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COMMENTARIES

CATHETER-RELATED PERITONITIS

Recent reports from Australia and Scotland, both
reporting peritonitis rates of 0.6 episodes per year at
risk, or 1 episode every 20 months, demonstrate clearly
that peritonitis is still a major problem for peritoneal
dialysis (PD) patients (1,2). The Australian and Scottish
reports both also show dramatic differences in peritoni-
tis rates from one program to the next, without a clear
explanation (1,2).

To better understand how to prevent peritonitis, a
thorough understanding of the pathways that lead to
peritonitis is needed. In this commentary, we focus
on the literature relating to one of the most avoidable
pathways to peritonitis, infection that begins at the
exit site of the peritoneal catheter, migrates along the
subcutaneous pathway of the catheter, and leads to peri-
tonitis—referred to as “catheter-related peritonitis.”

The association of peritoneal catheter exit-site infec-
tions and peritonitis has been recognized sincethe 1980s,
when patients with a history of exit-site infections (ESIs)
were shown to be more likely than patients without such
a history to develop tunnelinfections and peritonitis (3).
A subsequent paper by Abraham et al. in 1988 described
the natural history of ESIs in patients on continuous
ambulatory PD (CAPD) (4). The rate of ESI was 0.83
episodes per year at risk, and one half of the episodes
were purulent. The patients with purulentinfections were
likely to have recurrent ESIs and to eventually develop
peritonitis, for a rate of 1.48 episodes of peritonitis per
yearat risk compared with a rate of 0.57 episodes peryear
at risk in those with no ESIs. Staphylococcus aureus and
Pseudomonas aeruginosa were the organisms that most
commonly led to catheter loss in ESI. Therefore, by the
late 1980s, the association of ESIs with peritonitis had
been firmly established.

Any foreign object extruding from the body—whether
a catheter draining ascites in a cirrhotic patient, a cath-
eter for hemodialysis, or a catheter for PD—is prone
to colonization and infection. In 1991, Schwartz et al.
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reported on the concordance of simultaneous effluent
and exit-site cultures at the onset of peritonitis (5). The
same organism was present both at the exit site and in
the effluentin 45% — 55% of peritonitis episodes, but the
percentage was significantly higher (85%) when the peri-
tonitis was caused by coagulase-positive Staphylococcus.
In many, but notall, of the concordant cases, a clinically
overttunnel exitinfection was also present. Triggers for
the progression from colonization to infection are not
completely understood, but trauma to the exit site, a
declineinthe patient’simmune status (because of initia-
tion ofimmunosuppression or malnutrition), or exposure
ofthe exit site to a high bacterial count—P. aeruginosain
a hot tub or heavy nasal colonization with S. aureus for
instance—might possibly contribute to the transforma-
tion from colonization to infection.

In 1991, Twardowski et al. (6) described the morphol-
ogy of the peritoneal catheter tunnel in 18 patients
whose catheter was removed (10 because of successful
transplantation, 6 because of catheter malfunction, 2
because of transfer to hemodialysis, 5 because of tunnel
infection combined with peritonitis, and 1 each because
of recurrent peritonitis, chronic ESI, and Pseudomonas
peritonitis). The tunnels that were infected showed hem-
orrhagic areas, edema, and many granulocytes. In one
particular case in which an ESI developed after trauma
to the exit site (and in turn led to refractory peritonitis),
the tunnel was filled with an infiltrate of granulocytes,
red blood cells, and gram-positive cocci. The appearance
of the infected tunnels contrasted with that of tunnels
in uninfected patients, which showed giant multinucle-
ated cells, a few mononuclear cells, and collagen fibers
mingled with polyester fibers, but no granulocytes. In
one patient who clinically had no ESI but who did have
peritonitis, theinflammation was close to the deep cuff,
indicating the presence of a tunnelinfection. In another
patient with chronic Pseudomonas ESI without perito-
nitis, the inflammatory infiltrate was seen in the sinus
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tract and outer cuff, reaching to the midportion of the
intercuff segment; however, it did not involve the deep
cuff. This work well illustrated the process of infection
extending from the exit site, along the tunnel, to the
inner cuff of the peritoneal catheter, and then to the
peritoneal space, leading to peritonitis.

In 1996, we defined catheter infection as infection
of the exit site, tunnel, or both (but excluding coloniza-
tion of the biofilm) (7). Catheter-related peritonitis was
defined as peritonitis that occurred in temporal conjunc-
tion with a catheterinfection (either exit-site or tunnel)
with the same organism at the exit siteand in the effluent
(7).In 49% of 87 episodes of catheter-related peritonitis,
the ESIwas notassociated with a clinically obvious tunnel
infection (defined as erythema, edema, or tenderness
over the subcutaneous portion of the PD catheter). In
56% of cases, the catheter infections were diagnosed
when the patient presented with peritonitis attribut-
able to the same organism, although several of the
patients had received treatment for ESIs that appeared
to resolve. In a home dialysis modality, a peritoneal
catheterinfection, which generally causes minimal pain,
may not bring the patient to the attention of the health
care system immediately. On the other hand, symptoms
and signs of peritonitis typically cause the patient to
present for evaluation. One third of the catheter-related
peritonitis episodes were diagnosed with ESI before the
development of peritonitis. Another 10% of the ESIs were
discovered within 1 week after the onset of peritonitis.
That observation is also not surprising, because physi-
cians (some of whom are not so familiar with PD) do not
universally conduct a careful examination of the exit site
when a patient presents with peritonitis.

Tunnelinfections are often clinically occult. Infections
thatare limited to the exit site are of only minor concern.
However, certain organisms have a propensity to migrate
along the pathway of the subcutaneous tunnel, leading
to peritonitis. S. aureus and P. aeruginosa are particularly
troublesomein this regard (7). Vychytilet al. (8) showed
that tunnel infections, identified by ultrasonography
examination of the subcutaneous tunnel, were present
in 36% of patients with ESI, but that the proportion rose
to 56% when the organism at the exit site was S. aureus.
Once theinfection reached the deep cuff of the peritoneal
catheter, ultrasonography examination demonstrated
that the risk of peritonitis was strikingly elevated unless
the catheter was removed (9).

Colonization with S. aureus increases the risk of
S. aureus infections in PD patients (10). S. aureus can
cause peritonitis by contamination in a patient who is
colonized with S. aureus. However, carriage can also
lead to colonization of the PD catheter exit site. That
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colonization caninturn lead to ESTand tunnelinfection,
and consequently, peritonitis with S. aqureus. In 1991,
Luzar et al. obtained nose cultures for S. aqureus at the
start of CAPD in 140 patients and then monitored subse-
quent PD-related infections over a mean of 10.4 months
(10). Of S. aureus ESIs, 92% occurred in the CAPD patients
who had a positive nose culture for S. aureus at the start
of PD, and all of the S. aureus peritonitis occurred in the
carrier group.

Prevention of ESIs has repeatedly been shown to
lower the risk of peritonitis (11). The use of antibiotic
prophylaxis dramatically lowers the risk of S. aureus ESIs
and S. aureus peritonitis. Zimmerman et al. (12) were
the first to show that cyclical rifampin (600 mg by
mouth daily for 5 days every 12 weeks) leads to a dra-
matic reduction in S. aureus ESIs. After that study, we
performed a single-center, randomized non-inferiority
trial comparing the rifampin protocol with mupirocin
applied daily as part of routine care of the peritoneal
catheter exit site (13). We found that exit-site mupi-
rocin and oral rifampin were equally efficacious and
that the rates of S. aureus ESIs and S. aureus perito-
nitis were dramatically lower than historical rates at
our center (data collected prospectively as part of a
registry). Subsequently, we undertook a multicenter
blinded randomized controlled trial comparing exit-
site mupirocin with exit-site gentamicin and found that
the latter protocol further lowered the rate of ESIs and
peritonitis (14).

In this issue of Peritoneal Dialysis International, van
Diepen and Jassal (15) conclude that ESIand subsequent

TABLE 1
Hill’s Criteria of Causation (16)

e Strength of the association
* (onsistency of the observed association
* Specificity of the association (remembering that
diseases have more than one cause)
* Temporality (which comes first?)
* Biologicgradient (iftheassociation has a dose-response
curve)
* Isthe causation biologically plausible?
The cause and effectinterpretation should not con-
flict with the generally known facts of the natural
history and biology of the disease.
e Experiment
Itis occasionally possible to appeal to experimental
evidence.
e Analogy
In some circumstances it is fair to judge by analogy.
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peritonitis in PD patients are not causally related, but
only associated because the Hill postulates are not
fulfilled. Table 1 summarizes Hill's criteria for causa-
tion (16). It is important to note that Hill wrote in his
seminal paper that “none of my nine viewpoints can
bring indisputable evidence for or against the cause-
and-effect hypothesisand none can be required as a sine
qua non” (16). In view of the overwhelming evidence
presented earlierin this commentaryto supporta causal
relationship between infection of the subcutaneous
portion of the peritoneal catheter and peritonitis,
what are we to make of the conclusion of van Diepen
and Jassal that a causal relationship is not supported
by the literature?

A major weakness of the analysis is the limitations
placed on the literature reviewed. Because ESIs often
lead to peritonitis through tunnelinfections, the exclu-
sion of papers on tunnelinfection was likely to bias the
results from the outset. The analysis included only 9
studies, and yet thousands have been published on the
topic, suggesting that the search criteria used by the
authors may have been too strict.

To determine causality, the fourth of the Hill criteria
has to be met: to be considered causal, the ESI must
precede the peritonitis. Ina recent paper from Manitoba,
patients with an ESI were matched to others without an
EST and were then evaluated for subsequent peritonitis
(17). Episodes presenting simultaneously with ESI were
excluded from the analysis, as were episodes associ-
ated with a tunnel infection. Nonetheless, the authors
observed a strong association between ESI and subse-
quent peritonitis, with a hazard ratio of 1.59 (p <0.001).
In addition, the risk of the ESI and the peritonitis being
attributed to organisms in the same category was also
significant, with an adjusted hazard ratio of 1.55 (p =
0.001). Therisk of the appearance of S. aureus peritonitis
after S. aureus ESI was especially strong and increased
over time [odds ratio of 13 at 6 months (p=0.02) and of
18 at 9 months (p =0.007)].

The Manitoba study might underestimate the relation-
ship of ESIs and peritonitis because tunnel infections
were again excluded, as were patients presenting simul-
taneously with ESIs and peritonitis. As we indicated
earlier, an ESI might be present, but might notalways be
diagnosed before the peritonitis episode or even at the
time of presentation with peritonitis. Careful question-
ing will reveal that the ESI was present before the cloudy
effluent. Itisimportant that trainees learn not only the
importance of obtaining a careful history, but also the
necessity of inspecting the exit site for signs of infection
whenever a patient presents with peritonitis oris simply
making a routine visit to the dialysis center.
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To summarize, the literature supports a strong asso-
ciation between ESIs and peritonitis from both an earlier
period of PD until more recently. The progression of infec-
tion from exit site to tunnel to inner cuff to peritoneal
spaceis biologically plausible. This path to peritonitis is
supported both by pathology studies showing inflamma-
tion in the tunnel of catheters removed for clinical ESI
and peritonitis and by ultrasonography studies of the
peritoneal catheter tunnel. Lastly, a reduction in ESIs is
associated with a reduction in peritonitis. The literature
asawhole therefore fulfills multiple Hill criteria. We urge
all PD programs to implement protocols to prevent ESIs
intheir PD patients and to aggressively treat ESIs that do
occur, because those tactics will lower the risk of perito-
nitis, one of the most serious complications in PD.
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