uncom-
mon entity, almost all cases having been reported in adult
patients from areas with a high burden of tuberculosis.
On the other hand, NTM associated peritonitis might be
underreported as many cases might get labeled as culture-
negative refractory peritonitis resulting in catheter
removal and continuation of antibiotic therapy without a
specific diagnosis.

Research Recommendations

● Global registry data should be collected to determine the
frequency, clinical manifestations and treatment of children
with mycobacterial peritonitis.

Guideline 16 – Relapsing, Recurrent and
Repeat Peritonitis

16.1 Following an initial episode of peritonitis, subse-
quent episodes should be characterized as relapsing, recur-
rent or repeat to help determine a treatment plan and
prognosis (Not Graded).

16.2 We suggest that empiric antibiotic therapy of
relapsing/repeat peritonitis be guided by the center specific
protocol with consideration of the susceptibilities of the ori-
ginal bacteria (2C).

16.3 Post-empiric antibiotic therapy of relapsing/repeat
peritonitis should be guided by in vitro susceptibility
results (Not Graded).

Table 5. Terminology for peritonitis.

Types of Peritonitis Definition

Refractory peritonitis Peritonitis episode with persistently cloudy effluent or persistent dialysis effluent leukocyte count greater than

100/mm3 after 5 days of appropriate antibiotic therapy

Relapsing peritonitis Peritonitis episode that occurs within 4 weeks of completion of antibiotic therapy of a prior episode with same

organism or one culture-negative episode

Recurrent peritonitis Peritonitis episode that occurs within 4 weeks of completion of antibiotic therapy of a prior episode but with a

different organism

Repeat peritonitis Peritonitis episode that occurs more than 4 weeks after completion of antibiotic therapy of a prior episode

with same organism

Non-repeat peritonitis Peritonitis episode that occurs more than 4 weeks after completion of antibiotic therapy of a prior episode but

with a different organism

Full-functional recovery Resolution of peritonitis with no resulting functional impairment (adhesions, decreased ultrafiltration capacity)

with or without catheter exchange

Warady et al. 337



16.4 We suggest that the duration of antibiotic therapy
for most episodes of relapsing/repeat peritonitis be based
on the standard treatment recommendations for the identi-
fied organism (2C).

16.5 We suggest that removal of the PD catheter should
occur as soon as peritonitis is controlled by antibiotic
therapy in the setting of relapsing/repeat peritonitis asso-
ciated with a persistent or recurrent tunnel infection, or a
second peritonitis relapse (2C).

Rationale
Guideline 16.1: Relapsing, recurrent, or repeat periton-

itis are serious complications of PD that can lead to loss of
peritoneal membrane function and are often associated with
poor outcomes including prolonged hospitalization, and
eventual PD discontinuation. The definitions are presented
in Table 5.184 The distinctions are made based on the
hypothesis that the pathogenesis, management, and out-
comes of these entities are likely different.

Relapsing peritonitis follows approximately 5–20% of
primary peritonitis episodes in adult and pediatric
series.48,157,314 The largest pediatric experience with relaps-
ing peritonitis has come from the IPPR where out of 490 epi-
sodes of non-fungal peritonitis, 52 were followed by a
relapse, for a relapse rate of 11%.37 Recurrent peritonitis is
less common than relapsing peritonitis. A multicenter regis-
try study of over six thousand adult PD patients showed that
an episode of peritonitis occurring within 4 weeks of comple-
tion of treatment of a prior episode is 2 times more likely to
be a relapse than a recurrence (14% vs. 6%).314

Relapsing, recurrent and repeat peritonitis episodes may
be caused by different spectra of bacteria.314–318 The diag-
nosis of a relapse / repeat peritonitis episode should not rely
solely on the genus and species, but also on the antibiotic
susceptibilities of the cultured organism. When available,
strain identity can be confirmed by genotype analysis.
Gram-positive organisms, Staphylococcus aureus and
coagulase-negative Staphylococci, are more commonly
responsible for episodes of relapsing and repeat periton-
itis.314,316,317 In the IPPR experience, there was no signifi-
cant difference in the distribution of causative organisms
between cases of relapsing peritonitis and non-relapsing
peritonitis. Overall, relapsing episodes consisted of 46%
gram-positive organisms, 21% gram-negative organisms
and 33% culture-negative cases.37

The most recent data from the IPPN registry shows that
in 217 (8.9%) of 2425 peritonitis episodes, PD had to be
discontinued. Slightly more than one-quarter (25.8%) of
the latter cases were either recurrent (n= 22; 10%), repeat
(n= 20; 9%) or relapsing (n= 14; 6.4%) episodes.
Additionally, while the incidence of recurrent peritonitis
(5%) was half that of relapsing or repeat episodes, the
rate of PD discontinuation was more than double (19.6%)
following recurrent peritonitis compared to relapsing or
repeat infections.168

Additional Considerations: A biofilm inside the dialy-
sis catheter and tunnel infections are common sources of
relapsing/repeat peritonitis, thus often resulting in the
need for catheter removal and replacement. Occasionally,
early relapse with identical bacterial species but with a dif-
ferent susceptibility pattern may be seen secondary to anti-
microbial resistance acquired during the antibiotic
treatment, especially if there has been sub-therapeutic anti-
biotic dosing or an inadequate duration of therapy.

Guidelines 16.2 and 16.3: After an initial episode of
peritonitis, the presentation associated with a subsequent
episode, whether it be characterized as relapsing, recurrent,
or repeat, is usually clinically indistinguishable from the
initial episode and the causative organism is unknown
until culture results are available. Therefore, management
should be initiated in accordance with standard empiric
therapy recommendations and the center specific protocol,
with consideration of the susceptibilities of the bacteria
causing the original episode. In a large single center retro-
spective study of relapsing (n= 157) and recurrent (n=
125) episodes of peritonitis in adults, empiric vancomycin
usage was found to be superior to cefazolin (primary
response rate 96.1% vs 70.6%; p < 0.001), especially
when the previous episode was caused by a gram-positive
organism. Similarly, for gram-negative organisms,
empiric use of ceftazidime when compared to an aminogly-
coside was associated with a significantly higher primary
response rate (82.3% vs 62.5%; p= 0.02).315

Post-empiric antibiotic therapy should be guided by in vitro
susceptibility results. Based on prior IPPR data, the subse-
quent prescription of monotherapy with a first-generation
cephalosporin based on culture and susceptibility results was
associated with a higher relapse rate (23% vs. 0 to 9%; p=
0.02) compared to other antibiotic choices.37 However, it is
speculated that these inferior results associated with cefazolin
monotherapy could have resulted from the use of intermittent
vs. continuous therapy, as well as suboptimal antibiotic dosing
in that cohort of patients. Nonetheless, it is suggested that there
be close monitoring of clinical response in patients with
relapsing peritonitis being treated with cefazolin monotherapy.

Additional Consideration: A single center observa-
tional study found that the risk of treatment failure, and
recurrent and relapse peritonitis for gram-positive or
culture-negative peritonitis was higher in patients with
greater residual kidney function compared with anuric
patients.319 As these outcomes could possibly be secondary
to subtherapeutic levels of the antibiotics because of
increased clearance, we suggest close monitoring of the
clinical response in these patients who may be at greater
risk for relapsing / repeat peritonitis.

Guideline 16.4: The recommended duration of anti-
biotic therapy of relapsing and repeat peritonitis episodes
is primarily based on observational studies. The recommen-
dations are intended to achieve the right balance between
treating peritonitis for a sufficient length of time to minim-
ize the risk of relapse or treatment failure, but short enough
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to minimize the risks of promoting antimicrobial resistance
and antibiotic related adverse effects. A randomized con-
trolled study showed that extending the antibiotic treatment
duration for an additional week beyond that recommended
by the ISPD was not advisable because such a strategy did
not reduce the risk of relapsing or repeat peritonitis; in fact,
it may be associated with a higher risk of repeat peritonitis
(15% vs 5.5%, p= 0.01).320 In addition, prolonging the
antibiotic therapy is associated with a higher risk of devel-
oping fungal peritonitis.320 Finally, data from the IPPN
registry showed that extended treatment duration in 79 epi-
sodes of peritonitis resulted in only a negligible (94% vs.
92%) advantage in terms of continuation of PD therapy
when compared with 110 cases treated for the standard dur-
ation.168 Thus, in general, the workgroup does not suggest
increasing the duration of antibiotic treatment for relapsing
or repeat episodes of peritonitis, beyond that recommended
for the original episode.

In contrast, in a retrospective evaluation of 232 periton-
itis episodes in adults caused by coagulase negative
Staphylococci (CoNS), Szeto et al. found that compared
with the conventional 2-week treatment course, 3 weeks
of antibiotic therapy for relapsing or repeat episodes was
associated with a significantly higher complete cure rate
(83.3 vs 46.7%; p= 0.047).232 However, data from the
IPPN failed to show similar results in children as there
was no statistical difference between 15 episodes of coagu-
lase negative Staphylococcus (CoNS) relapsing peritonitis
treated for a median of 2 weeks compared to 20 episodes
treated for a median of 3 weeks (80% vs. 73%; p= 0.64).

Additional Considerations:While there is no laboratory
test to accurately predict relapsing peritonitis episodes after
completion of antibiotic treatment, bacterial DNA fragment
levels in PD effluent have been found to be significantly
higher 5 days prior to the completion of antibiotics among
patients who subsequently developed relapsing peritonitis
in contrast to those who experienced complete cure.321

Guideline 16.5: The first episode of relapsing or repeat
peritonitis in which a tunnel infection / intra-abdominal
abscess has been carefully ruled out, can be treated with IP
antibiotics with or without the use of fibrinolytic agents.
However, catheter exchange should be strongly considered
for relapsing or repeat peritonitis in the presence of an asso-
ciated tunnel infection/intra-abdominal abscess, peritonitis
caused by Pseudomonas aeruginosa, Staphylococcus
aureus, or a second episode of relapsing/repeat peritonitis sec-
ondary to any bacteria. The threshold for catheter exchange
should be lower for episodes of relapsing/repeat peritonitis
that are culture-negative. In cases of relapsing peritonitis,
management with catheter exchange has been shown to be
superior to intraluminal fibrinolytic agents in terms of the
risk of treatment failure.322,323 Data from the IPPN registry
suggests that catheter removal, when compared to conserva-
tive treatment, is associated with a reduced relapse rate (6%
vs. 17%; p= 0.08), and a somewhat higher likelihood of
PD continuation (96% vs. 91%; p= 0.29).168

Limitations: The evidence for a recommended dur-
ation of antibiotic therapy for relapsing, recurrent or
repeat peritonitis is of low certainty and derived from
observational data, registry reports or expert opinion,
largely pertaining to the treatment of the initial episodes
of peritonitis.

Research Recommendations

● Additional research should determine if extending (from
2 to 3 weeks) the therapy for relapse/repeat peritonitis sec-
ondary to coagulase-negative Staphylococci (CoNS) in
children results in improved outcomes.

Guideline 17 – Adjunctive Therapy
17.1 We suggest that the use of IVIG be considered for

adjunctive treatment in selected patients with repeated peri-
tonitis episodes and/or associated sepsis and accompanying
hypogammaglobulinemia (2D).

17.2 We suggest that cauterization using silver nitrate
sticks, in addition to intensified local care with antiseptics
(other than with povidone-iodine) and/or a local antibiotic
cream be used for treatment of isolated exit-site granulation
tissue (Not Graded).

17.3 Systemic antibiotics should not be used for treat-
ment of isolated granulation tissue at the catheter exit site
without features of infection (Not Graded).

Rationale
Guideline 17.1:Hypogammaglobulinemia is commonly

encountered in PD patients, but the frequency varies signifi-
cantly by age from 33% to 93% in different studies324–326

33% of PD patients with a mean age of 12 years showed
low IgG levels in one study,324 while another study
showed that 23 of 26 (88%) infants demonstrated hypogam-
maglobulinemia in a longitudinal analysis.327

The role of low serum IgG levels as a potential risk
factor for the development of peritonitis in patients receiv-
ing PD was evaluated in different case series involving
infants and children with discrepant results. Although
Neu et al. did observe a relationship between low serum
IgG levels and the development of peritonitis, others did
not.324–327 The only available longitudinal study, which
included a small sample size, demonstrated that the mean
serum IgG levels of infants who developed peritonitis (n
= 8) versus those who did not (n= 18) were not different
(p= 0.39).327 An adult prospective study showed that low
serum IgG levels at the time of PD initiation predicted the
occurrence of PD related peritonitis.328 The mean IgG
level at PD start was lower in patients who subsequently
experienced peritonitis and an increased IgG level at PD
onset was associated with a reduced risk of peritonitis.328
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Significantly elevated IgG levels after IVIG therapy is evi-
dence of the effectiveness of IVIG in correcting hypogam-
maglobulinemia in infants receiving PD.327

Additional Considerations: The frequent requirement
of a hospital admission and an IV route for administration
in an asymptomatic patient are limiting factors regarding
the routine use of IVIG. The high cost and the associated
lack of availability in some centers are additional barriers
to this therapy.

Despite the scarcity of evidence, there are several other
adjunctive therapies that may be considered. Bacteria
trapped in biofilm are less susceptible to antibiotics, such
that substantially higher concentrations (100–1000 times)
of antibiotics are required to eradicate them.329

Additionally, viable bacteria may also be engulfed by and
persist in peritoneal mesothelial cells.314 In turn, fibrinolytic
agents (alteplase or urokinase) have been tried as a treat-
ment designed to expose trapped bacteria within fibrin or
biofilms to the action of the antibiotics. Adult randomized
trials showed inconsistent results regarding the beneficial
effect of adjunctive urokinase over standard antibiotic treat-
ment in the management of refractory or relapsing periton-
itis.322,330–333 Two randomized controlled trials in adults
failed to show any benefit of IP urokinase in the treatment
of refractory or relapsing peritonitis in terms of the rates
of complete cure, catheter removal, relapsing episodes, or
overall mortality when compared to standard antimicrobial
treatment..330,331 However, one showed a benefit of urokin-
ase in peritonitis resolution and the prevention of recur-
rences.332 In particular for CoNS, intraluminal urokinase
100,000 IU for 2 hours and oral rifampicin 600 mg daily
for 3 weeks, in addition to conventional antibiotics, resulted
in a catheter salvage rate of 64%.334 Similarly, the beneficial
effect of adjunctive t-PA (6 mg/mL for 6 hours, multiple
times) was observed in the treatment of repeated peritonitis
episodes due to CoNS in four patients.335 Another rando-
mized trial, however, showed that simultaneous catheter
removal and replacement was superior to IP urokinase in
reducing relapsing peritonitis episodes.322 Despite limited
data, a Cochrane review concluded that for relapsing or per-
sistent peritonitis, simultaneous catheter removal and
replacement was better than urokinase at reducing treatment
failure rates.323

In the only pediatric study, Klaus and colleagues suc-
cessfully used intraluminal high-dose urokinase (5000 IU/
mL) and antibiotic instillation in nine children with relaps-
ing peritonitis. No second relapse occurred in the treated
patients. In contrast, 75% of patients from an untreated his-
torical control group experienced a second relapse.333 In
practice, installation of t-PA several times per week
during peritonitis treatment to prevent recurrence of peri-
tonitis in children with suspected biofilm may allow PD
continuation without having to replace the catheter (B
Begin, personal communication). However, its net effect
in relapsing peritonitis to prevent treatment failure or per-
sistent/recurrent infection remains unknown.

Thus, although there is no fully convincing pediatric
data, prior to proceeding to catheter replacement, a trial of
a fibrinolytic agent as part of the management of the first
relapsing peritonitis episode not caused by fungi,
Pseudomonas aeruginosa and S. aureus, and not explained
by extraluminal pathology such as a tunnel infection or
intra-abdominal abscess, may be considered.

Both urokinase and t-PA may be cheaper relative to the
cost of catheter replacement. Regulations in the country
and/or specific institution, availability of the agents, and
insurance coverage may impact the decision regarding usage.

Several other adjunctive measures in the management of
peritonitis include IP heparin, initial low fill volume for
pain relief, analgesic usage, and icodextrin.

Heparin presumably has an inhibitory effect on fibrin clot
formation and also has effects beyond anticoagulation,
having antiangiogenic and antiinflammatory properties.336

Although hypercoagulability and hypofibrinolysis were
shown during CAPD peritonitis in a small pediatric patient
group, it was not confirmed in a larger adult study.337,338

Whereas the rationale for routine IP heparin (500 units/L
IP) use in the treatment of peritonitis is not strong because
of limited clinical evidence, it is often prescribed as an
adjunctive option to prevent occlusion of the catheter with
fibrin clot in severe peritonitis with turbid dialysate.

The fill volume can be slightly (<25%) lowered during the
initial 24–48 h of therapy until clinical symptoms improve
and then should subsequently be increased to the standard
prescription to prevent a prolonged period of underdialysis.
Some patients require analgesics for pain control. Pain not
improved by alteration of the fill volume and the initiation
of antibiotic therapy, or complicated by emesis and volume
depletion, may mandate hospitalization.2

In the recent adult guideline, icodextrin use was
suggested as a means to control volume overload during
acute peritonitis. Since peritoneal permeability typically
increases during peritonitis and reduced ultrafiltration may
result in fluid overload, temporary use of hypertonic
fluids or icodextrin solution during acute peritonitis have
been suggested as potential interventions. In a randomized
controlled study, the primary cure rate of peritonitis was
similar between the icodextrin and original glucose-based
dialysis solution treatment groups. However, volume
status was better controlled in the icodextrin group.339

Guideline 17.2 and 17.3: Improper fixation of the PD
catheter may cause excessive tension or trauma to the PD
catheter exit-site and lead to the formation of granulation
tissue. This may necessitate additional exit-site care
because granulation tissue can be associated with break-
down of the exit site.45 Treatment options include silver
nitrate cauterization, topical chlorhexidine application and
silver ion based dressing.340,341 Exuberant granulation
tissue can be cauterized with a silver nitrate stick to speed
up the healing process and facilitate epithelialization.
Cauterization should be restricted to granulation tissue
only as accidental touching of the adjacent epithelium can

340 Peritoneal Dialysis International 44(5)



cause skin burns and pain.45 One or two applications may
be enough in acute cases. In chronic cases, weekly cauter-
ization for several weeks (as long as the exuberant granula-
tion tissue persists) may be necessary.

In a pilot trial in adults, 44 patients with exit-site granula-
tion tissue were equally and randomly allocated to receive
treatment with 2% aqueous chlorhexidine swabstick or
silver nitrate cauterization. After 6 weeks of follow-up,
both agents had similar success rates. Whereas use of the
chlorhexidine swabstick was associated with a longer time
to resolution of the granulation tissue (13 vs 33 days), both
treatments were well tolerated by patients in terms of pain,
burning sensation and skin discoloration.340

The presence of granulation tissue over the exit site
without other features of infection does not typically
require systemic antibiotic treatment. Intensified local care
is usually effective, although local application of an anti-
biotic cream has also been recommended.85

There is scarce data on children pertaining to the man-
agement of exit-site granulation tissue. In one case series,
34 patients used antibacterial honey as a prophylactic
agent in routine exit-site care. The effect of topical antibac-
terial honey as it relates to exit-site granulation tissue was
evaluated in a subgroup comprised of 8 patients aged 6
months to 15 years. Although improvement in poor exit-site
conditions was reported, only two of 8 patients had isolated
exit-site granulation tissue; one was treated solely with
medicinal honey and the other with medicinal honey and
silver nitrate.115

Limitations: The recommendation regarding IVIG
therapy is based on small observational studies and small
case series. Despite an experience with repeated doses
and higher concentrations of t-PA in adults as a strategy
for the treatment and prevention of relapsing peritonitis,
there are no specific dosing recommendations in children.

Research Recommendations

● In patients with repeated peritonitis episodes or in those
with signs of sepsis, the use and efficacy of IVIG as an
adjunctive agent to antibiotics should be evaluated.

● Further studies are needed to determine the long-term
efficacy of fibrinolytic agents in treating and preventing
relapsing peritonitis in pediatric PD patients.
● Future studies should evaluate the use of chlorhexidine
swabstick as an alternative to silver nitrate to treat exit-site
granulation tissue in children.

Guideline 18 – Catheter Removal and
Replacement

18.1 We suggest removal of the PD catheter for refrac-
tory bacterial peritonitis (2D).

18.2 We suggest removal of the PD catheter following a
diagnosis of fungal peritonitis (2D).

18.3 We suggest PD catheter removal in patients with an
exit-site or tunnel infection in conjunction with peritonitis
with the same bacteria (2D).

18.4 We suggest a minimum period of 2–3 weeks
between PD catheter removal and insertion of a new cath-
eter following fungal and refractory bacterial peritonitis
(2D).

18.5 We suggest simultaneous removal and replacement
of the PD catheter be considered after clearing of the peri-
toneal effluent (white blood cells < 100/mm3) following a
second episode of relapsing bacterial peritonitis (2D).

18.6 We suggest simultaneous removal and replacement
of the PD catheter be considered for management of a
refractory exit-site or tunnel infection (2D).

Rationale
Guideline 18.1: Refractory peritonitis is defined as

an episode of peritonitis with persistently cloudy bags
or persistent dialysis effluent leukocyte count >100/
mm3, after 5 days of appropriate antibiotic therapy.27

It should be noted that application of the term “appro-
priate antibiotic therapy” does not pertain to culture-
negative peritonitis, where appropriateness of the anti-
biotic therapy remains uncertain. In most cases of peri-
tonitis, clinical improvement is usually evident within
72 hours of initiation of appropriate antibiotic
therapy, and bacterial peritonitis that fails to resolve

Table 6. Indications for PD catheter removal.

Approach to catheter Indication Reinsertion

Definite removal Refractory bacterial peritonitis

Fungal peritonitis

ESI/TI in conjunction with peritonitis with the same organism

≥ 2–3 weeks

Simultaneous removal and

replacement

Refractory ESI/TI (including P. aeruginosa)

Relapsing peritonitis

Relative removal Repeat peritonitis

Mycobacterial peritonitis

Peritonitis with multiple enteric organisms because of

intra-abdominal pathology or abscess (so called surgical

peritonitis)

≥ 2- 3 weeks

After 6 weeks

Depends on clinical course of the

patient; at least 2 −3 weeks
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after 5 days of treatment is unlikely to respond to con-
tinued medical management and is an important indica-
tion for catheter removal (Table 6). Prolonging
antibiotic therapy in an attempt to salvage the catheter
is associated with an extended hospital stay, a higher
risk of fungal peritonitis, the possibility of peritoneal
membrane damage, and excessive mortality.342–344

The same concerns hold true in the setting of refractory
culture-negative peritonitis.

The suggestion that a cut-off of 5 days be used when
making a decision regarding PD catheter removal
should be considered as being somewhat arbitrary.
Data from the IPPN registry showed that catheter
removal at <7 days (vs. > 7 days) was associated with
a greater likelihood of PD continuation (100% vs.
91%; p= 0.05). The trajectory of the effluent white
cell count and clinical course during the first five days
of treatment should also be taken into consideration
before making the decision to remove the catheter.
There is substantial variation in the rate at which the
PD effluent WBC count declines after antibiotic treat-
ment initiation.345,346 In a large observational study of
644 peritonitis episodes in adults, one-fifth of the
cases showed a delayed response with a 34% reduction
of effluent WBC count by day 5, and without the need
for PD catheter removal.346 Accordingly, the 2022
ISPD adult guidelines suggest, and we agree, that if
the WBC count of the PD effluent is decreasing
towards normal by day 5, PD catheter removal could
be postponed.27 On the other hand, the catheter
should be removed sooner than 5 days if the patient’s
condition is deteriorating.

Additional Considerations: A lack of response to treat-
ment after 5 days of treatment should be accompanied by
repeat cultures and investigation for unusual pathogens
when catheter removal is being considered.

While removal of the PD catheter in patients with refrac-
tory peritonitis will necessitate initiation of hemodialysis in
most patients, this approach is necessary to prevent excess
morbidity and mortality, and to possibly mitigate the possi-
bility of long-term peritoneal membrane damage resulting
from prolongation of ineffective therapy.

Guideline 18.2: Refer to Guideline 14.1 for Rationale.
Guideline 18.3: Peritonitis episodes associated with an

exit-site and/or tunnel infection with the same bacteria are
less likely to resolve, particularly if the infection is
caused by S. aureus or P. aeruginosa.97 Delaying catheter
removal in such circumstances may result in refractory,
relapsing or repeat peritonitis. Catheter removal, therefore,
should be strongly considered, as the development of peri-
tonitis indicates that the infection has extended along the
length of the catheter, a situation extremely difficult to
treat successfully with antimicrobial agents alone.277,347

In a large retrospective study in adults, 13% (n = 87) of
all episodes of peritonitis were associated with an exit-site
and/or tunnel infection. Patients with a tunnel infection

were more likely to have their catheter removed for success-
ful management of the peritonitis than patients with periton-
itis associated with an exit-site infection (86% vs 58%).
Infections associated with coagulase-negative Staphylococcus
(CoNS) were, however, less likely to result in catheter
removal compared with all other organisms (15% vs
82%).97 In another large series of 104 Pseudomonas spp.
peritonitis episodes, the presence of an exit-site infection sec-
ondary to Pseudomonas spp. was demonstrated to be a pre-
dictor of a poor therapeutic response of peritonitis to
antibiotics alone, supporting the recommendation for cath-
eter removal.232

As referred to above, although catheter removal should
be considered in most cases when an exit-site and/or
tunnel infection and peritonitis occur secondary to the
same organism, the same aggressive approach might not
be necessary when a catheter-related infection and periton-
itis is attributable to coagulase negative Staphylococcus
(CoNS). CoNS peritonitis is generally milder and is
usually readily responsive to antibiotic treatment.184,232

Additional Considerations: For patients with simultan-
eous exit-site or tunnel infections and peritonitis, PD cath-
eter removal should be followed by temporary HD with no
attempted reinsertion of the PD catheter for at least 2 weeks
following catheter removal and complete resolution of
peritonitis.

Guideline 18.4: The optimal period between PD cath-
eter removal for fungal infection or refractory peritonitis
and insertion of a new PD catheter when an interval
between the two procedures is deemed advisable is not
known.66 Observational studies have suggested that it
should be a minimum of 2 to 3 weeks.348 In the case of
fungal peritonitis, a longer interval before reinsertion has
also been suggested by some.289,349 The optimal timing
for placement of a new catheter is likely influenced by the
causative organism responsible for the peritonitis episode
and the severity of the infection leading to catheter removal.

Re-insertion of a new catheter should ideally be per-
formed using a laparoscopic or mini-laparotomy approach
so that adhesions can be directly visualized and addressed
during the procedure. In all cases, recommendations regard-
ing the duration of antibiotic therapy and the timing of cath-
eter replacement may require modification based on the
clinical response of the patient.

Additional Considerations: Assessment of the abdom-
inal cavity for adhesions by computerized tomography (CT)
or peritoneal scintigraphy and selective PD catheter reinser-
tion based on these results can increase the likelihood of
a functional PD post-catheter replacement.350,351

Guideline 18.5: Simultaneous removal and replacement
of a PD catheter as part of the management of relapsing
peritonitis spares the patient creation of a temporary vascu-
lar access, the psychological and physical trauma associated
with a change in dialysis modality, and a subsequent
surgery for insertion of the new PD catheter. Patients with
relapsing (and repeat) peritonitis secondary to all but a
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select group of infectious etiologies (see below) are consid-
ered candidates for simultaneous removal and replacement
of the catheter once the antibiotic treatment has resulted in
resolution of the clinical signs of infection, and the dialysate
leukocyte count is <100/mm3. The procedure should be per-
formed under continued antibiotic coverage. The infected
catheter can be removed, and a new catheter placed simul-
taneously in the opposite lower quadrant. Following the
procedure, changing the dialysis modality from CAPD to
APD should be considered for several days while dialyzing
only in the supine position to avoid or minimize the
increase in IP pressure and the risk for leaks and hernias
that occurs with the addition of a daytime exchange.

The removal and replacement procedure has been per-
formed successfully in pediatric and adult patient popula-
tions.39,352–355 In data collected by the Italian pediatric
PD registry, simultaneous removal and replacement proce-
dures were successfully performed in 76% of catheter
removals.67 In an adult study, simultaneous catheter
removal and replacement was successful in all 22 patients
with relapsing peritonitis.354 In a small, randomized
study, a recurrence rate of only 7% was associated with
the use of this approach to treat recurrent CoNS and
culture-negative peritonitis.322 However, this procedure
should not be attempted in patients with fungal peritonitis,
active or refractory peritonitis, or with intra-abdominal
adhesions.348,356

Regardless of the indication for simultaneous catheter
removal and replacement, antibiotic therapy should be con-
tinued for 2–3 weeks after the procedure.353–355 Most clin-
icians have chosen to insert the new catheter before
removing the old catheter, but the alternative approach
has been performed with similar results.353–355

Additional Considerations: Subsequent to removal of the
PD catheter and prior to insertion of the new catheter, the
patient should be re-prepped and draped, and new instruments
should be used after gown and glove replacement.355 The
success of simultaneous catheter removal and replacement
relies upon proper patient selection and experienced technical
performance of the procedure.

Guideline 18.6: Exit-site infections sometimes fail to
respond to antibiotic therapy, while tunnel infections are
very often refractory to therapy. In general, the catheter
should be removed if either infection does not respond to
therapy or if it progresses after 2 weeks of antibiotic
therapy. Simultaneous removal and replacement of the
catheter under antibiotic coverage is suggested in this
setting as it is generally a successful approach to manage
the infection and because timely removal of the catheter
can lower the risk of peritonitis.357

It is noteworthy that simultaneous catheter removal and
replacement is recommended even for treatment of an ESI
or tunnel infection secondary to P. aeruginosa that persists
or progresses despite prolonged and appropriate antibiotic
treatment. In a series comprised of 37 adult patients with
refractory P. aeruginosa exit-site infection, simultaneous

catheter removal and insertion of a new PD catheter
without interruption of PD was successful in all patients.357

Late recurrence of P. aeruginosa exit-site infection
occurred in only 8% of the patients within the first year
after the procedure.357

The advantages of the simultaneous removal and
replacement of a PD catheter and the recommended post-
procedure management for patients receiving CAPD are
the same as discussed under Guideline 18.5.

Additional Considerations: In select patients with a
persistent exit-site or tunnel infection, surgical salvage
interventions may be considered as an alternative to cath-
eter removal and replacement as discussed in Guideline 20.

Limitations: Most of the supporting evidence for
Guideline 18 is based on observational studies in adult
patients. Additionally, there are no long-term studies that
have systematically evaluated the relationship between the
timing of catheter removal for refractory infection and PD
outcome. There are also no trials in adults or children that
have studied or determined the optimal duration between
PD catheter removal and reinsertion.

Research Recommendations

● Data should be collected to help determine the optimal
timing of catheter removal in patients with refractory peri-
tonitis as it relates to preservation of peritoneal membrane
function.
● Future research should be carried out to help define the
optimal duration between catheter removal and insertion
of a new catheter when simultaneous removal and replace-
ment is contraindicated.

Guideline 19 – Diagnosis of
Catheter-Related Infection

19.1 We suggest that catheter-related infection (exit-site
and tunnel) rates, including organism-specific rates, be sep-
arately reported (Not Graded).

Table 7. Exit-site scoring system.183

Score*

0 1 2

Swelling No Exit-site only (<

0.5 cm)

Including part of or

entire tunnel

Crust No < 0.5cm > 0.5cm

Redness No < 0.5cm > 0.5cm

Pain on

pressure

No Slight Severe

Secretion No Serous Purulent

* In the presence of pericatheter swelling, redness, and tenderness,

Infection should be assumed with a cumulative exit-site score of 4 or

greater.

Warady et al. 343



19.2 We suggest that an objective scoring system be
used to monitor the status of the PD catheter exit site (2D).

19.3 We suggest that a PD catheter insertion-related exit-
site and/or tunnel infection be defined as an episode of exit-
site or tunnel infection that occurs within 30 days of PD
catheter insertion (Not Graded).

19.4 We suggest that a definitive diagnosis of a catheter
exit-site infection be made in the presence of purulent dis-
charge at the catheter-epidermis interface (2C).

19.5 We suggest that a tunnel infection be defined by the
presence of redness, edema, and tenderness along the sub-
cutaneous portion of the catheter with or without ultrasono-
graphic evidence of a pericatheter fluid collection and with
or without purulent drainage from the exit site (2C).

Rationale
Guideline 19.1: Catheter exit site (ESI) and tunnel

infections (TI) are important risk factors for
PD-associated peritonitis and should be closely monitored
in PD programs. 203 PD patients >18 years of age who
were followed over 18 months showed that patients who
had an ESI had a significantly higher risk of developing
peritonitis within 30 days, even if the ESI was appropriately
treated. This risk was maximal early on and diminished
with time, with hazard ratios of 11.1 at 15 days and 4.9 at
60 days, respectively.358 In the evaluation of 207 ESIs in
124 children on PD, the median time to ESI was 392
days, ESIs were least frequent in children younger than
two years, and children aged 6–12 years were overrepre-
sented among those who experienced an ESI. Catheter char-
acteristics and the presence of a gastrostomy did not
influence the rate of infection. Peritonitis developed in
only 6% of instances.35 However, earlier data showed that
compared with children not having an ESI or TI, those
with such an infection had twice the risk of developing peri-
tonitis or requiring catheter revision, and thrice the risk of
hospitalization for catheter-related complications.32

A SCOPE collaborative report showed that cultures were
obtained in 83% of ESIs, with 92% of cultures growing bac-
terial isolates. Methicillin-susceptible S. aureus (MSSA)
was the most common organism (35%), followed by
Pseudomonas spp. (18%). Methicillin-resistant S. aureus
(MRSA) occurred in 6.5% of isolates. Culture-negative
cases have accounted for 8–11% of infections in pediatric
and adult series.35,358 Catheter-related infection rates
should be determined as the organism-specific number of
ESI or TI episodes divided by the number of patient years
at risk, reported as episodes per patient year. Time at risk
begins immediately after PD catheter insertion, irrespective
of whether or not PD is being performed. Organism-specific
reporting will help guide treatment strategies including
empiric antibiotic selection, and will facilitate continuous
quality improvement activities.45

Guideline 19.2: There have been two scoring systems
proposed to monitor exit-site appearance, one by

Twardowski et al. and the other by Schaefer et al. in asso-
ciation with the Mid-European Pediatric Peritoneal Dialysis
Study Group (MEPPS) (Table 7).183,359 The former evalu-
ates the presence, absence, intensity, and/or characteristics
of specific exit-site attributes such as swelling, color,
crust, drainage, granulation tissue, and epithelium in the
sinus.359 Application of the Twardowski et al. criteria in
50 adult PD patients showed a specificity of 100%, but a
sensitivity of only 63.6% in diagnosing an ESI.360 The
latter system proposed by pediatric nephrologists is more
practical and is commonly used in children. Compared to
clinical judgment, the criteria used had a sensitivity of
90% and a specificity of 97% in diagnosing an ESI in a
small patient group.361 In the presence of pericatheter swel-
ling, redness, and tenderness, an ESI should be assumed
with a cumulative exit-site score of 4 or greater and a TI
with a score of 6 or greater. A score of less than 4 may or
may not represent an infection.183 The combination of swel-
ling, pain, and drainage increased the sensitivity, specifi-
city, and likelihood ratio. By contrast, the presence of
crust or redness may not always indicate infection.362

Even though the pediatric scoring system has not been vali-
dated, it allows a standardized assessment of the exit site
both acutely and longitudinally. Additionally, it may have
a predictive value. Data from the SCOPE collaborative
showed that an exit-site score greater than zero was asso-
ciated with development of an ESI before the next follow
up visit.35 The higher the score, the higher the likelihood
of developing an ESI within 8 weeks. In the IPPR experi-
ence, an exit-site score greater than 2 in patients with gram-
positive peritonitis was associated with a higher likelihood
of empiric antibiotic treatment failure 3 days after treatment
initiation (odds ratio: 5.46; p < 0.05).181

On the other hand, the scoring system outlined by
Twardowski et al. is based on photo images. Also, recent
pediatric data from the SCOPE Collaborative demonstrated
poor reproducibility of both exit-site scoring systems when
used simultaneously by two experienced care providers,
especially when at least one provider characterized the
exit site as abnormal.362 Agreement and disagreement
rates were similar when using either the Schaefer et al. or
the Twardowski et al. criteria. This has prompted recogni-
tion of the need for additional educational strategies tar-
geted to providers to improve exit-site characterization,
both by in person visual inspection and by commonly
used smartphone photographs. Thus, any scoring system
must complement —but not substitute for— clinical judg-
ment. Despite its limitations, use of a scoring system con-
tinues to be suggested for regular monitoring of the exit
site and for monitoring patient response to therapy.

Guideline 19.3: Infections occurring within 30 days
after PD catheter placement are likely to be related to
the surgical procedure and may be associated with differ-
ent organisms and outcomes when compared to infec-
tions that arise later in the course of long-term PD.
However, of 31 such infections in the SCOPE
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Collaborative, methicillin-susceptible S. aureus (MSSA)
was the most common organism (n= 8), followed by
MRSA (n= 3).363

Guideline 19.4: Purulent drainage, by itself, is diagnos-
tic of an ESI based on the commonly used pediatric scoring
system and as indicated in the 2022 ISPD adult guide-
lines.45,183 Redness or serous drainage may not always indi-
cate an ESI, because pericatheter erythema may be
secondary to an allergic reaction, mechanical trauma, or
exit-site care. Granuloma or crust formation is also not spe-
cific to an ESI. Clinical judgment is therefore usually
required to decide whether to initiate therapy or to carefully
follow the patient. It is important to recognize that a positive
culture is not required for the diagnosis of an ESI; a positive
culture from an exit site that is not inflamed often indicates
colonization and not infection. The decision about whether
to initiate therapy or to follow carefully should be based on
the combination of clinical judgment and repeated assess-
ment of the exit site.45,310

Evaluation of 35, 354 exit-site assessments during the
first year of dialysis in 3297 adult patients from 122 institu-
tions revealed that the agreement between the diagnosis of
an ESI based on purulent discharge and the clinical score
comprised of hyperemia, edema, pain, scab, and granuloma
was 60.6%. These data support the concept that the pres-
ence of purulent drainage is sufficient to diagnose an ESI,
while the use of scoring systems using other clinical signs
does not contribute a great deal more to the diagnosis, but
provides a resource for longitudinal assessment of the
exit- site appearance.364 With more than 10,000 patient-
months of follow-up data in children on PD, the SCOPE
collaborative showed that a higher exit- site score at a
routine follow-up visit was strongly associated with a sub-
sequent ESI within 8 weeks. The percentage of visits that

had a subsequent ESI increased from 0.8% to 7.4% if the
exit site was scored 3, compared to 0 (9.25 times
increase).35

Guideline 19.5: A tunnel infection (TI) is defined by the
presence of inflammation (e.g., redness, edema, tenderness,
and induration) along the subcutaneous portion of the cath-
eter. Ultrasonographic evidence of either a superficial cuff
infection or a hypoechoic collection along the tunnel tract
is also frequently present.85

In the presence of an ESI, ultrasound evaluation allows
for the diagnosis of a concomitant TI with greater sensitiv-
ity than by clinical parameters alone. A hypo/anechoic col-
lection with a diameter of >1–2 mm, and a color Doppler
signal located between the catheter wall/cuff and the sur-
rounding tissues, supports the diagnosis of a TI.365 In add-
ition, ultrasound evaluation may help to more accurately
distinguish TIs that will likely resolve with oral antibiotic
therapy from those that may require a more aggressive
therapeutic approach including intravenous antibiotic
therapy, surgical revision of the tunnel or removal of the
catheter.365,366

In children, 6–12% of ESIs attributable to S. aureus and
P. aeruginosa are associated with a concomitant TI and
subsequent peritonitis related to the catheter infection; in
those cases, treatment of the catheter-related infection
should be particularly aggressive, because the associated
peritonitis episode can be resistant to treatment.35,38

These particular organisms may also form a biofilm in the
catheter, thereby precluding successful antibiotic manage-
ment without catheter removal.367

Limitations: Evaluation of the PD catheter exit site
remains subjective, is dependent on the observer and is
often based on the use of a pediatric scoring system that
has not been validated.

Table 8. Oral antibiotic recommendations for treatment of exit-site and tunnel infections.

Antimicrobial Recommended dose Dose frequency Per-dose maximum

First choice

Cephalexin 10 mg/kg/dose Daily 500 mg

Dicloxacillin 6.25–12.5 mg/kg/dose Four times per day 500 mg

Alternative choices:

Amoxicillin/clavulanate 10–20 mg/kg/dose Daily 875 mg

Ciprofloxacin 10–15 mg/kg/dose Daily 500 mg

Clindamycin 10 mg/kg/dose Three times daily 450 mg

Levofloxacin 10 mg/kg/dose Every 48 h 500 mg

Linezolida 10 mg/kg/dose < 12 years: Three times daily

≥ 12 years: Twice daily

600 mg

Metronidazole 10 mg/kg/dose Three times daily 500 mg

Rifampinb 5–10 mg/kg/dose Twice daily 600 mg

Trimethoprim/Sulfamethoxazole 4–6 mg/kg/dose

(based on Trimethoprim)

Daily 160mg

Fluconazole 6 mg/kg/dose Every 24–48 h 400mg

aMay consider reducing to 300 mg Q12hr after 72 hours if a prolonged duration (>10 days) is anticipated and patient is at risk for development of

thrombocytopenia based on limited data.410,411

bShould not be used as monotherapy, or used routinely in areas in which tuberculosis is endemic.
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Research Recommendations

● Studies should be conducted to assess the diagnostic
accuracy of scoring systems in pediatric PD patients follow-
ing targeted education of care providers.
● Strategies should be developed to improve the early
detection of ESIs (i.e., by using automated image analysis
and machine learning approaches).
● Prospective studies should assess the usefulness of ultra-
sonography to diagnose and follow catheter-related infec-
tions in pediatric patients.

Guideline 20 – Treatment of PD
Catheter-Related Infection

20.1 We suggest empiric oral antibiotic treatment for PD
catheter exit-site infection (ESI) with appropriate
methicillin-susceptible S. aureus (MSSA) coverage, such
as a first-generation cephalosporin or anti-staphylococcal
penicillin, unless the patient has a prior history of infection
or colonization with methicillin-resistant S. aureus (MRSA)
or Pseudomonas spp.; in these cases we suggest the use of
vancomycin (or clindamycin if prior isolates are suscep-
tible) or an antipseudomonal antibiotic, respectively.
Treatment should subsequently be modified as required
based on culture results and susceptibilities (Not Graded).

20.2 We suggest that in most cases, effective antibiotic
treatment be continued for 7–14 days depending on the clin-
ical response and microbiological results (2D).

20.3 We suggest that an exit-site infection caused by
Pseudomonas spp. be treated with at least 3 weeks of effect-
ive antibiotic therapy (2C).

20.4 We suggest that an exit-site infection caused by
Nontuberculous Mycobacteria (NTM) be treated in consult-
ation with an infectious diseases specialist (Not Graded).

20.5 We suggest that empiric oral antibiotic therapy with
methicillin susceptible S. aureus (MSSA) coverage be
initiated for treatment of a tunnel infection, unless the
patient has a history of infection with MRSA or
Pseudomonas spp., in which case empiric therapy should
consist of IP vancomycin or an IP, oral or IV antipseudomo-
nal antibiotic, respectively (Not Graded).

20.6We suggest that effective antibiotic therapy be adminis-
tered for at least 3 weeks for any catheter tunnel infection (2C).

20.7 Refractory catheter-related infection should be defined
as an infection that has failed to resolve after 2weeksof effective
antibiotic therapy and intensified exit-site care (Not Graded).

20.8 We suggest that surgical salvage interventions or
catheter removal be conducted as part of the treatment for
refractory catheter-related infections (2D).

20.9 We recommend catheter removal if a catheter-
related infection progresses to or occurs in conjunction
with peritonitis due to the same organism (1C).

Rationale
Guideline 20.1: Most ESIs are caused by methicillin-

susceptible S. aureus (MSSA), followed by P. aeruginosa

Figure 6. Management algorithm for PD catheter exit-site and tunnel infections.

*add antifungal prophylaxis

**if nontuberculous mycobacteria, consult infectious diseases specialist for recommendations regarding antibiotic choice and duration

of treatment
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and methicillin-resistant S. aureus (MRSA).35,368,369

Infections due to Enterococcus spp., E. coli, Klebsiella spp.,
and other gram-negative bacteria may also be seen. In patients
with a colostomy, Pseudomonas spp. can be the leading iso-
lated microorganism.154

Successful treatment of a catheter-related ESI is import-
ant because treatment failure may lead to catheter removal
or peritonitis. In most cases, oral antibiotic therapy is effect-
ive (Table 8).45,370,371 The ideal approach is to tailor the
choice and duration of treatment based on susceptibility
results and clinical response.

The empiric antibiotic regimen should primarily cover
MSSA, favoring a first-generation cephalosporin or an anti-
staphylococcal penicillin. If the patient has a prior history of
infection or colonization with MRSA, vancomycin (or clin-
damycin if known to be susceptible) can be used. To
prevent development of resistance and vancomycin-
associated adverse events, glycopeptides should be
reserved for MRSA infections and not be used for routine
treatment of ESIs secondary to other gram-positive bacteria.
Despite the absence of high-quality evidence, oral rifampin
may be added to the treatment of S. aureus infections that
fail to improve or resolve promptly. Oral rifampin should
never be given as monotherapy. In the case of a prior
history of infection or colonization with Pseudomonas
spp., antipseudomonal antibiotics are appropriate.
Concomitant antifungal prophylaxis should be considered
to mitigate the risk of fungal peritonitis.27,45 (see
Guideline 7)

Guideline 20.2: Clinical evaluation (inspection of drain-
age, tenderness and/or induration over the catheter pathway
on palpation) and sometimes sonographic evaluation, is
necessary to determine the intensity and the duration of
treatment.365

Therapy should be continued until the exit site appears
completely normal. The duration of antibiotic administra-
tion should balance the risk of recurrence due to incomplete
bacterial eradication against the potential emergence of
resistant strains from unnecessarily long antibiotic expos-
ure. The recommended treatment duration should count
from the day of initiation of effective antibiotic therapy
based on susceptibility results. High quality data to guide
optimal treatment durations are lacking. Consistent with
IDSA guidelines for skin/soft tissue infections,372 recent
guidelines for management of ESIs in adults suggest adjust-
ing the treatment duration based on clinical response; 7–10
days of effective antibiotic therapy is reasonable in most
uncomplicated ESIs, except for those caused by P. aerugi-
nosa and nontuberculous mycobacteria (NTM), if reso-
lution of infection is confirmed by clinical evaluation at
around 1 week following treatment initiation.45,372 Data
from a survey conducted by the Japanese Study Group of
Pediatric Peritoneal Dialysis revealed that among 130
patients less than 15 years of age, the post-treatment
relapse rate was 15%; the relapse rate was 40% among
infections caused by MRSA.373 Therefore, we suggest at

least 7 days of effective post-empiric antibiotic treatment
in uncomplicated ESIs, if there is a good clinical response.
If there is a lack of resolution after 7 days of therapy, admin-
istration of the effective antibiotic for 2 weeks is reasonable
(Figure 6).

Treatment of an ESI will also likely benefit from an
increased frequency of exit-site care and at least daily ESI
inspection and cleansing as long as purulent discharge con-
tinues; however, there is no evidence-based data to support
this practice. This approach does facilitate early recognition
of worsening infection, including the development of a
tunnel infection, and review of the need for additional thera-
peutic options. Granulomas over the exit site may require
additional exit-site care because they are associated with
exacerbated breakdown of the exit site.

Guideline 20.3: If there is a history of P. aeruginosa,
empiric antibiotic therapy with antipseudomonal coverage
should be started.2,45 The formation of biofilm by this bac-
teria lowers the efficacy of antibiotic therapy, increasing the
risk for relapse, progression to peritonitis, and the necessity
of catheter removal.2,45,374–377 An ESI or TI secondary to P.
aeruginosa should be treated according to susceptibilities
with either an IP antipseudomonal beta lactam or an oral
fluoroquinolone. In patients with a satisfactory response,
3 weeks of antibiotic therapy is suggested (Figure 6).
However, if complete clinical remission is not achieved
by 3 weeks, the catheter should be removed and extended
trials of antibiotic treatment should be avoided since there
is no convincing evidence that a longer duration of
therapy mitigates the risk of relapse and/or progression to
peritonitis.375,376 In an adult study in which 14 episodes
of P. aeruginosa ESI were treated for at least 14 days
with oral ciprofloxacin and/or intraperitoneal gentamicin
or ceftazidime plus topical gentamicin, only 50% achieved
resolution without recurrence or peritonitis, supporting a
low threshold for catheter removal and replacement in
refractory cases.377

Guideline 20.4: Diagnosis and management of NTM
ESI is complex. When suspected, examination for acid-fast
bacilli by Ziehl–Neelsen staining and culture on specific
media should be requested. Antibiotic regimens usually
require multiple agents and selection depends on the spe-
cific causative organism and its antimicrobial susceptibil-
ities. The optimal duration of treatment is essentially
unknown, but NTM skin/soft structure infections often
require months of therapy. Consultation with an infectious
diseases specialist for both antibiotic selection and treat-
ment duration is recommended. In many cases, especially
in patients failing to respond to therapy, management
requires removal of the catheter.45

Guideline 20.5: The route of antibiotic administration
for treatment of TIs can be oral, IP, or IV.2,45 An empiric
first-generation cephalosporin or an antistaphylococcal
penicillin can initially be prescribed and subsequently
adjusted based on culture and susceptibility results. For
management of a TI in a patient with a history of MRSA,
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we suggest empiric therapy with IP or IV vancomycin. For
management of a TI in patients with history of
Pseudomonas spp., we suggest empiric treatment with an
IP, IV or oral antipseudomonal antibiotic. Tunnel ultrasonog-
raphy is useful not only in detecting an occult TI in patients
with clinical features of an isolated ESI, but also in evaluat-
ing the response to therapy. A treatment-refractory and per-
sistent fluid collection around the catheter may support the
need for surgical intervention.365,378

Guideline 20.6: There are no high-quality data identify-
ing the optimal duration of therapy for TIs. Because of the
increased severity of a TI relative to an ESI, and the pre-
sumed higher risk of peritonitis and subsequent catheter
loss, these infections are generally treated with longer dura-
tions of antibiotics, at least 3 weeks, irrespective of the
underlying organism.365,378,379

Guidelines 20.7, 20.8 and 20.9: A refractory catheter-
related infection is defined as an infection that fails to
respond after 2 weeks of effective antibiotic therapy and
intensified exit-site care. Refractory catheter-related infec-
tions require surgical salvage interventions or catheter
removal and should raise suspicion for atypical pathogens,
including NTM.45

Incaseswithout inner cuff involvement andwithout accom-
panying peritonitis, catheter salvage interventions can be
attempted.368 Adult studies have shown that simultaneous
removal and reinsertion of the peritoneal dialysis catheter in
the opposite quadrant is an acceptable surgical intervention
withnegligible recurrences rateswhen conducted for treatment
of a refractory ESI or TI (see Guideline 18.6). The rate of ESI
refractoriness to conservative treatment leading to catheter
removal is highest in cases caused by Mycobacteria (up to
40%), S. aureus (35%), and P. aeruginosa (28%).380 Patients
with an ESI due to P. aeruginosa and those with tunnel

infections may benefit from being kept on antibiotics for 1–2
weeks post catheter salvage procedure to decrease the risk for
a relapse.354,357,381

Catheter removal is suggested when catheter infection
occurs simultaneously with peritonitis due to the same
organism, with no attempted reinsertion of the PD catheter
until at least 2 weeks after catheter removal and complete
resolution of peritonitis. Catheter salvage procedures
should not be attempted in these cases.

Limitations: There are no adequately conducted studies
on the treatment duration of ESI and/or TI. There is also
little data to help define the optimal timing of reinsertion
of a PD catheter removed for treatment of infection.

Research Recommendations

● Adequately powered trials to better define the optimal
treatment durations for exit-site and tunnel infections by
specific microorganisms.
● Assessment of minimum waiting times for catheter
reinsertion following removal due to a refractory exit-site
or tunnel infection.
● Contribution of point-of-care ultrasound assessment for
monitoring treatment response to antibiotic treatment of
tunnel infection.

Guideline 21 – Evaluation of Primary
Response

21.1 We suggest that in addition to visual inspection of
the dialysis effluent for cloudiness, an objective standar-
dized measure, such as the Disease Severity Score, be
used to monitor clinical response at 72 hours after initiation
of antibiotic therapy (2D).

Rationale
Guideline 21.1: Monitoring the clinical response to anti-

biotic therapy may provide important information to help
guide therapy and further evaluation while culture results
are awaited, or in the face of culture-negative peritonitis.
Improvement in patient symptoms (e.g., a decline in pain
and fever) and clearing of effluent cloudiness at 72 hours is,
in most cases, evidence of successful therapy.

In some cases, use of objective, standardized response cri-
teria can be helpful to avoid unnecessary premature changes
of treatment and to rather promptly detect an insufficient
treatment response. As noted in Guideline 8.2, a prospective
randomized study of 168 episodes of peritonitis in 152 pedi-
atric PD patients used a Disease Severity Score (DSS) to
monitor clinical response.183 The DSS was defined as the
sum of points for pain and fever (Table 9) and the study
demonstrated excellent agreement between improvement
in the DSS score and final patient outcome. More recently,
the IPPN has evaluated a modified DSS associated with

Table 9. Disease severity score.183

Score Meaning

Pain (0–3)

0 None

1 Moderate pain or nausea not requiring specific

therapy

2 Severe pain, usually requiring analgesic therapy, or

vomiting

3 Peritoneal pain with tense abdomen, or paralytic

bowel, or both

Fever (0–2)

0 < 37.5°C

1 37.5–38.9°C

2 > 38.9°C

Total (0–5)* Sum of pain and fever

* Recent DSS calculations by IPPN based on 0–2 points for pain and 0–2

points for fever
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1060 episodes of peritonitis at 3 days after treatment initi-
ation, in which along with assessment of effluent cloudiness,
0–2 points could be given for abdominal pain and fever,
respectively. A good clinical response was characterized by
a DSS <=2 and clear effluent, while complete resolution
was associated with a DSS= 0 with clear effluent. Full func-
tional recovery, as defined by continuation of PD without
functional impairment, occurred in 88.6% of episodes with
a good 3-day response vs. 76% of those with a poor 3-day
response (p < 0.0001).168

Limitations: The subjective assessment of abdominal
pain can influence the reproducibility of the DSS.

Research Recommendation

● Data should be collected regarding the relationship
between treatment modifications based on the 3-day DSS
and patient outcome.

Guideline 22 – Monitoring of Infection
Rates and Risk Factor Assessment

22.1 Every program should monitor the incidence and
outcomes of peritonitis and exit-site infection on at least
an annual basis to inform quality improvement activity
(Not Graded).

22.2 The parameters monitored should include the
PD-related peritonitis and exit-site infection rates,
organism-specific peritonitis and exit-site infection rates,
antimicrobial susceptibilities of the infecting organisms,
and peritonitis outcomes (Not Graded).

22.3 The rate of peritonitis and exit-site infections
should be reported as the number of episodes per patient-
year (Not Graded).

22.4 Culture-negative peritonitis should be reported as a
percentage of all peritonitis episodes per unit time (Not
Graded).

22.5 An apparent cause analysis (ACA) should be con-
ducted following each peritonitis episode (Not Graded).

22.6 We suggest that the overall peritonitis rate should
be no more than 0.4 episodes per year, the proportion of
culture-negative peritonitis episodes should be less than
15% of all peritonitis episodes and < 5% of PD catheter
insertions should be followed by peritonitis within 30
days of catheter insertion (Not Graded).

Rationale
Guidelines 22.1 and 22.2: Programs should carefully

monitor all PD related infections, both exit-site and periton-
itis, as part of a continuous quality improvement
program.27,382–386 Causative organisms and their antibiotic
susceptibilities and the patient outcomes should be reviewed
by the entire dialysis team including physicians, nurses,

advanced practice nurses, infection prevention and infectious
disease personnel and others involved in the provision and
oversight of peritoneal dialysis care. The collection and
sharing of these data can contribute to a better understanding
of infection related morbidity in the program and help deter-
mine the optimal center specific empiric antibiotic therapy.

Guideline 22.3: The calculation of peritonitis and exit-
site infection episodes per year at risk is conducted by total-
ing all the days on PD for the center’s patient population,
converting that total to years at risk starting from the time
of PD commencement, and using the converted value as
the denominator of the fraction.2,27 In both the pediatric
and adult guidelines, PD commencement is defined as the
first day during which the first PD exchange was performed
with the intention of continuing long-term PD therapy.2,27

Relapsing episodes should be counted as a single episode
of peritonitis when the rate is calculated, in contrast to
recurrent and repeat episodes which should be counted as
another episode.

Guideline 22.4: Culture-negative peritonitis accounts
for a substantial percentage of the peritonitis episodes that
occur in children. The SCOPE collaborative has demon-
strated variable rates of culture-negative peritonitis in
their participating sites, with 27% of 620 peritonitis epi-
sodes that occurred over 5.5 years being culture-negative
.185 Most notable was the finding that there was great vari-
ability in the culture technique and other laboratory proce-
dures practiced at the center laboratories which may have
contributed to a culture negative rate far greater than the
desired benchmark rate of < 15%. Similar findings have
been documented in adult programs.188 Documentation of
an elevated rate and the possible reasons for it, prompted
attention to potential risk factors, and the development of
a PD effluent culture bundle by SCOPE.

Guideline 22.5: The process by which the presumed
cause for an episode of peritonitis is sought is important for
the individual patient as well as for the center’s quality
improvement program. It is essential that a review of all
potential risk factors be conducted, with contributions from
physicians, nurses, advance practice nurses, infection preven-
tion experts and infectious disease physicians, as well as the
patient and family members. The dialysis team should
conduct a formal review, or apparent cause analysis (ACA),
of each infection in search for causation.386,387A tool to
help carry out an ACA has been developed by the SCOPE
collaborative (Figure S3). Identification will permit appropri-
ate intervention for the patient who experienced an infection
and potentially other patients cared for in the program.27,385

Guideline 22.6: The ISPD peritonitis guideline recom-
mendations: 2022 update on prevention and treatment for
adult patients recommend that in centers in which the
culture-negative peritonitis rate exceeds 15% of peritonitis
episodes, sampling and culture techniques should be
reviewed with the dialysis staff and the laboratory.27 Data
collected by the IPPN and SCOPE reveal that 22% and
23% of pediatric dialysis programs, respectively achieve a
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culture-negative peritonitis rate of less than 15%, which
supports the establishment of 15% as the culture negative
benchmark for pediatric PD programs as well.388,389 The
IPPN data is derived from the 50 largest IPPN participating
centers, while the SCOPE data are based on those centers
which have experienced >10 peritonitis episodes.

SCOPE has also determined overall annualized periton-
itis rates by age and found them to be 0.40 based on 342
infections in children < 2 years, and 0.37 based on 1191
infections in children 2 years of age and greater. The
IPPN found an annualized rate of 0.32 based on 2183 infec-
tions in children > 2 years of age. Thus, like the ISPD peri-
tonitis guideline recommendations: 2022 update on
prevention and treatment for adult patients, we suggest
that the overall peritonitis rate be no more than 0.40 epi-
sodes per year at risk.27

The ISPD Catheter-related Infection Recommendations:
2023 Update for adult patients state that the proportion of
PD catheter insertion related infections within 30 days of
PD catheter insertion should be less than 5% of all catheters
inserted.45 When this frequency is exceeded, the surgical
and medical teams should closely evaluate operative and
post-operative management, ideally incorporating quality
improvement principles. Data collected from SCOPE also
revealed that less than 5% of PD catheter insertions were fol-
lowed by peritonitis within 30 days, prompting a similar
benchmark for pediatric PD programs, and the recommenda-
tion for similar actions should the benchmark be exceeded.389

Research Recommendations

● Further research should be conducted to better define risk
factors for peritonitis and potential mitigation strategies
through the assessment of ACAs.
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Appendix – PD Modality and Antibiotic
Dosing
Challenges exist with selecting IP antibiotic dosing regi-
mens for patients undergoing APD, as the majority of phar-
macokinetic studies for IP antibiotics were derived from
patients undergoing CAPD.390 Various pharmacokinetic
and pharmacodynamic properties of the antibiotic may be
impacted during APD resulting in underexposure to

antibiotics. For example, shorter dwell times and more fre-
quent exchanges utilized during APD result in increased
antibiotic clearance and shorter half-lives. For time-
dependent antibiotics, such as beta-lactams, this may
result in less-than-optimal antibiotic exposure as the anti-
biotic concentrations will not remain above the minimum
inhibitory concentration (MIC) for an adequate portion of
the dosing period.390 For vancomycin, the duration of the
dwell time may influence the dose of vancomycin provided

Table 10. Stability of antibiotics added to peritoneal dialysis solutions.

PD solution Storage conditions

Drug Dextrose-based Icodextrin-based pH-neutral Stability Refrigeration Room temperature 37°C

Cefazolin ✔
✔

✔
✔
✔

✔
✔
✔

1 day

8 days

7 days

14 days

✔ ✔
✔

✔

Cefepime ✔
✔
✔

✔
✔

✔
✔412

✔412

14 days

4 days

7 days

12 h

2 days

7 days

✔392

✔ 393

✔
✔

✔397

✔

Ceftazidime ✔
✔
✔

✔
✔
✔

✔
✔
✔

4 days

7 days

2 days

14 days

8 hs

24 h

12 h

✔
✔

✔
✔413,414

✔
✔
✔

Vancomycin ✔
✔

✔415

✔
✔
✔

28 days

14 days

1 day

1 day

4 days

✔
✔

✔
✔
✔

✔
✔

Daptomycinc ✔
✔
✔

✔
✔
✔

5 days

12 h

1 day

1 day

6 h

✔
✔

✔ ✔
✔

Gentamicin ✔ ✔ ✔ 14 days

<24 h

✔ ✔
✔

✔

Tobramycin ✔ ✔
✔
✔

✔ 1 days

14 days

7 days

1 day

<24 h

✔ ✔
✔395

✔

✔
✔

Meropenem+ heparin ✔
✔

✔ 7 days

10 h

✔396 ✔

Meropenem ✔416 7 days ✔
Ciprofloxacin 417 ✔

✔
✔
✔
✔

✔
✔

14 days

7 days

1 day

2 days

✔ 253 ✔ ✔
✔

aAdapted from Li et al.27

bWhen added to bicarbonate component of bag prior to mixing for room temperature and refrigeration; after mixing at 37°C
cDaptomycin degradation occurs more rapidly at higher dextrose concentrations and increased temperatures
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as longer dwell times will allow for more complete periton-
eal absorption compared to shorter dwell times. Patients
with more rapid exchanges may require more frequent
vancomycin dosing.391 Overall, there is limited guidance
for dosing of peritoneal antibiotics in pediatric patients
undergoing APD, but dwell times, frequency of exchanges,
and pharmacokinetic/dynamic properties of the antibiotic
should be considered. Research is needed to explore
whether necessary modifications are required (e.g., anti-
biotic concentration modifications to those with low fill
volumes or with residual kidney function) to ensure
optimal treatment.

Appendix B – Drug Delivery and Stability
Stability and compatibility of antimicrobials in PD solution
is an important factor when considering treatment options
(Table 10). Drug stability is determined by the degradation
of the drug in solution, which is influenced by temperature
and humidity and should generally be less than 10% for a
drug to be considered stable.392 Data suggest that many
antibiotics are stable for variable times when added to avail-
able dialysis solutions. Vancomycin (25 mg/L) is stable for
28 days in dextrose-based dialysis solution stored at room
temperature, although higher ambient temperatures will sig-
nificantly reduce the duration of stability to just 1 day.
Gentamicin (8 mg/L) is stable in dextrose-based and
icodextrin-based solutions for 14 days at a wide range of
temperatures, but the duration of stability is reduced by
admixture with heparin. Conversely, the stability of genta-
micin in pH-neutral PD solutions is <24 hours at room tem-
perature. Cefazolin (500 mg/L) is stable in dextrose-based

solutions for at least 8 days at room temperature, or for 14
days refrigerated; addition of heparin has no adverse influ-
ence. Ceftazidime is less stable; concentrations of 125 mg/
L are stable for 4 days at room temperature in dextrose-based
solutions and 2 days in icodextrin-based or pH neutral solu-
tions. Cefepime is stable in dextrose-based dialysis solu-
tion for 14 days, if the solution is refrigerated.393 These
data are derived from duration-of-stability studies.
However, it is important to recognize that because of sig-
nificant differences in the constitution of current PD solu-
tions in terms of buffers, osmotic agents, and pH, stability
data cannot be extrapolated from one PD solution to
another.394

Compatibility studies of multiple drugs in PD solutions
supports the admixture of gentamicin with vancomycin or
cefazolin, but aminoglycosides should not be combined
with penicillins due to chemical incompatibility.(Table 11)
Newer studies have demonstrated that meropenem
added to dextrose-based PD solutions achieves longer
stability under refrigeration when heparin is also added
to the solution.395,396 The addition of heparin to PD solu-
tion has also been studied individually with cefazolin,
ceftazidime and vancomycin and compatibility was
evident in all cases.397

Additional studies are needed to confirm the stability
of antibiotics in various PD solutions at the concentra-
tions used and the temperatures encountered (37 °C) in
clinical practice to ensure optimal outcomes.
Information is also needed on newer agents that will be
necessary to treat the emergence of resistant organisms
that may no longer respond to agents with known stability
data.

Table 11. Compatibility of medications frequently added to PD solutions.a397

Cefazolin Ceftazidime Gentamicin Meropenem Vancomycin Heparin

Cefazolin ✔ ✔415 N/A N/A ✔418

Ceftazidime ✔ N/A N/A ✔ ✔
Gentamicin ✔ N/A N/A ✔419 b

Meropenem N/A N/A N/A N/A ✔
Vancomycin N/A ✔ ✔ N/A ✔
Ciprofloxacin N/A N/A N/A N/A N/A c

aAdapted from So et al.
bDue to known incompatibility of gentamicin and heparin at variable concentrations, extreme caution is advised. Available literature supports improved

compatibility at lower gentamicin concentrations and elevated temperature, such as would be encountered in PD solutions.
cDue to known incompatibility of ciprofloxacin and heparin at increasing ciprofloxacin concentrations, it is recommended to avoid this combination until

further studies are done.
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