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INTRODUCTION:  Perforative  peritonitis  in patients  on peritoneal  dialysis  (PD)  is a  serious  adverse  event
associated  with  significant  mortality.  The  signs  and  symptoms  of perforative  peritonitis  in patients  on
PD are  often  confused  with  those  of PD-related  peritonitis;  therefore,  early  diagnosis  is  often  difficult.
PRESENTATION  OF CASES:  In  all three  cases,  antibiotic  therapy  was  started  for peritonitis.  Although
contrast-enhanced  computed  tomography  (CT)  was  not  performed,  perforative  peritonitis  was  suspected
due to severe  cloudiness  of  PD  effluents,  and  emergency  surgeries  were  performed  8,  5,  and  6  days  after
therapy  onset  in  cases  1, 2, and  3, respectively.  In case  1, the  ileum  was  perforated  owing  to  ischemia,  and
partial  ileal  resection  and  divided  ileostomy  were  performed.  The  patient  died 18 days  postoperatively.  In
case  2, partial  ileal  resection  and  divided  ileostomy  were  performed  for an  incarcerated  obturator  hernia
and perforated  ileum.  The  patient  was  transferred  for hemodialysis  (HD)  and  discharged  117  days  post-
operatively.  In  case  3, lavage  drainage  was  performed  for peritonitis  because  of mesenteric  penetration  of
a sigmoid  colon  diverticulum.  The  patient  was  then  transferred  for  HD,  and  colostomy  was  subsequently
performed.  He was  discharged  159  days  postoperatively.

DISCUSSION: Early  diagnosis  between  PD-related  peritonitis  and  perforative  peritonitis  is often  difficult
since  the  washing  effect  of  the peritoneal  dialysate  might  relieve  peritoneal  irritation.
CONCLUSION:  In  PD  patients  with  refractory  peritonitis,  it is  necessary  to keep  in  mind  the  possibility  of
perforative  peritonitis,  and  the  differential  diagnosis  should  be  performed  using  contrast-enhanced  CT
within  at  least  5  days  after  antibiotic  therapy.

©  2020  The  Author(s).  Published  by Elsevier  Ltd on behalf  of  IJS Publishing  Group  Ltd.  This  is  an  open
 artic
access

. Introduction

Peritonitis remains a major complication, leading to possible
embrane damage and even death [1]. Although touch contam-

nation during peritoneal dialysis (PD) effluent exchange is the
ost common cause of PD-related peritonitis [2], perforative peri-

onitis is also a potentially fatal complication. Despite the need

or appropriate surgical intervention, early diagnosis of perforative
eritonitis is difficult because the washing effect of the peritoneal
ialysate might relieve peritoneal irritation [3]. In PD patients with

Abbreviations: PD, peritoneal dialysis; HD, hemodialysis; CT, computed tomog-
aphy; CRP, C-reactive protein; WBC, white blood cell.
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refractory peritonitis, early diagnosis is important because of the
possibility of perforative peritonitis.

This work has been reported in line with the PROCESS criteria
[4]. Research registry of the case series: #researchregistry5417.

2. Case presentation

2.1. Case 1

A 67-year-old man  began PD for diabetic nephropathy at age
63. He had suffered three episodes of PD-related peritonitis, all of
which improved with antibiotic therapy. During the course of an
unrelated hospitalization, he presented with cloudiness of the PD
effluent. His symptom was  only mild abdominal distention, how-
ever, serum C-reactive protein (CRP) level and white blood cell

(WBC) count in the PD effluent were 15.91 mg/dL and 4,688 cells/�L
(neutrophils, 78.7%), respectively. He was diagnosed with peritoni-
tis and was  started on intravenous tazobactam/piperacillin and
intraperitoneal tobramycin for broad-spectrum coverage (day 0).
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ig. 1. (a) Computed tomography (CT) findings. CT reveals intestinal dilatation, but
schemic  changes and a perforation in the ileum.

BC  count in the PD effluent initially decreased to 2,407 cells/�L
day 1), but subsequently increased to 3,064 cells/�L, and the
ntibiotic was changed to levofloxacin (day 2). Enterococcus
rowth was observed on culture tests, and the antibiotic was
hanged to vancomycin (day 3). He complained of abdominal pain,
nd non-contrast computed tomography (CT) revealed intestinal
ilatation but no free air in the abdominal cavity (Fig. 1a) (day
). Ischemic enteritis was suspected due to hematochezia, and
mergency surgery was performed due to the exacerbation of
bdominal pain and severe cloudiness of the PD effluent (day 8).
n inspection of the abdominal cavity, ischemic changes and par-

ial perforation were observed in the ileum; he was  diagnosed with
erforative peritonitis associated with ischemic enteritis (Fig. 1b).
e underwent partial ileal resection and divided ileostomy, and
as transferred to hemodialysis (HD). However, his circulatory

ynamics were unstable and he died of arrhythmia 18 days after
he surgery.

.2. Case 2

A 72-year-old woman began PD for diabetic nephropathy at age
1. She had no earlier episodes of PD-related peritonitis. She was
ospitalized for right hip pain and was suspected of having sciatica;
hus, rehabilitation was begun. During the course of hospitalization,
he presented with cloudiness of the PD effluent but no abdomi-
al pain. Serum CRP level and WBC  count in the PD effluent were
.79 mg/dL and 179 cells/�L (neutrophils, 74.3%), respectively. She
as diagnosed with peritonitis and began receiving intravenous

azobactam/piperacillin and intraperitoneal tobramycin for broad-
pectrum coverage (day 0). WBC  count in the PD effluent increased
o 1,395 cells/�L (day 2). The antibiotic was changed to vancomycin
fter Gram-positive cocci were found in culture tests (day 3).
lthough contrast-enhanced CT was not performed, perforative
eritonitis was suspected due to the occurrence of abdominal pain
nd severe cloudiness of the PD effluents, and emergency surgery
as performed (day 5). Inspection of the abdominal cavity revealed

n incarcerated obturator hernia in the ileum (Fig. 2a). The ileum
as torn upon release of the incarceration (Fig. 2b). She underwent

artial resection of the ileum, divided ileostomy, and the creation
f a mucus fistula. The PD effluent culture was negative for bacteria
y day 6. The patient was transferred to HD and later discharged
17 days after the surgery.
.3. Case 3

A 56-year-old man  started PD for nephrosclerosis at age 42.
e had no earlier episodes of PD-related peritonitis. Although
idence of free air or gastrointestinal perforation. (b) The excised specimen showing

he had no abdominal pain, he presented with cloudiness of the
PD effluent. At admission, serum CRP level and WBC  count in
the PD effluent were 27.81 mg/dL and 1,238 cells/�L (neutrophils,
92.0%), respectively. He was diagnosed with peritonitis and began
receiving intravenous tazobactam/piperacillin and intraperitoneal
tobramycin for broad-spectrum coverage (day 0). WBC  count in
the PD effluent initially decreased to 432 cells/�L (day 1), but
subsequently increased to 623 cells/�L (day 2). Because of the
severe cloudiness of the PD effluent, this treatment was changed
to vancomycin (day 5). Although contrast-enhanced CT was  not
performed, emergency surgery was  performed due to the occur-
rence of abdominal pain and rapid increase of WBC  count in the
PD effluent (45,019 cells/�L) (day 6). At laparotomy, a mesenteric
abscess was  found beside a perforated sigmoid diverticulum. He
underwent intraperitoneal drainage (Fig. 3). The PD effluent cul-
ture was negative for bacteria (day 9). After the surgery, the patient
was transferred to HD and later underwent a colostomy at the
level of the transverse colon. He was discharged 159 days after the
construction of the colostomy.

3. Discussion

Peritonitis in PD patients is predominantly PD-related peri-
tonitis, but perforative peritonitis in PD patients is a severe
complication with a mortality rate of 46.3% [5]. Therefore, it is
important to obtain a differential diagnosis between PD-related
peritonitis and perforative peritonitis. However, the initial symp-
toms of perforative peritonitis are often confused with those of
PD-related peritonitis since the washing effect of the peritoneal
dialysate might relieve peritoneal irritation [3]. In our cases, at the
time of peritonitis diagnosis, there was  mild abdominal distention
in only case 1. In cases 2 and 3, there were no abdominal symp-
toms until just before surgery. In case 2, right hip pain may  have
been a symptom of obturator hernia. In perforative peritonitis in
PD patients, it may  be difficult to perform a differential diagnosis
based on only abdominal symptoms, such as peritoneal irritation.

In most cases, PD-related peritonitis usually improves within
72 h after the initiation of antibiotic therapy [6]. A retrospective
study showed that WBC  count in the PD effluent ≥1,090 cells/�L
2 days after the start of antibiotic therapy was  an independent
prognostic marker for treatment failure [7]. In our cases, WBC
counts in the PD effluent 2 days after the start of antibiotic therapy
were 3,064, 1,395, and 623 cells/�L in cases 1, 2, and 3, respec-

tively. These findings suggest that it may  be impossible to perform
a differential diagnosis based on WBC  count in the PD effluent.
The International Society for Peritoneal Dialysis (ISPD) guidelines
define “refractory peritonitis” as a situation where the contamina-



22 R. Arata et al. / International Journal of Surgery Case Reports 70 (2020) 20–23

Fig. 2. Intraoperative findings. (a) An incarcerated obturator hernia was  found in the
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case details, literature search and draft the manuscript. MY  and
ig. 3. Intraoperative findings. A mesenteric abscess was  found beside a perforated
igmoid diverticulum.

ion of the PD effluent does not disappear 5 days after the use of
ppropriate antibiotics; they recommend that in this situation, the
D catheter should be promptly removed [6]. In our cases, on days
, 5, and 6 from the start of therapy in cases 1, 2, and 3, respectively,
urgeries were performed. Therefore, perforated peritonitis should
e suspected within at least 5 days after the initiation of antibiotic
herapy in PD patients with refractory peritonitis.

It may  be desirable to perform contrast-enhanced CT to rule
ut perforative peritonitis. Hainaux et al. suggested that three CT
ndings have a high predictive value for the site of perforation:
oncentrated bubbles of extraluminal air in close proximity to the
owel wall; a focal defect in the bowel wall; and segmental bowel
all thickening [8]. In another report, intraperitoneal free air, a

ign of perforative peritonitis, was revealed on CT in 30% of PD
atients without perforative peritonitis [9]. Moreover, Fujii et al.
uggested that CT cannot be used as a diagnostic tool for the early
dentification of perforation peritonitis in PD patients [10]. How-
ver, contrast-enhanced CT should be used because it also provides
nformation other than the presence of free air. At the time of the
T scan in case 1, perforative peritonitis might not have occurred.

f contrast-enhanced CT had been performed, ischemic enteritis
ould have been evident; thus, other therapy such as interven-

ional radiology might have been possible. In addition, the CT scan
as superior sensitivity and accuracy compared to other radiolog-

cal examinations to assess the presence of an obturator hernia
11]. For a diverticulum, a CT scan is the most accurate and rec-
mmended examination for diagnosis [12]. If CT scans had been

aken at the diagnosis of refractory peritonitis in cases 2 and 3,
urgical interventions could have been applied earlier and better
esults might have been obtained. Therefore, in PD patients with
 ileum. (b) The ileum was  found to be torn once the incarceration was released.

refractory peritonitis, the differential diagnosis should be rapidly
performed using contrast-enhanced CT.

Several other methods for performing a differential diag-
nosis between PD-related peritonitis and perforated peritonitis
have been reported. ISPD recommendations on peritonitis sug-
gest that surgical evaluation should be obtained immediately
if multiple enteric organisms (multiple gram-negative or mixed
gram-negative/gram-positive organisms) are observed to grow in
culture tests of PD effluents. There are also reports that when Kleb-
siella oxytoca is detected in PD effluent, the digestive tract should be
examined for infection [13]. Some reports suggest that amylase lev-
els in PD effluent are useful for determining perforative peritonitis
[14,15].

4. Conclusion

In PD patients with refractory peritonitis, it is necessary to
keep in mind the possibility of perforative peritonitis. Therefore,
in these cases, the differential diagnosis should be performed using
contrast-enhanced CT within at least 5 days after antibiotic therapy.
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