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CASE REPORT

A case of peritoneal dialysis‑related peritonitis caused by dialysate 
leakage with successful treatment by intravenous and intraperitoneal 
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Kenji Ueki1 · Akihiro Tsuchimoto1 · Kumiko Torisu1 · Kiichiro Fujisaki2 · Sayaka Tachibana3 · Keigo Tomita1 · 
Toshiaki Nakano1  · Kazuhiko Tsuruya4 · Takanari Kitazono1

Received: 10 December 2020 / Accepted: 1 September 2021 / Published online: 12 September 2021 
© Japanese Society of Nephrology 2021

Abstract
Dialysate leakage is one of the causes of peritoneal dialysis (PD)-related peritonitis. The rate of catheter removal in PD-
related peritonitis caused by dialysate leakage (PDPDL) is high, and the correct treatment is unclear. We experienced a case 
of PDPDL that was treated with intravenous and intraperitoneal antibiotic therapy. A 44-year-old Japanese man had high 
glucose discharge from the exit site after 14 days of initiating PD, and he had a fever and cloudy effluent with a high white 
cell count. We diagnosed him with PDPDL and began to administer vancomycin and ceftazidime intraperitoneally. However, 
the peritonitis could not be ameliorated. A culture examination showed Staphylococcus aureus from the effluent of peritoneal 
cavity and exit site cultures. We began intraperitoneal cefazolin administration according to a drug susceptibility test, but 
the effluent cell count remained high. As we added intravenous cefazolin administration, his symptoms and cloudy effluent 
improved, and the effluent cell count normalized. He has not developed any recurrence of dialysate leakage or peritonitis. Our 
findings suggest that PD-related peritonitis accompanied by other infectious sites, such as PDPDL, should be treated with 
additional intravenous antibiotic therapy to taking effect on the infectious sites except for peritoneum and to keep plasma 
concentration of antibiotics sufficient especially in cases with preserved residual kidney function.
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Introduction

Peritonitis is a significant complication of peritoneal dialysis 
(PD). PD-related peritonitis is a cause of PD failure and con-
version to hemodialysis [1]. One of the causes of PD-related 
peritonitis is dialysate leakage. Dialysate leakage is likely to 
develop in the period of PD initiation especially with short 

duration between PD catheter insertion and intraperitoneal 
dialysate storage. Exit site discharge of high glucose levels 
can occur, and the exit site communicates with the perito-
neal cavity by dialysate leakage. These effects increase the 
risk of PD-related peritonitis caused by dialysate leakage 
(PDPDL) [2].

International Society for Peritoneal Dialysis (ISPD) rec-
ommendations have little advice on managing PDPDL [3]. 
With PDPDL, only intraperitoneal antibiotic administration 
may be insufficient because of other infectious sites, except 
for the peritoneal cavity. Therefore, we attempted to treat a 
case of PDPDL with intraperitoneal and intravenous antibi-
otic therapy and obtained a successful result.

Case report

A 44-year-old Japanese man without no past history of 
abdominal surgery was admitted our hospital to initiate 
PD. He had type 2 diabetes mellitus and was treated by 
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oral anti-diabetic drugs, but kidney dysfunction had been 
progressing.

On admission, his height was 169 cm, body weight was 
81.9 kg, body temperature was 37.3 °C, and blood pressure 
was 138/88 mmHg. A physical examination showed nor-
mal breathing sounds, heart sounds, abdomen, and nervous 
system. He had mild edema at his lower limbs. The urinary 
occult blood of qualitative test was 1 + , and the count of 
red blood cells in urine was 1–4/HPF. The count of white 
blood cells in urine was 1–4/HPF. The urinary protein of 
qualitative test was 3 + , and the urinary protein-to-creatinine 
ratio 6.6 g/g Cr. A full blood examination showed the fol-
lowing: white blood cells, 6,830/µL; hemoglobin, 10.4 g/
dL; hematocrit, 30.7%; and platelets, 24.1 ×  104/µL. Serum 
biochemical analyses showed the following: total protein, 
5.4 g/dL; serum albumin, 2.9 g/dL; blood urea nitrogen, 69 
mg/dL; serum creatinine, 7.50 mg/dL; sodium, 140 mmol/L; 
potassium, 4.1 mmol/L; chloride, 106 mmol/L; calcium 8.0 
mg/dL; phosphate 5.3 mg/dL; and C-reactive protein, 0.19 
mg/dL (Table. 1). The venous gas analysis showed the fol-
lowing: pH 7.355,  pO2 50.3 mmHg,  pCO2 33.4 mmHg, 
 HCO3

− 18.2 mmol/L, base excess  – 6.5 mmol/L.
Although the patient had a slight fever, he had no symp-

toms, and his laboratory test showed none of inflammation. 
Therefore, we performed PD catheter implantation. A trans-
verse incision in rectus abdominis was made through the 
skin and the subcutaneous tissue. A subcutaneous adipose 
layer was thick and preperitoneal adipose layer was found. 
After reaching the peritoneal cavity, catheter was inserted 
without difficulties. We placed purse-string sutures of perito-
neum twice to preventing leakage. A subcutaneous catheter 
tunnel was made through swan-neck abdominal pathway. 
Exit site was made with a piercing trocar. This sequential 
procedure of surgery did not have any problem and catheter 
was flushed once a day for 3 days before PD was initiated. 
Storage of the peritoneal dialysate that contains 1.5% glu-
cose concentration took 10 days, gradually increasing up to 
1500 mL × 4/day, and the patient’s Kt/V was 2.008 (residual 
kidney: 1.003; dialysate: 1.005)/week.

On 14  days after initiating PD, exit site discharge 
appeared. Fluid of the discharge showed high glucose levels 
and abdominal computed tomography (CT) showed dialysate 
leakage in the abdominal wall (Fig. 1a). We ceased intraperi-
toneal dialysate storage in the daytime without transferring 
to temporary hemodialysis because he had preserved resid-
ual kidney function with sufficient urinary volume. On the 
following day, he had a fever and cloudy effluent, with 535/
µL of effluent cell count. We diagnosed him with PD-related 
peritonitis and began to administer intraperitoneal vanco-
mycin 1 g/day and ceftazidime 1 g/day. The storage of the 
peritoneal dialysate was only once a day during night time 
with supine posture, and these antibiotics were administrated 
into peritoneal dialysate of 1000 mL. The dwelling time of 

antibiotics was more than 6 h. However, the cloudy effluent 
was not ameliorated, and the effluent cell count remained 
high 4 days after beginning treatment. Both cultures from 
the effluent of peritoneal cavity and the exit–site discharge 
showed Staphylococcus aureus. The result of blood culture 
was negative. We changed intraperitoneal vancomycin and 
ceftazidime to intraperitoneal cefazolin 1.5 g/day accord-
ing to a drug susceptibility test. However, the effluent cell 
count reached 848/µL 6 days after the onset of peritonitis. 
Therefore, we added intravenous cefazolin 1.0 g/day. Subse-
quently, his symptoms and cloudy effluent improved. Addi-
tionally, the effluent cell count decreased and achieved a 
normal count 17 days after the onset of peritonitis. After 
4 weeks of cefazolin administration, we ceased antibiotics 

Table 1  Laboratory data at the time of the admission

Parameter Level

Urinalysis
Specific gravity 1.014
pH 6.5
Occult blood (1 +)
Protein (3 +)
Red blood cell, /HPF 3–5
White blood cell, /HPF 3–4
Protein-to-creatinine ratio, g/g Cr 6.6
Complete blood count
White blood cell, μL 6830
Neutrophils, % 70.3
Lymphocyte, % 18.5
Eosinophils, % 2.6
Basophils, % 0.4
Monocyte, % 7.0
Hemoglobin, g/dL 10.4
Hematocrit, % 30.7
Platelets, ×  104/μL 24.1
Serum biochemistry
Total protein, g/dL 5.4
Albumin, g/dL 2.9
Urea nitrogen, mg/dL 69
Creatinine, mg/dL 7.5
Sodium, mmol/L 140
Potassium, mmol/L 4.1
Chloride, mmol/L 106
Calcium, mg/dL 8.0
Phosphate, mg/dL 5.3
Aspartate transaminase, U/L 13
Alanine aminotransferase, U/L 28
γ-Glutamyl transpeptidase, U/L 30
Triglyceride, mg/dL 177
Total cholesterol, mg/dL 168
C-reactive protein, mg/dL 0.19
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and resumed dialysate storage in the peritoneal cavity 
(Fig. 2). The patient had no recurrence of peritonitis until 
kidney transplantation, and abdominal CT showed no trace 
of dialysate leakage 2 years after initiating PD (Fig. 1b).

Discussion

We report a patient with PDPDL who was treated with both 
intraperitoneal and intravenous antibiotic therapy. Intraperi-
toneal antibiotic therapy alone did not improve the perito-
nitis, but both intraperitoneal and intravenous antibiotics 
therapy was effective.

Peritoneal dialysate leakage, defined as any dialysate loss 
from the peritoneal cavity other than through the lumen of 
the catheter, is arbitrarily classified as early (< 30 days) or 

late (> 30 days), following catheter implantation and the start 
of PD [4]. Early leakage like the present case tends to be 
associated with catheter implantation technique, the timing 
of PD initiation, high-dialysate volumes used, some medica-
tion with adverse effect of treatment delay of acute wound, 
and a weak abdominal wall such as obesity, a history of mul-
tiple surgeries or pregnancies [4–6]. In catheter implantation 
technique, the abdominal midline incision has been reported 
to be cause of dialysate leakage [7, 8]. We performed sur-
gery with paramedian site approach. Moreover, we placed 
double purse-string sutures of peritoneum to preventing 
leakage and, therefore, it is quite unlikely that implanta-
tion technique was the cause of leakage. Delaying start of 
dialysis for 2 weeks following catheter placement prevents 
developing a leak [4, 9, 10]. Moreover, initial subcutane-
ous embedding of PD catheter decreases the early leakage 

Fig. 1  Computed tomography showing peritoneal dialysate leakage. a Peritoneal dialysate leakage can be seen around the catheter in the abdom-
inal wall (circle). b No recurrence of peritoneal dialysate leakage after 2 years (circle)

Fig. 2  Clinical course of the 
present case
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[11, 12]. Any medication with adverse effect of treatment 
delay of acute wound such as corticosteroid or inhibitor of 
mammalian target of rapamycin was not used in this case. 
Diabetes might had an effect on the wound healing and cause 
the dialysate leakage, but no previous reports have shown the 
relation between diabetes and dialysate leakage. Obesity in 
the present case corresponded to overweight in World Health 
Organization classification [13] might be considered to be 
one of the reasons for developing dialysate leakage. In the 
present case, patient had multiple risks including diabetes 
mellitus and obesity. In addition, he had little symptom of 
severe uremia except for mild volume overload and trivial 
metabolic acidosis due to chronic renal failure. Therefore, 
delaying start of PD by subcutaneous embedding of catheter 
should have been considered.

If dialysate leakage is developed, dialysate storage should 
be ceased or decreased with supine posture. We thought at 
this time that the dialysate storage only during night with 
supine posture could contribute to reduce the harmful effect 
of dwell of dialysate, but the intraperitoneal storage of the 
present case should have been ceased completely to prevent 
exacerbation of dialysate leakage and infection. On the fol-
lowing day of development of dialysate leakage, peritonitis 
was developed and it was necessary to storage the dialysate 
for the route of intraperitoneal antibiotics administration. 
As an alternative, only intravenous antibiotic therapy with 
complete discontinuance of PD should have been consid-
ered. However, only intravenous antibiotic therapy might 
fail the treatment for peritonitis because it is preferable to 
treat with peritonitis by intraperitoneal antibiotic therapy in 
ISPD recommendations.

The infectious sources of PD-related peritonitis include 
intraluminal contamination such as touch contamination, 
periluminal contamination such as extension from exit site 
or tunnel infection, and secondary peritonitis such as trans-
visceral migration from gastrointestinal tract [14]. It is dif-
ficult to apply PDPDL to these kinds of sources. In PDPDL 
case, microbes were probably transmitted to peritoneal cav-
ity through the fluid of not intraluminal but periluminal cath-
eter. However, the absence of purulent drainage from exit 
site or erythema of the skin over the subcutaneous pathway 
does not suggest exit site or tunnel infection. The character-
istics that differ from a general PD-related peritonitis suggest 
that the case of PDPDL requires the distinctive therapy.

The treatment for PDPDL is unclear, and the ISPD rec-
ommendations about peritonitis [3] and about creating and 
maintaining optimal PD access in the adult patient [15] 
shows the way not for treating infection with dialysate leak-
age but for preventing it. We started to treat by intraperito-
neal vancomycin and ceftazidime in accordance with ISPD 
recommendation about treatment for general PD-related 
peritonitis. Even though glycopeptide such as vancomy-
cin plus ceftazidime was considered to be superior to other 

regimens in a proportional meta-analysis [16], peritonitis of 
the present case was not ameliorated. A total of 42% patients 
with peritoneal leakage suffer from catheter infection or 
PDPDL, and the catheter removal rate of PDPDL can reach 
52% [2]. Therefore, the method of treating PDPDL should 
be essentially established. Unfortunately, the treatment for 
PDPDL is unclear and even case reports of PDPDL are very 
few. We think that our report serves as one example of the 
treatments for PDPDL.

The present PDPDL case with successful treatment by 
intravenous and intraperitoneal antibiotics had two implica-
tions in the treatment for PDPDL. The first implication is 
the route of antibiotics. The ISPD recommendations about 
peritonitis shows that intraperitoneal administration of anti-
biotics is the preferred route unless the patient has features 
of systemic sepsis [3]. In the present case, peritoneal admin-
istration alone was insufficient because he had dialysate 
leakage, which might have infectious dialysate around the 
catheter. Therefore, additional intravenous antibiotic treat-
ment was performed and effective. The findings suggest that 
PD-related peritonitis accompanied by other infectious sites, 
such as dialysate leakage, should be treated with additional 
intravenous antibiotics.

The second implication is the concentrations of antibi-
otics. The ISPD recommendations suggest that adjustment 
of the intraperitoneal antibiotic dose for residual kidney 
function is unnecessary [3]. A previous report showed that 
the correlation between urinary volume and vancomycin 
concentrations in dialysate was poor [17]. Another report 
showed that plasma vancomycin and gentamicin concentra-
tions were similar in patients who were cured of PD-related 
peritonitis compared with those who required catheter 
removal [18]. In case of PDPDL, intraperitoneal antibiotics 
has effect on infection in peritoneum, but it is not certain 
that the dosage of the intraperitoneal antibiotics for treating 
general PD-related peritonitis can keep plasma concentration 
enough for treating infectious fluid around catheter. Indeed, 
antibiotics are absorbed from the intraperitoneal cavity to 
plasma, but plasma concentrations may be influenced by 
residual kidney function, permeability of the peritoneum, 
and the type of the antibiotics. In particular, the present case 
had preserved residual kidney function. Therefore, addi-
tional intravenous cefazolin administration was reasonable 
to maintain plasma antibiotic concentrations certainly.

A case report cannot establish the manner of treatment 
for disease. Not all cases of PDPDL should be treated by the 
same manner of the present case. We thought that the cause 
of ineffectiveness of only intraperitoneal antibiotics therapy 
was inadequate serum concentration of antibiotics because 
the patient had obesity and residual kidney function. There-
fore, we planned to remove the catheter if the combination 
therapy of both intraperitoneal and intravenous antibiotics 
failed or the side effect of antibiotics was shown.
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In summary, we treated a case of PDPDL using intra-
peritoneal and intravenous antibiotic therapy. Our findings 
suggest that PD-related peritonitis accompanied by other 
infectious sites, such as PDPDL, should be treated with addi-
tional intravenous antibiotic therapy to taking effect on the 
infectious sites except for peritoneum and to keep plasma 
concentration of antibiotics sufficient especially in cases 
with preserved residual kidney function.
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