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Peritonitis is a common complication of peritoneal dialysis (PD) and can result in PD catheter removal,
permanent hemodialysis, and, potentially, death. Prediction and prevention of PD-related peritonitis are
thus extremely important. In 2016, the International Society for Peritoneal Dialysis published guidelines
for patients with peritonitis undergoing PD. The guidelines cover most cases of PD-related peritonitis
caused by bacteria and include clear indications for catheter removal. However, difficulties often arise
when deciding the timing of catheter removal. When multiple enteric organisms are identified in a cul-
ture of dialysis effluent, peritonitis may be caused by intra-abdominal pathology, which is associated
with substantial mortality. In such cases, catheter removal is considered. In this report, we describe a
case in which, during antibiotic therapy for PD-related peritonitis due to Enterococcus faecalis alone, the
patient developed a relapse of peritonitis caused by a newly detected Gram-negative, rod-like Pseudo-
monas aeruginosa. He required catheter removal because of the possibility of peritonitis recurrence. Al-
though additional study is required, early catheter removal may be effective when a new organism is
detected during antibiotic therapy for PD-related peritonitis caused by an organism not meeting the
definition of refractory peritonitis. (J Nippon Med Sch 2020; 87: 304-308)
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Introduction
Peritonitis is a common complication of peritoneal dialy-
sis (PD) and can result in PD catheter removal, perma-
nent hemodialysis, and death'™. In 2016, the International
Society for Peritoneal Dialysis published guidelines for
peritonitis patients undergoing PD—the ISPD Peritonitis
Recommendations: 2016 Update on Prevention and Treat-
ment'. Identification of the causative organism is impor-
tant for PD-related peritonitis because the treatment pro-
tocol and prognosis for PD-related peritonitis usually de-
pend on the organism responsible. Therefore, the guide-
lines detail management of various causative organisms
and encompass most cases of PD-related peritonitis'.
However, PD-related peritonitis can be caused by uncom-
mon organisms or exhibit an unusual clinical course. Fur-

thermore, although the guidelines detail the indications

for catheter removal, difficulties often arise when decid-
ing the best time for catheter removal.

In this article, we report a case in which, during antibi-
otic therapy for PD-related peritonitis in which the first
culture of PD effluent upon hospitalization revealed only
Enterococcus faecalis, the patient required peritoneal cathe-
ter removal caused by peritonitis relapse caused by
newly detected Gram-negative, rod-like Pseudomonas
aeruginosa. The peritonitis guidelines for patients under-
going PD, published by the International Society for Peri-
toneal Dialysis in 2016, outline criteria for treating PD-
related peritonitis and encompass most cases of PD-

related peritonitis caused by bacteria.

Case Presentation

A 71-year-old man had undergone PD for 3 months for
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Table 1 Laboratory findings at first admission

Urinalysis T-Bil
Protein (3+) LDH
Occult blood -) CK
WBC -) TP
bacteria =) Alb
CBC BUN
WBC 5,400 /uL Cre
RBC 298x1074 /uL T-Cho
Hb 9.6 g/dL LDL-Cho
Hct 28.9 % TG

Plt 20.7x10°4 /uL Na
Biochemical K

AST 10 IU/L Cl

ALT 13 IU/L Glucose

0.25 mg/dL Serology

179 IU/L CRP 6.25 mg/dL
119 TU/L

5.8 g/dL Coagulation

2.8 g/dL APTT 27.4 sec
49.9 mg/dL PT 109.3 %
7.78 mg/dL D-dimer 2.9 pg/mL
177 mg/dL

106 mg/dL Effuluent

211 mg/dL WBC 2,091 /uL
141 mEq/L Neutrophil 91 %

5.3 mEq/L

107 mEq/L

165 mg/dL

WBC, white blood cell; RBC, red blood cell; CBC, complete blood count; Hb, hemoglobin; Hct, hema-
tocrit; Plt, platelet; AST, aspartate aminotransferase; ALT, alanine aminotransferase; T-Bil, total biliru-
bin; LDH, lactate dehydrogenase; CK, creatine kinase; TP, total protein; Alb, albumin; BUN, blood
urea nitrogen; Cre, creatinine; T-Cho, total cholesterol; LDL-Cho, Low-density-lipoprotein cholesterol;

TG, triacylglycerol; CRP, C-reactive protein; APTT, activated partial thromboplastin time; PT, pro-

thrombin time.

end-stage kidney disease caused by diabetic nephropathy
and kidney trauma that had occurred 50 years previ-
ously. He had cloudy PD effluent for a 3-day period but
did not seek treatment, because of a lack of symptoms
such as abdominal pain, high fever, and diarrhea. The
community nurse, who visited his house weekly, identi-
fied the cloudy effluent, which led to his hospital admis-
sion. He was conscious at admission, and his vital signs
were blood pressure 159/81 mm Hg, pulse 85/min, and
temperature 36.7°C. His medical history included hyper-
tension, type 2 diabetes, and hyperuricemia. His medica-
tion use included 1mg/day trichlormethiazide, 25 mg/
day losartan, 80 mg/day furosemide, 10 mg/day fe-
buxostat, 0.25 ng/day calcitriol, and 60 mg/day Clostrid-
ium butyricum. Table 1 shows the laboratory findings at
the first hospital admission. Abdominal CT scans upon
initiation of PD revealed colon diverticulum. He used an
automated PD machine at night and an exchange system
with ultraviolet light irradiation. There was no evidence
of technical failure, and the community nurse visited his
house once weekly after PD was begun.

The patient had no symptoms such as abdominal pain,
high fever, diarrhea, redness or swelling, or pain or pus
at the catheter exit site. His white blood cell count was
within the normal range, but C-reactive protein (CRP)
level was elevated. Furthermore, dialysis effluent was
cloudy, and the white blood cell count in dialysis effluent
was greater than 100 /pL, with >50% polymorphonuclear

cells. Therefore, PD-related peritonitis without catheter
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exit-site infection was diagnosed, and he was started on
empiric antibiotic treatment, in accordance with treat-
ment guidelines.

We started intravenous (IV) ceftazidime (CAZ) and in-
traperitoneal (IP) vancomycin (VCM) administration on
the first day of hospitalization(Fig. 1). CAZ was discon-
tinued on day 5 of hospitalization because we detected
only VCM-sensitive E. faecalis in effluent at the time of
hospitalization. IP VCM administration was continued
for 3 weeks. On day 4, dialysis effluent was no longer
cloudy, and white blood cell count in dialysis effluent
and CRP were better, which suggested that the antibiotic
treatment had been effective. However, dialysis effluent
became cloudy again on day 15. Although the patient
had no symptoms, such as abdominal pain, high fever,
diarrhea, or redness, swelling, pain, or pus at the catheter
exit site, the white blood cell count in dialysis effluent
was greater than 100 /uL, with >50% polymorphonuclear
cells. IV CAZ administration was started because of the
possibility of peritonitis relapse, although this case did
not exactly match the standard definition. We changed to
IV gentamycin (GM) and IP CAZ because we detected
Gram-negative rod-like P. aeruginosa alone, without E. fae-
calis. We continued antibiotic therapy for 3 weeks, with-
out catheter removal, because of the absence of exit-site
infection. The patient improved and was discharged on
day 46.

However, 8 days later, dialysis effluent was again

cloudy, and he was hospitalized for PD-related peritoni-
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Fig. 1 Clinical course of patient

CRP, C-reactive protein; CAZ, ceftazidime; VCM, vancomycin; GM, gentamycin; iv, intravenous administration; ip,

intraperitoneal administration.

tis. There was no catheter exit-site infection, and effluent
cultures were negative. Recurrence of peritonitis—caused
by Gram-negative, rod-like P. aeruginoss—was diagnosed
on the basis of the treatment history, and antibiotic ther-
apy with IV VCM, IV GM, and IP CAZ was started; the
catheter was removed on day 61. We later continued IV
VCM and IV GM administration, and peritonitis im-
proved. He was discharged on day 82 after the initial

hospitalization.

Discussion
PD-Related Peritonitis
Peritonitis—a common complication of peritoneal di-
alysis (PD)—can result in PD catheter removal, perma-

nent hemodialysis, and death"

. Thus, prediction and
prevention of PD-related peritonitis are important.

The guidelines for peritonitis in patients undergoing
PD, published by the International Society for Peritoneal
Dialysis in 2016, outline criteria for treating PD-related
peritonitis and encompass most cases of PD-related peri-
tonitis caused by bacteria'. We applied these guidelines
in the present case. The peritonitis due to E. faecalis im-
mediately improved with the initial antibiotic therapy

but worsened at 16 days after the start of antibiotic ther-
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apy. For PD-related peritonitis, the abovementioned
guidelines provide the following definitions: “Recurrent:
An episode that occurs within 4 weeks of completion of
therapy of a prior episode but with a different organ-
ism,” “Relapsing: An episode that occurs within 4 weeks
of completion of therapy of a prior episode with the

”

same organism or one sterile episode,” and “Refractory:
Failure of the effluent to clear after 5 days of appropriate
antibiotics”’. In our patient, during antibiotic treatment
for peritonitis caused by E. faecalis, we identified Gram-
negative, rod-like P. aeruginosa in cloudy dialysis effluent
but were unable to identify the organism responsible at
that time because of the insufficient bacterial content. The
present case did not fully satisfy the definitions of recur-
rence and relapse, because therapy was still underway
and the condition was not diagnosed as refractory be-
cause the effluent cleared within 5 days after initial anti-
biotic treatment.

PD-related peritonitis due to P. aeruginosa is common
and often requires catheter removal, particularly in cases
of exit-site and tunnel infection'. The guidelines suggest
that the indications for catheter removal—refractory peri-
tonitis, relapsing peritonitis, refractory exit-site and tun-

nel infection, and fungal peritonitis—may also be consid-
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ered for repeat peritonitis, mycobacterial peritonitis, and
multiple enteric organisms'. When we identified Gram-
negative, rod-like P. aeruginosa, our case did not fully sat-
isfy these conditions. We thus did not remove the cathe-
ter at that time and limited treatment to antibiotics, be-
cause previous studies reported that PD-related peritoni-
tis due to P. aeruginosa without catheter exit-site and tun-
nel infection did not require catheter removal’. In addi-
tion, our patient had already been discharged once.
However, he was readmitted only 8 days later and un-
derwent immediate catheter removal during the second
period of hospitalization because of peritonitis relapse.
As mentioned above, although the guidelines cover most
cases of PD-related peritonitis, the decision to remove the
catheter is sometimes difficult, as in our patient.

PD-Related Peritonitis without Catheter Exit-Site or
Tunnel Infection

In this case, the lack of catheter exit-site and tunnel in-
fection suggested an intra-abdominal pathological mecha-
nism. Our patient had asymptomatic diverticulosis, and
some studies reported that diverticulosis without symp-
toms such as abdominal pain or episodes of diverticulitis
was not a risk for PD-related peritonitis®’. However, an-
other study reported that diverticulosis may cause PD-
related peritonitis’, so we could not completely exclude
the possibility of an association between peritonitis and
diverticulosis.

Responsible Organisms and Pathology

Peritonitis associated with identification of multiple en-
teric organisms in a culture of dialysis effluent may be
caused by an intra-abdominal pathological mechanism,
which is associated with substantial mortality”. In addi-
tion, such cases have a high rate of transfer to hemo-
dialysis”. Patients with PD-related peritonitis due to
Gram-negative bacteria, with or without Gram-positive
bacteria, have a worse prognosis". In this case, we identi-
fied only E. faecalis, without Gram-positive bacteria, in
the first culture of dialysis effluent. We started treatment
because peritonitis was caused by E. faecalis alone, and
the patient had no exit-site or tunnel infection. PD-
related peritonitis caused by E. faecalis is common in eld-
erly patients undergoing PD, and peritonitis due to mul-
tiple organisms with E. faecalis is associated with catheter
removal, transfer to hemodialysis, and death in patients
undergoing PD". In peritonitis cases, catheter removal
within 1 week of disease onset decreases the risk of
transfer to hemodialysis™ In our patient, initial antibiotic
therapy was effective, so refractory peritonitis was not

diagnosed; however, during antibiotic therapy the patient
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developed a relapse of peritonitis, caused by Gram-
negative, rod-like P. aeruginosa alone without E. faecalis. If
we had identified both Gram-negative, rod-like P. aerugi-
nosa and E. faecalis in the same culture at the first hospi-
talization we would have performed catheter removal be-
cause of the presence of multiple-organism peritonitis;
however, we did not do this because the organisms were
detected at different times. P. aeruginosa is the second
most common Gram-negative, rod-like bacteria that
causes peritonitis®.

Peritonitis caused by P. aeruginosa has a higher rate of
catheter removal and transfer to hemodialysis than peri-
tonitis without P. aeruginosa™. In addition, patients more
frequently receive antibiotic therapy for peritonitis
caused by P. aeruginosa than for peritonitis caused by
other organisms. Recent antibiotic therapy and peritonitis
with catheter exit-site infection are associated with poor
outcomes”. Peritonitis caused by P. aeruginosa, with exit-
site and tunnel infection, requires catheter removal be-
cause of its poor prognosis"*”. In our patient, we identi-
fied Gram-negative, rod-like P. aeruginosa but were un-
able to identify it in a culture of dialysis effluent at hos-
pitalization, perhaps because of antibiotic therapy for
peritonitis due to E. faecalis. We did not remove the
catheter, and the patient was discharged after undergoing
antibiotic therapy only but soon returned to hospital be-
cause of new peritonitis, which was immediately im-
proved by catheter removal. PD-related peritonitis due to
P. aeruginosa often develops into relapsing peritonitis®. In
our patient, we could not identify the responsible organ-
ism at the second hospitalization because a culture of di-
alysis effluent yielded negative results. Therefore, we
could not diagnose relapsing peritonitis in accordance
with the guidelines. However, the clinical course sug-
gested a relapse of peritonitis caused by P. aeruginosa.

We have experienced few cases like this, so further
studies are warranted. However, if an organism different
from the causative organism is detected during initial an-
tibiotic therapy for peritonitis, early catheter removal
may be effective.

In conclusion, during antibiotic therapy for PD-related
peritonitis caused by E. faecalis alone, the patient devel-
oped a relapse of peritonitis due to newly detected
Gram-negative, rod-like P. aeruginosa. He required cathe-
ter removal for suspected relapse of peritonitis. Early
catheter removal might be effective when a new organ-
ism is detected during antibiotic therapy for PD-related
peritonitis caused by a different organism not meeting

the definition of refractory peritonitis.
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