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Infectious complications remain the most significant
cause for morbidity in pediatric patients receiving
chronic peritoneal dialysis (PD). Although prophy-
lactic measures have led to improved results in some
centers, the frequency of peritonitis in children on PD
continues to exceed that seen in adults, and peritonitis
remains the most common reason for changing dialysis
modality in children (1,2). The serious nature of
this infection led to the creation and publication in
2000 of the Consensus Guidelines for the Treatment of
Peritonitis in Pediatric Patients Receiving Peritoneal
Dialysis (3), under the auspices of the International
Society for Peritoneal Dialysis (ISPD). Those largely
opinion-based guidelines were composed by an inter-
national committee of experts in the field of pediatric
dialysis and served as the first such set of recommen-
dations specific to the pediatric PD population. After
the publication of those guidelines, the International
Pediatric Peritoneal Dialysis Registry (IPPR) was estab-
lished to support evaluations of the impact of imple-
menting the guidelines on a global basis and to collect
data to serve as evidence upon which future guidelines
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could be based. Data generated from 501 episodes of
peritonitis were collected by the IPPR and serve as a
foundation for many of the recommendations madein the
present publication (4,5).

As with the earlier publication, an international
group of experts consisting of pediatric nephrologists,
a pediatric dialysis nurse, and a pediatric infectious
disease specialist collaborated in the effort. Committee
discussions took place face-to-face, during conference
calls, and by e-mail.

The strength of each guideline statement is graded
as Level 1 or 2, or Not Graded, and the quality of the
supporting evidence as A, B, C, or D in accordance with
the rating scheme used in the KDIGO (Kidney Disease:
Improving Global Outcomes) Clinical Practice Guideline
forthe Care of the Kidney Transplant Recipient (6). Table 1
describes the scheme.

Finally, wherever possible, efforts were made to
achieve harmonization between the recently published
adult treatment recommendations and those designed
for children (7). Inaddition, supportinginformation (for
example, reporting of peritonitis rates, definitions) that
is included in the publication pertaining to adults and
that is equally applicable to pediatric populations was
included in the present publication.
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TABLE 1
Guideline Rating Scheme

Guideline strength Guideline evidence
Grade Wording Grade Quality
Level1  “Werecommend” A High

B Moderate
Level 2 “We suggest” C Low
D Very low
Not graded? — —

2 Used for guidance based on common sense or for which the
topic did not allow for the application of evidence.

GUIDELINE 1 - TRAINING

1.1  We suggest that PD training be performed by an
experienced PD nurse with pediatric training,
using a formalized teaching program that has
clear objectives and criteria, and that incorpo-
rates adult-learning principles (2C).

1.2 We suggest that retraining be provided to all
caregivers periodically. We also suggest that re-
evaluation of the PD technique be conducted after
development of a peritonitis episode (2C).

RATIONALE

Guideline 1.1:  Although dialysis trainingis recognized
to be paramount in a successful PD program and in the
prevention of PD-related infections, systematic studies
looking at the training process itself and at its relation-
ship with patient outcomes arein short supply (8,9). Most
ofthe published studies are adult-based. In the pediatric
and adult settings alike, huge variations have been iden-
tified, nationally and internationally, in the practices
within PD patient training programs—including practices
relating to training content, duration, nurse-to-patient
ratios, training venue (hospital or home), and trainer
experience (8-10). Recent international adult surveys
found no relationship between training times and peri-
tonitis rates, but an international pediatric survey did
find that peritonitis rates were significantly lower (p <
0.01) in PD programs characterized by longer training
times and larger patient numbers (9-12). Further study
is required to determine if this difference between the
adultand pediatric experiencesis related to the recipient
ofthe education—namely, the patients themselves or the
parents or caregivers.

The dialysis nurse typically conducts the PD train-
ing of patients, but unfortunately, few nurses have
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any formal preparation in patient education or
exposure to adult-learning theory (9,13). The ISPD
previously recommended that all new nephrology
nurses should receive at least 12 weeks of instruc-
tion and experience within a PD unit; included should
be 6 — 8 weeks of orientation, with supervision by
an experienced PD nurse and observation of proce-
dures, patient education, and clinical care (14). More
recently, the ISPD further recommended that new PD
trainers be supervised for at least 1 patient training
course before they can serve as independent trainers
(8). However, a retrospective adult study from Hong
Kong surprisingly found that even patients trained
by nurses with multiple years of clinical experience
had an increased risk for gram-positive peritonitis
(15). That finding highlights the fact that having
nursing experience and clinical skill does not neces-
sarily equate with teaching expertise. For successful
PD teaching, the trainer must be willing and able to
incorporate the principles of adult learning into their
training program to develop proper training skills. For
PD trainers, the need for continued education is also
essential to ensure that skills do not become stale and
the ability to apply the principles of adult learning are
not lost (8).

One of the few studies to examine the impact of a PD
training program on patient outcomes consisted of an
industry-sponsored program that used a theory-based
curriculum (13). The new curriculum was developed
by an educational specialist and included clear learn-
ing objectives pertaining to cognitive, psychomotor,
and affective domains of learning. The curriculum
required a significantly longer training time (29 hours
compared with the conventional training time of
22.6 hours). Each lesson was repeatedly taught until
the trainee met each objective. Compared with pa-
tients who received conventional training, patients in
the new curriculum group had a lower rate of exit-site
infection (ESI: 0.22 vs 0.38 episodes peryear, p <0.004)
and a borderline lower peritonitis rate (0.34 vs 0.44
episodes per year, p = 0.099) (13). Unfortunately, the
study curriculum has not been released into the public
domain for use. Although an evaluation of the cur-
riculum was not part of a randomized study, that
experience and the long-term experience of “pro-
longed” training in Japanese centers suggest that a
well-structured curriculum, characterized in part by
longer training times, may be associated with improved
patient outcomes.

Although an optimal duration of training remains
unclear, the pediatric workgroup agrees with the
ISPD Nursing Liaison Committee that, for a PD training
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program to be deemed successful, the trainee must be
able to meet (at a minimum) these 3 objectives (8):

 Safely perform all required procedures.

* Recognize contamination and infection.

 List all appropriate responses to contamination and
infection.

Because no literature has addressed the impact of
teaching more than 1 patient or family simultaneously,
the ISPD suggests, and we agree, that PD training should
ideally occur on a 1:1 basis. A standardized teaching
plan with learning objectives should be used, and all
procedures taught should also be provided in written
or pictorial form to the learner. It is important that all
educational material be written at the fifth or sixth grade
(elementary) level (10 - 12 years of age) to ensure that it
can be understood by most caregivers (16,17). Resources
also need to be available in various languages to accom-
modate all learning needs. The teaching plan then needs
to beindividualized to takeinto account a family’s previ-
ous experience and coping mechanisms, and toincorpo-
rate any additional barriers to learning such as illness,
external stressors, and learning impairments (16).

To ensure that the caregiver or parentis competent to
deliver home PD, essential core topics have to be taught
within the standardized teaching plan. Table 2 presents a
summary of PD training content, with core topics related
to infection shown in boldface type. To assess whether
the training objectives have been met, competencies or
a post-training test are also highly recommended, with
the evaluation designed toincorporate both conceptand
skill testing (13,15).

Handwashingis essential to preventing contamination
and infection. Caregivers must be taught to thoroughly
wash their hands before any care procedures (18). It
is then paramount that the hands be dried completely
with a clean towel, because hand dampness after hand-
washing can cause bacterial translocation through
touch contamination (19). Caregivers must ensure to
avoid contaminating their hands after washing by, for
example, turning off the faucet (tap) with a bare hand;
a towel should be used for this maneuver, if necessary.
Further study on the subject of the optimal duration of
handwashing is required. A recent PD literature review
and the World Health Organization guidelines have both
discussed this subject and have provided recommenda-
tions regarding the duration for handwashing and han-
drubbing (18,20,21)

The recommendation of an antibacterial soap for
handwashing has historically been common practice.
However, a recent comprehensive literature review by
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TABLE 2
Peritoneal Dialysis (PD) Training Content

1. Theory
Functions of the kidney
Overview of PD (osmosis and diffusion)
Fluid balance (relate to weight and blood pressure)
Use of different strengths and types of dialysis fluid
Prevention of infection
2. Practical
Handwashing
Aseptic technique
Dialysis therapy—machine or manual exchanges
(step-by-step procedure guide)
Emergency measures for contamination
Troubleshooting or problem-solving alarms
on the cycler
Blood pressure monitoring and recording
Weight monitoring and recording
Exit-site care
3. Complications
Signs, symptoms, and treatment of peritonitis
Signs, symptoms, and treatment of exit-site and
tunnelinfections
Drain problems (constipation, fibrin)
Fluid balance (hypertension, hypotension)
Other (leaks, pain)
4. Other
Record-keeping
Administration of medications
Dietary management
Ordering and managing supplies
Managing life with PD (school, sport, holidays)
Contacting the hospital, making clinic visits, having
home visits

Baxter Healthcare on hand hygiene in PD suggests that,
because bacterial resistance has been found with both
triclosan-and chlorhexidine-based soaps, plain soap and
water can be used forinitial washing to remove any grime
and transient bacteria present; then, after thorough
drying, an alcohol-based liquid or gel should be applied
to the hands (20). The use of pictorial handwashing
guidelines (for example, those from the World Health Or-
ganization guidelines on hand hygiene) can help parents
and caregivers learn a systematic, consistentapproach to
handwashing (21). When used as part of the PD training
process, such aids help to ensure that parents and care-
givers wash all areas of their hands thoroughly, and the
aids can also be used as a component of an assessment
tool for monitoring technique.

Within pediatric programs, itis common practice and
advisable to train 2 family members or caregivers (1 of
whom can be the patient, if deemed capable) (22). This
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approach ensures that support is available at home to
help meet the daily burden of PD care and may reduce
the risk of burnout. The possibility of training extended
family members or caregivers as a means of providing
parents with regular respite may also be beneficial, but
does somewhat mandate reqular performance of the
procedure by the extended providers to maintain their
proficiency. The availability of sufficient training staff
to educate the additional caregivers is also mandatory.
As children on dialysis mature, the teenagers or young
adults should be encouraged to take a more active rolein
their own care, and additional teaching will be required
for them. It is important to ensure that the teaching
contentand styleis based on the patient’s developmental
age, not chronological age (16). To date, no prospective
studies have been conducted to address the training of
adolescents to manage their own PD care needs. In one
recent study on adherence, no relationship was observed
between the peritonitis rate and the participation of
adolescent patients in the provision of PD (23).

Finally, peritonitis has been reported to occur as a
result of domestic animals (cats, dogs) biting dialysis
tubing. Patients and families should be educated about
the importance of excluding animals from the room in
which dialysis is being conducted (24,25).

Guideline 1.2:  For patientsand families participatingin
the provision of PD, the ISPD Nursing Liaison Committee
recommends, and we agree with, retraining both periodi-
callyand afterinfection or aftera prolongedinterruption
in PD. Further study is required to determine exactly
when and how retraining should be conducted (8). Home
visits are also recommended as part of the continuation
of training and education because such visits allow the
nurse to assess the patient or caregiver’s PD knowledge
and skills in the home setting (8,18,22,26).

An observational multicenter adult study from Italy,
through a questionnaire and home visits (the latter
now being a required component of dialysis care in the
United States), found that, with respect to infection
control, 29% of patients required reinforcement of their
knowledge and ability to correctly perform PD (26). The
authors found that the need for retraining was great-
est in patients less than 55 years of age, in those with
lower educational degrees, and in those in the early or
late phase of their PD therapy (<18 or >36 months). Itis
important to remember that education and training of
the patientand family should involve a continual process
of assessment, planning, teaching, and evaluation (16).
Given that peritonitis remains the primary reason for PD
technique failurein children, root-cause analysis should
be applied to each episode of peritonitisinan attempt to
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establish the causes of the infection and to implement
interventions designed to reduce the risk of recurrence
(10,18,7). All members of the multidisciplinary PD team
should be involved in the root-cause analysis, including
the physician, PD nurse, and social worker, with dialy-
sis retraining being provided when deemed necessary
(18,27). Retraining may be particularly important after
episodes of peritonitis that occur soon (0 - 3 months)
after initiation of PD.

LIMITATIONS

Currently, much ofthe advice surrounding PD training
isopinion-based, especially with respect to the pediatric
patient.

FURTHER STUDY

Studies are required to further address the methods
used to teach parents and caregivers the management of
home PD. The content of teaching provided to adolescent
patients also requires evaluation. Observational data
should be collected to better determine the impact of
specific components of training on patient outcomes.
Factors to be addressed include length of training time,
the setting of the training (hospital or home), the timing
and frequency of periodic retraining, the content of the
training examination, and the value of retraining after
peritonitis episodes.

GUIDELINE 2 - CATHETER TYPE AND PLACEMENT

2.1  We suggest the use of a double-cuff Tenckhoff
catheter with a downward or lateral subcutaneous
tunnel configuration that is placed by a surgeon
ornephrologist experiencedin PD catheter place-
ment (2B).

2.2 We recommend that perioperative antibiotic
prophylaxis be used within 60 minutes before the
incision for PD catheter placement to reduce the
incidence of early-onset peritonitis (1A).

RATIONALE

Guideline 2.1: Data from the 2008 North American
Pediatric Renal Trials and Collaborative Studies report
showed that use of the double-cuff Tenckhoff catheter
with a swan-neck tunnel and a downward-directed exit
site was associated with a better annualized peritonitis
rateand a longer time to a first peritonitis episode when
compared with other combinations of catheter charac-
teristicsin pediatric PD patients (2). Similar data on the
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beneficial effects of two cuffs and a downward-directed
exit site in adult patients have also been published,
although those findings have not been confirmed in
prospective randomized trials (28-30).

A clear benefit for a coiled compared with a straight
configuration of the intraperitoneal portion of the cath-
eter with respect to the prevention of catheter-related
infections has not been demonstrated in either pediatric
or adult patients (2,31). However, data collected by the
IPPR has revealed that the use of Tenckhoff catheters with
a straight ending within the peritoneal cavity is associ-
ated with anincreased rate of post-peritonitis technique
failure, possibly as a result of an inability to completely
drain the peritoneal cavity when post-infection adhe-
sions are present (5).

Finally, a single-cuff catheter and a downward-
pointing exit site proved to be independent risk fac-
tors for relapsing peritonitis in a multivariate analysis
conducted on 490 episodes of non-fungal peritonitis
(non-FP) reported by the IPPR, and in the same IPPR
experience, a single-cuff catheter was associated with
a nearly 13 times increased risk for gram-negative peri-
tonitis (32,33). The observed increase in the relapse
risk associated with downward-pointing exit sites is not
readily explained and is surprising, given that previous
studies reported a decreased risk for peritonitis with
a downward-pointing configuration for the exit site
(32,34,35). The new finding will require further evalua-
tion in future studies.

Proper patient preparation and catheter placement
technique play key roles in preventing catheter-related
infections. The location of the exit site should be deter-
mined in advance of the surgical procedure, and it should
be placed away from the belt line, from diapers, and from
stomas (gastrostomy, ureterocutaneostomy). In children
with a history of recurrent ESI and in those wearing
diapers or having fecal incontinence or an ostomy, the
use of a swan-neck presternal catheter may be beneficial
(36,37). Although no differencein the risk of peritonitis
and ESI or tunnel infection (TI) has been demonstrated
in comparisons of midline and lateral catheterinsertion
sites in adult patients, a paramedian fascial incision
is usually preferred in infants and children to avoid
herniation or dialysate leakage that may predispose to
infection-related complications (31,38).

Preoperative bowel preparation and showering or
bathing with an antiseptic soap may help to reduce the
risk of postoperative infections. Asan alternative to stan-
dard surgical insertion of the catheter, a laparoscopic
PD catheter placement technique has been adopted by
some pediatric centers, with the advantage of a less-
invasive procedure and a smaller-diameter peritoneal
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perforation, resulting in elastic sealing of the insertion
site (39). However, in three trials conducted in adult
patients, no significant difference in the risk of peri-
tonitis has been shown when a laparoscopic approach
to insertion of a PD catheter has been compared with a
surgical approach (31). Similarly, retrospective single-
center pediatric trials have not shown any difference in
theinfection rate between these two catheter placement
techniques (40,41).

Regardless of the insertion technique, the outer cuff
should be situated approximately 2 cm from the exit site
to decrease the likelihood of cuff extrusion, a complica-
tion associated with anincreased risk for ESI.

Once the catheter is inserted, sutures should not be
placed at the exit site, because sutures increase the
possibility of bacterial colonization. Fibroblastingrowth
of the Dacron cuff is sufficient to anchor the catheter,
obviating the need for suture material (42,27). The exit
site should be round and small enough to allow for a
snug fit of the catheter within the surrounding skin.
The catheter should be securely anchored close to the
exit site to minimize movement and the potential for
traction injury, which represents a risk factor for ESI.
Commercially available catheter immobilization devices
can beused, buttape oradressingis typically adequate.
The method of immobilization should be individualized
to the patient’s needs.

In a prospective, open-label randomized study per-
formed in a single pediatric center, the application of
fibrin glue to the peritoneal cuff suture prevented early
dialysate leakage (43). The fibrin glue technique may
be considered in cases in which dialysis will be initiated
shortly after catheterimplantation. However, the appli-
cation of fibrin glue was not associated with differences
in the ESI or peritonitis rates during the initial 60 days
after catheter implantation (43).

Guideline 2.2: Administration of an antibiotic just
before peritoneal catheter placement has been shown
to lower the incidence of early infectious complica-
tions such as wound infection and peritonitis in adult
and pediatric PD populations. In pediatric chronic
PD patients, Sardegna et al. (44) conducted a retro-
spective study that showed a benefit associated with
the use of prophylacticantibiotics. In that study, perito-
nitis was found to be less common in patients receiving
prophylaxis with cephalosporins, vancomycin, ampicil-
lin, or nafcillin-gentamicin than in patients receiv-
ing no prophylaxis. In a systematic review published
in 2004 (45), an analysis of randomized prospective
studies encompassing a combined 335 adult patients
showed that, compared with no treatment or with
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placebo, the use of perioperative intravenous antibiot-
ics significantly reduced the risk of peritonitis within
1 month of surgery [relative risk (RR): 0.35; 95% con-
fidence interval (CI): 0.15 to 0.80]. Of the prospective
studies analyzed, three with short follow-up periods
of less than 4 weeks (46-48) showed a significant
reduction in the incidence of peritonitis. In the large
prospective study conducted by Gadallah et al., 221
patients undergoing PD catheter placement were
randomly assigned to intravenous vancomycin (1 g
given 12 hours before the procedure, n = 86), intra-
venous cefazolin (1 g given 3 hours before placement,
n=85), or no antibiotics (n = 83) (49). At 2 weeks, the
incidence of peritonitis was significantly lower in the
patients receiving antibiotics, particularly vancomycin
(1% for vancomycin, 7% for cefazolin, and 12% for
no treatment, p = 0.02). Single-dose vancomycin was
superior to single-dose cefazolin; however, peritonitis
episodes were documented only for the first 14 days post
catheter implantation. The possibility that vancomycin
was most effective because of its long half-life was
notinvestigated.

Given the emergence of vancomycin-resistant organ-
isms, the routine use of vancomycin for prophylaxis
before catheterinsertionis not recommended (50). Atta
et al. reported the incidence of vancomycin-resistant
enterococci (VRE) colonization among adult outpatient
hemodialysis (HD) and PD patients as 17.8%. Of the pa-
tients not receiving vancomycin, none became colonized
with VRE, but 26% of the patients receiving vancomycin
became colonized (51). Vancomycin-resistant entero-
cocci have also been isolated in pediatric HD and PD
patents (52). Although peritonitis with VREis uncommon
in stable patients receiving continuous ambulatory PD
(CAPD), when it occurs, it has characteristically been
associated with recent hospitalization and the use of
antibiotics, mainly vancomycin, or with nosocomial
infection (53-55). Surgical prophylaxis and routine
prophylaxis for patients on chronic PD should therefore
be acknowledged as situations in which vancomycin use
is to be discouraged (50).

A 2002 review written in collaboration with major
national societies recommends the administration of
a first-generation cephalosporin, given intravenously
1 hour before PD catheter insertion (56). In contrast,
the 2005 ISPD guidelines state that each program should
consider giving vancomycin, with a view to the benefit-
risk ratio with that drug (57). Another 2005 updated
review of contemporary developments in peritoneal
catheters and exit-site practices favored a single dose
of a first- or second-generation cephalosporin and did
not recommend routine prophylaxis with vancomycin
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because of the risk of VRE emergence (58). Similarly,
the 2005 European Best Practice Guidelines recommend
a first-generation cephalosporin such as cefazolin 1 g,
either orally 1 - 2 hours before or parenterally 30 min-
utes before the procedure. Vancomycin is suggested as
an alternative (59).

The choice of the specific antibiotic to be used for
perioperative prophylaxis should also take center-
specific susceptibility patterns and public health con-
cerns into consideration.

LIMITATIONS

Given that the recommendation in favor of a down-
ward-pointing configuration for the exit sitein children
is largely derived from multicenter observational studies,
center effects cannot be excluded.

The evidence for the efficacy of perioperative antibi-
otic prophylaxis is limited to a few prospective studies
in adult patients.

RESEARCH RECOMMENDATIONS

A prospective multicenter study evaluating standard-
ized approaches to exit-site and tunnel configurations
and the associated infection rates should be performed
in children across the pediatric age range.

The emergence of resistant bacterial strains should
be followed prospectively in centers worldwide, with
attention to the use (or lack thereof) of prophylactic
antibiotic protocols.

GUIDELINE 3 - EARLY EXIT-SITE CARE

3.1  We recommend once-weekly sterile dressing
changesto the exit site, performed by experienced
health personnelaccording to a standardized pro-
tocol, until the exit site is well healed (2B).

3.2 We recommend catheter immobilization to pre-
vent trauma to the exit-site and to optimize early
healing (1B).

RATIONALE

Guideline 3.1: The aims of early PD exit-site care after
implantation are

* to prevent bacterial colonization during the healing
phase,

* to minimize multiplication of bacteria, and

* topreventlocaltraumathrough catheterimmobiliza-
tion at the exit site (60).
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Unfortunately, no pediatric studies and only limited
adult studies have addressed this period of catheter care.
Thus, the recommendations made, including those by
the ISPD in 1998 and 2005, incorporate broad general
principles of early exit-site care and are primarily based
onthework carried out by Twardowski and Prowant (61).
Table 3 summarizes the details that follow.

After catheterimplantation, dressing changes should
be avoided during the first postoperative week. They
should then be performed only once weekly, using sterile
technique until the siteis healed as characterized by the
description “when the skin around the exit site looks nor-
malwithout gaping” (18,61). The weekly sterile dressing
changes should continue until that state is achieved—a
minimum of 2 — 3 weeks, although healing can take up
to 6 weeks.

It is generally accepted that the foregoing dressing
changes should be performed by specially trained staff
(62). Less-frequent dressing changes are advocated dur-
ing this period because each change requires manipula-
tion of the catheter, which canincrease the risk of trauma
to the exit site. With each dressing change, the exit site
could also become contaminated with bacteria, even if
aseptic technique is followed (63). Dressing changes
should be performed more frequently only if excessive
drainage is noted at the exit site or if excessive sweat-
ing causes wetness at the exit site (61). In pediatrics,
soiling of the dressing as a result of the catheter being
positioned near the diaper region would also necessitate
a dressing change.

Ifthe healing processis felt not to be progressing nor-
mally (as reflected by deterioration or signs of infection),
a culture should be taken from the exit site, because
bacterial colonizationis already likely to be present, and
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more frequent cleaning will be required (61). Antibiotic
treatment may also be necessary.

To reduce the number of bacteria and to remove de-
bris during each dressing change, the exit site should
be cleaned with a nonirritating, nontoxic agent. Strong
agents such as hydrogen peroxide and povidone iodine
should be avoided because they are cytotoxicand can be
damagingto granulation tissuein the sinus tract (59,60).
Although no consensus has been reached about a specific
sterile cleansing agent to use and further controlled
study is required, chlorhexidine, normal saline, and the
nonionic surfactant agent poloxamer 188 (Shur-Clens:
ConvaTec Professional Services, Skillman, NJ, USA) have
all been suggested as suitable options.

Application of a topical antibiotic cream or ointment
at the time of the weekly sterile dressing change has
also been recommended (18). However, no data are cur-
rently available on the duration of action of these topical
agents, making it unclear whether weekly application
is truly beneficial during the immediate post-insertion
period (compared with use of such agents asa component
of chronic exit-site care).

Because of the large amount of drainage that can
occur during the post-implantation period, several lay-
ers of sterile gauze dressing should be applied over the
thoroughly dried exit site to wick away any drainage and
to keep the site dry. Use of semipermeable and occlusive
dressings directly onto the wound should be avoided
because of the resultant pooling at the exit site of any
drainage, which provides a good medium for bacterial
growth (60).

During this early healing phase, submerging the cath-
eterand exit sitein water has to be avoided, and so bath-
ing and showering is not advised. This recommendation

TABLE 3
Cleaning Guidelines for the Healing Peritoneal Dialysis (PD) Exit Site

The exit site should be cleaned and redressed weekly, by experienced PD staff.

Further dressing changes should be avoided unless drainage is excessive or the dressing becomes soiled or wet.

Continue once-weekly dressing changes until the exit site is well healed.

Avoid showering or bathing during the healing phase.

Follow an aseptic technique, using sterile gloves and face mask:

. Crusts should not be forcibly removed.

NoOuUA WN R

. Clean around the exit site with sterile gauze soaked in sterile cleansing solution.

. Use another piece of soaked gauze to clean the tubing. Start from the exit site and work up the tubing away from the body.
. Use gauze to gently pat the exit site dry, ensuring that it is completely dry.

. Allow the catheter to fall into its natural position from the exit site.

. Completely cover the exit site with several layers of sterile gauze, and then secure with a dressing.

Immobilize the catheter below the exit-site dressing, anchoring the tube to restrict movement.
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is meant to prevent colonization with waterborne
organisms and skin maceration (60).

Guideline 3.2: The dialysis catheter has to be secured
with an adhesive to anchor it and to prevent torquing
movement (61). Commercially available catheter im-
mobilization devices can be used, but tape or a dressing
is typically adequate. The method of immobilization
should beindividualized to the patient’s needs. Sutures
should not be placed at the exit site because the suture
may act as a nidus for bacterial infection. Fibroblast in-
growth of the Dacron cuffs obviates the need for suture
material (42,27).

LIMITATIONS

The work by Twardowski and Prowant in the early to
mid-1990s continues to be the foundation forall current
early exit-site care guidelines. Evidence on the topic of
early exit-site careis limited, especially evidence specific
to the pediatric setting.

RESEARCH RECOMMENDATIONS

Randomized controlled trials (RCTs) to look at early
exit-site carein the pediatric setting are required. Factors
to beaddressedinclude the frequency of dressing changes,
the choice of cleansing solution, and whether any benefit
accrues to once-weekly application of topical antibiotic
ointments or creams during the healing phase.

GUIDELINE 4 - CHRONIC EXIT-SITE CARE

4.1  Werecommend cleansing the exit site with a ster-
ile antiseptic solution and sterile gauze (1C).

4.2 Eachprogramshould evaluate the type, frequency,
and resistance patterns of organisms causing ESIs
and institute a center-specific protocol to dimin-
ish such risk (not graded).

4.3 Wesuggestthata topical antibiotic be applied to
the peritoneal catheter exit site as a component
of chronic exit-site care (2B).

RATIONALE

Guideline 4.1: The ultimate goal of exit-site careis to
keep the exit site clean, dry, scab-free, crust-free, pain-
less, and noninflamed. Immobilization of the catheter
and protection from trauma is essential (60). Excellent
hand hygiene is also vitally important before any ex-
amination of the exit site by the patient, caregivers,
and health care professionals. Handwashing, followed
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by thorough drying, before changes of dressings and
dialysate are essential for preventing PD-associated in-
fections (18). Accordingly, those aspects of care should
be a component of patient trainingin all PD centers (see
Guideline 1 - Training).

The role and efficacy of topical disinfectants (povi-
doneiodine, chlorhexidine, hydrogen peroxide, sodium
hypochlorite, octenidine, etc.) for chronic exit-site
care remain unclear. In an early RCTin adults (64), local
application of povidone iodine solution at the exit site
was compared with local treatment using water and non-
disinfectant soap and was found to significantly reduce
the rate of ESIs. Retrospective pediatric data showed
that the use of chlorhexidine (compared with povidone
iodine) was associated with a significant decline in the
frequency of ESIs (65). A recent pediatric survey from
Japan found that neither peritonitis nor ESI or TI were
prevented with the use of topical povidone iodine (66).
Additionally, the European Best Practice Guidelines for PD
emphasize that, because of epithelial toxicity, povidone
iodine preparations and hydrogen peroxide should be
avoided, especially during the early healing phase im-
mediately after catheter implantation (59).

Amuchina (Aziende Chimiche Riunite Angelini
Francesco, Casella Genova, Italy) is anotheragent thatis
used for exit-site care. The ESI rates with Amuchina 10%
(electrolytically produced sodium hypochlorite solution)
and Amuchina 5% are similar to or lower than those
seen with povidone iodine or chlorhexidine in adults. A
recent RCT in children compared pH-neutral soap with
Amuchina 10% solution and showed a favorable effect
for Amuchinain preventing ESIs (67,68). Another recent
retrospective study in 83 children demonstrated similar
results, in that the combination of mupirocin and sodium
hypochlorite for daily exit-site care was very effective
and superior to mupirocin alone as a means of reducing
PD catheter-associated infections and of prolonging
catheter survival (69).

The IPPR has also generated pediatric-specific data
on the topic of chronic exit-site care, with clear differ-
ences in practice patterns observed around the globe,
highlighting the absence of a standard (5). Chronic
exit-site care is conducted daily in 93% of centers in
America and Asia, in 64% of centers in eastern Europe
and Turkey, butin only 8% of western European centers.
Large regional differences also exist with respect to the
choice of an exit-site cleansing agent. Soap or sodium
hypochlorite are the primary agents in North America,
and povidone iodine is often used in Turkish and some
European centers, but rarelyin Asian or US centers. Many
European sites use the quaternaryammonium compound
beta-octenidine.
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Data from theIPPRalso suggest that the global varia-
tion in gram-negative peritonitis may well be related to
chronic exit-site care and mupirocin use. Compared with
centers in western Europe, US centers had an incidence
of Pseudomonas peritonitis that was higher by a factor
of 8 and that was associated with exit-site care practices
characterized by daily washing with nonsterile cleansing
agents and application of mupirocin (5).

Finally, Italian pediatric PD registry data have shown
that there is no difference in catheter survival with the
use of either povidone iodine or hydrogen peroxide as
the antiseptic solution, and with exit-site cleansing on
a daily or alternate-day schedule (38). In light of the
available data, we recommend exit-site cleansing with
sterile gauze and sterile antiseptic solutions (prefer-
ably chlorhexidine, sodium hypochlorite, or octenidine)
conducted by a well-trained caregiver. The optimal
frequency of exit-site care—for example, daily com-
pared with alternate-day or less frequently—has not yet
been determined.

Guideline 4.2: A review of every episode of both peri-
tonitis and ESI to determine the root cause of the event
should beroutinein PD programs (18). Acommon mistake
madein trials of infectious complicationsin PDis to omit
to provide or analyze the infection rates for individual
organisms, but to give the organisms as percentages of
the total, which may be misleading. If the incidence of
a specific organism is reduced, the proportion of ESIs
caused by other agents may increase, without a change
in absolute numbers. A way to overcome this limitation
is, as proposed by Piraino et al., to report results as
incidence rates—that is, the number of infections by a
specific organism divided by time at risk (70).

We therefore suggest that each center examine
the susceptibilities of the bacteria causing infections
and make a decision about antibiotic prophylaxis.
If a center has a very low ESI incidence rate, there
may be no need to use any prophylaxis for reducing
catheter-related infections. The routine application of
an antibacterial ointment or cream such as mupirocin
or gentamicin to the catheter exit site is, however,
a strategy that has been studied and found to be
associated with a reduction in the rate of catheter-
related infections (71,72). (It should be noted that
antibiotic ointments containing polyethylene glycol
base should not be applied to the exit site when the
catheteris made of polyurethane because of the associ-
ated risk of catheter rupture.) Other topical agents that
have been studied include Medihoney [Comvita New
Zealand, Te Puke, New Zealand (commercially avail-
able medical honey with antimicrobial action)] and
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Polysporin Triple (Johnson and Johnson, Markham,
Ontario, Canada) compound (73,74). The use of gen-
tamicin might be preferred over the use of mupirocinin
centers that have experienced anincreased frequency of
ESIs secondary to Pseudomonas species rather than to
Staphylococcus aureus.

Guideline 4.3:  Exit-site colonization or infection with
Pseudomonas aeruginosa and nasal or exit-site carriage of
S. aureus are widely accepted as risk factors for peritonitis
and ESIs in adults and children undergoing chronic PD
and as possible targets of prophylacticantibiotictherapy
(75-79). However, as indicated in the 2010 update of
the adult PD-related infections recommendations, the
benefit of screening for S. aureus carriage, either after
a staphylococcal peritonitis episode or routinely in the
PD program, needs to be clarified (7). Approximately one
half of PD patients have been found to be S. aureus nasal
carriers, but the catheter exit site (rather than the nose
and the nails) has also been shown to possibly be the
most frequent site for colonization with S. aureus strains
identical to those causing peritonitis (80,81). Screening
for exit-site rather than nasal colonization may therefore
be more advisable, although this practiceis not routinely
recommended at the present time.

Mupirocinis a topically active antibacterial agent with
demonstrated benefit in eradicating colonization with
S. aureus (82). Since the early 1990s, numerous studies
have evaluated the efficacy of prophylactic intranasal
or topical mupirocin application at the catheter exit
sitein the chronic PD population (83-91). Despite some
conflicting reports, one of whichis a pediatric study from
Japan, most studies demonstrated that the prophylactic
use of mupirocin either intranasally or at the exit site
reduces theincidence of both ESIand peritonitis caused
by S. aureus (45,84-88,91-95). The recommended fre-
quency and route of usageis quite variable, as evidenced
by the fact that daily application of exit-site mupirocin
in all patients, application 3 times daily intranasally for
7 days for each positive nose culture, or application once
monthly intranasally in nasal carriers have all proven to
be effective options (84-88,90).

On the other hand, a recent evidence-based review,
including renaland nonrenal patients, does not support
the routine use of prophylactic intranasal mupirocin in
patients with the goal of reducing the rate of staphy-
lococcal infection, despite the efficacy of mupirocin in
reducing nasal carriage (96). The authors were concerned
about the possibility of micro-organism replacement, in
which S. aureus colonization and infection are reduced,
only to allowinfection with a different—potentially more
virulent—organism.
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Based on all the available data, application of pro-
phylactic mupirocin to the exit site with every dressing
change has been recommended in many centers as the
current method of choice for preventing PD catheter
infections caused by S. aureus. Furthermore, topical
use of the antibiotic at the exit site after healing is
preferable, because it precludes the need for repeated
nasal swabs and repeated courses of intranasal treat-
ment, with consequent higher compliance, lower cost,
and wider efficacy (59,97). However, concern has been
raised about the development of resistance to mupirocin
and the possible development of infections secondary to
organisms other than S. aureus when mupirocin is used
on a frequent basis (98,99). In contrast, a study that
examined mupirocin resistance over a 7-year period re-
ported noincreased prevalence of mupirocin resistance
(2.7% of the patients) over the period of observation
(100). But a parallel increase in the incidence of in-
fections secondary to gram-positive micro-organisms
other than S. aureus and to gram-negative bacteria
has been observed in association with the decreasing
rate of S. aureus infections associated with mupirocin
prophylaxis (84,85). P. aeruginosa is now the most com-
mon cause of combined catheter-related infection and
catheter-related peritonitis, partly because of a sharp
decrease in S. aqureus-related infections subsequent to
the introduction of mupirocin prophylaxis (90,92). In
fact, IPPR data show that prophylactic treatment with
mupirocin at the catheter exit site increased the risk of
peritonitis from Pseudomonas species, a finding that
also raises concerns about the current concept of topical
prophylaxis with mupirocin.

In turn, gentamicin applied daily to the exit site ap-
pearsto be a promising option (71). Gentamicin is active
against S. aureus and P. aeruginosa because it inhibits
normal bacterial protein synthesis. In a randomized
double-blind multicenter trial in adults, a simple regi-
meninvolving daily application of gentamicin (compared
with mupirocin) cream to the exit site resulted in a 57%
reduction in catheter ESIs and a 35% reduction in peri-
tonitis episodes (72). Additionally, gentamicin cream
was highly effective in reducing P. aeruginosa ESIs and
has been associated with few side effects (such as easily
treatable fungal ESIs); gentamicin was also as effective as
mupirocinin preventing S. aureus ESIs (92). Of interest,
however, are the findings of a recent retrospective chart
review, which showed a trend toward higher peritonitis
rates in a gentamicin group (compared with a mupiro-
cin group), largely as a result of gram-positive bacteria
(101). Furthermore, resistance to gentamicin may be
clinically more problematicthan resistance to mupirocin,
given that gentamicin is a cornerstone of treatment in
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some centers for gram-negative peritonitis in patients
receiving chronic PD.

Yet another alternative agent is Polysporin Triple
compound ointment (bacitracin 500 U/g, gramicidin
0.25 mg/g, and polymyxin B 10000 U/g, MP3), which is
active against coagulase-negative (CNS) and -positive
Staphylococcus and against some gram-negative bacteria.
This agent has been shown to be effective in preventing
HD catheter-related infections (102). Like gentamicin,
Polysporin Triple compound has the advantages of low
cost, high tolerability, and low resistance. Results of
a recent Canadian multicenter trial in adults to evalu-
ate the effectiveness in routine PD care of Polysporin
Triple compound compared with mupirocin at the cath-
eter exit site revealed equivalent efficacy in preventing
catheter-related infections (103). However, there was an
unacceptably high rate of FP with the Polysporin Triple
(7vs0,p=0.01). The use of Polysporin Triple compound
cannot, therefore, be advocated.

Finally, Medihoney is now being suggested as an
alternative agent that can effectively prevent catheter-
associated infections and minimize antimicrobial re-
sistance and toxicity. Honey has been shown to exert
antimicrobial action against a broad spectrum of fungi
and bacteria, including methicillin-resistant S. aureus
(MRSA), multidrug-resistant gram-negative organisms,
and VRE (104,105). A recent randomized controlled
trial in HD patients demonstrated that 3-times-weekly
application of standardized antimicrobial honey to the
HD catheter exit site was safe, inexpensive, and effec-
tive, and that it resulted in a rate of catheter-associated
infections comparable to that obtained with topical
mupirocin prophylaxis (106). Therefore, a multicenter
RCTin both adult and pediatric patientsin Australia and
New Zealand has been designed to determine whether
daily Medihoney (compared with standard topical
mupirocin prophylaxis) in nasal staphylococcal carri-
ers reduces the risk of catheter-associated infections
in PD patients. The results will probably be available
in 2012 (73).

LIMITATIONS

No well-designed prospective RCTs on chronic catheter
exit-site care practice in pediatric or adult PD patients
are available.
RESEARCH RECOMMENDATIONS

A multicenter protocol should be designed to compare

daily with 3-times-weekly exit-site care, in terms of the
development of catheter-related infections.
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The effectiveness of chlorhexidine, sodium hypochlo-
rite, and beta-octenidinein preventing catheter-related
infections should be comparedin a randomized prospec-
tive trial.

A RCT should be performed in children to compare
the effectiveness of gentamicin and mupirocin in
preventing organism-specific and all-cause catheter-
related infections.

GUIDELINE 5 - CONNECTOLOGY

5.1 Werecommend usingdouble-bagand Y-setdiscon-
nect systems with “flush before fill” for patients
receiving continuous ambulatory PD (1A).

5.2 We suggest the use of assist devices for spiking
PD solution bags (2B).

RATIONALE

Guideline 5.1: Unequivocal evidence indicates that
spiking bags of dialysis fluid predisposes to peritonitis
by touch contamination. Ofallthe connectology-related
interventions designed to prevent peritonitisin PD, only
the disconnect (twin-bag and Y-set) systems (compared
with conventional spike connect systems) have proved to
be effectivein that respect (31,107). A systematic review
of RCTs (108-115) revealed that use of the Y-set (com-
pared with the standard spike system) was associated
with a significantly lower risk of peritonitis (seven trials,
485 patients—RR: 0.64; 95% (I: 0.53t0 0.77) and perito-
nitis rate (eight trials, 7417 patient-months—RR: 0.49;
95% CI: 0.40 to 0.61). No difference was observed in
the risk of ESI or TI (three trials, 226 patients—RR:
1.00; 95% CI: 0.70 to 1.43) or the rate of infection (two
trials, 2841 patients—RR: 1.24; 95% CI: 0.91 to 1.69)
(108,111-113,115). Inaddition, no differencein the cath-
eter removal or replacement rate was observed (two trials,
126 patients—RR: 0.80; 95% CI: 0.40 to 1.63) (31).

The elimination of one extra connection procedure
with the use of twin-bag systems further reduces the
risk of peritonitis beyond that achieved by Y-connection
systems (116). One of the largest reviews of RCTs (31)
found that twin-bag systems were associated with a trend
toward fewer patients experiencing peritonitis (p=0.05).
In addition, an earlier systematic review (107) reported
a significantly lower risk of peritonitis episodes with
double-bag systems compared with Y-systems (odds ra-
tio: 0.44; 95% CI: 0.27 to 0.71). Several twin-bag systems
are commercially available and each has minor operating
differences. These minor variationsin connectology can
potentially translate into marked differences in perito-
nitis rates (117,118).
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The “flush before fill” technique (flushing the
drain tubing with dialysate before filling the abdo-
men), which is inherent in both the double-bag and
Y-set systems for CAPD, has been shown to be a key
factor in potentially lowering the risk of peritonitis
from contamination (119-121). Most patients using
automated PD (APD) undergo an automatic “flush
before fill” because current APD cyclers begin treat-
ment with an “initial drain” mode by default, and that
approach, too, has been associated with a lower risk
for peritonitis.

Guideline 5.2: Manual spiking of dialysate bags has
become obsolete, having been replaced by Luer-lock
connection technology in most cases. If manual spik-
ing cannot be avoided because of a lack of availability
of Luer-lock, double-bag, or Y-connection systems, the
use of assist devices should be considered. The UV Flash
Compact [Baxter Healthcare Corporation, Deerfield, IL,
USA (germicidal exchange device)] has been shown to be
useful for patients with a high peritonitis burden from
gram-positive organisms (122).

LIMITATIONS

Although there is good evidence for the adverse im-
pact of spiking and the benefit of double-bag or Y-setand
flush-before-fillwith respect to peritonitis risk, no stud-
ies have directly compared the efficacy of various brands
of CAPD and cycler systems in preventing peritonitis in
adults or children.

RESEARCH RECOMMENDATIONS

There is a need for prospective trials comparing vari-
ous brands of double-bag systems and assist devices for
their ease of use, safety, and efficacy in reducing the
risk of peritonitis.

GUIDELINE 6 - ADJUNCTIVE PROPHYLACTIC
ANTIBIOTIC THERAPY

6.1  We suggest that the use of oral nystatin or flu-
conazole be considered at the time of antibiotic
administration to PD patients to reduce the risk
of fungal peritonitis (2B).

6.2  Wesuggest prophylacticantibioticadministration
after accidental intraluminal contamination to
lower the risk of peritonitis (2B).

6.3  Wesuggest prophylacticantibioticadministration
beforeinvasive dental procedures to lower the risk
of peritonitis (2D).
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6.4 We suggest prophylactic antibiotic administra-
tion before procedures involving the gastroin-
testinal or genitourinary tract and associated
with a high risk of bacteremia to lower the risk of
peritonitis (2D).

SeeTable 4 and the guidelines related to prophylactic
antibiotic use for catheter placement (guideline 2.2),
chronic exit-site care (guideline 4.3), and gastrostomy
placement (guideline 7.4).

RATIONALE

Guideline 6.1: Fungal peritonitis is uncommon in
PD patients, but when it occurs, it is commonly associ-
ated with catheter removal, transfer to HD, and death
(123,124). The reported prevalence of FP was 2% of all
peritonitis episodes in data collected by the IPPR and

PEDIATRIC PD-RELATED INFECTION GUIDELINES

2.9% in a pediatric Dutch study (125,4). Recent data in
adults reveal rates of 1.5% - 5.8% (126).

Observational studies suggest that frequent peri-
tonitis, particularly episodes with gram-negative
organisms, recent antibiotic therapy, and immuno-
suppression, can all be risk factors for FP in adults
and in children (125,127-130). Warady et al. (130)
found that 56% of children with FP had received an-
tibiotics in the preceding month, half of them for
bacterial peritonitis. In the Dutch study (125), 78% of
children had received antibiotic treatment in the previ-
ous month, 86% of them for bacterial peritonitis. In
both pediatric studies, the overall peritonitis rate was
higher in patients experiencing FP than in the PD group
in general.

De novo FP episodes—that is, peritonitis episodes
caused by a fungus, with no preceding episode of bacte-
rial peritonitis—were reported to occurin only 2.9% of

TABLE 4
Antifungal and Antibacterial Prophylaxis in Peritoneal Dialysis (PD) Patients
Situation Indication Antimicrobial
Presence of risk factors ¢ High baseline rate of fungal Nystatin PO 10 000 U/kg daily

for fungal peritonitis peritonitis in the PD unit

¢ PEG placement

Touch contamination e Instillation of PD fluid after
disconnection of system
¢ Disconnection during PD

Invasive dental

procedures of the periapical region of teeth,
or perforation of the oral mucosa

Gastrointestinal ¢ High-risk procedures (esophageal

procedures stricture dilation, treatment of

varices, ERCP, and PEG)

e QOther gastrointestinal or
genitourinary procedures

Manipulation of gingival tissue or

Fluconazole 3-6 mg/kg IV or PO
every 24-48 hours (maximum: 200 mg)

Cefazolin (125 mg/LIP), or vancomycin (25 mg/L IP)
if known colonization with MRSA
Culture result, if obtained, directs subsequent therapy

Amoxicillin (50 mg/kg PO; maximum: 2 g)
orampicillin (50 mg/kg IV or IM, ; maximum: 2 g)
or cefazolin (25 mg/kg IV; maximum: 1 g)

or ceftriaxone (50 mg/kg IV or IM; maximum: 1 g)
or clindamycin (20 mg/kg PO; maximum: 600 mg)
or clarithromycin (15 mg/kg PO; maximum: 500 mg)
orazithromycin (15 mg/kg PO; maximum: 500 mg)

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

or clindamycin (10 mg/kg IV; maximum: 600 mg)
or, if high risk for MRSA, vancomycin (10 mg/kg IV;
maximum: 1 g)

Cefoxitin/cefotetan (30-40 mg/kg IV; maximum: 2 g)
Alternatives:

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

plus metronidazole (10 mg/kg IV; maximum: 1 g)

or clindamycin (10 mg/kg IV; maximum: 600 mg)
plus aztreonam (30 mg/kg IV; maximum: 2 g)

IV = intravenously; PO = orally; IP = intraperitoneally; MRSA = methicillin-resistant Staphylococcus aureus; ERCP = endoscopic
retrograde cholangiopancreatography; PEG = percutaneous endoscopic gastrostomy.
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adult patients and 1.3% - 1.6% of patientsin a pediatric
series (125,130,131). Antibiotic use within the preced-
ing 3 months was noted in 94% of the patients who
developed a FP preceded by a bacterial peritonitis; such
use was seen in only 61% of patients who developed de
novo FP (124).

A number of studies, only two of which are RCTs, have
examined the use of FP prophylaxis with either oral nys-
tatin or fluconazole given during the course of antibiotic
therapy (131-139). The premise for such therapy is the
eradication of the normal flora and the overgrowth of
yeast in the digestive tract associated with antibiotic
therapy. The first RCT, performed by Lo and coworkers
(132), involved PD patients who received antibiotics
for any reason. That 2-year study included 199 patients
in the intervention arm and 198 patients in the control
arm. Oral nystatin 4 times daily (500 000 U) was given
to the intervention group throughout the entire course
of their antibiotic therapy. Compared with the control
group, the nystatin group showed a reduction only in
the rate of Candida peritonitis (1.9/100 vs. 6.4/100, p <
0.05). However, not all FP episodes were preceded by
antibiotics, and no statistically significant difference
was found between the groups with respect to the risk
for antibiotic-related Candida peritonitis. The lack of
data with respect to nystatin prophylaxis has prompted
one author to recommend limiting the use of that agent
to centers experiencing a high rate of FP secondary to
antibiotic treatment of bacterial peritonitis (140).

In the second RCT (139), patientsin the intervention
group were given oral fluconazole, 200 mg every other
day, during the course of antibiotic therapy for catheter-
related infections and were prospectively monitored
for 30 — 150 days for the occurrence of FP. A total of
420 bacterial peritonitis and 52 ESI or TI episodes were
randomized to either the intervention or the control
arm. Compared with the control group, theintervention
group experienced a significant reductionin FP (3 vs 15
episodes, p =0.005). The fact that only 4 of 10 Candida
infections tested proved to be susceptible to fluconazole
prompted concern that that agent’s therapeutic useful-
ness may be limited in the future.

A historically controlled pediatric study conducted by
Robitaille et al. (134) showed that antibiotic-associated
FP episodes were prevented in all patients receiving daily
oral nystatin (10000 U/kg) or ketoconazole (10 mg/kg)
compared with those receiving no prophylaxis. The same
study also demonstrated that patients with a gastroje-
junostomy were more prone to develop FP when treated
with antibiotics.

Similarly, several historically controlled adult stud-
ies showed a significant benefit with oral antifungal
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prophylaxis. In one study (133), oral nystatin was given
to all patients receiving antibiotics, and no cases of FP
occurred. In a second study (135), antifungal prophy-
laxis with fluconazole, given during antibiotic therapy,
resulted in a significant decline in the rate of FP: In
1832 patient-months without treatment in a historical
cohort, 12 episodes of secondary FP occurred; in 1705
patient-months in a fluconazole-treated cohort, only
2 episodes occurred. In a third study (138), 70 PD
patients received no antifungal prophylaxis during
1450 patient-months between 1986 and 1995, and 96
patients received antifungal prophylaxis (initially, oral
nystatin 500 000 U 3 times daily; later on, fluconazole
100 mg daily or 100 mg every other day) during 2269
patient-months between 1996 and 2005. None of 131
peritonitis episodes in patients receiving antifungal
prophylaxis were FP, but 8 of 121 episodes in the first
10-year period were FP. In a similar observational study
from China (141), the FP rate of the nystatin group was
slightly lower than that of the control group (0.011 vs.
0.019 episodes per patient-year), but the difference did
not reach statistical significance. However, compared
with the control group, the nystatin group experienced
a significant decline in the incidence and proportion of
antibiotic-related FP.

Mention should also be made of two large, nonran-
domized, historically controlled trials that showed
no significant decline in FP with nystatin prophylaxis
(136,137). Ashort follow-up period and a highincidence
of non-antibiotic-related FP might have masked a benefi-
cial effect of antifungal prophylaxis in those studies.

Finally, recent adult data from the United Kingdom
have been derived from an audit of the effect of co-ad-
ministration of daily oral fluconazole to PD patients being
treated with antibiotics for peritonitis (126). Of 3222
total episodes of peritonitis, 49 (1.47%) were FP episodes
(>90% Candida species). The incidence of FP in centers
that prescribed antifungal prophylaxis was lower by a
factor of 3; however, those centers also had lower overall
peritonitis rates. Although the analysis suggested that
co-prescription of prophylactic fluconazole produced no
overall benefit, an effect could not be excluded because
of the low background rate of peritonitis.

Based on the results noted above, fungal prophylaxis
with nystatin or fluconazole has now been accepted as
a part of routine prophylactic therapy in many large pe-
diatric centers (1). The small number of FP episodes that
occur in any single pediatric dialysis program preclude
the use of FPincidence data to help determine the likely
benefitofthetherapy. It should be emphasized, however,
that prevention of FP is not a simple routine of giving
fluconazole or nystatin with each antibiotic prescription,
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but should involve a strategy of detection and manage-
ment of potential risk factors in both the host and the
environment. Each program must examine its population
and identify the patients felt to be at high risk for FP,
including those experiencing frequent bacterial peritoni-
tis, those on prolonged courses of antibiotics, and those
with impaired immune systems (58,142,143).

Guideline 6.2: Contamination at the time of an ex-
change procedure can lead to peritonitis, and an efflu-
ent sample for culture should be obtained, if possible.
Touch contamination before the infusion of dialysate
can be treated with a sterile transfer set change alone
ifthe clamp on the transfer set remains closed and if no
fluid has been infused. Thereis no need for prophylactic
antibiotics in the latter case.

If contamination occurs by accidental disconnection
during a PD treatment or if equipment failure occurs (for
example, a holein the solution bag), with associated po-
tential contamination, treatment should consist of both
asterile transfer set change and antibiotic prophylaxis as
soon as possible to reduce the risk of peritonitis (18).

No RCTs or observational data on the impact of anti-
biotic prophylaxis after a break in dialysis technique are
available, but the use of a first-generation cephalosporin
by the intraperitoneal route for 1 - 3 days is typically
recommended in this setting (18). A glycopeptide should
be used onlyin the setting of a patient previously known
to be colonized with methicillin-resistant bacteria. In
conditions specific to infant patients (such as the PD
catheter being contaminated by stool from a diaper),
prophylaxis with cefepime or a first-generation cepha-
losporin combined with ceftazidime oran aminoglycoside
may be most appropriate. A culture of the effluent, if
positive, and associated susceptibility data will deter-
mine subsequent therapy.

Guideline 6.3: Although prophylactic antibiotic
therapyis suggestedin the setting of invasive procedures
despite a lack of evidence based on properly conducted
RCTs, recommendations for antibiotic prophylaxis should
be based on the risks related to specific procedures and
on patient factors that may predispose to the develop-
ment of an ESI or peritonitis. Because of the development
of resistant species, the American Heart Association, in
their most recent guidelines, limited their indications
forantibiotic prophylaxis to certain high-risk conditions
(144). Indeed, recent data from an IPPR study showed
that chronic systemic antibiotic prophylaxis is an inde-
pendent risk factor for relapsing peritonitis. However,
recent American Heart Association recommendations for
subacute bacterial endocarditis prophylaxis do recommend
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prophylactic antibiotic therapy for certain dental proce-
dures that involve manipulation of gingival tissue or the
periapical region of the teeth, or perforation of the oral
mucosa (144). Procedures associated with significant
bleedinginclude dental extractions, dentalimplant place-
ment, endodontic “root canal”instrumentation, periodon-
tal surgery, and professional scaling or tooth cleaning
(145). The same approach can be applied in PD patients.
Antibiotics should be given 30 - 60 minutes before the
procedure. Oralamoxicillin; intravenous orintramuscular
ampicillin, cefazolin, or ceftriaxone (if oral medication is
not possible); oral clindamycin; and oral clarithromycin (in
the case of allergy to penicillin or ampicillin) are recom-
mended as options for prophylactic therapy.

Guideline 6.4: The rates of bacteremia after gastro-
intestinal procedures are generally lower than those
seen after routine daily activities such as chewing food,
brushing and flossing teeth, and using toothpicks. Such
bacteremia seldom resultsin clinically evidentinfection.
However, for several procedures carrying a high risk for
bacteremia [esophageal stricture dilation, treatment of
varices, endoscopic retrograde cholangio-pancreatogra-
phy, and percutaneous endoscopic gastrostomy (PEG)],
prophylactic antibiotic therapy may prove particularly
beneficial (146,147).

No specific recommendations have been made regard-
ing antibiotic prophylaxis for genitourinary or gastroin-
testinal procedures otherthan PEG placementin patients
undergoing PD. However, the 2005 adult PD guidelines
recommended, and we agree, that the abdomen should
be emptied of fluid before any procedure involving the
abdomen or pelvis. Intravenous cefoxitin or cefotetan
just before the procedure is recommended as prophy-
laxis for invasive gastrointestinal procedures; cefazolin
should be adequate for PEG placement. Such prophylaxis
is discussed further in the guideline for gastrostomy
placement (guideline 7.4).

LIMITATIONS

No well-controlled studies permitting the develop-
ment of specific recommendations regarding antibiotic
prophylaxis in patients undergoing PD are available.
Also, very few observational data on the impact of anti-
fungal prophylaxis provided during a course of antibiotic
therapy are available.

RESEARCH RECOMMENDATIONS

Prospective, randomized, double-blind multicenter
studies of antimicrobial prophylaxis (antibiotic with
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or without antifungal prophylaxis) in PD patients who
undergo a potential bacteremia-producing procedure
(dental, gastrointestinal, or genitourinary) are needed.

Multicenter studies should be conducted to better
identify the patients who would benefit most from anti-
fungal prophylaxis.

GUIDELINE 7 - OSTOMY PATIENTS

7.1 The PD catheter exit site should be placed as far
as possible from an ostomy site (not graded).

7.2 We recommend that gastrostomy placement
should preferentially take place either before or
at the time of PD catheter placement (1C).

7.3 We recommend the preferential use of an open
surgical procedure for gastrostomy placement in
patients who are already receiving PD. In patients
not yet receiving PD, gastrostomy placement can
be performed by either open surgical technique
or laparoscopically (1C).

7.4 Wesuggestadministration of prophylactic antibi-
otic and antifungal therapy during gastrostomy
placement (2C).

7.5  Wesuggestwithholding PD for 1 or more days after
gastrostomy placement (2D).

RATIONALE

Guideline 7.1:  Ostomysites (colostomy, ureterostomy,
nephrostomy, gastrostomy) areinherently prone to bac-
terialand fungal growth and to localinfection because of
constant moisture and the organic content of the drain-
age. Inaddition, secretions from a colostomy are loaded
with intestinal flora. The presence of a PD catheter exit
site in close proximity to an ostomy is, in turn, likely a
risk factor for peritonitis.

Ramage et al. (148) reported that, compared with
control subjects, patients with a gastrostomy experi-
enced a significantly higher peritonitis rate (1 infection
every 7.8 months vs every 18.4 months, p < 0.001).
More recently, the IPPR data revealed an association
approaching significance (p = 0.06) between gram-
negative peritonitis and the presence of a gastros-
tomy in children (4). A significant association between
FP and gastrostomy feedings has also been reported
in children receiving PD if their course was complicated
by malnutrition (149). In contrast, a later report by
Warady et al. (130) involving 51 PD patients with a
history of FP did not reveal any significant relationship
between the fungal infection and the presence of a
gastrostomy. Nevertheless, it seems most reasonable
to create the PD catheter exit site as far as possible
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from the ostomy site to lower the potential risk of
peritoneal infection.

Inthe case ofinfants, the right upper quadrant ofthe
abdomen should usually be the preferred site for the PD
catheter exit site because a gastrostomy may be placed
in the left upper quadrantif oneis not already there. In
infants with a colostomy, in whom the risk of soiling is
high, the PD catheter exit site can actually be created
overthe lower portion of the chest walland at a distance
from the site of the colostomy, ensuring that it is also
at considerable distance from the nipple, especially in
female infants (36).

Guidelines 7.2 and 7.3: The dextrose content of the
dialysate in the setting of contamination of the perito-
neum secondary to gastrostomy placement encourages
the proliferation of organisms, increases the risk for
peritonitis, and should therefore prompt gastrostomy
placement before oratthetime of PD catheter placement
ifatall possible. When earlier or simultaneous placement
is not possible, the technique used to place the gastros-
tomy caninfluence the risk of peritonitis. A gastrostomy
can be placed using either an open surgical procedure or
a PEG technique, and the former procedure is preferred
in patients who are already receiving PD (150). The open
procedure theoretically limits contamination of the peri-
toneal cavity by securing the stomach to the abdominal
wall with sutures. A report by Ledermann et al. (150)
revealed a high risk of peritonitis developing after PEG
placement in children who were already receiving PD.
Similarly, in a recent retrospective survey carried out
by von Schnakenburg (151) that included 27 pediatric
patients who had a gastrostomy placed (25 by PEG) while
already receiving PD, peritonitis occurredin 10 of the 27
(37%) within 7 days of PEG insertion, and FP occurred
in 7 of the 27 (26%). 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 problems.

The risk associated with PEG placement in patients
on PD is likely a result of the small amount of leakage of
gastric contents that occurs during and possibly after
gastrostomy placement (152). The risk likely persists
until an adequate seal develops between the stomach
and the abdominal wall because there are no sutures to
secure the stomach to the abdominal wall. Instead, a
relatively rigid device, usuallyin the form of a “mushroom
tip” at the end of gastrostomy tube, keeps the stomach
and abdominal wall apposed until they heal.

Guideline 7.4: To lower the significant risk of peri-
tonitis, prophylactic therapy is strongly recommended
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at the time of gastrostomy placement (open surgical
or PEG), especially in a patient already receiving PD.
Patients are typically given a single dose of parenteral
cefazolin, with completion of the infusion within 60
minutes before initiation of the surgical procedure.
If the risk for MRSA is high, vancomycin infused over
60 - 90 minutes to conclude within 60 minutes before
the gastrostomy placement is recommended. Antifun-
gal prophylaxis can be provided by giving fluconazole
every other day.

In a meta-analysis of 10 randomized controlled
trials involving more than 1000 patients undergoing
PEG placement for variety of indications (147), patients
who received antibiotic prophylaxis showed a signifi-
cantly reduced rate of peristomal infection compared
the rate in patients who did not receive prophylaxis
(crude wound infection rate: 8% vs 26%; RR reduc-
tion: 64%). The study by von Schnakenburg (151)
also demonstrated that the lowest rate of infectious
complications after PEG placement was observed in
patients who received both antifungal and antibiotic
prophylaxis (no FP and no catheter loss). Anecdotal
reports have also provided evidence for a higher risk
of fungal infection when a gastrostomy is placed in
patients with advanced malnutrition (149). Malnour-
ished patients should therefore ideally receive a period
of nasogastric feeding to improve their nutrition and
immune status before gastrostomy insertion, and an-
tifungal prophylaxis should be given at the time of the
surgical procedure.

Guideline 7.5: Regardless of the gastrostomy
placement technique used, PD should preferably be
withheld for a period of time after the gastrostomy
placement. The optimal duration that the patient should
be maintained off PD is not known, but Ledermann et
al. (150) recommended a period of 1 - 4 days after
surgery. It is important to reinitiate dialysis with a
lower exchange volume and then gradually to in-
crease it to the maintenance volume over the next
5 -7 days. In the patient receiving CAPD, consideration
may also be given to temporarily changing the PD
modality to APD, with a diminished or absent daytime
exchange volume.

LIMITATIONS

No randomized studies have compared the risk for
complications between PEG and the open surgical pro-
cedure for gastrostomy placement. Also, no studies have
defined the optimal time to withhold PD after placement
of a gastrostomy.

PEDIATRIC PD-RELATED INFECTION GUIDELINES
RESEARCH RECOMMENDATIONS

Controlled studies to establish the benefit of antibiotic
and antifungal prophylaxis are difficult to justify in the
setting of a high-risk procedure such as gastrostomy
placement, but the risk of peritonitis with various treat-
ment modifications might be compared prospectively.
Such randomized studies could compare PEG with open
gastrostomy placementand various PD break times after
ostomy placement.

GUIDELINE 8 - DIAGNOSIS OF PD-RELATED
PERITONITIS

8.1  Werecommend that a diagnosis of peritonitis be
considered in the presence of cloudy peritoneal
effluent (1A).

8.2  Werecommend thatcloudy peritoneal effluent be
sent for cell count, differential count, and culture
to confirm the diagnosis of peritonitis (1A).

8.3 We recommend that an empiric diagnosis of
peritonitis be made if the effluent white blood
cell count is greater than 100/mm3, and at
least 50% of the WBCs are polymorphonuclear
leukocytes (1A).

8.4  We recommend that the effluent be centrifuged,
and the resulting sediment be cultured if pos-
sible. Blood-culture bottles should be used as an
alternative culture technique (1B).

RATIONALE

Guideline 8.1: Patients on PD who have peritonitis
usually present with cloudy effluent and abdominal
pain (153-157). Other symptoms include fever, chills
and rigors, anorexia, vomiting, abdominal disten-
sion, and in late cases, septic shock. To make the
diagnosis early, peritonitis should be considered
whenever the peritoneal effluent is cloudy. Other
causes of cloudy effluent include chemical peritonitis,
eosinophilic peritonitis, hemoperitoneum, specimen
taken froma “dry” abdomen, and rarely, malignancy and
chylous effluent.

Inthe PD patient with abdominal pain and clear fluid,
peritonitis mustalso be excluded. Some of the peritonitis
episodes collected by the IPPR were associated with clear
effluent at presentation (4). In such cases, a repeat as-
sessment of the effluent for cloudiness should also be
conducted with subsequent exchanges. Other causes
of abdominal pain in children include constipation,
acute gastritis, gastroenteritis, and acute appendicitis
or pancreatitis.
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The abdominal pain in peritonitis is typically gen-
eralized, and it is often associated with guarding and
rebound tenderness. The degree of painis variable, being
mild to moderate in CNS peritonitis and more severe in
infections involving Streptococcus, gram-negative rods,
and S. aureus. If the pain and tenderness are localized,
acute appendicitis must be considered. If subsequent
peritoneal fluid cultures grow multiple organisms, viscus
perforation must be excluded.

A Disease Severity Score (see guideline 21), defined
by the sum of points for pain (0 =no pain; 1 =moderate
pain, or nausea not requiring specifictherapy; 2 =severe
pain usually requiring analgesic therapy, or vomiting;
3 = peritoneal pain with a tense abdomen or paralytic
bowel) and for fever based on oral temperature (0 =
<37.5°C; 1 = 37.5°C - 38.9°C; 2 = >38.9°() has been
used to objectively evaluate the severity of the clinical
status (158,159).

Guidelines 8.2 and 8.3: Investigations of patients
suspected of having peritonitis should include a perito-
neal fluid cell count, differential count, gram stain, and
culture. A blood culture should also be obtained if the
patient appears toxic.

Microscopy is essential to confirm the presence of
white blood cells (WBCs), because cloudy fluid can also
be a result of the presence of chyle, fibrin, or red blood
cells. As an early screening test for the presence of
WBCs, leukocyte esterase reagent test strips have been
used at some centers in patients suspected of having
peritonitis (160,161).

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.
Aftera dwelltime of at least 2 hours, a peritoneal effluent
WBC count of more than 100/mm? in an uncentrifuged
specimen, with a differential count of at least 50% neu-
trophils, is highly suggestive of peritonitis.

For the child on APD without a day dwell, the fill vol-
ume should be instilled for a minimum of 1 - 2 hours,
with the subsequent effluent being sent for cell count,
differential count, and culture. The absolute WBC count
may not fulfill the standard diagnostic criteria if the
dwell time is too short; 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 ab-
dominal symptoms in whom the effluent appears clear,
a second exchange with a dwell time of at least 2 hours
is performed.

In a recent IPPR report, 2.8% of clinical peritonitis
episodes had WBC counts less than 100/mm?, and 8.5% of
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cases had less than 50% neutrophils (4). If the eosinophil
count exceeds 10%, a diagnosis of eosinophilic perito-
nitis should be considered, especially if the peritoneal
fluid cultures are negative (162).

To guide empiric therapy, it is useful to perform
gram staining on all samples; however, the sensitivity
of a gram stain is low. Despite large numbers of WBCs,
micro-organisms 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 infec-
tion, because budding yeast may be seen.

Guideline 8.4: Obtaining the sample correctly and
using proper culture techniques are crucialin establish-
ing the diagnosis of peritonitis and in determining the
proper choice of antibiotics. Patients who reside in areas
far from medical facilities should be taught the recom-
mended technique for collecting the cloudy peritoneal
effluent and placing it in blood culture bottles or for
refrigerating (not freezing) the effluent bag until the
sample can be brought to the dialysis center for transport
to the laboratory.

Specimens should be sent to the laboratory and
processed 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,
but blood-culture bottles should be incubated at 37°C.
A delay of more than 12 hours is unacceptable and will
likely generate spurious results (57,163).

The optimum culture technique involves centrifug-
ing a large volume (50 mL) of the peritoneal effluent at
3000g for 15 minutes to obtain sediment for culture. The
sediment is resuspended in 5 - 10 mL of sterile normal
saline and inoculated directly onto solid-culture media
andinto standard blood-culture media. The solid-culture
media should be incubated in aerobic, anaerobic, and
microaerophilic conditions. Concentration techniques
such as this one should yield a culture-negative rate of
less than 5% (164,165). An alternative culture method
involves injecting 20 — 30 mL of peritoneal effluent
from the sample bag into 3 - 4 blood-culture bottles.
The latter technique will result in a culture-negative
rate of less than 20% (57). The rate of culture-negative
peritonitis should not exceed 20% of peritonitis epi-
sodes in any center, and in an ideal setting, the goal is
to achieve a culture-negative peritonitis rate of less
than 10% (57).

Rapid blood culture techniques such as Bactec (Bec-
ton-Dickinson, Franklin Lakes, NJ, USA), Septi-Chek
(Becton-Dickinson), and BacT/Alert (bioMérieux, Marcy
l'Etoile, France) are usefulin reducing the time to iden-
tification of the micro-organism causing the peritonitis.

This single copy is for your personal, non-commercial use only.
S48 For permission to reprint multiple copies or to order presentation-ready copies
for distribution, contact Multimed Inc. at marketing@multi-med.com



PDI JUNE 2012 - VOL. 32, SUPPL. 2

Bedside-inoculated bottles have not been shown to be
significantly better than laboratory-inoculated bottles,
and high-volume bottles were not significantly better
than low-volume bottles for the detection of patients
positive for micro-organisms; however, the total number
of micro-organisms recovered was significantly better
from inoculated blood culture bottles than from routine
culture (166). Two recent prospective studies also support
the routine use of the broth culture technique compared
with the water lysis technique (167,168). Preliminary
organismidentification by gram staining was 70.6% with
the broth culture method, a rate significantly greater
than the 17.6% achieved with the water lysis method.
The broth culture method, with BacT/Alert blood-culture
bottles, also detected organisms faster than the water
lysis method, facilitating early streamlining of empiric
antibiotic therapy.

Using the foregoing culture techniques and associ-
ated concentration methods, most cultures will become
positive within 24 hours. A microbiologic diagnosis
can be obtained in more than 75% of specimens by 72
hours. If cultures remain negative after 3 - 5 days in
an automated culture system but the clinical picture is
highly suggestive of peritonitis, further subculturing of
blood-culture bottles onto media in aerobic, anaerobic,
and microaerophilic environments for an additional 3 -4
days may be necessary to identify slow-growing bacteria
and yeasts.

Polymerase chain reaction can be a sensitive method
for identifying causative organisms. Broad-spectrum
polymerase chain reaction with RNA sequencing, and
quantitative bacterial DNA polymerase chain reaction
assays can complement, but not replace, culture methods
inthe diagnosis of peritonitis, especially if the patientis
receiving antibiotic therapy (169,170).

LIMITATIONS

Pediatric data on which to recommend use of the ef-
fluent WBC differential counts as a means to diagnose
peritonitis when the total effluent WBC count is low in
patients receiving APD are limited.

FUTURE RESEARCH

The factors contributing to elevated rates of culture-
negative peritonitis (>20%) in pediatric centers should
be explored.

Prospective trials should be used to compare the
sensitivity and specificity of the various diagnostic
technologies available in the setting of PD-related
peritonitis.

PEDIATRIC PD-RELATED INFECTION GUIDELINES
GUIDELINE 9 - ADMINISTRATION OF ANTIBIOTICS

9.1  Werecommend thatantibiotics for the treatment
of bacterial peritonitis be administered by the
intraperitoneal route (1B).

9.2 In non-anuric patients receiving intermittent
intraperitoneal doses of glycopeptide antibiot-
ics (vancomycin or teicoplanin), we recommend
monitoring blood levels of the antibiotics (2A).

9.3  We recommend that beta-lactam antibiotics be
administered continuously (1B).

RATIONALE

Guideline 9.1: In PD-associated peritonitis, intra-
peritoneal instillation is the administration route of
choice for most antibiotics, because high bactericidal
concentrations are immediately established at the site
ofinfection. Inaddition, mostantibiotics are readily ab-
sorbed from the peritoneal cavity, leading to therapeutic
blood levels. For most currently used antibiotics, the
doses required to be delivered to the peritoneal space
to achieve adequate blood levels have been established
in pharmacokinetic studies (Table 5). An additional ad-
vantage ofintraperitonealadministrationis the capacity
for the home-based provision of antibiotic therapy after
proper training.

Guidelines 9.2 and 9.3:  Antibiotics given by the peri-
toneal route can be administered either continuously
or intermittently. Continuous dosing ensures constant
therapeutic antibiotic concentrations locally. Most dos-
ingschemesinclude aninitial extended-dwell cycle with a
higher antibiotic concentration (to saturate the distribu-
tion space), followed by maintenance dosing.

For drugs with efficient peritoneal absorption and a
long pharmacologic or biologic half-life (or both), inter-
mittentdosingisan option. After systemicabsorption, the
body acts as a reservoir for continuous back-diffusion of
the antibioticinto the peritoneal cavity. Ideally, dialysate
concentrations at the end of the antibiotic-free dwell will
exceed the minimalinhibitory concentration (MIC) of the
infecting organism (173-175). Administration intervals
depend on the half-life of the drug, which is determined
mainly by protein binding and residual renal and extra-
renal metabolic clearance. Long-standing experience
with intermittent antibiotic dosing is available for the
glycopeptides vancomycin and teicoplanin (administered
at 5- to 7-day intervals) and for aminoglycosides and
cephalosporins applied once daily (57,159,173,175).

The concept of intermittent antibioticadministration
appears intriguing because of its practicality and cost
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TABLE 5
Antibiotic Dosing Recommendations® for the Treatment of Peritonitis
Therapy type
Continuous®
Antibiotic type Loading dose Maintenance dose Intermittent?
Aminoglycosides (IP)¢
Gentamicin 8 mg/L 4mg/L
Netilmycin 8mg/L 4 mg/L Anuric: 0.6 mg/kg
Tobramycin 8mg/L 4 mg/L Non-anuric: 0.75 mg/kg
Amikacin 25 mg/L 12 mg/L
Cephalosporins (IP)
Cefazolin 500 mg/L 125 mg/L 20 mg/kg
Cefepime 500 mg/L 125 mg/L 15 mg/kg
Cefotaxime 500 mg/L 250 mg/L 30 mg/kg
Ceftazidime 500 mg/L 125 mg/L 20 mg/kg
Glycopeptides (IP)d
Vancomycin 1000 mg/L 25 mg/L 30 mg/kg;
repeat dosing:
15 mg/kg every 3-5 days
Teicoplanin® 400 mg/L 20 mg/L 15 mg/kg every 5-7 days
Penicillins (IP)*
Ampicillin — 125 mg/L —
Quinolones (IP)
Ciprofloxacin 50 mg/L 25 mg/L —
Others
Aztreonam (IP) 1000 mg/L 250 mg/L —
Clindamycin (IP) 300 mg/L 150 mg/L —
Imipenem-cilastin (IP) 250 mg/L 50 mg/L —
Linezolid (PO) <5 Years: 30 mg/kg daily, divided into 3 doses
5-11 Years: 20 mg/kg daily, divided into 2 doses
>12 Years: 600 mg/dose, twice daily
Metronidazole (PO) 30 mg/kg daily, divided into 3 doses (maximum: 1.2 g daily)
Rifampin (PO) 10-20 mg/kg daily, divided into 2 doses (maximum: 600 mg daily)
Antifungals
Fluconazole (IP, IV, or PO) 6-12 mg/kg every 24-48 h (maximum: 400 mg daily)
Caspofungin (IV only) 70 mg/m? on day 1 50 mg/m? daily

(maximum: 70 mg daily) (maximum: 50 mg daily)

IP =intraperitoneally; IV =intravenously; PO = orally.

2@ Adapted from Li et al. (7), The Renal Drug Reference Guide (171), and Taketomo et al. (172).

b For continuous therapy, the exchange with the loading dose should dwell for 3-6 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.

¢ Aminoglycosides and penicillins should not be mixed in dialysis fluid because of the potential for inactivation.

d1n patients with residual renal function, glycopeptide elimination may be accelerated. If intermittent therapy is used in such a
setting, the second dose should be time-based on a blood level obtained 2-4 days after the initial dose. Re-dosing should oc-
cur when the blood levelis <15 mg/L for vancomycin, or <8 mg/L for teicoplanin. Intermittent therapy is not recommended for
patients with residual renal function unless serum levels of the drug can be monitored in a timely manner.

€ Teicoplanin is not currently available in the United States.
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efficiency, but the efficacy and safety of intermittent
dosing depend on several factors (176). Most impor-
tantly, the dialysate flow rate strongly affects both
absorption and elimination of the drug (174). Given that
the loading doses of most antibiotics have been estab-
lished using extended (6- to 8-hour) dwells, the use of
long-dwell periods (nighttime cycle in CAPD, daytime
cycle in APD) for intermittent dose administration is
recommended (57).

A more significant issue with intermittent antibiotic
dosing in APD may be how to maintain therapeutic an-
tibiotic levels in dialysate in the post-dosing interval
(173). Frequent short cycles in APD may prevent accu-
mulation of antibiotic in the peritoneal cavity to reach
concentrations exceeding the MIC. A pharmacokinetic
study that evaluated the disposition of intraperito-
neal vancomycin in children suggested that enhanced
total-body vancomycin elimination in children (rela-
tive to adults), coupled with slow peritoneal transfer,
might be associated with inadequate time to achieve
therapeutic intraperitoneal levels by the re-entry
mechanism (159,177). Moreover, transperitoneal drug
movement may be less effective in the post-acute phase
of peritoneal infection when inflammation-related
capillary hyperperfusion subsides. Also, given that the
metabolic clearance of antibiotics such as vancomycin
and aminoglycosides is closely correlated with residual
renal function, the efficacy of intermittent therapy will
depend on appropriate adaptation of dosing intervals
and may require monitoring of blood levels. Finally, the
clinical efficacy of intermittent dosing may also depend
on post-exposure antibiotic properties. A post-exposure
bacteriostatic effect is well established for aminoglyco-
sides, but beta-lactam antibiotics lack a post-antibiotic
effect (178).

In clinical practice, intermittent antibiotic dosing
has been mostly, but not unequivocally successful in
eradicating bacterial growth (33,159,179-182). In a
pediatric trial comparing intermittent and continuous
intraperitoneal administration of empiric glycopeptide
and ceftazidime, persistent growth of the causative
organism in dialysate was found in 33% and 10% of the
intermittently treated episodes and in 6% and 1% of
the continuously treated episodes after 60 hours and
after 7 days of treatment respectively (159). Delayed
eradication with intermittent therapy was found not to
affect overall treatment outcomes, but a higher rate of
clinical treatment failure was observed in patients with
gram-negative peritonitis receiving intermittent cef-
tazidime. Theinferior efficacy of once-daily ceftazidime
in gram-negative peritonitis was confirmed in the IPPR
registry, where intermittent therapy was independently
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associated with a risk of empiric treatment failure that
was higher by a factor of 14 (33).

Based on the foregoing findings, we do not recom-
mend intermittent administration of beta-lactam anti-
biotics (176). Furthermore, we recommend monitoring
the blood levels of antibiotics (within 2 - 4 days of first
administration) in patients receiving glycopeptides
intermittently—at least in patients with significant re-
sidual renalfunction. Although not established in routine
clinical practice, monitoring of dialysate concentrations
may provide even more relevant information.

LIMITATIONS

The pharmacokinetic and pharmacodynamic basis
for intermittent drug dosing, particularly in patients
undergoing APD with frequent short cycles, is limited to
a few adult and even fewer pediatric studies.

The usefulness of therapeutic drug monitoring in
patients receiving intermittent glycopeptide therapy has
not been demonstrated in clinical studies.

RESEARCH RECOMMENDATIONS

The kinetics of drug disposition after intermittent
intraperitoneal administration should be studied in
all pediatric age groups for all antibiotics listed in the
present guideline.

The effects of PD prescription modifications (fill
volume, number and duration of cycles) on peritoneal
drug resorption and clearance should be assessed by
computer simulation, using experimentally established
pharmacokinetic characteristics.

The predictive value of plasma and dialysate antibiotic
levels for bacterial eradication and clinical outcomes
should be studied.

GUIDELINE 10 - EMPIRIC ANTIBIOTIC THERAPY

10.1 We suggest that the center-specific antibiotic
susceptibility pattern should help to guide the
selection of empiric antibiotic therapy (2B).

10.2 Wesuggestintraperitoneal cefepime monotherapy
for the empiric treatment of peritonitisin centers
in which that antibiotic is available and afford-
able (2C).

10.3 Werecommendintraperitonealadministration of
a first-generation cephalosporin combined with
ceftazidime or an aminoglycoside if cefepime is
not available (1C).

10.4 We suggest the addition of an intraperitoneal
glycopeptide to cefepime, or replacement of a
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first-generation cephalosporin with an intra-
peritoneal glycopeptide, if the center-specific
resistance rate of S. aureusisolates to methicillin
or oxacillin exceeds 10% or if the patient has a

history of MRSA (2B).
RATIONALE
Guideline 10.1: Empiric antibiotic therapy (Figure 1)

should be effective in treating most gram-positive and
-negative bacteria that cause peritonitis in children
requiring PD. Recent reviews of the bacteriology of PD
related peritonitis reveal that, in adults, a selective
decline in the incidence of gram-positive peritonitis is
occurring as a result of prophylactic measures such as
those addressing S. aureus nasal carriage. That decline
is associated with a relative rise in the gram-negative
peritonitis rates (53,92,183). A similar decline has been
seen in the pediatric population, with gram-positive
bacterial infections comprising as few as 44% of all
culture-positive peritonitis episodes (158). In the adult
dialysis population, CNS have been found to be three
times more common than S. aureus, but the IPPR reported
that staphylococcal peritonitis was almost evenly dis-
tributed between those two bacterial species at 22% and
21% respectively (5,158,183). Moreover, data from the
IPPR showed significant variation in the distribution of
bacteriain various global regions, with the distribution
of gram-negative organisms being particularly vari-
able between centers. The local distribution pattern of
causative organisms and their antibiotic susceptibilities

JUNE 2012 - VOL. 32, SUPPL. 2 PDI
(antibiogram), and the patient’s history of infections and
colonization pattern (for example, MRSA, VRE), should
therefore be taken into account when empiric therapy
is chosen.

Antibiograms and resistograms show the bacteria
commonly isolated at a center and provide information
on the percentage of isolates that are susceptible to
individual antibiotics. Antibiograms and resistograms
are usually developed annually by the microbiology
laboratory. Although no data are available on the level of
resistance that should be used to guide empiric therapy,
an antibiotic should not be used for empiric peritonitis
therapy if the institution-specific resistance rate of a
potential bacterial pathogenis greater than 10%, except
for CNS (see guideline 10.4).

Guideline 10.2: C(efepime is a fourth-generation
cephalosporin that can treat gram-positive bacteria,
including methicillin-susceptible S. aureus, and most
gram-negative bacteria, including P. aeruginosa. In one
study, intraperitoneal cefepime was as effective as the
combination of vancomycin-netilmycinin the treatment
of CAPD-associated bacterial peritonitis (184). Li and
colleagues reported an 81% favorable primary response
when using cefepime as monotherapy (185). And unlike
ceftazidime and other third-generation cephalosporins,
cefepime is not associated with the development of
resistant gram-negative rods as a result of induction of
extended-spectrum beta-lactamase (ESBL) production.

Notable reports of cefepime side effects include an
increasein mortality and neurotoxicity. A meta-analysis

Start intraperitoneal antibiotics as soon as possible.
Allow to dwell for 3 - 6 hours.
Ensure gram-positive and gram-negative coverage.

Base selection on historical patient and
center susceptibility patterns, as available

| Monotherapy with cefepime? |

| If cefepime is not available: |

Gram-positive coverage:
either 1st-generation
cephalosporin or glycopeptide®

Figure 1 — Empiric therapy.

Gram-negative coverage:
either ceftazidime
or aminoglycoside

a If the center’s rate of methicillin-resistant Staphylococcus aureus (MRSA) exceeds 10%, or if the patient has history of MRSA
infection or colonization, glycopeptide (vancomycin or teicoplanin) should be added to cefepime or should replace the first-
generation cephalosporin for gram-positive coverage. Glycopeptide use can also be considered if the patient has a history of

severe allergy to penicillins and cephalosporins.
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suggested that intravenous cefepime was associated
with an increase in all-cause mortality (186). However,
subsequent studies, including a meta-analysis conducted
by the US Food and Drug Administration, concluded
that cefepimeis not associated with an increase in mor-
tality and is safe to use (187,188). Neurotoxicity has
been reported in patients with renal failure receiving
intravenous cefepime and in 2 patients given intrap-
eritoneal cefepime (189,190); however, in a study of
87 episodes of peritonitis treated with intraperitoneal
cefepime, only 1 patient discontinued the drug (because
of epigastric pain), and no patient was reported to have
experienced neurotoxicity (185).

Guideline 10.3: The previous ISPD guideline for the
treatment of peritonitisin children recommended vanco-
mycin or a first-generation cephalosporin (for example,
cefazolin, cephalothin) to treat gram-positive bacteria,
and a third-generation cephalosporin (for example,
ceftazidime) to treat gram-negative bacteria (3). Early
studies showed that glycopeptide-based regimens had
higher complete cure rates than regimens thatincluded a
first-generation cephalosporin (80%vs 65%), but no sig-
nificant differences were observedin the primary failure
orrelapse rates (185-188). In fact, when higher doses of
cefazolin (125 mg/L) were used, no differencein the cure
rates for vancomycin and cefazolin were found (191).
More recently, Warady and colleagues reported that,
when initiating treatment for children with peritonitis,
no difference in the initial response was noted when a
regimen of cefazolin plus ceftazidime was compared with
a regimen of glycopeptide plus ceftazidime (4). However,
recent data from the IPPR demonstrated an increase in
relapse episodes among children who received cefazolin
monotherapy (32).

Additional data from the IPPR demonstrated that
20% of the gram-negative isolates were resistant to
ceftazidime, with a risk of an insufficient early clinical
response that was higher by a factor of 7 (32). Therefore,
ifa center’s gram-negative resistance to ceftazidime ex-
ceeds 10%, an aminoglycoside should be used, provided
that its gram-negative resistance rate is lower. Studies
have shown that, in terms of complete cure, treatment
failure, and its effect on residual renal function, empiric
intraperitoneal administration of cefazolin-netilmycin
did not differ from that of cefazolin-ceftazidime (192).
However, extended courses of aminoglycoside therapy
are associated with vestibular and ototoxicity and po-
tential loss of residual kidney function, mandating the
discontinuation of empiricaminoglycosides once suscep-
tibilities are known and an alternative antibiotic to which
the organism will respond is available (193).

PEDIATRIC PD-RELATED INFECTION GUIDELINES

Guideline 10.4: Studies have demonstrated that MRSA
causes a more severe peritonitis, asindicated by a lower
initial response rate, a lower cure rate, a higher frequency
of catheter removal, and a higher death rate (194,195).
Interestingly, in a study of 245 episodes of S. aureus
peritonitis, 45 of which were MRSA, no significant dif-
ference in outcome (defined as the primary response
rate) was observed between episodes empirically treated
with cefazolin and those treated with vancomycin or
other antibiotics. Even in the subgroup of patients
treated with cefazolin as empiric therapy before being
changed to vancomycin after results of susceptibility
testing were available, episodes that were caused by
methicillin-resistant and methicillin-susceptible bacteria
had similar primary response rates and complete cure
rates (195). Additionally, in a recent study involving
503 cases of S. aureus peritonitis, of which 102 were
MRSA, no increase in relapse, hospitalization, catheter
removal, permanent HD transfer, or death was observed
in patients empirically treated with a regimen notinclud-
ing vancomycin (194). However, because of the potential
severity of S. aureus peritonitis, empiric therapy with a
glycopeptideis suggested if a center’s MRSA constitutes
more than 10% of all S. aureus isolates. This figure of
10% is based on opinion and the clinical experience of
the workgroup members.

Because oftheincreased risk fora subsequentinfection
with MRSA, children who have a history of MRSA infection
or colonization should also be empirically treated with a
glycopeptide (196).

The resistance rate of CNS is not recommended for
use as a factor in determining an institution's empiric
therapy, because CNS causes a mild, indolent illness for
which cure rates are high (197).

Vancomycin is not recommended for all patients be-
cause of concerns related to the development of resis-
tant bacteria. A greater than 20% incidence of VRE has
been reported in nosocomialinfections, and significant
morbidity is associated with VRE-related infections.
These bacteria have, in fact, been reported as a cause of
a significant proportion of peritonitis episodes in some
centers (198-200).

LIMITATIONS

Variability in susceptibilities and resources in different
centers make itimpossible to provide one recommenda-
tion for empiric therapy that would be useful for all cen-
ters. Itis therefore imperative that centers utilize their
antibiograms and maintain awareness of the bacteria
that commonly cause peritonitisin patients receiving PD.
Furthermore, the percentage of resistance that should
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guide a change in empiric antibiotic recommendations
is not clear.

No data are available on the use of cefepime mono-
therapy as treatment for peritonitis in children.

RESEARCH RECOMMENDATIONS

Additional information is needed on the outcomes
associated with various empiric antibiotic regimens.
Further studies into an understanding of the epidemi-
ology and risk factors associated with specific bacterial
causes of peritonitis would be useful in providing the
best empiric regimens based on clinical presentation.
The impact of empiric cefepime monotherapy on early
treatment response needs to be monitored.

GUIDELINE 11 - MODIFICATION OF THERAPY FOR
GRAM-POSITIVE PERITONITIS

11.1  Use susceptibility data to guide the post-empiric
antibiotic selection in patients with gram-positive
peritonitis (not graded; Figure 2).

11.2 Werecommend continuing empiric cefepime or ce-
fazolin when the gram-positive bacteriaidentified
is susceptible to one of those antibiotics (1B).

11.3 In patients receiving empiric ceftazidime or an
aminoglycoside, we recommend discontinuing

JUNE 2012 - VOL. 32, SUPPL. 2 PDI

those antibiotics if a gram-positive bacteria is
isolated (1B).

11.4 In patients with S. aureus or coagulase-negative
Staphylococcus who have a delayed response to
initial therapy (>72 hours), we suggest adding
rifampin (2B).

RATIONALE

Guidelines 11.1 and 11.2: Data from the IPPR sug-
gest that gram-positive bacteria are identified in 62%
of pediatric cases in which an organism is isolated.
The most common organisms are CNS and S. aureus,
occurring in 22% and 21% of all cases respectively
(5). Peritonitis secondary to CNS is typically a result of
touch contamination and characteristically presents
as a mild infection that responds readily to antibiotic
therapy. In contrast, infections involving S. aureus are
commonly associated with a PD catheter TI or ESI and
may be associated with S. aureus nasal carriage and
severe symptomatology.

In general, the susceptibility of the causative bac-
teria should guide antimicrobial therapy, regardless
of the initial clinical response to empiric therapy.
Empiric cefepime or cefazolin should be continued if the
bacteria that are identified are susceptible. Cefepime or
cefazolin can also be used to treat methicillin-susceptible

| Gram-positive bacteria on culture |

| Stop gram-negative coverage |

Enterococcus sp.
Streptococcus sp.

MRSA

MSSA Otherigram-
positive bacteria

o Discontinue initial
antibiotics

e Start ampicillin

« Consider adding

« If resistant to
ampicillin, start
vancomycin

« For VRE consider

daptomycin or
linezolid

Discontinue
cefazolin or
cefepime

Continue or

aminoglycoside for ‘s,::z:::t;n or
Enterococcus . e
teicoplanin

Consider
clindamycin if
allergic to
glycopeptide

Consider adding
rifampin in case of
poor response

* Discontinue e Treat based on
vancomycin susceptibilities

¢ Treat with
cefazolin or
cefepime

Figure 2 — Gram-positive organism on culture.
MRSA = methicillin-resistant Staphylococcus aureus; MSSA = methicillin-sensitive S. aureus; VRE = vancomycin-resistant
enterococci.
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S. aureus peritonitis, and if a glycopeptide was em-
pirically started, it should be discontinued and re-
placed with an alternative agent. The recommended
length of therapy for CNS is 2 weeks. A 3-week course
of treatment appears appropriate for S. aureus-related
peritonitis because of the greater likelihood of cuff and
tunnelinvolvement.

Guidelines 11.3 and 11.4: When ceftazidime or an
aminoglycoside is used as part of the empiric antibi-
otic regimen, it can be discontinued if a gram-positive
organism is cultured, because those agents are not
recommended for treatment of gram-positive bacteria.
Methicillin resistance indicates that the organism is
resistant to beta-lactam-related antibiotics, including
penicillins, cephalosporins, and carbapenems. Treatment
of MRSA should be based on the susceptibility of the
bacteria. Clindamycin, vancomycin or teicoplanin can be
used to treat PD-associated peritonitis caused by MRSA.
The recommended length of therapy for PD-associated
peritonitis caused by MRSA is 3 weeks.

In general, children with gram-positive peritonitis do
well. Data from the IPPR demonstrated that only 5% of
S. aureus and 1% of CNS episodes had a delayed response
to empiric treatment (4). “Delayed response” is defined
as noimprovementafter 3 days of empiricantibiotics. In
cases in which a delayed response occurs, the addition
of rifampinis suggested. Rifampin should never be used
as monotherapy because resistance develops rapidly in
that setting.

ADDITIONAL RATIONALE

Enterococcal peritonitis frequently originates from
intra-abdominal pathology, but it can also result from
touch contamination oran ESIorTI. A recent experience
with 116 episodes of enterococcal peritonitis in adults
highlighted the risk of a poor outcome when other patho-
gens were isolated along with the Enterococcus species
(201). Recent data from the IPPR identified Enterococ-
cus species as the cause of 6% of peritonitis episodes in
children. In that study, all patients had a full recovery,
and only 1 catheter had to be exchanged (202). These
favorable outcomes occurred despite the fact that, in
most cases of Enterococcus peritonitis, the organism was
not susceptible in vitro to the empiric choice of antibi-
otic. Therefore, empiric antibiotic coverage specific for
Enterococcus species is not required.

When an Enterococcus species is identified, continu-
ation of vancomycin or teicoplanin (if used as a compo-
nent of empiric therapy) until susceptibilities are known
and modification of therapy can be instituted appears

PEDIATRIC PD-RELATED INFECTION GUIDELINES

justified. Likewise, if glycopeptides are not part of the
empiric treatment protocol, but the patient is improv-
ing clinically, the IPPR data support the continuation
of current empiric therapy until susceptibility data
are available.

The addition of an aminoglycoside can be considered
when the Enterococcus species is susceptible, because
that antibiotic has been shown to be synergistic when
combined with ampicillin or penicillin or a glycopeptide.
However, in the IPPR, Sutherland and colleagues noted
that all patients with enterococcal peritonitis experi-
enced clinicalimprovement, and none received combina-
tion therapy with an aminoglycoside (202). Moreover, it
should be emphasized that, because of chemicalincom-
patibility, aminoglycosides should not be combined in
the same exchange with a penicillin.

If a patient has previously been infected with an
ampicillin-resistant VRE, linezolid should be started
empirically until culture and susceptibility data are
available. Prolonged therapy with linezolid (>14 days)
can resultin bone-marrow suppression (203).

Like peritonitis caused by Enterococcus species,
peritonitis caused by Streptococcus species can produce
severe pain and may be secondary to an ESI or TI, or
originate from the mouth in a patient with poor oral
hygiene. Ampicillin, a first-generation cephalosporin,
or cefepime can treat Streptococcus infection, and sus-
ceptibilities should ultimately guide the maintenance
antibiotic choice.

Table 6 summarizes the information presented in this
guideline section.

LIMITATIONS

Lengths of therapy are based on expert opinion; stud-
ies have not been conducted to determine the shortest
amount of time required to sufficiently treat peritonitis
in children on chronic PD.

Noteworthy is the recent finding from the IPPR that
cefazolin monotherapy for the treatment of susceptible
bacteria is associated with an increased risk for relaps-
ing peritonitis (32). However, whether the post-empiric
use of a first-generation cephalosporin is a general risk
factor for relapsing peritonitis or whether the problem
of incomplete eradication is limited to certain bacteria
(such as CNS), is currently unclear.

RESEARCH RECOMMENDATIONS
Studies should be conducted to determine the most

appropriate length of therapy for peritonitis caused by
certain bacteria. Identifying shorter lengths of therapy
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without compromising efficacy would lower overall
antibiotic use and help to minimize the emergence of
antibiotic resistance.

TABLE 6
Gram-Positive Bacteria: Recommended Antibiotics and
Length of Therapy

Recommended
antibiotics?

Length of

Organism therapy

Staphylococcus aureus

Methicillin-resistant Clindamycin 3 Weeks

orvancomycin

or teicoplanin
Cefazolin

or cefepime

Methicillin-susceptible 3 Weeks

Cefazolin 2 Weeks
or cefepime

or clindamycin

orvancomycin

orteicoplanin

Coagulase-negative
staphylococci

Enterococcus species Ampicillin 2-3 Weeks

orvancomycin

or teicoplanin
Ampicillin
or linezolid

Vancomycin-resistant 2-3 Weeks

Streptococcus species Ampicillin 2 Weeks
or cefazolin

or cefepime

2 Listed in the preferred order of use, if susceptible.
b Prolonged use of linezolid (>2 weeks) can lead to bone
marrow suppression.
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GUIDELINE 12 - MODIFICATION OF THERAPY FOR
GRAM-NEGATIVE PERITONITIS

12.1 Use susceptibility data to guide the post-empiric
antibiotic selection in patients with gram-nega-
tive peritonitis (not graded; Figure 3).

In patients receiving empiric glycopeptide therapy
(vancomycin or teicoplanin), we recommend dis-
continuing those antibiotics if a gram-negative
organism is isolated (1B).

If the gram-negative bacteria are susceptible to
empiric cefepime or ceftazidime, we recommend
the use of either one as a single agent unless a
Pseudomonas species is identified (1B).
Ifanaminoglycosideis used for empirictreatment,
we recommend discontinuing the aminoglycoside
after the species and susceptibilities of the bac-
teria are known, unless a Pseudomonas species is
identified (1B).

We suggest the addition of a second agent, with a
different mechanism ofaction, when a Pseudomo-
nas species is identified (2C).

12.2

12.3

12.4

12.5

RATIONALE

Guidelines 12.1 - 12.3: Susceptibility data should
guide the selection of the antibiotic or antibiotics used
to treat gram-negative peritonitis. When a glycopep-
tide (vancomycin or teicoplanin) is used as part of
the empiric antibiotic regimen, the antibiotic can be
discontinued if a gram-negative organism is cultured,
because those glycopeptides are not effective in treat-
ing gram-negative bacteria. Generally, cefepime or cef-
tazidime monotherapy can be used to treat peritonitis

| Gram-negative bacteria on culture |

| Stop vancomycin or teicoplanin |

|

Escherichia coli,
Proteus sp., or
Klebsiella sp.

Pseudomonas sp.

E. coli, Proteus sp., or
Klebsiella sp. resistant
to 3rd-generation
cephalosporins

Other gram-
positive bacteria

+ Continue
cefepime or
ceftazidime

¢ Add second
agent

+ Continue cefepime,
ceftazidime, or
cefazolin if
susceptible

e Treat based on
susceptibilities

+ Discontinue
ceftazidime

e Treat with cefepime,
imipenem, or
fluoroquinolone

Figure 3 — Gram-negative organism on culture.
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caused by gram-negative bacteria that are susceptible
to those antibiotics.

Cefepime has been used successfullyin treating CAPD-
associated peritonitisin adults (184,185).Inareporton
gram-negative peritonitis from the IPPR, a substantial
percentage of organisms (20%) were resistant to cef-
tazidime, and a multivariate analysis identified inter-
mittent dosing (compared with continuous dosing) of
intraperitoneal ceftazidime as anindependent predictor
of a worse initial response to therapy, prompting a pref-
erence for the addition of this antibiotic to all dialysis
bags (33). A possible reason for the failure of intermit-
tent ceftazidime might be the lack of a post-antibiotic
effect of beta-lactam antibiotics against gram-negative
organisms (178).

If the causative bacteria are identified as Escherichia
coli or Klebsiella species, cefazolin, ceftazidime, cef-
triaxone, or cefotaxime can be used if the bacteria are
susceptible. The use of cefazolin alone requires caution.
Lane and colleagues noted that peritonitis relapsed in
23% of patients treated with cefazolin alone; however,
the type of bacteria associated with those relapses re-
mains unclear (32).

Ciprofloxacin has also been shown to be an effective
therapy for gram-negative peritonitis (204,205). Data
from the IPPR noted that 96% of gram-negative bacteria
were susceptible to ciprofloxacin (33). Oral quinolones
such as levofloxacin or pefloxacin appear to have gram-
negative coverage comparable to that achieved using
aminoglycosides, and satisfactory levels of those agents
in the peritoneum are able to be achieved even in pa-
tients receiving APD (175,206,207). It should be noted
that resistance to ciprofloxacin is a strong marker of in
vitro multidrug resistance and poor clinical outcomes in
patients with peritonitis (208). Moreover, previous ex-
posure to quinolones has been shown to be a risk factor
forinfection with resistant micro-organisms (209,210).
Finally, when quinolones are used, attention should be
paid to the concomitant administration of sevelamer,
multivalent cations (calcium), oral iron, zinc prepara-
tions, sucralfate, magnesium—-aluminum antacids, or
milk, because chelation interactions that can reduce
quinolone absorption may occur. Quinolones should
therefore be given at least 2 hours before the administra-
tion of the foregoing substances.

Fluoroguinolones have been used extensively in
pediatrics, and to date, experimental data in humans
have not substantiated the cartilage damage that was
observed in beagle puppies (211-214). In general, the
overall safety profile of ciprofloxacin in children has not
been substantially different from thatin adults (215). In
children 3 months to 13 years of age given ciprofloxacin

PEDIATRIC PD-RELATED INFECTION GUIDELINES

for 9 - 16 days, no evidence of any orthopedic complica-
tions was observed (216).

Carbapenems such as imipenem have been used suc-
cessfullyin combination with tobramycin and vancomycin
(217). However, these broad-spectrum antibiotics should
be reserved for situations in which a highly resistant
gram-negative bacteria is identified.

Aztreonam, a monobactam, has activity against
most gram-negative bacteria and is useful in patients
allergic to cephalosporins. It could therefore be ef-
fective in combination with a gram-positive antibiotic
such as cefazolin or vancomycin. In a study involving 34
episodes of gram-negative peritonitis, an 84% cure rate
was observed. Furthermore, no adverse reactions were
observed (218).

Guideline 12.4: If cefazolin plus an aminoglycoside
is used for empiric therapy, the aminoglycoside should
be discontinued if the organism is susceptible to a
less-toxic antibiotic—provided that the causative bac-
teria are not Pseudomonas species. Aminoglycosides
alone are not routinely recommended for maintenance
therapy because of the risk of ototoxicity and neph-
rotoxicity (and the potential loss of residual renal
function) (219,220).

Guideline 12.5: Infections secondaryto Pseudomonas
species are difficult to treat because of that bacteria’s
capacity to generate a biofilm that lowers the likelihood
of successful treatment without catheter removal. In
many cases, a catheter TI accompanies the peritoni-
tis episode and increases the likelihood of treatment
failure. Antibiotic use in the preceding 30 days has
been identified as a risk factor for the development
of peritonitis attributable to Pseudomonas species in
patients receiving PD (221). Data from the IPPR noted
that 45% of children with Pseudomonas peritonitis were
currently receiving or had recently received antibiot-
ics (33). The risk of Pseudomonas peritonitis was also
found to beincreased in patients receiving prophylactic
exit-site care with mupirocin as prophylaxis for S. aureus
colonization (5).

Combination therapy with cefepime or ceftazidime
and a second agent that has a different mechanism of
action (for example, fluoroquinolone oraminoglycoside)
and to which the bacteria are susceptible is suggested
(222). Fluoroquinolones (for example, ciprofloxacin) can
be used to treat Pseudomonas peritonitis. Fluoroquino-
lones have been used extensively in pediatrics, and as
noted earlier, experimental data in humans have not
substantiated the cartilage damage that was observed
in beagle puppies (211,212). The recommended length
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of therapy for peritonitis caused by Pseudomonas species
is 3 weeks.

ADDITIONAL RATIONALE

Multidrug-resistant gram-negative bacteria have
emerged as important pathogens in many health
care-related infections. Notably, many gram-negative
bacteria have developed the ability to inactivate
third-generation cephalosporins such as cefotaxime,
ceftriaxone, and ceftazidime through various mecha-
nisms, including production of ESBLs. The use of
third-generation cephalosporins, specifically cef-
tazidime, has been associated with induction of ESBL-
producing bacteria (223-226). In PD-related peritonitis,
risk factors for ESBL-producing E. coli include prior
use of cephalosporin and gastric acid inhibitors (227).
Furthermore, patients infected with ESBL-producing
gram-negative bacteria have been found to experi-
ence more treatment failures and lethal outcomes than
do patients with non-ESBL-producing E. coli. For that
reason, cefepime, which can be used to treat infections
secondary to certain ESBL-producing organisms (for
example, those caused by AmpC enzyme-producing
species such as Citrobacter and Enterobacter), has been
prioritized over ceftazidime for empiric therapy in the
present guidelines; however, carbapenems are recom-
mended as the first choice for post-empiric antibiotic
therapy of infections secondary to ESBL-producing
bacteria, because those agents have generally shown
superior clinical results in severe nosocomial infections
(228). Alternatively, fluoroquinolones such as cipro-
floxacin can be used—unless the antibiogram indicates
resistance to multiple antibiotic classes. However,
with the emerging treatment-related complexities that
have arisen with respect to gram-negative resistance,
especially as a result of ESBL-producing bacteria,
consultation with an infectious disease clinician should
be considered to aid in determining the antibiotic options
that are preferred to limit resistance and to maximize
clinical response.

Table 7 summarizes the information presented in this
guideline section.

LIMITATIONS

Data on the risk factors associated with the develop-
ment of resistant gram-negative bacteria are limited.
Furthermore, the recommended lengths of therapy are
based on expert opinion and do not take into account
potential complications that could occur with the infec-
tions being treated.
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RESEARCH RECOMMENDATIONS

As antibiotic resistance continues to increase, it will
beimperative to further understand the factors thatare
associated with multidrug-resistant gram-negative peri-
tonitis and the therapies that not only provide the best
outcomes but also limit the negative consequences (for
example, antibiotic resistance, antibiotic side effects).

Studies determining the most appropriate lengths of
therapy for gram-negative peritonitis have the potential
to minimize antibiotic exposure time and to attenuate
the development of antibiotic resistance.

TABLE 7
Gram-Negative Bacteria: Recommended Antibiotics
and Length of Therapy

Recommended Length of
Organism antibiotics? therapy
Escherichia coli, Cefepime 2 Weeks
Klebsiella species or cefazolin
or ceftazidime
or ceftriaxone
or cefotaxime
Resistant to Imipenem 3 Weeks
third-generation or cefepime
cephalosporins® or fluoroquinolone
Enterobacter, Citrobacter, Cefepime 2-3 Weeks
Serratia, and or ceftazidime
Proteus species? orimipenem
Acinetobacter species Cefepime 2-3 Weeks
or ceftazidime
orimipenem
Pseudomonas species Cefepime 3 Weeks
or ceftazidime
or piperacillin
or ticarcillin
orimipenem
plus aminoglycoside or
fluoroquinolone
Stenotrophomonas Trimethoprim- 3 Weeks
maltophilia sulfamethoxazole

or ticarcillin-clavulanic acid

2 The antibiotics are listed in the preferred order of use, if the
organism is susceptible.

b Emerging resistance to extended-spectrum beta-lactamase
has resulted in a wide variety of unique susceptibility profiles;
consultation with an infectious disease expert about the
antibiotics preferred for treating such organisms is recom-
mended.
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GUIDELINE 13 - MODIFICATION OF THERAPY FOR
CULTURE-NEGATIVE PERITONITIS

13.1 If theinitial cultures remain sterile at 72 hours
and if signs and symptoms of peritonitis are im-
proved, we suggest that empiricantibiotictherapy
consisting of cefepime, ceftazidime, cefazolin, or
a glycopeptide be continued for 2 weeks (2B).

13.2 We suggest that the administration of an amino-
glycoside be discontinued at 72 hours in patients
with a sterile culture and clinical improvement
(2B).

RATIONALE

Guideline 13.1: Culture-negative peritonitis poses a
therapeutic dilemma, because the absence of a posi-
tive culture does not allow the clinician to differenti-
ate between an infection with a low infection dose; a
slowly replicating, poorly culturable, or efficiently
opsonized bacteria; a nonbacterial (that is, viral or
fungal) infection; and even a noninfectious cause of
peritoneal leukocytosis (for example, chemical or
eosinophilic peritonitis).

In the IPPR, 151 peritonitis episodes (31% of all epi-
sodes) were culture-negative (4). Ofthose 151 episodes,
97% showed a good primary response to empiric antibi-
otic therapy at 72 hours, without a difference between
the two monitored treatment protocols—that s, ceftazi-
dime combined with either cefazolin or a glycopeptide
(unpublished results). Treatment was continued with
both antibiotics for 14 days in 91% of patients; 97% of
those patients showed full functional recovery 4 weeks
after completion of therapy.

The minimum effective duration of antibiotic treat-
mentin culture-negative peritonitisis unknown. In light
of the IPPR results and in the absence of outcomes data
after early termination of antibiotic therapy in culture-
negative episodes, it appears safe to continue the initial
empirictherapy, which provides gram-positive and gram-
negative coverage, for a complete treatment course to
potentially lower the risk of relapsing infection.

Guideline 13.2: One modification to the recommenda-
tion to maintain empiric therapy may apply to empiric
antibiotic protocols that include an aminoglycoside.
Gram-negative peritonitis is characteristically associ-
ated with a severe clinical course and persistence of
significant signs and symptoms at 72 hours of treatment
(33). Most gram-negative bacteria also grow well in
culture. Hence, negative culture results associated with
rapid clinical improvement make a gram-negative cause
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less likely. Extended aminoglycoside administration,
on the other hand, increases the risk of drug-induced
ototoxicity and nephrotoxicity (and potential loss of
residual renal function) and requires an assessment
of plasma drug levels (219,220). Given the excellent
outcomes observed in the IPPR series with extended
ceftazidime administration, it seems advisable to dis-
continue the aminoglycoside at 72 hours in patients
with a negative culture who are clinically improved.
The initiation of ceftazidime should be considered for
gram-negative coverage.

Patients with culture-negative peritonitis who fail to
demonstrate clinicalimprovementafter 72 hours should
undergo a repeat PD effluent cell count, differential, and
culture as recommended (see guideline 22). Ifthe culture
continues to be negative and if the PD effluent cell count
has not improved, special culture techniques should be
used fortheisolation of unusual or fastidious organisms,
including fungi, mycobacteria, 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 (see
guideline 17).

In centers in which culture-negative peritonitis rep-
resents more than 20% of peritonitis episodes, sampling
and culture techniques should be reviewed with the
dialysis staff and the laboratory (see guideline 8).

LIMITATIONS

An unknown fraction of culture-negative peritonitis
episodes may be not be of bacterial origin, but may
be caused by toxic, allergic, or traumatic peritoneal
damage or gastrointestinal infection that cannot be
differentiated from bacterial peritonitis because of poor
culture conditions.

RESEARCH RECOMMENDATIONS

Controlled or uncontrolled prospective studies
evaluating the safety of short and long courses of em-
piricantibiotic treatmentin culture-negative peritonitis
should be performed. Alternatively, such studies could
address the risk-benefit ratio of reducing the spectrum
ofantibacterial coveragein patients with a prompt good
clinical response.

GUIDELINE 14 - MODIFICATION OF THERAPY FOR
FUNGAL PERITONITIS

14.1 Werecommend that, iffungiareidentified by gram
stain or culture of peritoneal effluent, therapy
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should consist of treatment with an antifungal
agentand early catheter removal (1B).

14.2 We suggest that, after catheter removal, anti-
mycotic therapy be administered for 2 weeks or
longer after complete resolution of the clinical
symptoms of infection (2D).

RATIONALE

Guideline 14.1: Fungal peritonitisisaninfrequentbut
potentially serious complication of PD, often resulting
in hospitalization and a change of dialysis modality,
and sometimes, in patient death (123). In pediatrics,
FP represents fewer than 2% of all peritonitis episodes
(4,58).Ina pediatricstudy of 51 patients with FP, prompt
therapy resulted in preservation of the peritoneal
membrane and continued PD in most patients (130). A
somewhat similar experience has also been documented
in adults (128).

Several factors appear to predispose patients to the
development of FP, the most common of whichiis the prior
use of antibiotics to treat bacterial peritonitis or a cath-
eter-related infection (123,128,131). However, Warady et
al. found that, in nearly 50% of children who developed
FP, no history of a prior peritoneal infection was docu-
mented (130). The risk associated with the presence ofa
gastrostomy remains controversial (4). The provision of
antifungal prophylaxis during periods of antibiotic use
has been advocated in programs characterized by high
rates of FP (57,123,126,139) (see guideline 6).

Amphotericin B has historically been recommended as
treatment for FP in patients receiving PD, but data col-
lected in children and adults provide evidence that the
peritoneal penetration of amphotericin B with systemic
administration is poor (229). Moreover, intraperitoneal
administration of this drugis characteristicallyirritating
to the peritoneum and may result in severe abdominal
pain. In contrast, fluconazole is characterized by excel-
lent bioavailability and peritoneal penetration, and
it is the treatment of choice for most Candida species.
Alternative agents to be considered based on species
identification and MICvaluesinclude echinocandins (for
example, caspofungin, micafungin, and anidulafungin),
posaconazole, and voriconazole. Posaconazole or vori-
conazole have been preferentially used to treat perito-
nitis secondary to filamentous fungi such as Aspergillus,
and the echinocandins have been used on occasion for
the treatment of Aspergillus and non-responding non-
albicans Candida (230).

The recommendation for prompt catheter removal
aftera diagnosis of FP arises from the propensity of fungi
to colonize the PD catheter and to prevent eradication
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of the infection. Electron microscopy of removed cath-
eters has shown organisms in an amorphous matrix on
the surface of the catheter. Candida albicans can grow
on Silastic surfaces, and biofilm production has been
associated with the development of C .albicans perito-
nitis (231). Most significant is the fact that, compared
with patients treated with either antifungal therapy or
catheter removal alone, the risk of repeat FP and death
was lowest in patients treated with both interventions
simultaneously (123,128,232) (see guideline 17).

Guideline 14.2: The recommendation that the dura-
tion of antifungal treatment after catheter removal be 2
weeks or longer after complete clinical resolution of the
symptoms of peritonitis takes into consideration both
the absence of pertinent evidence and the treatment goal
of maintaining peritoneal membrane function over the
long term. In addition, in other invasive Candida infec-
tions, such as bloodstream infections, the recommended
length of therapy is 2 weeks after a negative culture is
obtained (233).

LIMITATIONS

Published pediatric experiences upon which to base
these recommendations are limited. Data in adult pa-
tients treated for FP that address the preferred timing
of PD catheter removal and replacement (for example,
immediate or early) are also limited.

RESEARCH

Areview of data on the timing of catheter replacement
aftertreatment for FPin children on PD and the relation-
ship of that timing to the continued ability to perform
effective PD is needed.

GUIDELINE 15 - RELAPSING PERITONITIS

15.1 Werecommend thata diagnosis of relapsing peri-
tonitis be made if peritonitis recurs with the same
organism as in the preceding episode, according
to antibiotic susceptibilities, within 4 weeks of
completion of antibiotic treatment (1A).

15.2 (a) We recommend that empiric therapy in ac-
cordance with guideline 9 be reinitiated for
relapsing peritonitis, with consideration of the
susceptibilities of the original bacteria (1C).

(b) We suggest that post-empiric antibiotic
therapy of relapsing peritonitis be guided
by in vitro susceptibility results, choosing an
antibiotic other than cefazolin (2B).
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15.3  We suggest intraluminal instillation of a fibrin-
olytic agent be considered after diagnosis of a
first peritonitis relapse that is not explained by
extraluminal pathology such as a tunnelinfection
orintra-abdominal abscess (2C).

15.4 Werecommend removalof the PD catheteras soon
as peritonitis is controlled by antibiotic therapy
in the setting of relapsing peritonitis associated
with a persistent or recurrent tunnelinfection, or
of a second peritonitis relapse (1C).

RATIONALE

Guideline 15.1: Relapsing peritonitis follows ap-
proximately 10% — 20% of primary peritonitis episodes
(4,159,234). Repeated bouts of peritonitis can lead to
loss of peritoneal membrane function, causing reduced
PD efficacy over time and eventual PD technique failure.
Findings from the IPPR suggest that, relative to sporadic
peritonitis, relapsinginfections are associated with a risk
of incomplete functional recovery that is increased by a
factor of 3 and a risk of permanent PD technique failure
thatisincreased by a factor of 2.5 (32).

The definition of relapsing peritonitis as given is
based on consensus in the adult and pediatric PD com-
munity (7). The 4-week time window is believed to cover
most cases of endogenous reinfection with incompletely
eradicated bacteria.

Because of the important therapeutic implications,
diagnosis of a relapse should not rely solely on genus
and species, butalso on the antibiotic susceptibilities of
the cultured organism. In sophisticated laboratory set-
tings, strainidentity can be confirmed by DNA genotype
analysis (235).

The relapse definition has also been extended to
culture-negative infections when 2 such infections oc-
cur in succession, the second occurring within 4 weeks
of completion of therapy for the prior episode. Culture-
negative relapses have been found to be preceded by a
delayed treatment response at the time of initial infec-
tion (32). Itis possible that infections arising from loci
poorly accessible to antibiotics (such as the catheter
tunnel, fibrin clots, or biofilm on the catheter surface)
may predispose to a poor initial treatment response
and an increased likelihood of relapse of the culture-
negative episode despite a low yield of organisms from
bacterial culture. Hence, catheter exchange should be
considered with a low threshold in relapsing culture-
negative peritonitis.

Guideline 15.2(a): Because the causative organ-
ism is not known at the time of clinical presentation
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of a repeat peritonitis episode within the relapse time
window, it appears reasonable to re-start empiric treat-
ment with the center-specific protocol until the caus-
ative bacteria are known. However, because the cause
of relapsing peritonitis might be the same bacteria that
caused the first episode of peritonitis, it is prudent to
empirically start an antibiotic that would treat the first
bacteria identified based on the previously determined
antibiotic susceptibilities.

Guideline 15.2(b): 1In the IPPR study, an elevated
relapse rate (23%) was noted when, based on culture
and in vitro susceptibility results, patients were switched
to monotherapy with a first-generation cephalosporin
rather than to other final monotherapies or combina-
tion therapies (32). It is possible that bacteria respon-
sible for peritonitis recurrence have different virulence
factors—including formation of biofilm—that are less
responsive to first-generation cephalosporins than to
glycopeptides or combinations of antibiotics (32). Al-
though that observation in a nonrandomized study was
felt not to provide sufficient evidence to generally advise
againstthe use of a first-generation cephalosporinin PD-
associated peritonitis, we do not recommend repeated
use of such agentsin relapsing peritonitis. Also, a recent
study in adults by Szeto et al. suggested that therapy
of relapsing or repeat CNS peritonitis be 3 weeks in
duration (197). In their retrospective evaluation of 232
peritonitis episodes, they found that, compared with the
conventional 2-week treatment course, 3 weeks of anti-
biotic therapy was associated with a significantly higher
complete cure rate.

Guideline 15.3: Slime-forming bacteria are believed
to survive antibiotic therapy in a biofilm matrix or in
fibrinous adhesions on the catheter surface. Fibrinolytic
activity induced by urokinase may expose sequestered
bacteria and render them susceptible to antibiotic activ-
ity. Hence, the concept of intraluminal catheter decon-
tamination by local instillation of fibrinolytic agents
sounds appealing.

Several controlled and uncontrolled studies with
widely varying inclusion criteria and procedural
protocols have assessed the efficacy of fibrinolytic
agents in resolving resistant and preventing recur-
rent infections (236-243). A placebo-controlled trial
showed no significant effect of urokinase when admin-
istered intraperitoneally (30 000 IU/L) as adjuvant
therapy in antibiotic-resistant bacterial peritonitis
(242). But although intraluminal urokinase admin-
istration showed no effect on the clinical course and
relapse risk when applied to patients with a first
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peritonitis episode in that placebo-controlled trial,
studies using high-doseintraluminal fibrinolyticagents
selectively in patients with resistant or relapsing peri-
tonitis showed more promising results (241). Also,
Klaus and colleagues (238) used intraluminal high-dose
urokinase (5000 IU/mL) and antibiotic instillation in 9
children with relapsing peritonitis. No second relapse
occurred in the treated patients. In contrast, 75% sec-
ond relapses occurred in an untreated historical control
group. In a double-blind placebo-controlled study in
patients with resistant or relapsing peritonitis, resolu-
tion of peritonitis occurred within 4 days of intraluminal
urokinase instillation (1000 IU/mL), and there was no
recurrence with the same organism for 6 months in 8
of 12 patients, an effect significantly better than that
achieved with placebo (239). Likewise, intraluminal
administration of high-dose recombinant tissue plas-
minogen activator (1 mg/mL) was found to be effica-
cious in anecdotal reports of patients with relapsing
peritonitis (244,245).

Guideline 15.4: C(atheter exchange has been shown
to be superior to urokinase in lowering treatment
failure rates in relapsing or persistent peritonitis
(237,243). Not surprisingly, that finding is especially
true with respect to relapsing peritonitis related to a
TI or intra-abdominal abscess, which always should
be carefully ruled out in patients with relapsing peri-
tonitis. If a second relapse occurs secondary to any
bacteria or after a culture-negative episode and if no
other pathology is identified, these circumstances are
considered to be an indication for catheter removal
(see guideline 17).

LIMITATIONS

Alimited number of children have received fibrinolytic
therapy as part of treatment for relapsing peritonitis.

RESEARCH RECOMMENDATIONS

The definition of relapsing peritonitis should be cor-
roborated by systematic analyses of the distribution of
timeintervals between repeated episodes caused by the
same organism.

The specificity of diagnosing relapsing peritonitis
according to resistograms should be evaluated by DNA
genotyping studies.

A randomized clinical trial evaluating the useful-
ness of intraluminal recombinant tissue plasminogen
activator instillation in relapsing peritonitis should
be performed.
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GUIDELINE 16 - ADJUNCTIVE THERAPY

16.1 Reduce the peritoneal fill volume during the
initial 24 - 48 hours of therapy in patients with
significant abdominal discomfort (not graded).

16.2 Wesuggesttheintraperitonealadministration of
500-1000IU/L heparin until complete resolution
of dialysate cloudiness (2B).

16.3 We suggest that the provision of intravenous im-
munoglobulin G be considered in selected patients
with frequent or refractory peritonitis episodes or
in infants with documented hypogammaglobu-
linemia and peritonitis or sepsis (2D).

RATIONALE

Guideline 16.1: Abdominal painis frequently noted in
children who develop peritonitis. Early in the course of
treatment, the pain may be worsened by the presence of
the routine exchange volume. Accordingly, the perito-
neal volume can be slightly (<25%) lowered during the
initial 24 - 48 hours of therapy until clinical symptoms
improve. In this setting, no alteration in the intraperi-
tonealantibiotic concentration is necessary because the
very high local antibiotic levels are well above the MIC
of susceptible organisms. The exchange volume should
subsequently be increased to the normal prescription
to prevent a prolonged period of underdialysis (3). Pain
not improved by alteration in exchange volumes and
antibiotictherapy, or complicated by emesis and volume
depletion, may mandate hospitalization. For recom-
mendations pertaining to the alteration of exchange
frequency, see guideline 20.

Guideline 16.2: Although the efficacy of intraperito-
neal heparin has not been formally proved, its inhibitory
effect on fibrin clot formation is believed to contribute
to catheter patency in cases of severe peritonitis with
massive protein exudation. Heparin also has effects
beyond anticoagulation, having antiangiogenicand anti-
inflammatory properties (246). However, the rationale
for routine intraperitoneal heparin use in PD peritonitis
is not strong because of limited clinical evidence.
Hypercoagulability and hypofibrinolysis were shown
during CAPD peritonitis in a small pediatric patient
group. Plasminogen activator inhibitor type 1 anti-
gen and thrombin-antithrombin III complexes were
increased, and D-dimer and plasmin-o.2-antiplasmin
complexes were decreased in 7 children with peritonitis
(247).In a larger adult study, Nadig et al. looked at the
major coagulant and fibrinolytic proteins in a total of
194 dialysate samples (approximately 60 being from
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patients with peritonitis). Those authors demonstrated
that, in nearly all samples (with or without peritonitis),
a parallel increase occurred in both the procoagulant
and fibrinolytic pathways, suggesting that heparin was
not required in those patients even during peritonitis
(248). Nonetheless, in 15 samples from 3 patients, that
relationship did not hold true, and in those samples (11
of the 15 being from peritonitis episodes), the D-dimer
levels were very low in the PD effluent, suggesting a
block in fibrinolysis and a requirement for heparin in
this subset of patients (248). Accordingly, patients with
cloudy effluent may benefit from the addition of low-dose
heparin (500 - 1000 U/L) into the dialysate, because the
heparin can help to prevent occlusion of the catheter by
fibrin, which is often present as a result of the inflam-
matory process (247).

Guideline 16.3: The high peritonitis rate in a sub-
group of patients on PD may be a result of alterationsin
peritoneal defense mechanisms—that is, opsonization,
phagocytosis, and bacterial killing (249). An inverse
relationship has been reported between the frequency of
peritonitis and opsonicactivity or theimmunoglobulin G
(IgG) concentration of dialysate, or both (250-252).
Decreased macrophage bactericidal activity is found in
patients with a high incidence of peritonitis. A distur-
bance in the release of lymphokines and monokines in
some PD patients may also reduce the ability of peritoneal
macrophages to kill bacteria (249).

Hypogammaglobulinemia, hypocomplementemia, and
a decreased chemotactic response of peripheral blood
neutrophils have been detected in pediatric patients
undergoing CAPD (253-255). Given those defects, it
may be possible to lower the frequency of peritonitis
in some patients by providing supplemental IgG. This
issue has been evaluated in several nonrandomized
clinical trials.

Keane et al. found evidence of increased opsoniz-
ing activity and a significant decline in the peritonitis
rate associated with the daily intraperitoneal infu-
sion of 250 mg IgG in individuals with low pre-study
dialysate IgG levels (250,256). Lamperi and Carozzi
detected a significant reduction in the peritonitis rate
from 1 episode in 6.2 patient-months to 1 episode in
21.6 patient-months associated with a rise in perito-
neal effluent IgG levels achieved by infusing 12 g IgG
intraperitoneally every 3 weeks (257). Those studies
were conducted during the early years of PD, when peri-
tonitis rates were exceptionally high. In a more recent
study, Dursun et al. (258) found similar results char-
acterized by a positive effect of low-dose intraperi-
toneal IgG (0.5 g in each exchange bag, four times
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daily for 7 days) in conjunction with antibiotics for
the treatment of refractory or relapsing peritonitis.
In addition, in the same study, a significant reduc-
tion in the long-term peritonitis rate was observed.
In a small randomized adult study, dialysate leukocyte
count decreased more rapidly in patients who were
given IgG intraperitoneally in conjunction with an-
tibiotics (259). Intraperitoneal infusion of a single
dose of IgG (100 mg/kg) has also resulted in a
significant increase in chemotaxis in a small pediat-
ric population on chronic PD (260). Finally, positive
correlations have been found between low serum
IgG levels and the peritonitis rate, malnutrition, and
duration of PD in pediatric CAPD patients (260).
However, other studies have reported no relationship
between dialysate IgG concentration and peritonitis
incidence (253,254,261).

Given thatinfants receiving chronic PD with and with-
out peritonitis can lose substantial amounts of gamma
globulin across the peritoneum, they may benefit from
IgG therapy, especially if they have low measured serum
IgG levels or if they appear septic (262,263).

It is therefore the opinion of the workgroup that the
use of intraperitoneal or intravenous IgG as an adjunc-
tive agent (where available) may be a reasonable option
in selected individuals—that is, patients with frequent
or refractory peritonitis episodes, or infants with docu-
mented hypogammaglobulinemia and clinical evidence
of peritonitis or sepsis.

LIMITATIONS

No well-designed placebo-controlled randomized
trial has evaluated the effect of intraperitoneal IgG
on the resolution of resistant peritonitis episodes in
critically ill infants or children, or on the frequency of
subsequentinfections. No dosing recommendations have
been developed for the intraperitoneal administration
of IqG.

RESEARCH RECOMMENDATIONS

Determination of serum and dialysate IgG levels before
and during peritonitis episodes is needed.

A placebo-controlled trial evaluating the effects of
varying doses and durations of intraperitoneal IgG in
the setting of sepsis or resistant peritonitis episodes
is needed.

Evaluations of the clinical impact of regular intrave-
nous IgG infusions on the rate of peritonitis in infants
with documented hypogammaglobulinemia on PD
are needed.
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GUIDELINE 17 - CATHETER REMOVAL AND
REPLACEMENT

17.1  Werecommend removal of the peritoneal catheter
for refractory bacterial peritonitis (1C).

17.2 Werecommend removal of the peritoneal catheter
when a diagnosis of fungal peritonitis is estab-
lished (1B).

17.3  Werecommend catheter removalin patients with
an exit-site or tunnelinfection in conjunction with
peritonitis with the same bacteria (particularly
S. aureus and P. aeruginosa), except CNS (1C).

17.4  We suggest simultaneous catheter removal and
replacement for a refractory exit-site or tunnel
infection (2C).

17.5 We suggest simultaneous removal and replace-
ment of the peritoneal catheter after clearing
of the peritoneal effluent (white blood cells
<100/mm?3) in repeated relapsing bacterial peri-
tonitis (2C).

17.6  We suggest a minimum period of 2 - 3 weeks
between catheter removal and insertion of a new
catheter forfungal, enteric, and refractory bacte-
rial peritonitis (2C).

RATIONALE

Guideline 17.1: Catheter removal is indicated to
prevent morbidity and mortality from peritonitis and
to protect the peritoneal membrane for future use.
It is well recognized that prolonged attempts to treat
refractory peritonitis and to “save the catheter” must be
avoided to preventa poor patient outcome (57,143,264).
However, no properly conducted RCTs appear to have
addressed definitive indications for, and timing of,
catheter removal. In addition, the available evidence
failstoindicate the optimal timing forinsertion ofa new
PD catheter to replace a catheter that has been removed
because of peritonitis (243).

As demonstrated by the IPPR, treatment of most
cases of peritonitis will result in marked clinical
improvement within several days. Bacterial perito-
nitis that fails to resolve after 5 days of appropriate
antibiotic treatment in PD patients (so-called re-
fractory peritonitis, see Appendix A) is unlikely to
respond to continued medical management and
often responds to removal of the catheter. Cath-
eter removal in this situation is recommended as a
means of protecting the peritoneal membrane for
future use (265,266). The same recommendation
holds true in the setting of refractory culture-negative
peritonitis (57).
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Guideline 17.2: Most clinicians agree that prompt
catheter removal after a diagnosis of FP, in combina-
tion with antifungal therapy for at least 2 weeks, is
essential to successfully eradicate FP. In fact, some
have argued that catheter removal may be the only
therapy needed.

Evidence from the adult PD population also suggests
that prompt catheter removalis associated with a lesser
risk of death (7,124,128,131,142,143,232,264). Thus,
the ISPD adult guidelines published in 2010 recom-
mend that the catheter should be removed immediately
after fungi are identified by either microscopy or cul-
ture (7). A Dutch study suggested that early—but not
immediate—catheter removal in children is indicated,
because peritoneal lavage with antimycotics has been
hypothesized to minimize peritoneal damage. How-
ever, that experience has not been universal, and early
removalin children has been associated with preserva-
tion of PD capacity (130,267). In those rare patients in
whom the catheter is not initially removed for reasons
that include difficulty achieving vascular access for
HD, the catheter should be removed immediately if
improvement does not occur within 3 days of treatment
initiation. Notably, Miles et al. (123) found that the
chance of returning to PD was no different in patients
who underwent catheter removal early (<5 days) thanin
those who underwent catheter removal late (>5 days) as
treatment for FP.

Guideline 17.3: If peritonitis attributable to the same
bacteria infecting the exit site or tunnel develops, par-
ticularlyiftheinfectionis caused by S. aureus or P. aerugi-
nosa, catheter removal should be strongly considered,
because the development of peritonitis indicates that
infection has developed along the length of the catheter,
a situation extremely difficult to treat successfully with
antimicrobialagentsalone (78,221,268-272).Ina large
series of Pseudomonas peritonitis episodes, the presence
of an ESI secondary to Pseudomonas was demonstrated
to be a predictor of poor therapeutic response of the
peritonitis to antibiotics (221).

Although catheter removal should be promptly
considered when both an ESI or TI and peritonitis oc-
cur secondary to S. aureus and P. aeruginosa, the same
approach does not need to be taken with a catheter-
related infection attributable to CNS. A CNS peritonitis
is generally a mild form of infection, characteristically
readily responsive to antibiotic treatment. In con-
trast, relapsing CNS peritonitis suggests colonization
of the intra-abdominal portion of the catheter with
biofilm, a condition best treated by replacing the
catheter (237).
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Guideline 17.4: Simultaneous removal and replace-
ment of the catheter is an acceptable and safe pro-
cedure in refractory bacterial ESIs or TIs (including
infections attributable to Pseudomonas species),
because timely replacement of the catheter can lower
the risk of peritonitis (270,273,274). In general,
the catheter should be removed if the infection does
not respond or if it progresses after 2 - 3 weeks of
antibiotic therapy.

If P. aeruginosa ESI or TI persists or progresses de-
spite prolonged and appropriate dual antibiotic treat-
ment, simultaneous removal and replacement of the
PD catheter under antibiotic coverage is the treatment
of choice. In a series comprising 37 adult patients with
refractory P. aeruginosa ESI, simultaneous catheter
removal and insertion of a new PD catheter without
interruption of PD was successful in all patients. Late
recurrence of P. aeruginosa ESI occurred in only 8%
of the patients within the first year after the pro-
cedure (270). Although cuff-shaving for refractory
infection may be tried before catheter removal (275),
peritonitis is a distinct risk if the tunnel is infected
(see guideline 19).

Guideline 17.5: Simultaneous removal and replace-
ment of the catheter under antibiotic coverage has
also been performed successfully in the setting of
relapsing bacterial peritonitis once the effluent clears
with antibiotic therapy (276). The technique may
be particularly beneficial with relapsing peritonitis
secondary to CNS or S. aureus, because those infec-
tions may be a result of sequestration of bacteria in
biofilm surrounding the intra-abdominal portion of
the catheter (277). When removal and replacement is
performed, the infected catheter can be removed and a
new catheter placed simultaneously in the opposite
lower quadrant—an approach that eliminates the need
for central venous access and a prolonged period on
HD (270,278). Some patients, especially those using
a cycler for PD, can avoid HD altogether by dialyz-
ing only in the supine position for several days post
catheter reimplantation to avoid or minimize the
increase in intraperitoneal pressure and the risk for
leaks and hernias, with the subsequent addition of
a daytime exchange.

The removal and replacement procedure has been
performed successfully in pediatric and adult patient
populations (38,242,267,274,276,279-281). In data
collected by the Italian pediatric PD registry, simulta-
neous removal and replacement procedures were, in
fact, performed in 76% of catheter removals (38). In
an adult study, simultaneous catheter placement and
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removal was successful in 30 of 36 patients (274). In a
small randomized study, a recurrence rate of only 5%
was associated with the use of this approach to treat
recurrent CNS and culture-negative peritonitis (237).
However, this treatment regimen should not be at-
tempted in patients with FP or enteric peritonitis, with
active or refractory peritonitis, or with intra-abdominal
adhesions (273).

Regardless of theindication for simultaneous catheter
removal and replacement, antibiotic therapy should be
continued for 1 - 2 weeks after the surgical procedure
(282). Most clinicians have chosen to insert the new
catheter before removing the old catheter, but the al-
ternative approach has been taken with similar results
(267,270,282).

Guideline 17.6: The optimal period between catheter
removal for infection and insertion of a new catheter
is not known (58). The empiric recommendation for
a period of at least 2 — 3 weeks in both the present
guidelines and the ISPD adult guidelines takes into
consideration the absence of data and the goal of long-
term peritoneal membrane function in children (7).
Many clinicians recommend catheter removal and delay
of catheter replacement for at least 6 weeks in patients
treated for Mycobacterium tuberculosis peritonitis, but
some patients have been successfully treated and have
continued PD without catheter removal (7). In all cases,
recommendations regarding the duration of antibiotic
therapy and the timing of catheter replacement may
require modification based on clinical response in the
particular patient.

Table 8 summarizes the information presented in this
guideline section.

LIMITATIONS

No RCTs in adults or children have provided definitive
indications for catheter removal because of peritonitis or
for optimaltiming of the procedure, including appropri-
ate timing for insertion of a new catheter.

No data in the pediatric or adult literature are
available to support an evidence-based recommen-
dation for the length of antibiotic treatment after
catheter removal.

RESEARCH RECOMMENDATIONS

Registry data should explore the timeinterval between
a diagnosis of peritonitis and PD catheter removal and
the relationship between that interval and subsequent
peritoneal membrane function.
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TABLE 8
Indications for Catheter Removal for Peritoneal Dialysis (PD)-Associated Infections

Approach to catheter Indication Reinsertion

After 2-3 weeks
At least 2-3 weeks

Definite removal Refractory bacterial peritonitis
Fungal peritonitis
ESI/TIin conjunction with peritonitis with the same organism

(mainly Staphylococcus aureus and Pseudomonas aeruginosa;

except coagulase-negative staphylococci)

Simultaneous removal
and replacement Relapsing peritonitis
Relative removal Repeat peritonitis

Mycobacterial peritonitis

Peritonitis with multiple enteric organisms because of
an intra-abdominal pathology or abscess; so-called

surgical peritonitis

After 2-3 weeks

Repeatedly relapsing or refractory ESI/TI (including P. aeruginosa)

After 2-3 weeks
After 6 weeks
Depends on
the clinical course
of the patient;
at least 2-3 weeks

ESI = exit-site infection; TI = tunnelinfection.

GUIDELINE 18 - DIAGNOSIS OF CATHETER-RELATED
INFECTION

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

18.2 Wesuggestthata diagnosis ofa catheter exit-site
infection be madein the presence of pericatheter
swelling, redness, and tenderness (exit-site score
of 2 or greater in the presence of a pathogenic
organism and 4 or greater regardless of culture
results) (2B).

18.3 We suggest that a tunnelinfection be defined by
the presence of redness, edema, and tenderness
along the subcutaneous portion of the catheter,
with or without purulent drainage from the exit
site (exit-site score of 6 or greater) (2B).

RATIONALE

Guideline 18.1: Subjective assessment of the exit
site may vary widely, and so it is imperative that ob-
jective criteria be used to diagnose an ESI. Work by
Twardowski has led to a better classification of exit-site
morphology and a more uniform approach to the di-
agnosis of infection (42). A scoring system developed
by pediatric nephrologists (Table 9) has also proved
useful in monitoring the exit-site status on a reqular
and recurrent basis, and most importantly, in comple-
menting—but not substituting for—clinical judgment

TABLE 9
Exit-Site Scoring System?
Score?
Indication 0 1 2
Swelling No  Exitonly Including part of
(<0.5cm)  ortheentire tunnel

Crust No <0.5cm >0.5cm
Redness No  <0.5cm >0.5 cm
Pain on pressure No Slight Severe
Secretion No Serous Purulent

2 From Schaefer et al. (159).
b Infection should be assumed with a cumulative exit-site score
of 4 or greater.

(159). It should therefore be emphasized that the
subsequent guideline statements 18.2 and 18.3 are
meant to provide guidance, but may not account for all
possible scenarios.

The importance of closely monitoring the status
of the catheter exit site and of promptly diagnosing
infection is emphasized by the finding that, com-
pared with children not having an ESI or TI, those
with such an infection have twice the risk of developing
peritonitis or requiring peritoneal catheter revision,
and the risk of hospitalization for catheter-related com-
plications that is increased by a factor of 3 (34). In the
IPPR experience (4), an exit-site score greater than 2 in
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patients with gram-positive peritonitis was associ-
ated with an increased likelihood of empiric antibiotic
treatment response failure 3 days after treatmentinitia-
tion (odds ratio: 5.46; p < 0.05).

Guideline 18.2: S. aureus accounts for most catheter
ESIs, followed by Pseudomonas species, Enterococcus
species, E. coli, Klebsiella species, and other gram-
negative species. S. epidermidis is frequently cultured,
but it is not usually causative of ESI. A positive culture
is not required for the diagnosis of an ESI (which can
be diagnosed on clinical appearance alone), but a posi-
tive culture from an exit site that is not inflamed often
indicates colonization and not infection—thus, the
requirement of a score of 2 or greater in that setting to
diagnosis an ESI.

The decision about whether to initiate therapy or to
follow carefully should be based on the combination of
clinical judgment and repeated assessment (58). At the
same time, in the latest IPPR report, the same micro-
organism (most commonly Pseudomonas species) was
retrieved from the peritoneal fluid and exit sitein 12% of
children with gram-negative peritonitis, and fewer than
half of those patients showed symptoms of a concurrent
ESI (33).

Guideline 18.3: Exit-site infections attributable to
S. aureus and P. aeruginosa are often 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 perito-
nitis episode can be extremely resistant to treatment
(4,33,57,158). These particular organisms may also
form a biofilm on the catheter, thereby precluding
successful antibiotic management without catheter
removal (277).

Although most catheter TIs can be diagnosed by
clinical exam alone, ultrasonographic examination
of the catheter tunnel may be helpful in detecting a
clinically occult TI, in delineating the extent of the in-
fection, andin evaluating response to antibiotic therapy
(142,283-285).

LIMITATIONS

Evaluation of the exit site, even by means of the pedi-
atricscoring system, remains dependent on the observer
and has not been validated by clinical trials.

The use of ultrasonography to diagnose and follow
catheter-related infections has not been studied in
pediatric patients.

PEDIATRIC PD-RELATED INFECTION GUIDELINES

RESEARCH RECOMMENDATIONS

An evaluation of the diagnosis of ESI or TI based on
the exit-site scoring system, with particular reference to
outcomes by causative organism, is needed.

GUIDELINE 19 - TREATMENT OF CATHETER-RELATED
INFECTION

19.1 Wesuggestthatoralantibiotictherapy of uncom-
plicated catheter exit-site infections (exit-site
score of 4 or greater, or 2 or greater with patho-
genicorganism on culture, and no tunnelinvolve-
ment) be initiated upon receipt of culture results
and susceptibilities, and that treatment be con-
tinued for a minimum of 2 weeks and for at least
7 days after complete resolution of the infection.
Treatment for at least 3 weeks is recommended
for exit-site infections caused by S. aureus or
P. aeruginosa (2B).

19.2 We suggest that antibiotic therapy for catheter
tunnel infections be initiated after culture and
susceptibility results have been obtained unless
signs of severe infection or a history of S. aureus
or P. aeruginosa is present, for which initiation
of empiric therapy should be considered. The
route of antibiotic administration can be oral,
intraperitoneal, or intravenous unless MRSA
is the causative agent, in which case intrap-
eritoneal or intravenous glycopeptide therapy
is indicated. Treatment duration should be
2 - 4 weeks (2B).

RATIONALE

Guideline 19.1:  Successful treatment of catheter ESIs s
important because failure of therapy may resultin cath-
eter removal or peritonitis. In most cases, oralantibiotic
therapy will prove effective (see Table 10).

Infections caused by gram-positive bacteria should
be treated with a first-generation cephalosporin or a
penicillinase-resistant penicillin, with the addition of
rifampin in S. aureus infections that fail to improve or
resolve promptly. Because of concerns of emerging bacte-
rial resistance, glycopeptides (for example, vancomycin
or teicoplanin) should be avoided for the routine treat-
ment of ESIs secondary to gram-positive bacteria; those
agents should be reserved for MRSA infections.

Gram-negative infections secondary to P. aeruginosa
should be treated with oral ciprofloxacin because of the
efficacy of thatagentagainstan organism that frequently
resultsin the development of peritonitis. As noted earlier
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TABLE 10
Oral Antibiotics Used in Exit-Site and Tunnel Infection?
Recommended Dose Per-dose
Antibiotic dose frequency maximum
Amoxicillin 10-20 mg/kg/day Daily 1000 mg
Cephalexin 10-20 mg/kg/day Daily or 2 times daily 1000 mg
Ciprofloxacin 10-15 mg/kg/day Daily 500 mg
Clarithromycin 7.5 mg/kg/day Daily or 2 times daily 500 mg
Clindamycin 30 mg/kg/day 3 Times daily 600 mg
Dicloxacillin
<40 kg 25-50 mg/kg/day 4 Times daily 500 mg
>40 kg 125-500 mg/dose
Erythromycin (as base) 30-50 mg/kg/day 3 or 4 Times daily 500 mg
Fluconazole 6 mg/kg/day Every 24-48 hours 400 mg
Levofloxacin 10 mg/kg Every 48 hours Day 1, 500 mg;
then 250 mg
Linezolid
<5 years 10 mg/kg/dose 3 Times daily 600 mg
5-11 years 10 mg/kg/dose 2 Times daily
212 years 600 mg/dose 2 Times daily
Metronidazole 30 mg/kg/day 3 Times daily 500 mg
Rifampin® 10-20 mg/kg/day 2 Times daily 600 mg
Trimethoprim- 5-10 mg/kg/day Daily 80 mg
sulfamethoxazole
(based on TMP)

2 Adapted from Li et al. (7), The Renal Drug Reference Guide (171), and Taketomo et al. (172).
b Should not be used as monotherapy, or used routinely in areas in which tuberculosis is endemic.

(see guideline 12), fluoroquinolones have been used
extensivelyin pediatrics, and to date, experimental data
have not substantiated the cartilage damage observed
in beagle puppies (211-214). The use of ciprofloxacin
monotherapy can be complicated by the development
of antibiotic resistance.

P. aeruginosa ESIs are particularly difficult to treat; if
resolution of theinfectionis slow orif thereis recurrence,
a second anti-Pseudomonas drug such as cefepime, pip-
eracillin, ormeropenem should be added (57). In patients
in whom the exit-site culture and gram-stain results
are negative, or in a patient whose infection is severe
and whose culture and gram-stain results are not yet
available, empirictherapy with either a first-generation
cephalosporin or oral ciprofloxacin should be initiated.
Close monitoring of this patient group is essential, with
modification of the antibiotic regimen contingent on the
early response to therapy. In patients receiving prophy-
lactic therapy (by application of an antibiotic ointment
or cream at the exit site), slower growth of the causative
organismis possible, and the potential for resistance to
any prophylacticantibiotic used should be considered in
the choice of empiric therapy.

Screeningfor S. aureus nasal (or even rectal) carriage
may be helpful in this situation to detect the possible
causative organism. When quinolones are used, atten-
tion should be paid to the concomitant administration
of sevelamer, multivalent cations (calcium), oral iron,
zinc preparations, sucralfate, magnesium-aluminum
antacids, or milk, because chelation interactions may
occur that can reduce quinolone absorption. Quinolones
should therefore be given at least 2 hours before the
administration of the foregoing substances.

Adjunctive therapy should include the use of daily
or twice-daily dressing changes as long as significant
discharge from the sinus tract is present. Exuberant
granulation tissue (“proud flesh”) should be cautiously
removed by cauterization with silver nitrate. The catheter
should be immobilized and protected from trauma.

Sonographic examination may help to evaluate the
extent of infection along the tunnel and the likely ef-
ficacy of antibiotictherapy (142,284,286). Involvement
of the external cuff is associated with poor clinical out-
comes (287). Shaving of the external cuff, followed by
re-tunnelization, as an alternative to catheter removal
fortreatment of a persistent ESI has been proposed ifthe

This single copy is for your personal, non-commercial use only.
568 For permission to reprint multiple copies or to order presentation-ready copies
for distribution, contact Multimed Inc. at marketing@multi-med.com



PDI JUNE 2012 - VOL. 32, SUPPL. 2

inner cuffis not involved. Only two single-center pedi-
atric experiences on this approach have been reported
(288-290). Antibiotic treatment should be continued
after cuff shaving.

Treatment should continue for a minimum of 2 weeks
and forat least 7 days after complete clinical resolution of
theinfection—thatis, until the exit-site appears entirely
normal. Treatment for at least 3 weeks is recommended
for ESIs caused by S. aureus or P. aeruginosa. Data from
a survey conducted by the Japanese Study Group of
Pediatric Peritoneal Dialysis among 130 patients less
than 15 years of age showed a relapse rate of 15%; the
relapse rate was 40% among infection episodes caused
by MRSA (66). Close follow-up of the exit-site and tun-
nel conditions is therefore necessary after completion
of therapy. Failure to achieve clinical improvement in
2 weeks or complete resolution of the infection after 4
weeks, or development of peritonitis secondary to the
same bacteria (particularly S. aureus and P. aeruginosa),
are all indications for catheter removal (see guide-
line 17).

Guideline 19.2: 1In the case of a catheter TI, the bac-
teriologyis the same as that with an ESI, with particular
concern when the causative organism is S. aureus or
P. aeruginosa; however, the severity of the infection is
greater and it is frequently complicated by the develop-
ment of a peritonealinfection. Empiric therapyis there-
fore often indicated, with modification subsequent to
receipt of culture and susceptibility results. Sonographic
examination may help in the evaluation of the extent
of infection along the tunnel and the likely efficacy of
antibiotictherapy (142,284-286). Catheter removaland
replacement is often required when continued medical
management appears futile.

LIMITATIONS

No prospective RCTs on the treatment of catheter
ESIs and TIs in pediatric PD patients are available; thus,
most recommendations in this section are based on
expert consensus or the results of retrospective observa-
tional studies.

RESEARCH RECOMMENDATIONS

An evaluation of the outcome of ESI or TI treatment
based on the use of the present recommendations, with
particular reference to organism-specific outcomes,
the occurrence of subsequent peritonitis episodes,
and the need for catheter removal or replacement
is needed.

PEDIATRIC PD-RELATED INFECTION GUIDELINES
GUIDELINE 20 - MODIFICATION OF APD

In patients who receive nocturnal APD with short dwell
times as routine therapy:

20.1 We suggest prolongation of the dialysate dwell
time to 3 - 6 hours, until the peritoneal effluent
clears (2C).

20.2 We suggest use of an automated PD prescription
characterized by prolongation of the dialysate
dwelltime throughout the treatment of peritonitis
ifthe intraperitoneal antibioticis being given by
intermittent dosing (2C).

RATIONALE

Guideline 20.1: Many children who receive APD
characteristically receive dialysis exchanges with short
dwell times (<2 hours) to enhance solute and fluid re-
moval. However, the cellular components and opsonins
of local host defense mechanisms are depleted by fre-
quent exchanges (291-294). Furthermore, the inher-
ent cytotoxicity of fresh conventional dialysis solution
(because of low pH, hyperosmolality, and high glucose
and lactate content) compromises the function of
peritoneal macrophages, leukocytes, and mesothe-
lial cells (294-297). A recent study comparing the
new biocompatible bicarbonate/lactate-based solu-
tion Physioneal (Baxter Healthcare Corporation) with
the standard low-pH lactate-buffered PD solution
Dianeal (Baxter Healthcare Corporation) revealed a
better state of the peritoneal macrophages with the
former solution (298). Therefore, prolongation of
the dwell time, such that at least partial normaliza-
tion of the peritoneal “milieu” and, ideally, improved
bacterial killing occurs, is a reasonable alteration to
the dialysis prescription to aid in early peritonitis
treatment. When the effluent clears, which typically
occurs within the initial 48 - 72 hours of treatment, the
patient may return to a more standard APD regimen.
Prolongation of the dwell time may not be necessary
or beneficial for patients with mild symptoms and clear
peritoneal effluent or for those using a biocompatible
dialysis solution; it may not be feasible for patients
who require frequent exchanges because of higher
ultrafiltration needs.

Guideline 20.2: Inintermittentdosing, theantibiotic-
containing dialysis solution must be allowed to dwell
for at least 6 hours to allow for adequate absorption
of the antibiotic into the systemic circulation, which
permits its subsequent re-entry into the peritoneal
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cavity during ensuing fresh dialysis solution exchanges.
Most antibiotics have significantly enhanced absorp-
tion from the peritoneum during peritonitis (for ex-
ample, vancomycinis normally about 50% absorbed, but
closer to 90% during peritonitis), and adequate levels
are likely achieved in the systemic circulation; however,
the rapid exchanges that often characterize APD in
children may be associated with an inadequate time to
achieve therapeutic intraperitoneal antibiotic levels
by the re-entry mechanism (177). As noted in guide-
line 9, intermittent dosing of vancomycin or teicopla-
nin appears to be as efficacious as continuous dosing,
but a pediatric study that evaluated the disposition
of intraperitoneal vancomycin in children suggested
that enhanced total-body vancomycin elimination
in children (relative to adults), coupled with slow peri-
toneal transfer, might be associated with inadequate
time to achieve therapeutic intraperitoneal levels by
the re-entry mechanism (159,177). That finding holds
particularly true in patients receiving a prescription
characterized by short dwell times, a situation that
should prompt reevaluation of the recommendations for
intermittent vancomycin therapy, with consider-
ation of longer dwell times or higher intraperitoneal
concentrations. Accordingly, dwell times may need
to be prolonged in those situations for the entire
duration of peritonitis treatment. Logically, patients
receiving CAPD do not require any change in their ex-
change frequency.

LIMITATIONS

No studies have assessed the optimal dialysate dwell
times associated with the most favorable outcomes
in patients with peritonitis. Similarly, little is known
about dialysate dwell times that result in therapeutic
intraperitoneal antibiotic levels achieved by the re-
entry mechanism.

RESEARCH RECOMMENDATIONS

Prospective trials are needed to compare various di-
alysate dwell times and their association with the most
favorable outcomesin patients treated with intermittent
antibiotic therapy.

GUIDELINE 21 - EVALUATION OF PRIMARY RESPONSE

21.1 We suggest that, in addition to visualinspection
of the dialysis effluent for cloudiness, an objective
standardized measure such as a Disease Severity
Score be used to monitor clinical response for
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at least 72 hours after initiation of appropriate
antibiotic therapy (2C).

RATIONALE

Guideline 21.1: Monitoring the clinical response to
antibiotic therapy may provide importantinformation to
help guide therapy and further evaluation while culture
results are awaited, or in the face of culture-negative
peritonitis. This monitoring should include dailyinspec-
tion of the dialysis effluent for a reduction in cloudi-
ness. Improvement in patient symptoms (for example,
a declinein the pain and fever) and clearing of effluent
cloudiness at 72 hours is, in most cases, evidence of
successful therapy. In fact, data from the IPPR, based
on more than 500 episodes of peritonitis in pediatric PD
patients, demonstrated that 94% of patients showed
clinical improvement and 55% experienced complete
resolution of symptoms after 72 hours of antibiotic
therapy (5).

Insome cases, use of objective standardized response
criteria can be helpful to avoid unnecessary premature
changes of treatment and delayed recognition of an
insufficient treatment response. A prospective ran-
domized study of 168 episodes of peritonitis in 152
pediatric PD patients used a Disease Severity Score
(DSS) to monitor clinical response. The DSS was de-
fined as the sum of points for pain and fever (Table 11).
The DSS score was recorded at diagnosis and after
60 hours of antibiotic treatment (159). The study dem-
onstrated excellent agreement between improvement

TABLE 11
Disease Severity Score?
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 Peritonitic pain with tense abdomen, or

paralytic bowel, or both

Fever (0-2)
0 <37.5°C
1 37.5-38.9°C
>38.9°C
Total (0-5) Sum of pain and fever

2 From Schaefer et al. (159).
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inthe DSSscore, defined as a reductionin the DSS to less
than 2, and final outcome (159). Those findings have
been supported by data from the IPPR, where improve-
ment in the DSS score correlated with an absence of
S. aureus, Pseudomonas species, and other gram-negative
infections, and with the likelihood of full functional re-
covery after gram-negative peritonitis (5,33).

LIMITATIONS

Although meant to provide an objective assessment
of disease severity, instruments such as the DSS are not
without subjectivity. In the IPPR, the DSS at presentation
varied significantly by region (5).

RESEARCH RECOMMENDATIONS

Further evaluation and validation of an objective scor-
ing system may help to eliminate regional variability and
improve the reliability of the instrument.

GUIDELINE 22 - FAILURE TO DEMONSTRATE
IMPROVEMENT

22.1 Wesuggestthat patients who fail to demonstrate
improvementin clinical response within 72 hours
of initiation of appropriate antibiotic therapy
should undergo a repeat PD effluent cell count,
differential, and culture (2B).

22.2 Wesuggest that the adequacy of empiric therapy
be assessed and that evaluation for potential
sources of persistent infection be performed in
patients who fail to demonstrate improvement
within 72 hours of antibiotic initiation (2B).

RATIONALE

Guideline 22.1: Most pediatric patients demonstrate
prompt clinicalimprovement soon afterinitiation of suc-
cessful treatment for peritonitis. In one pediatric study,
Schaefer et al. found that 74% of all peritonitis episodes
were free of any associated clinical symptoms after 60
hours of antibiotic treatment (159). Those findings were
confirmed by IPPR data, which showed that nearly all pa-
tients demonstrated clinicalimprovement and that more
than half experienced complete resolution of symptoms
after 72 hours of antibiotic therapy (5). Data from the
IPPR also demonstrated a correlation between initial
response to treatment and final outcome (33). Among
patients with gram-negative peritonitis, the likelihood of
full functional recovery wasinfluenced independently by
theinitial response to treatment (odds ratio: 5.39; 95%
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CI: 1.75 to 16.6; p < 0.01) (33). Among patients with
culture-negative peritonitis, a significantly higher rate
of early treatment response failure (DSS > 2) was noted
for relapsing episodes (18%) than for non-relapsing
episodes (2.2%, p <0.005) (32).

Accordingly, it is reasonable to further investigate
a patient who has not demonstrated any improvement
after 3 days of appropriate therapy. Earlier evalua-
tion may be warranted in patients whose symptoms
worsen after initiation of antibiotics. In all cases, the
re-evaluation should include a repeat assessment of
the peritoneal effluent cell count, gram stain, and ef-
fluent culture. In some cases (for example, tuberculo-
sis, Capnocytophaga), special culture techniques may
be necessary.

In a prospective trial of PD-associated peritonitis
in pediatric patients, a decline in the effluent WBC
count by 50% 3 days after initiation of treatment was
a helpful diagnostic indicator of treatment response
(159). A relative shift from polymorphonuclear to
mononuclear cells should also start at this time, but
that shift occurs with greater temporal variability than
does the absolute decline in the number of WBCs (159).
The same study found persistent bacterial growth in 20%
of peritonitis episodes 60 hours after treatment initia-
tion. After 7 days of continued therapy, the eradication
rate was 95%; eradication by treatment day 3 or 7 did
not predict the risk for peritonitis relapse. Incomplete
eradication of micro-organisms from the peritoneal cavity
after 3 days of antibiotic therapy should therefore not
be considered treatment failure.

Guideline 22.2: Ultimately, antibiotic choice should
be guided by results of the PD effluent culture and
antibiotic susceptibility testing; however, inadequate
treatment response, defined by failure to demonstrate
clinicalimprovementafter 72 hours of antibiotic therapy,
should prompt reassessment of the appropriateness
of the antibiotic therapy and evaluation for potential
sources of persistent infection. The evaluation should
include careful assessment for the presence of a PD
catheter TI, which may be made by a combination of
clinical evaluation and ultrasonography in most cases
(see guideline 18) (286).

As suggested in guideline 11.4, in the setting
of treatment-resistant infections with CNS and
S. epidermidis, a brief (48- to 72-hour) trial with the
addition of oral rifampin therapy may be consid-
ered. If the patient is receiving a first-generation
cephalosporin and the organismis methicillin-resistant,
the cephalosporin should be discontinued, and
therapy with a glycopeptide (for example, vancomycin
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or teicoplanin) or clindamycin should be instituted.
Continued treatment failure, especially with S. aureus
or Pseudomonas species, may be the result of a con-
comitant catheter TI (299). In this case, success-
ful eradication may require catheter removal. This
indication for catheter removal, and others, are
discussed in guideline 17. In patients with treatment
resistant peritonitis secondary to anaerobic bacteria
or multiple gram-negative organisms, the possibility
of intraperitoneal pathology (for example, a rup-
tured appendix) should be considered, the catheter
should be removed, and intravenous therapy should
be prescribed (300).

LIMITATIONS

Although prospective studies have demonstrated an
association between improvement in DSS, reduction in
the PD effluent WBC count, and ultimate outcome in
pediatric PD-associated peritonitis, those findings are
not without subjectivity and variability, and thus, no
absolute thresholds define treatment failure.

RESEARCH RECOMMENDATIONS

Further evaluation and validation of an objective DSS
and prospective evaluation of effluent WBC countsin re-
sponse to antibiotic treatment may improve the reliability
of those tools to guide antibiotic therapy.
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APPENDIX A - TERMINOLOGY FOR PERITONITIS
Use of consistent terminology when characterizing

peritonitis episodes is imperative, because only in this
manner can uniform treatment recommendations be
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TABLEA.1
Terminology for Peritonitis

Recurrent An episode that occurs within 4 weeks
of completion of therapy for an earlier
episode, but attributable to a different

organism

Relapsing An episode that occurs within 4 weeks
of completion of therapy for an earlier
episode attributable to the same

organism, or 1 sterile episode

Repeat An episode that occurs more than 4
weeks after completion of therapy for
an earlier episode attributable to the

same organism

Refractory Failure of effluent to clear after 5 days

of appropriate antibiotics

Catheter-related Peritonitis in conjunction with an
exit-site or tunnel infection
attributable to the same organism,

or 1 site sterile

made. In addition, appropriate characterization is nec-
essary for proper determination of peritonitis rates. The
common terminology incorporated into both the adult
and the pediatric guidelines is outlined in Table A.1.

Relapsing episodes should not be counted as another
peritonitis when peritonitis rates are calculated; recur-
rent and repeat episodes should be counted.

APPENDIX B - REPORTING OF PERITONITIS RATES

Every program should regularly monitor infection
rates—at a minimum, annually (301-303).

Programs should carefully monitor all peritoneal
dialysis (PD)-related infections, both exit-site infec-
tions and peritonitis, including the presumed cause and
the organisms cultured, as part of a continuous quality
improvement program.

Causative organisms and their antibiotic susceptibili-
ties, and the presumed origin of each episode of infec-
tion, must be reviewed in a reqular fashion by the PD
team, including the nurses and the physicians alike, and
if appropriate, the physician assistant or nurse practi-
tioner. In this way, interventions can be implemented if
infection rates are rising or are unacceptably high.

Table B.1 sets outan easy method for calculating infec-
tion rates. Infection rates forindividual organisms should
also be calculated and compared with those reported in
the literature.
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TABLE B.1
Methods for Reporting Peritoneal Dialysis
(PD)-Related Infections (Peritonitis,
Exit-Site Infections)?

1. As rates (calculated for all infections and each organism):
* Months of PD at risk, divided by number of episodes,
and expressed as an interval in months between epi-
sodes
* Number of infections by organism for a time period,
divided by time at risk in dialysis-years, and expressed
as episodes per year

2. As a percentage of patients who are peritonitis-free per
time period

3. As a median peritonitis rate for the program (calculate
the peritonitis rate for every patient, and then obtain the
median of those rates)

Relapsing peritonitis® should be counted as a single
episode.

2@ Adapted from Schaefer et al. (303).
b Defined in Table A.1.

The calculation for peritonitis episodes per year
at risk is done by totaling all the days on PD for the
center’s patient population, converting that total to
years, and using the converted value as the denomina-
tor of the fraction. The number of peritonitis episodes
serves as the numerator of the fraction. As an example,
assume that a pediatric program has 15 patients, all
of whom received PD for 6 months. The 90 months of
dialysis (15 patients x 6 months) equates to 2736 days
(90 months x 30.4 days/month). The 2736 days are then
divided by the 365 days in a typical year to convert the
time on dialysis to years. In this case, the resultis 7.5. If
4 episodes of peritonitis occurred during that time, the
rateis 4 / 7.5—that s, 0.53 episodes per year at risk.

Likewise, calculating the months between episodesin-
volves totaling all the days on PD for the center’s patient
population, converting the days to months, and using
the resulting value as the numerator of the fraction. The
number of peritonitis episodes serves as the denomina-
tor of the fraction. Based on the foregoing example, the
2736 days equates to 90 months. Given the 4 episodes of
peritonitis that occurred during that time, the rateis 90/
4—that s, 1 episode every 22.5 patient-months.

APPENDIX C - DRUG DELIVERY AND STABILITY
Vancomycin, aminoglycosides, and cephalosporins

can be mixed in the same dialysis solution bag without
loss of bioactivity. However, an aminoglycoside should

PEDIATRIC PD-RELATED INFECTION GUIDELINES

not be added to an exchange thatalso contains a penicil-
lin because of chemicalincompatibility (aminoglycoside
and cephalosporin can be added to the same bag). For
any antibiotics that are to be admixed, separate syringes
must be used for adding them to the bag. Even though
vancomycin and ceftazidime are compatible when added
to dialysis solutions (1 Lor more), they areincompatible
if combined in the same syringe or added to an empty
dialysate bag for reinfusion into the patient. Such an
approach is not recommended.

Antibiotics should be added using sterile technique:
povidoneiodine should be placed, and alcohol or chlor-
hexidine should be rubbed on the medication port for 5
minutes before insertion of the needle through the port.

Drug stability is determined by the degradation of
the drugin solution, which is influenced by temperature
and humidity and should generally be less than 10%
for a drug to be considered stable (304). Data suggest
that some antibiotics are stable for variable times
when added to dextrose-containing dialysis solution.
Vancomycin (25 mg/L) is stable for 28 days in dialysis
solution stored at room temperature, although high am-
bient temperatures will reduce the duration of stability.
Gentamicin (8 mg/L) is stable for 14 days, but the dura-
tion of stability is reduced by admixture with heparin.
Cefazolin (500 mg/L) is stable for at least 8 days at room
temperature, or for 14 days refrigerated; addition of hepa-
rin has no adverse influence. Ceftazidime is less stable:
concentrations of 125 mg/L are stable for 4 days at room
temperature or 7 days refrigerated, and concentrations of
200 mg/L are stable for 10 days refrigerated. Cefepime is
stablein dialysis solution for 14 daysifthe solutionis refrig-
erated (305).

These data are derived from duration-of-stability
studies. However, it is important to recognize that be-
cause of significant differences in the constitution of
current PD solutionsin terms of buffers, osmoticagents,
and pH, stability data cannot be extrapolated in all
cases from one PD solution to another (306). Icodextrin-
containing dialysis solutions are compatible with van-
comycin, cefazolin, ampicillin, cloxacillin, ceftazidime,
gentamicin, and amphotericin (307). Nonetheless, data
on the stability of individual antibiotics in various new
PD solutions are limited.

Finally, compatibilityisa broader concept thatincludes
drug stabhility, drug-druginteractions, and drug—container
interactions. There is evidence that polyvinylchloride
container material adsorbs drugs more readily than does
nonpolar polyolefin container material (306).

The most comprehensive collection of drug stability
data has been collected by de Vin et al. (306). Tables C.1
and C.2 present a partial list of their data.
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TABLEC.1
Stability of Single Drugs in Peritoneal Dialysis (PD) Solutions in Polyvinylchloride Containers?
Drug® Concentration (mg/L) PD solution® Drug stability?
Ampicillin 50 Dianeal PD1, PD2 3.86% 2d @25°C
Cefazolin 125 Dianeal PD2 1.36%, o
500 2.27%, 3.86% 2d@38°C
125, 500 Extraneal 2d @38°C
500 Extraneal 30d @4°C, 7d @25°C,1d @37°C
333 Dianeal PD2 1.36% 20d @4°C, 11d @25°C, 1d @37°C
500 Dianeal PD1 1.36%, 3.86% 14d @4°C,8d @25°C,1d @37°C
75 Dianeal PD1, PD2 1.36% 2d @4°C,2d @26°C, 24 h @37°C
150 Dianeal PD1, PD2 1.36% 2d @4°C,2d @26°C,8h @37°C
Cefepime 500 Extraneal 7d @4°C,2d @20°C, 4 h @37°C
100 Delflex 1.36% 14d @4°C,7d @25°C, 2d @37°C
Ceftazidime 100 Dianeal PD2 1.36% 24h @25°C+2h @37°C
100 Dianeal PD2 1.36% 7d @4°C+16 h @25°C+8 h @37°C
100 Dianeal PD2 1.36% 6d @4°C, 4d @25°C, <12 h @37°C [84%]
Clindamycin 10 Dianeal PD1, PD2 3.86% 2d @25°C
200 Dianeal PD2 4d @8°C, 4d @23°C
Gentamicin 10 Dianeal PD1 1.36%, 3.86% 1d @25°C
8 Dianeal PD2 1.36% 2d @4°C,2d @25°C
120 Dianeal PD2 1.36% 8h @37°C
8 Dianeal PD1, PD2 1.36% 2d @4°C,2d @26°C, 2d @37°C
10 Dianeal PD2 4d @8°C, 4d @23°C
Linezolid 150 Dianeal PD2 1.36%, 3.86% 7d @4°C,7d @25°C,1d @37°C
300
600
Teicoplanin 25 Dianeal PD2 1.36% 24 h @25°C+8 h @37°C
25 Dianeal PD2 1.36% 7d @4°C+16 h @25°C+8 h @37°C
Tobramycin 10 Dianeal PD1, PD2 3.86% 2d @25°C
65 Dianeal PD1 3.86% <1d @35°C [88%]
8 Dianeal PD2 1.36% 2d @4°C,2d @25°C
120 Dianeal PD2 1.36% 8h @37°C
Vancomycin 1000 Extraneal 7d @4°C,7d @24°C,1d @37°C
50 Dianeal PD2 1.36% 6d @4°C,6d @25°C,5d @37°C
25 Dianeal PD1 1.36%, 3.86% 28d @4°C, 28d @20°C,5d @37°C
15 Dianeal PD1 1.36%, 3.86% 1d @25°C
20 Dianeal PD1, PD2 3.86% 1d @25°C
30 Dianeal PD2 1.36% 2d @4°C,2d @25°C
1000 Dianeal PD2 1.36% 8h @37°C

2 Adapted from de Vin et al. (306).

b Listed by International Nonproprietary Name (http://www.who.int/medicines/services/inn/en/). Names in italic type have
intraperitoneal dosing recommendations for continuous ambulatory PD patients.

¢ The trade names and glucose concentrations of the tested solutions are specified (Dianeal, Extraneal, Physioneal: Baxter Health-
care Corporation, Deerfield, IL, USA); Delflex: Fresenius Medical Care, Bad Homburg, Germany). Where multiple solution types
are shown, stability was assessed in all the combinations listed. Stability of the drug was always assessed in the PD solution in
its original polyvinylchloride container.

d Stability durations in boldface type are limited by the study design and not by the intrinsic stability of the drug per se. In cases
with >10% drug decomposition at the first data point, the remaining concentration is given in brackets.
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TABLE C.2
Stability of Single Drugs in Peritoneal Dialysis (PD) Solutions in Polyolefin Containers?
Drug® Concentration (mg/L) PD solution® Drug stability¢
Cefazolin 750 Dianeal PD4 3.86% 24 h @25°C, 24 h @25°C+4 h @37°C
750 Extraneal 24 h @25°C, 24 h @25°C+4 h @37°C
750 Nutrineal 24 h @25°C, 24 h @25°C+4 h @37°C
Physioneal 40 3.86%
750 o o o
(mixed) 24 h @25°C, 24 h @25°C+4h @37°C
Physioneal 40 3.86%
975 °
(unmixed) 1h@25°C
Gentamicin 60 Dianeal PD4 3.86% 24 h @25°C, 24 h @25°C+4 h @37°C
60 Extraneal 24 h @25°C, 24 h @25°C+4 h @37°C
60 Nutrineal 24 h @25°C, 24 h @25°C+4 h @37°C
Physioneal 40 3.86%
60 o o o
(mixed) 24 h @25°C, 24 h @25°C+4h @37°C
Physioneal 40 3.86%
78 °
(unmixed) 1h@25°C
Heparin/LMWH 2500IU/L Dianeal PD4 3.86% 24 h @25°C, 24 h @25°C+4 h @37°C
2500 IU/L Extraneal 24h @25°C, 24 h @25°C+4 h @37°C
2500 IU/L Nutrineal 24h @25°C, 24 h @25°C+4 h @37°C
Physioneal 40 3.86%
2500 IU/L
/ (mixed) 24h @25°C, 24 h @25°C+4 h @37°C
Physioneal 40 3.86%
32501IU/L
/ (unmixed) 1h @25°C
Tobramycin 60 Dianeal PD4 3.86% 24 h @25°C, <(24 h @25°C+ 4 h @37°C) [86%]
60 Extraneal 24 h @25°C, 24 h @25°C+4 h @37°C
60 Nutrineal 24 h @25°C, 24 h @25°C+4 h @37°C
60 Physioneal 40 3.86% <24 h @25°C [84%],
(mixed) <(24 h @25°C+4h @37°C) [79%]
78 Phys1oneal.40 3.86% 1h @25°C
(unmixed)
Vancomycin 1000 Dianeal PD4 3.86% 24 h @25°C, 24 h @25°C+4 h @37°C
1000 Extraneal 24 h @25°C, 24 h @25°C+4 h @37°C
1000 Nutrineal 24 h @25°C, 24 h @25°C+4 h @37°C
1000 Physioneal 40 3.86%
(mixed) 24h @25°C, 24 h @25°C+4 h @37°C
Physioneal 40 3.86%
1300
(unmixed) 1h @25°C

LMWH = low molecular weight heparin.

@ Adapted from de Vin et al. (306).

b Listed by International Nonproprietary Name (http://www.who.int/medicines/services/inn/en/). Names in italic type have
intraperitoneal dosing recommendations for continuous ambulatory PD patients.

¢ The trade names and glucose concentrations of the tested solutions are specified (Dianeal, Extraneal, Nutrineal, Physioneal:
Baxter Healthcare Corporation, Deerfield, IL, USA). Where multiple solution types are shown, stability was assessed in all the
combinations listed. Stability of the drug was always assessed in the PD solution in its original container—that is, Clear-Flex
(non-PVC: Baxter Healthcare Corporation).

d Stability durations in boldface type are limited by the study design and not by the intrinsic stability of the drug per se. In cases
with >10% drug decomposition at the first data point, the remaining concentration is given in brackets.
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