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Abstract: Peritoneal dialysis is an effective treatment modality for patients with end-stage renal
disease. The relative use of peritoneal dialysis versus hemodialysis varies widely by country. Data
from a 2004 survey reports the percentage of patients with end-stage renal disease treated with
peritoneal dialysis to be 5%—10% in economically developed regions like the US and Western
Europe to as much as 75% in Mexico. This disparity is probably related to the availability and
access to hemodialysis, or in some cases patient preference for peritoneal over hemodialysis.
Peritoneal dialysis-related peritonitis remains the major complication and primary challenge to
the long-term success of peritoneal dialysis. Fifty years ago, with the advent of the Tenckhoff
catheter, patients averaged six episodes of peritonitis per year on peritoneal dialysis. In 2016,
the International Society for Peritoneal Dialysis proposed a benchmark of 0.5 episodes of
peritonitis per year or one episode every 2 years. Despite the marked reduction in peritonitis
over time, peritonitis for the individual patient is problematic. The mortality for an episode of
peritonitis is 5% and is a cofactor for mortality in another 16% of affected patients. Prevention
of peritonitis and prompt and appropriate management of peritonitis is essential for the long-
term success of peritoneal dialysis in all patients. In this review, challenges and solutions are
addressed regarding the pathogenesis, clinical features, diagnosis, treatment, and prevention
of peritoneal dialysis-related peritonitis from the viewpoint of an infectious disease physician.
Keywords: peritoneal dialysis, related peritonitis

Introduction

The use of peritoneal dialysis (PD) for renal replacement therapy varies widely in
different regions of the world and in individual countries.! In economically developed
countries, the choice of PD versus hemodialysis is sometimes a matter of patient
preference and sometimes due to lack of a hemodialysis unit that is easily acces-
sible to the patient’s home. In less economically privileged areas, PD may be the
first choice, due to higher costs and difficulty accessing a hemodialysis unit. In this
paper, the pathogenesis, clinical features, diagnosis, and therapy of the commonest
microorganisms causing PD peritonitis are reviewed, as well as measures to reduce
the occurrence of peritonitis.

PD-related peritonitis — pathogenesis

The PD catheter is the source of infection for the vast majority of PD-related cases
of peritonitis. The catheter provides a portal of entry for organisms into the normally
sterile peritoneum. Most cases of PD-related peritonitis are the result of “touch
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contamination”, where the patient or their helper inad-
vertently breaks sterile technique and contaminates the
catheter or its connections. The most common pathogens
are coagulase-negative staphylococcal species (eg, Staphy-
lococcus epidermidis) that commonly colonize human skin
and hands, and Staphylococcus aureus, which together are
responsible for 50% or more of infections in most series.”*
Exit-site and tunnel infections may also lead to peritonitis.
Less commonly, the abdomen itself may be the source.
Diverticulitis, appendicitis, cholecystitis, or a perforated
viscus may be the source, as well as intra-abdominal surgery,
colonoscopy, hysteroscopy, and transmigration of bowel flora
from constipation. In cases with an intra-abdominal source,
the infecting organisms are usually Gram-negative enteric
bacteria, streptococci and anaerobic bacteria. Bacteremia
from another source may also seed the peritoneum.

Upon entry to the peritoneum, microorganisms find a
very hospitable environment. It is warm, dark, and there are
lots of nutrients like glucose. Also, in the uninflamed perito-
neum, there is very little host defense, with a small number of
peritoneal macrophages, and very few host-defense proteins
like immunoglobulins or complement. In this environment,
organisms can rapidly proliferate unimpeded. Within hours,
bacterial products, cell-wall components for Gram-positive
and endotoxin for Gram-negative bacteria induce an inflam-
matory response. Polymorphonuclear leukocytes (PMNLs)
and activated macrophages enter the peritoneum and induce
inflammation, which is manifested as abdominal pain, fever,
peripheral blood leukocytosis, and cloudy dialysate from the
increased number of cells in the peritoneal fluid.

Exit-site and tunnel infections

Most cases of PD-related peritonitis are the result of touch
contamination, in which the infecting organism gains access
to the peritoneum via the catheter lumen. A small percentage
result from exit-site or tunnel infections, in which organisms
spread down the catheter tunnel outside the lumen to the
peritoneum.? Exit-site infection presents as purulent drainage
at the exit site, with or without erythema. Erythema by itself
does not indicate an exit-site infection.’ Swelling, induration,
and/or erythema that extends more than 2 cm proximally
to the exit site defines a tunnel infection, which presents a
much higher risk of developing peritonitis. The organisms
causing exit-site infections with the highest risk of subsequent
peritonitis are S. aureus, coagulase-negative staphylococci,
diphtheroids, streptococcal species, Pseudomonas aerugi-
nosa, and Candida.®* Nontuberculous mycobacteria (NTM)
species have also been reported to cause exit-site infections

and peritonitis, particularly in patients using gentamicin
cream for exit-site prophylaxis.’

Purulent drainage from the exit site should be sent for
Gram staining; however, cultures should not be obtained if the
exit site is erythematous without exudate, because cultures
will usually grow an organism that is just colonizing and the
patient will often be unnecessarily exposed to antibiotics,
fostering the emergence of drug-resistant bacteria. Exit-site
infections can usually be treated with oral antibiotics for 2—3
weeks, guided by drug-susceptibility results. See Table 1
for suggested dosing regimens for patients on PD. Exit-site
infections that are refractory to antibiotics will usually require
catheter removal and replacement at another site.?

Tunnel infections are more serious, and pose a greater risk
of catheter loss and peritonitis. Usually, there is purulent or
serosanguinous drainage from the exit site, along with swell-
ing, erythema, induration, and pain along the catheter tunnel.
The most common organisms causing tunnel infection are
S. aureus and P aeruginosa, often preceded by an exit-site
infection. Tunnel infections require treatment with systemic
antibiotics, guided by culture and sensitivity reports. In most

Table | Systemic antibiotic-dosing recommendations for the
treatment of peritonitis?

Drug Dosing

Antibacterials
Ciprofloxacin (237)
Colistin (288)

oral 250 mg BD®

IV 300 mg loading, then
150-200 mg daily®

1V 500 mg daily

oral 250 mg daily

IV or oral 600 mg BD

oral 400 mg daily

450 mg daily for BW <50 kg;
600 mg daily for BW =50 kg
oral 160 mg/800 mg BD

Ertapenem (289)
Levofloxacin (239)
Linezolid (290-292)
Moxifloxacin (293)
Rifampicin (294,295)

Trimethoprim/

Sulfamethoxazole (252)
Antifungals

Amphotericin (296) IV test dose | mg; starting dose
0.1 mg/kg/day over 6 hours;
increased to target dose
0.75—-1.0 mg/kg/day over 4 days
Caspofungin (297,298)
Fluconazole (299)

IV 70 mg Loading, then 50 mg daily
oral 200 mg loading, then
50-100 mg daily

Flucytosine (296) oral | g/day

Posaconazole (300)
Voriconazole (301-303)

Notes: *Ciprofloxacin 500 mg BID may be needed if residual glomerular filtration
rate is above 5 mL/min; Pexpressed as colistin base activity. Reproduced from Li
PK, Szeto CC, Piraino B, et al. ISPD peritonitis recommendations: 2016 update on
prevention and treatment. Perit Dial Int. 2016;36:481-508,2 with permission from
Peritoneal Dialysis International.

Abbreviations: BID, bis in die (twice daily); IV, intravenous; BW, body weight.

1V 400 mg every 12 hours
oral 200 mg every 12 hours
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cases, antibiotic therapy alone is ineffective and catheter
removal will be required, with subsequent catheter replace-
ment. In tunnel infections that have progressed to peritonitis,
at least 2 weeks of effective antibiotic therapy after catheter
removal is recommended before catheter replacement.®

PD-related peritonitis — diagnosis
During their PD, patients must be trained to be alert for the
signs and symptoms of peritonitis. New onset of abdominal
pain, fever, or the appearance of cloudy effluent should
prompt immediate notification of their dialysis provider for
urgent evaluation. In patients receiving automated dialysis,
the first drain is the most likely to be cloudy and have an
elevated white blood cell (WBC) count. If the patient pres-
ents with a dry abdomen, 1 L dialysate should be infused
and allowed to dwell for 2 hours before sampling. Ideally,
samples of dialysis effluent should be obtained for WBC
count, differential, Gram stain, and culture before the admin-
istration of antibiotics. If immediate access to a facility is
not possible, due to travel or distance, a sample of dialysate
should be obtained under sterile conditions and refrigerated
if antibiotics will be administered prior to formal sampling.
Prompt fluid analysis and initiation of empiric antibiotic
therapy improves outcomes. WBC count and differential
should be performed on dialysis effluent. The presence of
>100 WBCs/uL with >50% neutrophils on a 2-hour dwell
sample usually indicates peritonitis.?

Culture with identification of the infecting organism
and determination of its antimicrobial-drug susceptibility is
essential for focused antimicrobial therapy. Ideally, perito-
neal fluid should be inoculated into blood-culture media at
the bedside. Direct inoculation into BACTEC/Alert culture
bottles at the bedside has been shown to increase yield and
reduce culture-negative cases.® Obtaining a 50 mL sample of
peritoneal fluid effluent, centrifuging at 3,000 g for 15 min-
utes, and resuspending the pellet in 3—5 mL buffer followed
by Gram staining and culture of the resuspended pellet can
increase the yield of cultures and Gram stains. A positive
Gram stain will facilitate more focused initial antimicrobial
therapy directed at Gram-positive or Gram-negative bacteria
or yeast. In most cases, however, fluid Gram stains are nega-
tive. Bacterial cultures generally take 1-3 days to yield an
organism. Identification of an organism and testing for drug
susceptibility allows focused antimicrobial therapy.

Challenges in diagnosis
Unfortunately, PD-fluid cultures do not always yield an
organism in patients with clinical findings of peritonitis.

International Society for Peritoneal Dialysis (ISPD) guide-
lines recommend a benchmark of <20% culture-negative
cases. The most common cause of culture-negative cases is
initiation of antibiotics before cultures are obtained. Patients
who present with clinical peritonitis, have negative peritoneal
cultures, and who improve on empiric therapy with decreased
symptoms and falling peritoneal WBC counts usually have
infection with susceptible Gram-positive bacteria and can be
treated for 2 weeks.? Other causes of culture-negative cases
are infection with fastidious bacterial organisms, acid-fast
bacilli (AFB), or fungal organisms. In these cases, if clini-
cal improvement in symptoms and peritoneal WBC count
has not occurred after 3 days of empiric antibiotic therapy
and initial peritoneal fluid cultures remain negative after 3
days, the initial peritoneal fluid-culture bottles should be
subcultured onto solid media and enriched liquid media like
thioglycolate. Also, fluid should be obtained and cultured for
fungi and AFB.

Future solutions in diagnosis

In the initial evaluation of peritonitis, Gram stains of the peri-
toneal fluid are usually negative. It usually takes 1-3 days for
the fluid cultures to become positive and another 2 days for
identification of the species and results of antimicrobial-sus-
ceptibility testing. There now exist a number of commercially
available multiplex polymerase chain reaction (PCR) panels
for respiratory, gastrointestinal (GI) and central nervous
system pathogens that yield a species ID result in an hour on
direct clinical specimens. In addition, matrix-assisted laser
desorption/ionization time of flight (MALDITOF) performed
on positive cultures can provide species identification in less
than an hour,” and real-time PCR systems can provide species
identification and common drug-resistance data like detection
of methicillin-resistant S. aureus (MRSA) and vancomycin-
resistant Enterococcus (VRE) on positive cultures.

Initial empiric antibiotic therapy for
peritonitis

After obtaining PD fluid for microbiologic testing, empiric
antibiotic therapy should be started as soon as possible.
In the absence of a positive Gram stain, empiric therapy
should include antibiotics that cover both Gram-negative
and Gram-positive bacteria. The choice of antibiotics should
be determined by the prevalence and types of antibiotic-
resistant bacterial isolates from peritonitis patients in the
program. Antibiotics should be administered intraperitone-
ally in most cases.? For empiric coverage of Gram-positive
bacteria, recommended drugs are cefazolin or vancomycin. In
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programs with a low incidence of MRSA species and entero-
cocci, cefazolin would be preferred. In many programs, MR
coagulase-negative staphylococci and MRSA are common
pathogens in peritonitis patients, and vancomycin should be
used initially, pending culture results. For empiric coverage
of Gram-negative bacteria, initial therapy should include a
third-generation cephalosporin (ceftazidime or cefepime) or
an aminoglycoside (gentamicin, tobramycin, or amikacin).
Again, the choice of antibiotics for empiric Gram-negative
coverage is dependent on the species of bacteria and the
prevalence and types of antibiotic-resistant pathogens in
the program.

Definitive therapy for PD-related
peritonitis

In most cases, culture and susceptibility results will be avail-
able in 3-5 days, and antibiotic therapy can be focused on a
single agent. In culture-negative cases, particularly those that
are not severe, the most likely pathogen is a Gram-positive
organism, most often a coagulase-negative Staphylococcus
sp., and Gram-negative coverage can be discontinued. If
the patient has not responded clinically after 3—5 days, as
described earlier, repeat peritoneal fluid sample should be
cultured for unusual pathogens.

Antibiotic administration for PD
peritonitis

The preferred method of antibiotic administration for PD-
related peritonitis is intraperitoneal. The advantages of
intraperitoneally administered antibiotics include delivery
of a high concentration of antibiotics at the site of infection,
antibiotics also being absorbed into the systemic circulation
and diffusing back into the peritoneum, allowing daily or less
frequent administration, and intravenous (IV) access, which
would be required for 2—4 weeks, is not necessary (Table 2).

Challenges

The 2016 ISPD guidelines express concerns about the effective-
ness of once-daily intraperitoneal dosing of cephalosporins in
patients on APD, and recommend including antibiotics in each
bag of dialysate for patients on automated PD or alternatively
converting to continuous ambulatory PD for the duration of
therapy. This would be quite cumbersome for patients dialyzing
at home. However, there have been two published series that
examined just adding antibiotics to their “day dwell” in patients
on automated PD, and found comparable success rates com-
pared to patients using antibiotics in each bag on the cycler.!%!!

PD-related peritonitis: clinical
features, diagnosis, and therapy by
organism

Coagulase-negative staphylococci

S. epidermidis is the most frequently identified cause of
PD-associated peritonitis. While S. epidermidis is the most
common of the coagulase-negative staphylococci, there are at
least 40 other species of coagulase-negative Staphylococcus
that have been reported as a cause of human infections. These
organisms are the predominant normal flora on human skin
and generally low-virulence pathogens, but are among the
most common causes of device-related infections, because
of their ability to adhere to nonbiologic surfaces and produce
biofilms.'? In a biofilm, microorganisms are embedded in a
glycocalyx, analogous to a coral reef in that the organisms
on the outer surface are metabolically active and dividing,
while the ones deep in the biofilm are essentially dormant."
Antibiotics work only on actively dividing microorganisms,
such that the organisms deep in the biofilm are not affected,
resulting in a nidus for relapse. Relapsing or recurrent peri-
tonitis is often seen in cases of coagulase-negative Staphy-
lococcus peritonitis.'* Relapsing peritonitis usually requires
catheter removal followed by replacement.

An illustrative case

A 65-year-old man on PD presents with a 6-hour history
of abdominal pain, fever, and cloudy dialysate. He relates
that he might have touched his connector without gloves
on yesterday. His temperature is 38°C, and he has mild—
moderate abdominal pain. Peritoneal fluid analysis reveals
WBC 1,400/uL, with 85% PMNLs, and fluid Gram stain
reveals PMNLSs, but no organisms. Cultures are obtained,
and he is started empirically on intraperitoneal vancomycin
and ceftazidime. By day 3, he has symptomatically improved,
with clearing of his effluent. Fluid cultures grow coagulase-
negative Staphylococcus, which is sensitive to cefazolin and
vancomycin. Vancomycin and ceftazidime are discontinued,
and he is treated with intraperitoneal cefazolin for 14 days.
His peritonitis resolves without a recurrence.

Clinically, peritonitis caused by coagulase-negative
Staphylococcus usually presents with relatively mild signs
and symptoms compared to more virulent organisms.'> The
incidence of MR isolates has been increasing, reported in
70% of coagulase-negative Staphylococcus isolates in a
series from Brazil.!® With appropriate intraperitoneal anti-
biotic therapy, clinical improvement is usually apparent by
day 3. Treatment for 14 days is recommended, with cure
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Table 2 IP antibiotic-dosing recommendations for the treatment of peritonitis?

Intermittent (one exchange daily)

Continuous (all exchanges)

Aminoglycosides

Amikacin 2 mg/kg daily (252)

Gentamicin 0.6 mg/kg daily (254)
Netilmicin 0.6 mg/kg daily (233)
Tobramycin 0.6 mg/kg daily (253)

Cephalosporins

Ampicillin/Sulbactam
Piperacillin/Tazobactam

Cefazolin 15-20 mg/kg daily (260,261)
Cefepime 1,000 mg daily (262,263)
Cefoperazone no data
Cefotaxime 500-1,000 mg daily (266)
Ceftazidime 1,000—1,500 mg daily (267,268)
Ceftriaxone 1,000 mg daily (269)

Penicillins
Penicillin G no data
Amoxicillin no data
Ampicillin no data

2 g/l g every 12 hours (274)
no data

LD 25 mg/L, MD 12 mg/L (253)

LD 8 mg/L, MD 4 mg/L (255,256)
MD 10 mg/L (257)

LD 3 mg/kg, MD 0.3 mg/kg (258,259)

LD 500 mg/L, MD 125 mg/L (254)

LD 250-500 mg/L, MD 100125 mg/L (262,263)
LD 500 mg/L, MD 62.5-125 mg/L (264,265)

no data

LD 500 mg/L, MD 125 mg/L (236)

no data

LD 50,000 unit/L, MD 25,000 unit/L (270)
MD 150 mg/L (271)

MD 125 mg/L (272,273)

LD 750-100 mg/L, MD 100 mg/L (253)
LD 4 g/0.5 g MD | g/0.125 g (275)

Others
Aztreonam 2 g daily (242) LD 1,000 mg/L, MD 250 mg/L (243,244)
Ciprofloxacin no data MD 50 mg/L (276)
Clindamycin no data MD 600 mg/bag (277)
Daptomycin no data LD 100 mg/L, MD 20 mg/L (278)
Imipenem/Cilastatin 500 mg in alternate exchange (244) LD 250 mg/L, MD 50 mg/L (236)
Ofloxacin no data LD 200 mg, MD 25 mg/L (279)
Polymyxin B no data MD 300,000 unit (30 mg)/bag (280)
Quinupristin/Dalfopristin 25 mg/Lin alternate exchange® (281) no data
Meropenem | g daily (282) no data
Teicoplanin 15 mg/kg every 5 days (283) LD 400 mg/bag, MD 20 mg/bag (229)
Vancomycin 15-30 mg/kg every 5-7 days® (284) LD 30 mg/kg, MD 1.5 mg/kg/bag (285)
Antifungals
Fluconazole IP 200 mg every 2448 hours (286) no data
Voriconazole IP 2.5 mg/kg daily (287) no data

Notes: *Given in conjunction with 500 mg intravenous twice daily (281); ®supplementary doses may be needed for APD patients. Reproduced from Li PK, Szeto CC, Piraino
B, et al. ISPD peritonitis recommendations: 2016 update on prevention and treatment. Perit Dial Int. 2016;36:481-508,2 with permission from Peritoneal Dialysis International.
Abbreviations: LD, loading dose; MD, maintenance dose; IP, intraperitoneal; APD, automated peritoneal dialysis.

rates about 70% or more in most series.'® Catheter replace-
ment or removal is often required for relapsing or recurrent
cases, which presumably occurs due to biofilm formation in
the catheter.

S. aureus peritonitis

S. aureus generally produces a more clinically severe form
of peritonitis in PD patients, because of its many virulence
factors. S. aureus colonizes many patients in their nares and
on their skin, as well as disruptions of the skin, like an exit
site. In one study, 45% of patients initiating PD were found
to be nasal carriers of S. aureus and had a significantly higher
risk of developing an exit-site infection.” S. aureus is a com-
mon cause of exit-site and tunnel infections. Mupirocin for
exit-site prophylaxis seems to reduce exit-site infections,
peritonitis, and catheter loss due to S. aureus.'

An illustrative case: MRSA tunnel infection leading to
peritonitis
A 55-year-old man presents with pain and swelling along the
tunnel of his peritoneal catheter. He is afebrile and treated
empirically with IV vancomycin and piperacillin—tazobac-
tam. He undergoes incision and drainage of his catheter
tunnel. Gram staining of the tunnel exudate reveals many
PMNLs and Gram-positive cocci in clusters and growing
MRSA. Piperacillin—tazobactam is discontinued, and he is
treated with vancomycin. He is taken to the OR, where the
presternal portion of his catheter is externalized. After 5 days
of vancomycin therapy, he is discharged on oral clindamycin.
Five weeks later, he returns with fever, chills, diffuse
abdominal pain, and purulent drainage from his exit site,
and has noticed cloudy, bloody effluent. His temperature is
38.1°C, his bowel sounds are decreased, and there is diffuse
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abdominal tenderness with rebound tenderness. Peritoneal
fluid is cloudy and reddish in color, with 33,800 WBCs and
92% PMNLs. Cultures of blood, peritoneal fluid, and exit site
all grow MRSA. A transesophageal echocardiogram is nega-
tive for vegetations. His peritoneal catheter is removed, he
transfers to hemodialysis, and is treated with IV vancomycin
for 3 weeks after catheter removal.

Comment

Tunnel infection with tenderness, swelling, and redness
extending >2 cm proximal to the exit site is very difficult to
resolve with antibiotic therapy alone. In this case, in retro-
spect, the catheter should have been removed and replaced
at the initial presentation.

As this case illustrates, peritonitis caused by S. aureus is
usually clinically severe.'*?° It can occur after touch contami-
nation or via tunnel or exit-site infection. Treatment depends
on the antimicrobial susceptibility of the infecting strain. For
methicillin-susceptible S. aureus, cefazolin intraperitoneally
is the drug of choice, while for MRSA intraperitoneal vanco-
myecin is the first choice. If the patient is allergic to vancomy-
cin or has a vancomycin-resistant strain (VR), the lipopeptide
daptomycin can be used.?’* A variety of dosing regimens
for daptomycin have been reported, but the best regimen is
probably 200 mg intraperitoneally with a 6-hour dwell once
a day.” Linezolid has good activity against MRSA, and has
been used successfully to treat VRE peritonitis. The dose used
has been 600 mg IV twice daily,? but the oral bioavailability
is such that oral dosing should be just as effective. However,
600 mg twice daily has been associated with hematologic
toxicity and lactic acidosis in patients with ESRD,” and a
dose 0f 400 mg twice daily is effective and safer. Ceftaroline
is a relatively new third-generation cephalosporin that is
unique among [-lactam antibiotics in that it is very active
against MRSA .?¢ Ceftaroline also has Gram-positive activ-
ity comparable to cefazolin and a Gram-negative spectrum
similar to cefotaxime. Ceftaroline might be an effective
alternative to vancomycin for MRSA peritonitis, but to my
knowledge has not been studied. There is some evidence that
adding rifampin for 5-7 days to primary antistaphylococcal
drugs reduces relapses and recurrent peritonitis.!* However,
rifampin is a potent inducer of drug-metabolizing enzymes,
which may reduce the concentrations of other medications.

S. aureus peritonitis should be treated for 3 weeks with
antibiotics. Prompt catheter removal is necessary in patients
with refractory or relapsing peritonitis and for exit-site and
tunnel infections that fail to respond to antibiotic therapy.
Peritonitis caused by S. aureus has relatively poor outcomes,

with 20% relapsing, 23% requiring catheter removal, 18%
transferring to hemodialysis, and 2% mortality.2*?!

Streptococcal peritonitis
Streptococcal peritonitis is less common, accounting for
5%—-10% of cases in most series.?”?® Peritonitis caused by
streptococcal species resembles that caused by staphylococ-
cal species in that the clinical features depend on the infect-
ing species. Peritonitis caused by B-hemolytic streptococci
groups A, B, and others, presents like S. aureus, with more
inflammatory peritoneal fluid parameters, more pain, and
often with a more septic picture. Viridans streptococci are
a large group of species, defined by o-hemolysis on blood
agar cultures. Like coagulase-negative staphylococci, most
viridans streptococci isolates are not very virulent organisms,
being normal inhabitants of the mouth and GI tract. Cases
of viridans streptococcus peritonitis have been reported after
dental work.?®

B-Hemolytic streptococci are all very sensitive to peni-
cillin and other B-lactam antibiotics. Viridans streptococcal
species are usually sensitive to B-lactams, but there has
been increasing resistance to penicillins in some areas.”
ISPD guidelines recommend intraperitoneal ampicillin for
the treatment of streptococcal peritonitis.> Ampicillin can
be problematic for outpatient peritonitis therapy, because it
begins to break down in solution after 6-8 hours.*® A better
choice for penicillin-susceptible stains might be cefazolin,
which is stable in solution for 9 days at room temperature
and 3 weeks refrigerated.*® For penicillin-resistant viridans
streptococci, vancomycin would be the drug of choice. Most
patients have good outcomes with 2 weeks of antibiotic
therapy, with success rates of up to 90%.25%32 Some studies
have reported an increased risk of recurrent or relapsing
peritonitis with viridans streptococci peritonitis.?®!

Enterococcal peritonitis
Enterococcus spp. are normal inhabitants of the GI tract,
and may colonize or infect the genitourinary (GU) tract. The
most common species isolated from human infections are
Enterococcus faecalis and Enterococcus faecium. E. faecalis
is usually susceptible to ampicillin, penicillin, and vancomy-
cin, but can be VR if it carries the vanB gene. E. faecium is
always resistant to penicillin, ampicillin, and carbapenems,
and is the most common species of enterococci that are VR
when it possesses the vanA gene. All enterococcal species are
inherently resistant to all cephalosporin antibiotics.
Enterococcal peritonitis probably results from touch con-
tamination and possibly from GI sources. Single-organism
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enterococcal peritonitis is usually not too severe clinically
and responds well to appropriate therapy, with successful
treatment in up to 90% of cases.>*> However, in up to 45% of
cases in which enterococci are isolated, other organisms are
isolated as well,?>3 suggesting an intra-abdominal source of
infection. Outcomes are significantly worse with polymicro-
bial enterococcal peritonitis, which results in higher rates of
catheter removal and permanent transfer to hemodialysis.*
Antimicrobial treatment options for enterococcal perito-
nitis are limited, due to the inherent resistance to all B-lactams
except ampicillin, penicillin, and piperacillin which are
problematic for the treatment of peritonitis. ISPD guidelines
recommend treatment with intraperitoneal vancomycin for 3
weeks, with the addition of gentamicin in severe cases.? In
cases of polymicrobial peritonitis, additional antimicrobial
agents may be necessary, based on the drug susceptibilities
of the other infecting organisms. Treatment of VR enterococ-
cal peritonitis is challenging. VRE is usually resistant to all
commonly used antibiotics. A minority of VRE infections
are caused by E. faecalis, which is usually susceptible to
penicillin and ampicillin. Most VRE is E. faecium, which is
inherently resistant to ampicillin. For VR E. faecium perito-
nitis, therapeutic choices include daptomycin, linezolid, and
quinupristin—dalfopristin. Among these three compounds,
the most published experience is with daptomycin, which is
recommended in the ISPD guidelines.? The most frequently
reported daptomycin-dosing regimen has been a loading dose
of 100 mg/L intraperitoneally, followed by 20 mg/L intraperi-
toneally for subsequent doses.**** Daptomycin has also been
used successfully in a patient on automated perineal dialysis
given 7 mg/kg intraperitoneally every 48 hours* and in a
patient given 5 mg/kg IV every 48 hours.?! Another simpler
regimen is 200 mg intraperitoneally during the long dwell in
patients on automated PD.” There is less published experi-
ence with linezolid, with two reports of successful treatment
of VRE peritonitis treated with linezolid 600 mg IV every 12
hours.*3¢ Case series have reported hematologic toxicity with
anemia, leukopenia, and thrombocytopenia in patients treated
with linezolid 600 mg twice daily for 14 days or more and
one report of fatal lactic acidosis.”>*” Dosing linezolid at 400
mg twice daily would achieve therapeutic concentrations and
be safer. Also, taken orally, linezolid is 100% bioavailable,
so IV or intraperitoneal dosing is probably not necessary.*®

Corynebacterium peritonitis

Corynebacterium is a genus with many species of small Gram-
positive rods. Often referred to as diphtheroids, they commonly
colonize human skin and mucous membranes. Other than

Corynebacterium diphtheriae, they are generally low-virulence
pathogens, resembling infections caused by coagulase-negative
Staphylococcus. In most large series, corynebacteria account
for less than 5% of PD-associated peritonitis cases. In the
two largest series of corynebacterial peritonitis, one reported
generally good outcomes and recommended therapy with
cefazolin, while the other reported a recurrence rate of 48%
and found better outcomes with vancomycin.** Most species of
corynebacteria are susceptible to cefazolin, but some species —
Corynebacterium jeikeium and Corynebacterium striatum — are
multiresistant and susceptible only to vancomycin (see case).
ISPD guidelines recommend treatment for 3 weeks.?

An illustrative case

A 57-year-old man presents with a 2-day history of abdominal
pain and cloudy effluent. He is afebrile and has mild abdomi-
nal tenderness without rebound tenderness. His PD fluid has
2,000 WBCs with 83% PMNLs and a negative Gram stain. He
receives empiric therapy with intraperitoneal vancomycin and
ceftazidime. His peritoneal fluid cultures grow C. jeikeium,
but our lab does not perform drug susceptibilities on coryne-
bacteria. His therapy is changed to cefazolin alone. Unfortu-
nately, C. jeikeium is always resistant to cefazolin and most
other antibiotics, and an infectious-disease consultation was
not requested. Three months later, he returns with abdominal
pain, bloody effluent, and a poorly functioning catheter. His
peritoneal fluid has 1,800 WBCs with 93% PMNLs, 8,000
RBCs, and a negative Gram stain. He is treated empirically
with intraperitoneal vancomycin and ceftazidime. Peritoneal
fluid cultures again grow C. jeikeium. Peritoneal catheter
removal is attempted but is unsuccessful, due to extensive
adhesions, and he is switched to hemodialysis. Blood cul-
tures are negative, but peritoneal fluid cultures again grow C.
Jeikeium. His catheter is finally removed, and the tip grows
C. jeikeium. Computed tomography of his abdomen reveals
23%x10%x20 cm anterior abdominal fluid collection, and he is
diagnosed with encapsulating peritonitis.

Comment

In this unfortunate case, it was not recognized that he was
infected with a resistant species of Corynebacterium, which
was inadequately treated and resulted in technique failure.

Gram-negative enteric peritonitis

Gram-negative enteric bacteria are members of the family
Enterobacteriaceae and include the species Escherichia coli
and Klebsiella, Enterobacter, Citrobacter, and Proteus spp.
This group of organisms are part of the normal flora of the
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GI tract, may colonize the upper aerodigestive tract and GU
tract, and are widespread in the environment. These organ-
isms have a bilayer cell membrane that contains lipopolysac-
charide (endotoxin), which is an important virulence factor.

In most case series of peritonitis, Gram-negative enteric
bacteria account for 10%—-25% of cases, with the highest
rates reported in Asia and Australia. In recent years, the
percentage of cases caused by these organisms has increased,
possibly because of the relative decrease in staphylococcal
infections as a result of widespread use of mupirocin for
exit-site prophylaxis.*! Peritonitis probably results from
touch contamination, but sometimes from an exit-site or
tunnel infection or from an intra-abdominal source. Recent
antibiotic therapy for peritonitis or other indications is a risk
factor for Gram-negative enteric peritonitis.*?

The clinical signs and symptoms of peritonitis caused
by Gram-negative enteric bacteria tend to be more severe,
with fever, more severe abdominal pain, nausea, vomiting,
and diarrhea.*> A recent course of antibiotics for peritonitis,
exit-site infection, or other reasons is present in up to a third
of patients.*** E. coli accounts for 30%—50% of cases, fol-
lowed by Klebsiella and Enterobacter spp. Polymicrobial
Gram-negative peritonitis should raise suspicion for an intra-
abdominal source, like a perforated viscus or diverticulitis.

Most if not all centers include antibiotics with broad
Gram-negative activity, like ceftazidime or cefepime, or
gentamicin or tobramycin in initial empiric therapy. In the
past 1020 years, however, Enterobacteriaceae have become
increasingly resistant to many antibiotics.*#2444> Extended-
spectrum P-lactamases (ESBLs) are plasmid-mediated
enzymes that break down cephalosporins.* ESBL-producing
strains of Gram-negative rods seem to be more prevalent in
South Asia, with two series reporting that 12% and 35% of
their E. coli peritoneal isolates produced ESBL.*4” Patients
infected with ESBL-producing strains of E. coli are three to
four times more likely to fail treatment than patients with
non-ESBL-producing strains.?’ As always, definitive therapy
should be based on drug-susceptibility testing, but generally
ESBL-producing strains are usually susceptible to carbapen-
ems like imipenem, meropenem, and ertapenem and usually
susceptible to aminoglycosides like gentamicin or tobramy-
cin. In addition, SPICE (Serratia, Pseudomonas, Proteus,
Citrobacter, and Enterobacter spp.) organisms usually have
AmpC B-lactamase enzymes, which break down most cepha-
losporin antibiotics and are best treated with carbapenems,
fluoroquinolones, or aminoglycosides, depending on drug
susceptibilities.** Of even greater concern is the emergence
and spread of carbapenem-resistant Enterobacteriaceae

(CRE) or Klebsiella pneumoniae producing carbapenemase
(KPC).*® This form of antibiotic resistance is transmitted
between bacterial strains on mobile genetic elements and
results in resistance to all B-lactam antibiotics, including
carbapenems, and usually resistant to fluoroquinolones and
many aminoglycosides. Treatment options are limited in most
cases to polymyxin, colistin, or tigecycline, depending on
drug-susceptibility studies.*®

Most empiric antibiotic regimens for PD-associated
peritonitis include fairly broad coverage for Gram-negative
bacteria, including broad-spectrum cephalosporins (ceftazi-
dime or cefepime) or an aminoglycoside. Upon receipt of
culture and sensitivity results, therapy can be narrowed to
one effective antibiotic. Therapy should be continued for 3
weeks.? Despite optimal antibiotic therapy, peritonitis caused
by Gram-negative enteric bacteria results in relatively high
failure rates, catheter removal, permanent transfer to hemo-
dialysis, and death.*>#

Peritonitis caused by nonfermenting
Gram-negative rods: Pseudomonas,

Acinetobacter, and Stenotrophomonas
Pseudomonas, Acinetobacter, and Stenotrophomonas are
strict aerobes (nonfermenters) that individually account
for less than 5% of peritonitis cases in most programs. The
importance of these organisms is that they are usually resistant
to most antibiotics, making them more difficult to treat, and
have high failure rates, often resulting in catheter removal.

Pseudomonas peritonitis

Pseudomonas aeruginosa is a common nosocomial pathogen
that is usually multidrug-resistant. Pseudomonas peritonitis
often occurs after a recent course of antibiotics for perito-
nitis or other indications.* Treatment with two antibiotics
for 3 weeks is recommended,? and catheter removal is rec-
ommended if a tunnel infection is present or a suboptimal
response to antibiotic therapy occurs.**° Definitive therapy
is based on the results of antimicrobial-susceptibility test-
ing. A combination of a broad-spectrum -lactam agent and
an aminoglycoside is usually synergistic. B-Lactams with
antipseudomonal activity include ceftazidime, cefepime,
piperacillin, imipenem, meropenem, and aztreonam. Tobra-
mycin and amikacin are the most active aminoglycosides, and
ciprofloxacin has the best activity amongst fluoroquinolones.
In cases of multiresistant strains, polymyxin or colistin may
be necessary. Rates of failure of antibiotic therapy, catheter
removal, and permanent transfer to hemodialysis are higher
than most pathogens.*-°
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Acinetobacter peritonitis

Acinetobacter peritonitis is not common, accounting for
3% 7% of cases in reported series.’"-> Like Pseudomonas,
Acinetobacter is inherently resistant to most antibiotics and
readily develops resistance through mutations and acquisition
of genetic material from other organisms.> There is a rela-
tively high incidence of therapeutic failure, catheter removal,
and mortality with Acinetobacter peritonitis, particularly with
drug-resistant strains.’'? Like Pseudomonas, therapy should
be guided by results of susceptibility testing, and therapy with
two active drugs may be more efficacious. Most strains are
susceptible to sulbactam, which is not available as a single
agent but is in ampicillin—sulbactam. Carbapenems and
aminoglycosides are usually active.*® For multidrug-resistant
organisms, tigecycline and minocycline are often active, but
there is little experience using these drugs in PD peritonitis.
Finally, polymyxin B and colistin are usually active. Therapy
should continue for 3 weeks.

Stenotrophomonas peritonitis
Stenotrophomonas maltophilia is another nonfermenting
Gram-negative rod that is usually multidrug-resistant. In
published series, it generally accounts for less than 5%
of peritonitis cases.*** A recent course of antibiotics was
found to be a risk factor in one series.** Stenotrophomonas
is highly resistant to most B-lactam antibiotics, particularly
carbapenems and aminoglycosides. It has a chromosomal
carbapenemase. The most active drugs are trimethoprim—
sulfamethoxazole, colistin, aztreonam, piperacillin—
tazobactam, and moxifloxacin. Based on limited experience,
Stenotrophomonas peritonitis should be treated with two
effective drugs for 3 weeks. Despite this, there is a high rate
of failure and catheter loss.

Polymicrobial peritonitis

Polymicrobial peritonitis, the isolation of more than one
organism in a single peritonitis episode, is reported in about
10% of cases in most series.**’ Polymicrobial peritonitis is
more common in patients with prior episodes of peritonitis.
Polymicrobial peritonitis with only Gram-positive organisms
makes up about 20% of cases and has the best prognosis
in terms of cure rates and catheter retention. Infections
that include Gram-negative bacteria, anaerobes, or fungi
have worse outcomes, with higher failure rates, catheter
removal, and permanent transfer to hemodialysis.**** Isola-
tion of multiple species, especially Gram-negative enteric
bacteria and anaerobes should raise suspicion for an intra-
abdominal infection, which is present in less than 10% of

cases. Antimicrobial therapy should be guided by culture
and sensitivity results and continued for 3 weeks. Patients
with a poor response to therapy should have their catheters
removed promptly to preserve their peritoneal membrane.”’

Culture-negative peritonitis

Culture-negative peritonitis, as the name implies, is a case
with clinical findings of peritonitis: abdominal pain, elevated
peritoneal fluid WBCs, and peritoneal fluid cultures not grow-
ing a pathogen. Potential causes of culture-negative cases are
antibiotic administration prior to peritoneal fluid cultures,
suboptimal handling or processing of cultures or culture
techniques,**-*' or the presence of fastidious organisms, AFB,
or filamentous fungi. Guidelines recommend a benchmark of
less than 20% culture-negative cases. Generally, patients with
culture-negative peritonitis do well. Peritoneal fluid should
be reevaluated at day 3 to assess response to therapy.? Those
who respond to initial empiric therapy can have their Gram-
negative antibiotic discontinued, and can be treated with 2
weeks of vancomycin or cefazolin.>*® Patients who do not
respond to empiric therapy with a reduction in abdominal
pain and/or improvement in peritoneal WBC count need to
be reevaluated for infection with fastidious bacteria, fungi, or
mycobacterial infection with more involved bacterial cultures
and cultures for AFB and fungi. A lack of response should
also prompt consideration for catheter removal after 57 days.

Fungal peritonitis

The incidence of fungal peritonitis varies from center to center,
from <5% to 15% of cases.®? Candida spp. account for 90%
or more of episodes of fungal peritonitis. In older studies,
the majority of Candida peritonitis cases were caused by
Candida albicans. More recent series have reported Candida
albicans in less than half their cases, with frequent isolation
of Candida parapsilosis, Candida tropicalis, and Candida
krusei.®>% Candida spp. are part of the normal flora in most
people’s skin and GI and GU tracts, and antibiotic therapy
increases their density of colonization. Therefore, most cases
of Candida peritonitis follow a recent course of antibiotics
for peritonitis or other indications. Touch contamination is
the usual route of infection.

The clinical presentation of Candida peritonitis resembles
bacterial peritonitis, with abdominal pain and elevated perito-
neal fluid WBC count with neutrophilic predominance. Can-
dida exists only in yeast form, and grows readily on routine
bacteria-culture media. Specific fungal cultures are unneces-
sary. Antifungal drug-susceptibility testing is widely avail-
able, and tests for fluconazole, flucytosine, amphotericin B,
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and caspofungin. In cases of Candida peritonitis, initial
empiric therapy should be with fluconazole, pending species
identification and drug-susceptibility testing. Fluconazole is
administered at 200 mg intraperitoneally every 24—48 hours or
given orally at a loading dose of 200 mg followed by 50—-100
mg daily. Drug-susceptibility testing should be obtained,
because C. krusei is always resistant to fluconazole and Can-
dida glabrata often resistant. In addition, other Candida spp.
may become resistant.® In the event of fluconazole-resistant
organisms, therapy with amphotericin B 0.75-1 mg/kg/day
IV along with oral flucytosine 1 g daily has been used suc-
cessfully. Intraperitoneal amphotericin is very irritating and
difficult to use. If flucytosine is used, trough serum levels
should be measured with a target level of 25-50 pg/mL to
avoid toxicity.*® Voriconazole is a newer triazole antifungal
that is active on many fluconazole-resistant strains.’ There
is little experience using voriconazole to treat Candida peri-
tonitis, but it has been used successfully in the treatment of
peritonitis caused by filamentous fungi at a dose of 200 mg
intraperitoneally once daily or 200 mg orally twice a day.®%

Candida peritonitis is difficult to treat effectively, and
results in a high rate of catheter loss and permanent transfer
to hemodialysis. ISPD guidelines and a number of other
sources recommend immediate catheter removal upon
diagnosis of Candida peritonitis, followed by 2 weeks of
antifungal therapy.26%6+%-7 However, two published series
showed fairly good success with other treatment modalities.
Wang et al treated 13 Candida peritonitis patients with IV
amphotericin B and oral fluconazole, leaving the catheter in
place until the effluent cleared.® These patients were treated
with antifungals for 1-2 more weeks, followed by catheter
replacement about 4 weeks after the onset of treatment.
However, of these 13 patients, none successfully returned
to PD. Boer et al successfully treated eight Candida peri-
tonitis patients with catheters in place.”" Patients received
fluconazole 150 mg intraperitoneally every 48 hours, oral
flucytosine 500 mg twice daily, and catheters were locked
with 10 mL amphotericin B 0.1 mg/mL after each continuous
ambulatory PD exchange.

The majority of patients with Candida peritonitis have
received a recent course of antibiotics for peritonitis or other
indications prior to the diagnosis of Candida peritonitis.™
Broad-spectrum antibiotics reduce the normal bacterial flora
of the skin and GI and GU tracts, and facilitate overgrowth
with Candida spp. Early studies suggested that therapy with
oral nystatin, a nonabsorbable antifungal, taken during antibi-
otic therapy might reduce the incidence of secondary fungal
peritonitis, but the degree of protection was not large.”> A more

recent randomized controlled trial in which patients who were
receiving antibiotics for bacterial peritonitis, administration
of fluconazole 200 mg orally every 48 hours reduced the
incidence of secondary fungal peritonitis by more than 80%.7
This is now recommended in the ISPD guidelines.?
Peritonitis caused by filamentous fungi or molds is less
common than Candida, accounting for less than 10% of
cases of fungal peritonitis.”” These organisms are ubiquitous
in the environment, and probably cause peritonitis via touch
contamination. Clinical presentation and peritoneal fluid
studies resemble bacterial peritonitis.”” These organisms
do not grow well on standard bacteria-culture medias, so in
culture-negative cases that fail to improve by day 3 of empiric
antibiotic therapy, fluid should be obtained for fungal cultures.
These cultures are inoculated on fungal-culture media, and
the organisms grow as molds. The most frequently reported
organisms are Aspergillus, followed by Mucor (mucormyco-
sis), but a variety of other species have been reported to cause
fungal peritonitis.®>” Upon diagnosis, the catheter should be
removed promptly. These organisms are almost always resis-
tant to fluconazole, but may be susceptible to voriconazole or
posaconazole and are usually susceptible to amphotericin B.
There is not a lot of published experience with these infections,
but most would treat with effective antifungal therapy for 2—8
weeks before attempting catheter replacement. Case reports
have had success with intraperitoneal and oral voriconazole
for Aspergillus peritonitis and liposomal amphotericin B and
oral posaconazole for Mucor peritonitis.®** Despite optimal
management, half or more of these patients will experience
technique failure and transfer to hemodialysis.”®”’

Mycobacterial peritonitis

Human mycobacterial infections are lumped into two groups:
those caused by Mycobacterium tuberculosis (MTB) and
those caused by non-tuberculous mycobacteria (NTM).
MTB infection is spread from one person to another, usually
establishing a latent infection that may reactivate. NTM are
environmental organisms that do not spread from person to
person, and although uncommon causes of PD peritonitis,
seem to be increasing in incidence.

Tuberculous peritonitis

Tuberculous peritonitis usually arises as reactivation of a
latent tuberculous infection. Chronic renal insufficiency is
immunosuppressive and associated with a 100-fold increase
in the incidence of reactivation disease.” It should be routine
practice to screen patients for latent tuberculous infection
as they prepare for dialysis or enter a dialysis program,

submit your manuscript

182

Dove

International Journal of Nephrology and Renovascular Disease 2018:1 |


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

PD peritonitis

especially if they live in or have emigrated from an area that
has a high incidence of latent tuberculous infection (Asia,
Africa, South or Central America). This is easily done with
a tuberculin skin test or an IFNy-release assay.” Patients
who are diagnosed with a latent tuberculous infection should
receive preventive therapy with isoniazid 300 mg daily or
900 mg three times a week with pyridoxine 50 mg daily for
9 months. This will greatly reduce their risk of developing
active TB.

Of PD patients who develop active TB, peritonitis is the
site of infection (37%) nearly as often as pulmonary TB
(40%).3° The clinical presentation of tuberculous peritonitis
resembles bacterial infection, with fever, abdominal pain,
and cloudy dialysate with elevated WBCs that are usu-
ally predominantly PMNLSs.%#2 The main difference is TB
peritonitis tends to have more subacute onset of signs and
symptoms. Routine bacterial cultures of peritoneal fluid are
negative and AFB smears of fluid are rarely positive. At the
time of presentation, TB skin tests are usually negative, due
to anergy.®% In cases of culture-negative peritonitis, TB
should be considered and fluid sent for AFB smears and
cultures. The rate of positive AFB smears of peritoneal fluid
is less than 20% in most series, and AFB cultures using the
BacT system are positive in 70%—-90%, but take 10—14 days
to become positive. Peritoneal biopsy is usually positive with
granulomas present and positive cultures, but is invasive. A
more rapid means of diagnosis is a direct PCR of PD fluid.
PCR for MTB yields results in a few hours, and is very sensi-
tive and specific for TB peritonitis.®#8

Upon diagnosis of TB peritonitis, four-drug antitubercu-
lous therapy should be started. ISPD guidelines recommend
isoniazid 300 mg once daily, rifampin 600 mg once daily,
pyrazinamide 25-35 mg/kg three times weekly, and oral
ofloxacin 200 mg once daily, with oral pyridoxine 50 mg
once weekly.? Ethambutol is not recommended, because
of the risk of optic neuritis. With drug-susceptible strains,
pyrazinamide and ofloxacin may be stopped after 2 months
and isoniazid and rifampin continued for a total of 12—18
months. In several series, treatment without catheter removal
resulted in good outcomes.?#>8 Despite optimal diagnosis
and therapy, mortality rates are 20%—30%.

Nontuberculous mycobacterial
peritonitis

NTM are a group of 150 or more species, many of which
have been identified as human pathogens. These organisms
exist in the environment in water, soil, animals, and birds, are
usually acquired from water or other environmental sources,

and are not transmitted from one person to another.*® In most
centers in the USA, peritonitis caused by NTM is more com-
mon than MTB. NTM may also cause exit-site infections,
which may lead to peritonitis. Use of gentamicin for exit-site
prophylaxis has been associated with an increased incidence
of NTM exit-site infection.>%

The clinical presentation of NTM peritonitis resembles
bacterial peritonitis, with abdominal pain and cloudy effluent
with a neutrophil predominance, but bacterial cultures are
usually negative at 3 days. AFB smears of the fluid are usu-
ally negative. The most frequent causative organisms are the
rapidly growing Mycobacterium abscessus, Mycobacterium
chelonae, and Mycobacterium fortuitum.®*** These organisms
will often grow on routine bacteria-culture media within 5
days. They are Gram-positive rods on Gram staining, and may
be misidentified as diphtheroids. If that occurs, request the
lab to perform an AFB stain on the isolate. Species identifi-
cation and antimicrobial-susceptibility testing are necessary
for effective therapy. These organisms are usually resistant to
standard antituberculous drugs like isoniazid, rifampin, and
pyrazinamide. Treatment should be guided by antimicrobial
drug-susceptibility testing, and often includes aminogly-
cosides, macrolides, and fluoroquinolones. Over 80% of
reported cases require catheter removal with antimicrobial
therapy continued for at least 6 weeks thereafter.

Preventing peritonitis
Rates of PD-associated peritonitis have decreased substan-
tially over the years through improvements in equipment,
techniques, and prophylactic measures. The 2016 ISPD
guidelines recommended a benchmark of 0.5 episodes per
year or one episode every 2 years.? Reduction in peritonitis
cases is a multifaceted process, starting with extensive
patient training, focusing on proper technique.”*** The use
of two-bag, flush-before-fill with Y connectors is thought
to be partially responsible for reducing peritonitis rates.
Administration of prophylactic antibiotics with vancomycin
or first- or second-generation cephalosporins prior to catheter
placement has been shown to reduce postoperative catheter
infections and is recommended in ISPD guidelines.>* Some
evidence suggests that screening patients for nasal carriage
of S. aureus and treating carriers with intranasal mupirocin
reduces postoperative Staphylococcus infections.” The
choice between double-cuff, swan-neck, or Tenckhoff cath-
eters seems to have little effect on peritonitis rates, nor does
choice of dialysis fluids.?

In the event of a break in technique, like touch contamina-
tion, the patient should be educated to notify their provider
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immediately. If fluid has not been infused, the patient may
need to have the end of the tubing exchanged. If it is likely
contamination has occurred and fluid has been infused, a
short course of prophylactic antibiotics is probably indicated,
depending on the nature of the contamination. This usually
consists of a single intraperitoneal dose of cefazolin or a
2-day course of an oral antibiotic, such as cephalexin.”

Patients should be trained in proper exit-site care. Good
hand hygiene prior to any exit-site care is very important. The
exit site should be cleansed at least twice a week and after
showering with antibacterial soap and water or chlorhexidine
soaps.>¢ Daily application of antimicrobials to the exit site
has been shown to reduce exit-site infections and peritonitis.
Mupirocin cream applied daily to the exit site has been shown
to reduce S. aureus exit-site infections and peritonitis by 73%.%

Mupirocin only has activity against Staphylococcus,
Streptococcus, and other Gram-positive bacteria. Gentamicin
cream is also effective in reducing exit-site infections caused
by S. aureus, Pseudomonas, and other Gram-negative bac-
teria.”” However, some studies have reported increased inci-
dence of exit-site infections with S. aureus, Gram-negative
enteric bacteria, Pseudomonas,” and NTM in patients using
gentamicin for exit-site prophylaxis.®®’

Invasive diagnostic and therapeutic procedures that result
in transient bacteremia have been implicated as causes of
peritonitis. Antibiotic prophylaxis with a single 2 g oral
dose of amoxicillin 2 hours prior to dental procedures that
induce bleeding of the gums is recommended.” Periproce-
dural antibiotic prophylaxis with parenteral ampicillin and
gentamicin is also recommended for patients undergoing
colonoscopy, hysteroscopy, or other invasive procedures that
disrupt colonized mucosal surfaces to prevent peritonitis.>"
As mentioned earlier, antifungal prophylaxis with oral flu-
conazole is recommended for PD patients who are receiving
antibiotics for peritonitis or other infections.?
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