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Abstract

Peritonitis is a common serious complication of peritoneal dialysis that results in significant morbidity, mortality, and health care
costs. However peritonitis practices vary markedly among different centers and physicians. This article reviews the microbiology,
clinical presentations diagnosis, and treatment of peritoneal dialysis related peritonitis focusing on different antibiotic regimens
to reduce controversies and tiptoeing through the better approach.
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1. Introduction

Peritoneal dialysis (PD) is one of the known renal re-
placement therapy methods, used to treat end-stage kid-
ney disease in more than 200,000 patients around the
globe.

Each dialysis technique involve an evident risk of in-
fectious complications because of the compromised im-
mune system of these patients and also dialysis proce-
dures that raise the possibility of microbial contamina-
tion. Peritoneal dialysis, especially continuous ambula-
tory peritoneal dialysis (CAPD), are known to have a higher
risk of infection rate in comparison with automated peri-
toneal dialysis (APD) (1).

Even with new innovations in peritoneal dialysis proce-
dures, for example using the Y-set tubing and double-bag
systems, which provide flash before fill technique, peri-
tonitis is still a serious complication for patients on PD (2).
Recurrent peritonitis, with making changes in structural
and functional integrity of the peritoneal membrane, will
cause short and long-term complications and remain the
foremost cause of mortality and hospitalization in these
patients (3). According to different studies, nearly 18% of
the infection-related mortality in PD patients is the result
of peritonitis, which is possibly the most common reason
of technique failure in peritoneal dialysis (4).

2. Microbiology

The most important cause of PD-related peritonitis is
bacterial infection and fungal peritonitis seems to be the
rare scenario whereas the exact role of viral infections re-
mains to be understood. Gram-positive organisms are
the most common cause of bacterial PD-related peritoni-
tis and among those, coagulase-negative Staphylococci
demonstrates considerable importance. Most of the times,
Staphylococcus epidermidis-related infections would be
accompanied by brief clinical signs and symptoms (5). On
the other hand Staphylococcus aureus is known to be the
first role in most of the severe peritonitis cases. One of the
other causes for severe peritonitis is Pseudomonas, which
may necessitate peritoneal catheter removal. Streptococ-
cus counted to be the reason of peritoneal-related peri-
tonitis in 10% of patients. It is noteworthy to mention
that fungal infection is an infrequent but serious compli-
cation of PD, reported to be the cause of peritonitis in
2% - 13% of cases with mortality rate reaches up to 20% -
30% (6). Among risk factors of fungal peritonitis, most re-
ports are from recent use of antibiotics and changes in nor-
mal intestinal flora (7). Dissemination of Candida from
fallopian tubes in to peritoneal spaces has also been re-
ported. Transmission of infectious cause, can also happen
via catheter lumen following hands contamination during
connecting the tubes and bag in which coagulase-negative
Staphylococci play a noticeable role. Staphylococcus au-
reus, as the cause, can be transmitted in such situation
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from the skin into the catheter’s lumen. There are also rare
reports of hematogenous transmission or via impaired in-
tegrity of gastrointestinal system following comorbidities
like bowel ischemia, intra-abdominal infections, and rup-
tured diverticula. In regards to the important fact that
most of the time 1 single organism is responsible in peri-
tonitis, in case of any mixed species or anaerobic isolation,
bowel perforation should be suspected.

3. Clinical Manifestations

The most common presentation of PD-related peritoni-
tis is abdominal pain, which is seen in more than 90% of
cases. Gastrointestinal manifestations like nausea, vomit-
ing, and less commonly diarrhea or constipation can also
be present, however, in nearly half of the peritonitis cases
fever and chills are pioneer signs and symptoms. Differen-
tial diagnosis of cloudy peritoneal fluid will be discussed
later.

4. Lab Findings

The cloudiness of the dialysate throughout occurrence
of peritonitis is because of peritoneal fluid leukocytosis
from peritoneal inflammation or infection. Normally peri-
toneal fluid has very few (< 10 cell/m3) white blood cell
(WBC) count, which are dominantly macrophages and
monocytes. WBC count of > 100/m3 with more than 50% of
the cells polymorphonuclear neutrophils (PMN) is used for
diagnosis of PD-related peritonitis. WBC count in the fluid
can differ significantly based on dialysate fluid dwell time
and this should be taken into consideration when inter-
preting the cell count results. Dilution or suboptimal tim-
ing of peritoneal fluid sampling (after a short dwell) may
affect total cell counts and in these cases peritonitis may
be present with < 100 cell/m3. Dialysate effluent should
be sent for testing after a minimum dwell time of 2 hours.
Other differential diagnosis of cloudy peritoneal fluid are:
eosinophilia of the effluent, hemoperitoneum (menstrual
periods) or chylous effluent (rare), malignancies, fibrin
clots, taking calcium-channel blockers, and sample taken
after a long dwell or from a dry abdomen.

During PD-related peritonitis, 80% - 90% of cases will
have a positive peritoneal fluid culture result within 24
hours and 75% will have a result at 72 hours, however, blood
cultures are negative most of the time. In contrast with sec-
ondary peritonitis, amylase and lipase levels are frequently
within normal ranges during PD-related peritonitis.

5. Treatment

At the beginning, treatment should be started empir-
ically. Regarding localization of infective process in the
peritoneal cavity, the cornerstone of treatment is focused
on using intra-peritoneal antibiotics. For choosing the ini-
tial treatment of PD-related peritonitis, which still remains
a challenge to nephrologists, Table 1 can be used.

The optimal empirical treatment includes 1 drug from
the 1st group added to a drug from the 2nd group. Some
studies were able to identify the superiority of using a gly-
copeptide (vancomycin or teicoplanin) plus ceftazidime
(8). Interestingly, in other studies using cefazolin with ap-
propriate doses, no obvious difference was made in the
cure rate when compared with a glycopeptie, however in
centers with high rate of methicillin-resistant microorgan-
isms it seems much better to wisely choose vancomycin.
The uptake of vancomycin from normal peritoneal cavity
is about 50%, which is enhanced up to 90% during episodes
of peritonitis (9). Accepting the importance of saving
residual renal function in peritoneal dialysis patients for
longer times, the potential nephrotoxicity with aminogly-
cosides should taking in to accounts, although some stud-
ies did not demonstrate such results (10). In case of any
allergy to cephalosporines, aztreonam is a good alterna-
tive. Intraperitoneal administration of mixed antibiotics
like vancomycin, cephalosporine, and aminoglycoside via
1 container of PD solution is practical and safe (11). It is also
possible to administrate antibiotics continuously in a long
dwell during a day (or throughout the night dwell). Tables
2 and 3 demonstrate the recommended antibiotic doses in
peritoneal dialysis when using the continuous method ver-
sus intermittent.

Some studies do not approve of using aminoglycosides
intra-peritoneally. Choosing co-trimoxazole as an anti-
infective intra-peritoneal drug is not also recommended.
For linezolid, limited activity was found in peritoneal dial-
ysis fluid, regardless of the concentration, however dap-
tomycin demonstrated trusted dose-dependent activity in
peritoneal cavity (12).

Selection of antimicrobials should start empirically
and be revised later in light of both patient’s clinical signs
and culture results/micro-organisms susceptibilities. Fol-
lowing obtaining the results of the culture and sensitivi-
ties, it is recommended that the empiric antibiotic therapy
be changed to a narrow spectrum antibiotic to cover the
specific organism. Generally, clinical improvement should
occur within the first 3 days after antibiotic initiation. Peri-
toneal fluid should be tested after 48 - 72 hours, which is
expected to be more clear with decreased cell count. In
case of no clinical improvement after 5 days of appropriate
antibiotic therapy, catheter removal should take into con-
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Table 1. Choice of Initial Treatment in PD-Related Peritonitis

Treatment

For best coverage of gram-positive bacteria Vancomycin or Cefazolin

For best coverage of gram-negative bacteria Ceftazidim or Cefepime or Aminoglycosides or Aztreonam

Table 2. Recommended Continuous Antibiotic Dosing for Treatment of PD-Related
Peritonitis

Drug Loading Dose Maintenance
Intra-peritoneal Dose

Cefazolin 500 mg /1L of dialysate 125 mg /1L of dialysate

Amikacin 25 mg /1L of dialysate 12 mg /1L of dialysate

Ceftazidim 500 mg /1L of dialysate 125 mg /1L of dialysate

Vancomycin 1000 mg /1L of dialysate 25 mg /1L of dialysate

Imipenem-Cilastatin 250 mg /1L of dialysate 50 mg /1L of dialysate

Table 3. Recommended Intermittent Antibiotic Dosing for Treatment of PD-Related
Peritonitis

Drug Dose

Cefazolin 15 mg/Kg in one exchange/day

Ceftazidim 1 - 1.5 g in one exchange/day

Amikacin 2 mg/Kg in one exchange/day

Vancomycin 15 - 30 mg/Kg every 3 - 7 days based on drug level in blood

Imipenem 1 g in one exchange every 12 hours

sideration with suspicious of refractory peritonitis, how-
ever, atypical or fungal peritonitis can’t be excluded. Table
4 summarized the duration of treatment based on specific
microorganisms.

Table 4. Duration of Treatment

Microorganism Duration of Treatment

Coagulase-negative staphylococci 2 weeks

Staphylococcus aureus At least 3 weeks

Streptococcus 2 weeks

Enterococcus 3 weeks

Pseudomonas aeruginosa At least 3 weeks

Rifampin 600 mg/day for 1 week is a valuable adjunct
in preventing relapse and repeat Staph. aureus peritonitis,
however, its’ single administration is not recommended
(13).

For treatment of severe Pseudomonas peritonitis,
some references recommend 2 effective drugs on these

microorganisms simultaneously (Ceftazidim, Cefepime,
Aminoglycosides, Piperacillin-tazobactam). Pseudomonas
peritonitis accompanied by tunnel infection needs
prompt catheter removal (14). Fungal and micobacte-
rial peritonitis also need catheter removal and prompt
appropriate antibiotic therapy.

Indications for catheter removal in PD-related peritoni-
tis are as following:

1- Relapsing peritonitis, defined as recurrent peritoni-
tis in less than 4 weeks after completion of treatment with
the same microorganism

2- Refractory peritonitis, defined as failure of the peri-
tonitis to improve after 5 days of appropriate antibiotics.

3- Refractory catheter infection (tunnel or exit-site in-
fection)

4- Fungal infection

5- Mycobacterial infection

6- Anytime peritonitis is accompanied by intra-
abdominal pathologies

Taking into account the possibilities of fibrin clot
construction in peritoneal effluent during a peritonitis
episode, which can induce catheter obstruction, Heparin
administration, 1000 - 5000 IU/L is recommended until
peritoneal fluid totally clears-up. As heparin has been
shown to have anti-inflammatory properties, the fibrin in-
hibitory effect of heparin may have profits for long-term
PD patients, apart from the usual use in maintenance of
catheter patency (15).

Regarding ongoing inflammatory process and in-
creased peritoneal vasculature, which result in high trans-
portation peritoneum, a number of exchanges may need
to be reduced or shorter dwell times should be prescribed
in order to save appropriate ultrafiltration.

6. Summary

Peritonitis has been the most common complication
of continues ambulatory peritoneal dialysis (CAPD) and
it remains the foremost cause of treatment failure and
move to other renal replacement therapies. This mini-
review presents a systematic approach towards diagnosis
and treatment of PD-related peritonitis.
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