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Abstract

This review outlines the epidemiology, characteristics, risk factors, and prognosis of peritoneal dialysis (PD)-related perito-
nitis, PD catheter-related infections, and the effects of assisted PD in elderly patients from the Japanese perspective. Based
on the literature, the incidence of peritonitis is likely to be higher in elderly patients than in younger patients. The most
frequent causative bacteria in elderly patients are Gram-positive bacteria, as in adult PD patients, most commonly due to
transcatheter infection. However, elderly patients may have difficulty recognizing cloudy drainage fluid due to decreased
visual acuity. Hypokalemia, the use of gastric acid suppressants, prophylactic antibiotic use before endoscopy, biocompat-
ible fluids and hypoalbuminemia considered modifiable risk factors for peritonitis. However, the mechanism by which treat-
ment of hypokalemia prevents peritonitis is unknown. Currently, the relationship between gastric acid suppression therapy
and peritonitis in elderly patients is debatable, with no evidence to strongly recommend uniform discontinuation of gastric
acid suppression therapy. Exit-site infection (ESI) is a major risk factor for the development of peritonitis, and appropriate
prevention and management of ESI may reduce infection-related hospitalizations in PD patients. Currently, no randomized,
controlled trials have verified the effectiveness of antibiotic application for ESI in Japan, but results from other countries are
awaited. In assisted PD, it is extremely important that family members, caregivers, and nurses who support the procedure
receive sufficient education and training from medical professionals familiar with PD. Early detection and treatment of PD-
related infections are required because the risk of death increases in elderly patients.
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20 million for the first time, and one in ten people is aged
80 years or older, making it clear that Japan has the highest
proportion of elderly people in the world.

As Japan’s general population ages, dialysis patients are
also aging. The average age of patients undergoing dialy-
sis is increasing each year, exceeding 70 years of age in
2019, and the age group with the highest proportion is 70 to
74 years for both men and women [2]. It is not only hemo-
dialysis (HD) patients who are aging, but also peritoneal
dialysis (PD) patients. According to a statistical survey by
the Japanese Society for Dialysis Therapy (JSDT) at the
end of 2009, 55.8% of PD patients were 60 years of age or
older, and 15.1% were 75 years of age or older [3]. However,
according to a statistical survey at the end of 2018, 65.6% of
PD patients were over 60 years of age, and 23.1% were over
75 years of age or older [4] (Fig. 1).

Compared with HD, PD has less effect on hemodynamics,
can preserve residual kidney function, and requires fewer
regular visits; it may be a better choice for elderly patients
with end-stage kidney disease [5]. Furthermore, it has been
reported that the quality of life of elderly people is higher
on PD than on HD because it has less impact on daily life
[6, 7]. However, since PD is home-based medical care, it is
necessary for patients to carry out the treatment themselves,
and in some cases, assisted PD by family members or medi-
cal staff is required [8].

The International Society for Peritoneal Dialysis (ISPD)
guidelines for prescribing high-quality, goal-directed PD list
frailty in elderly persons as one of the factors that affect
patient outcomes [9]. Elderly PD patients must be evalu-
ated for frailty, and the type of support they need must be
considered on an individual basis. In addition, countermeas-
ures against infectious diseases are important for maintain-
ing stable, long-term PD. The Standardized Outcomes in
Nephrology-PD initiative was conducted with the aim of
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Fig.1 Age distribution of Japanese PD patients at the end of 2009
and 2018

@ Springer

establishing important outcomes based on priorities among
all stakeholders related to PD and lists PD-related infec-
tions as one of the core outcomes [10]. However, to date,
few reviews have focused on PD-related infections in elderly
patients. This review outlines the epidemiology, character-
istics, risk factors, and prognosis of PD-related peritonitis,
PD catheter-related infections, and the effects of assisted PD
in elderly patients.

Peritonitis rate in elderly PD patients

The ISPD guidelines for the prevention and treatment of
peritonitis published in 2022 state that the new target for
the overall peritonitis rate should be less than 0.40 episodes/
patient-year [11]. In contrast, the peritonitis rate in Japa-
nese PD patients in 2022 was 0.20 episodes/patient-year, far
below the guideline target [12]. Furthermore, the Peritoneal
Dialysis Outcomes and Practice Patterns Study (PDOPPS)
showed that the peritonitis rate in Japan is lower than in
other developed countries [13]. However, it should be noted
that several studies have shown that peritonitis is the most
frequent cause of transfer to HD in Japanese PD patients
[14, 15].

In Japan, some data regarding peritonitis in elderly PD
patients have been reported. In 2011, the JSDT survey
reported the relationship between the frequency of perito-
nitis and age [16] and found that 801 (18.7%) of 4,337 PD
patients developed peritonitis. Of these, 209 (25.4%) of 823
patients aged 70 to 79 years and 79 (21.0%) of 377 patients
aged 80 years or older developed peritonitis. There was a
tendency for the proportion of patients with peritonitis to
increase with increasing age (Fig. 2). Another survey of
4406 PD patients investigated the incidence of peritonitis in
young and elderly patients in 2016 [17]. Although statistical
analysis comparing the two groups was not conducted, the
incidence of peritonitis in patients under 45 years of age was
0.21 episodes/patient-year, whereas it was 0.30 episodes/
patient-year in patients over 75 years of age. The incidence
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Fig.2 Frequency of peritonitis by age in Japanese PD patients
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of peritonitis tends to increase with age. These results sug-
gest that the incidence may be higher in Japanese elderly PD
patients than in younger PD patients.

Recently, Jiang et al. conducted a systematic review and
meta-analysis of the development of peritonitis in elderly
PD patients (defined as 65 years or older) and non-elderly
PD patients [18]. The meta-analysis of four studies showed
a significantly increased risk of peritonitis in older adults
(risk ratio: 1.56, 95% confidence intervals [CI]: 1.18-2.07).
The report also presented studies that performed qualitative
analyses, with three studies showing no difference between
elderly and non-elderly patients, and three studies showing
higher risk in elderly patients. Based on the above results,
strict management is required, because the incidence of
peritonitis is likely to be higher in elderly patients than in
younger patients.

Characteristics of PD-related peritonitis in elderly
PD patients

PD-related peritonitis can be diagnosed when at least two
of the following are present: 1. clinical features consist-
ent with peritonitis, that is, abdominal pain and/or cloudy
dialysis effluent; 2. dialysis effluent white cell count> 100/
UL or> 0.1 x 109/L (after a dwell time of at least 2 h),
with > 50% polymorphonuclear leukocytes; and 3. posi-
tive dialysis effluent culture [11]. However, a recent report
showed that, though elderly patients experience abdominal
pain to the same extent as young patients, they experience
fever less frequently and it may be difficult to identify cloudy
dialysis effluent [19]. Elderly patients have decreased visual
acuity, and they may have difficulty noticing slight clouding
in the early stages of peritonitis.

Several studies have investigated the distribution of bac-
teria causing peritonitis in older and younger adults. Htay
et al. reported that there were no differences in the distribu-
tion of causative bacteria, except that polymicrobial peri-
tonitis was significantly more common in younger than in
elderly patients (20% vs. 10.5%, p=0.02) [19]. Similarly, De
Vecchi et al. also reported that the distribution of bacteria
causing peritonitis was similar in older and younger patients
[20]. In contrast, Song et al. reported that the incidence of
fungal peritonitis, Acinetobacter baumannii, and polymi-
crobial peritonitis was significantly higher in older patients
than in young patients [21]. However, an important finding
is that, in these studies, the most frequent causative bacteria
in elderly patients were Gram-positive bacteria, similar to
previous reports in adult PD patients [22, 23]. Although they
did not compare elderly and young patients, Mizuno et al.
investigated the microorganisms that cause peritonitis in Jap-
anese PD patients over a three-year period and reported that
Gram-positive cocci were the most common, at 42.7% [14].

The most frequent route of infection for peritonitis caused
by Gram-positive bacteria is transcatheter infection due to
touch contamination, and this risk can be reduced by tak-
ing adequate measures. A Japanese registry survey of 3,845
patients showed that approximately 70% of PD patients in
Japan use exchange devices, and many of those using them
are older [24]. It is thought that elderly patients choose
exchange devices to reduce the risk of contact contamination
of their hands and fingers. However, this study reported that
patients using exchange devices had a 37% higher risk of
peritonitis than those using manual exchange (incidence rate
ratio: 1.37, 95% CI 1.07-1.75). The reason for this is that
approximately 70% of the patients who used the exchange
devices were elderly, and it is likely that the device was used
for frail patients. In the future, well-designed interventional
studies are needed to clarify the effectiveness of exchange
devices.

Risk factors for PD-related peritonitis in elderly PD
patients

It is also important to be aware of risk factors for perito-
nitis that are specific to elderly patients. Risk factors can
be divided into modifiable and non-modifiable factors, and
next we will discuss hypokalemia, the use of gastric acid
suppressants, prophylactic antibiotic use before endoscopy,
biocompatible fluids and hypoalbuminemia as modifiable
risk factors.

Hypokalemia can occur in elderly patients and PD
patients when dietary intake is reduced [25]. Several obser-
vational studies have previously suggested that hypokalemia
is a risk factor for peritonitis [26, 27]. Recently, a rand-
omized, controlled trial (RCT) was conducted to examine
the effectiveness of potassium supplementation in preventing
the onset of peritonitis [28]. PD patients were divided into
a protocol group in which protocol-based potassium sup-
plementation (titratable dose of oral potassium chloride to
maintain serum potassium of 4-5 mEq/L) or conventional
potassium supplementation (reactive supplementation for
serum potassium < 3.5 mEq/L), and they were followed for
52 weeks. The time to the first onset of peritonitis was signif-
icantly longer in the protocol group (223 days vs. 133 days
[median], P=0.03), and the hazard ratio (HR) for peritonitis
was significant (HR 0.47, 95% CI 0.24-0.93). However, the
average age of the patients in this study was 55 years, and
questions remain as to whether these results can be applied
to elderly patients.

A large prospective observational cohort study from
South Korea showed that lower serum potassium levels
(<4.5 mmol/L) were an independent predictor of death in
1,152 PD patients [29]. The association between hypoka-
lemia and death remained even after adjusting for con-
founding factors such as age, sex, comorbidities, and
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nutritional status. Based on the above, intervention for
hypokalemia in elderly patients may not only reduce the
risk of peritonitis, but also contribute to a good patient
prognosis. At present, the mechanism by which treatment
of hypokalemia prevents peritonitis is unknown, but it may
be related to improved intestinal motility, decreased bacte-
rial translocation, and improved cellular immune function
[30].

Elderly patients with chronic kidney disease (CKD) are
often given antithrombotic therapy because the incidence of
cardiovascular disease increases as renal function decreases
[31]. Therefore, gastric acid suppressants are often used
concomitantly to prevent peptic ulcers. Since histamine
H2 receptor antagonists (HRAs), which are excreted by
the kidneys, are difficult to use in normal doses in CKD
patients, proton pump inhibitors (PPIs) are inevitably used.
According to PDOPPS data, of 23,797 PD patients, 6020
(25.3%) were using PPIs, whereas only 1382 (5.8%) were
using HRAs [32] (41% of Japanese PD patients were using
PPIs and 3% were using HRAs). Further, 47% of patients
using PPIs and 48% of patients using HRAs were prescribed
antiplatelet drugs.

The use of PPIs was previously reported to be an inde-
pendent risk factor for the development of idiopathic bacte-
rial peritonitis in cirrhotic patients with ascites [33]. There-
fore, Maeda et al. investigated the relationship between the
use of PPIs and the onset of initial peritonitis in PD patients.
They reported that 86 of 230 patients (37.4%) developed
peritonitis, and the use of PPIs was a significant predictor
of peritonitis (adjusted HR 1.72, 95% CI 1.11-2.66) [34].
PPIs have been reported to cause collagenous colitis in PD
patients, and the effect of the drug must be considered when
PD patients develop refractory diarrhea [35].

A meta-analysis of non-RCTs in patients with PD showed
that the use of HRAs was associated with increased odds of
peritonitis of intestinal origin (odds ratio (OR) 1.4, 95% CI
1.01-1.93) [36]. Based on these results, the ISPD guidelines
state that peritonitis of intestinal origin may be prevented
by avoiding or limiting the use of HRAs [11]. However,
a report investigating the relationship between gastric acid
suppression therapy and peritonitis based on PDOPPS data
showed no significant association between gastric acid sup-
pression therapy and peritonitis (adjusted HR 1.05, 95%
CI 0.98-1.13), and the use of PPIs or HRAs was also not
associated with peritonitis [32]. However, a relationship
was observed between peritonitis caused by some causative
bacteria (particularly streptococci) and gastric acid suppres-
sion therapy. Even in this study, the analysis did not include
elderly patients, and there is still room for debate regarding
the relationship between gastric acid suppression therapy
and peritonitis in elderly patients. At present, there is no
evidence to strongly recommend uniform discontinuation
of gastric acid suppression therapy.
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There are few reports that have investigated the relation-
ship between the onset of peritonitis and endoscopic proce-
dure, focusing on elderly PD patients. A report of 408 gas-
troscopies performed in 216 PD patients (61.7 +11.4 years)
showed that age (OR 1.08, 95% CI 1.02-1.141) was asso-
ciated with peritonitis, but prophylactic antibiotic use was
associated with a reduced risk of peritonitis [37]. On the
other hand, a large Korean study investigating 1,316 endos-
copies performed in 570 patients (median age 56 years)
reported that age (OR 2.63, 95% CI 1.18-5.90) was signifi-
cantly associated with an increased risk of peritonitis, but
prophylactic antibiotic use was not associated with a reduc-
tion in peritonitis [38]. Considering the consistent high inci-
dence of peritonitis after endoscopy in elderly PD patients,
prophylactic antibiotic use prior to endoscopy may be advis-
able according to ISPD guideline [11]. Although prophylac-
tic antibiotic use before endoscopy is recommended to be
administered intravenously, Suzuki et al. have demonstrated
the effectiveness of oral antibiotics in preventing the onset
of peritonitis in elderly PD patients [39].

The balANZ Trial showed that biocompatible fluids may
reduce the incidence of peritonitis compared with conven-
tional fluids [40]. However, a meta-analysis of ten RCTs
found low quality evidence, the effect of biocompatible
fluids on peritonitis rate was unclear [41], and no studies
focused on elderly PD patients.

Serum albumin levels decrease with age, and the preva-
lence of hypoalbuminemia increases [42]. It is also widely
known that PD patients often suffer from hypoalbuminemia
due to loss of albumin into the peritoneal cavity and fluid
overload. Although there have been several reports examin-
ing the relationship between hypoalbuminemia and peritoni-
tis, no consensus has been reached [43]. Recently, Hu et al.
reported that baseline hypoalbuminemia (HR 0.932, 95%
CI10.896-0.969) was independent risk factors for the occur-
rence of the first episode of peritonitis [44]. However, the
average age of the patients was young, about 50 years old.
To our knowledge, there have been no reports examining
the relationship between hypoalbuminemia and peritonitis
in elderly PD patients. Further studies are needed to evalu-
ate the impact of approaches to malnutrition in elderly PD
patients on the incidence of peritonitis.

PD catheter-related infections in elderly PD patients

Exit-site infection (ESI) is a major risk factor for the devel-
opment of peritonitis, and appropriate prevention and man-
agement of ESI may reduce infection-related hospitaliza-
tions in PD patients [45]. Infection control is extremely
important for elderly people, since their physical functions
easily decrease due to hospitalization.

The ISPD guidelines for catheter-related infections
were revised in 2023 [46]. The guidelines proposed a new
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goal for overall ESI incidence to be controlled to no more
than 0.40 episodes/patient-year. According to a report
investigating the incidence of ESI in Japan in 2016, 19.7%
of 4,391 PD patients had at least one ESI, and the inci-
dence was 0.36 episodes/patient-year [17]. In contrast, a
recent review showed that the reported incidence of ESI
worldwide ranges from 0.06 to 0.42 episodes/patient-year
[30]. Judging from these results, it can be said that the
incidence of ESI in Japanese PD patients is by no means
low. A prospective, observational study of outcomes after
PD catheter placement conducted at 49 institutions in
Japan reported that the incidence of ESI/tunnel infection
within 30 days after surgery was 8.5% in 401 PD patients
[47]. This result was outside the audit criteria (ESI/tunnel
infection within 30 days of catheter insertion: <5%) in the
ISPD guidelines for creating and maintaining optimal peri-
toneal dialysis access in adult PD patients [48]. Although
the ISPD guidelines have downgraded their recommenda-
tions, they still recommend daily topical application of an
antibiotic cream or ointment to the catheter exit site [46].
However, the Japanese PD guidelines do not recommend
the prophylactic application of antibiotics for catheter-
related infections [49], and their application is not covered
by insurance. Obata et al. conducted a meta-analysis that
included six RCTs and found that mupirocin ointment was
not significantly effective in preventing ESI or peritonitis
(ESI: rate ratio (RR), 0.36, 95% CI, 0.13-1.05); peritoni-
tis: RR 0.78, 95% C1 0.50-1.21) [50].

Currently, no RCTs have verified the effectiveness of
antibiotic application for ESI in Japan, but in Thailand,
exit-site care was performed in three groups (chlorhexidine
gluconate-impregnated patch group, mupirocin ointment
group, and physiological saline treatment group) [51]. It is
unclear whether the results can be extrapolated to Japanese
medical care, since patients’ economic situations and envi-
ronmental factors differ greatly, but the results are awaited.

There is a paucity of studies comparing the incidence
of ESI in elderly and non-elderly people. An Italian study
compared the incidence of ESI in non-diabetic PD patients
aged 70 years and older (63 patients) and non-diabetic PD
patients aged 40 to 60 years (86 patients) [18]. According
to this report, the incidence of ESI was similar in older
and younger patients (0.30 episodes/patient-year vs. 0.29
episodes/patient-year; no significant difference). In addi-
tion, a study from Chile reported that the incidence of
catheter-related infections in 36 patients aged 65 years or
older was 0.22 episodes/patient-year [52]. Furthermore, in
a study of 31 Canadian elderly PD patients aged 80 years
or older, the incidence of ESI was reported to be 0.013
times/patient-month (0.16 episodes/patient-year) [53].
These results suggest that the incidence of ESI may not
be higher in older than in younger patients.

Association between assisted PD and PD-related
infections

Dementia and dialysis therapy in dialysis patients in Japan
were reported in a 2009 statistical survey [3]. According
to this study, 9.8% of the dialysis population had demen-
tia, and 321 (5.5%) of 5,856 PD patients were reported to
have dementia. It is difficult to perform procedures such
as bag exchange in PD patients with dementia, suggesting
that some type of support is provided to a certain number
of patients. In fact, a study of 4889 PD patients showed
that 474 (9.7%) were dependent on others for PD-related
procedures [54]. Non-self-management PD is called
assisted PD, which is defined as PD that is performed in
the patient’s home with the support of a family member,
spouse, or healthcare professional such as a nurse [55].

Yabe et al. divided elderly PD patients into four groups
based on the presence or absence of cognitive impairment
and presence or absence of the exit-site care procedure
with assistance and compared the time to first ESI onset
for each group [56]. The results showed that the prognosis
of the group of patients who received the exit-site care
procedure with assistance, regardless of the presence or
absence of cognitive impairment, was better than that of
the group of patients who did not receive the exit-site care
procedure with assistance. Although this study involved a
small number of patients, it is considered to be valuable
data suggesting the importance of the exit-site care proce-
dure with assistance in the elderly.

Since assisted PD was first reported in 2006 [57], many
studies have compared the incidence of peritonitis between
self-care PD and assisted PD [58-74] (Table 1). Four of
these studies did not perform statistical comparisons [58,
62, 64, 66]. Whereas Verger et al. reported that family-
assisted PD was associated with a lower incidence of
peritonitis than nurse-assisted PD [59], Duquennoy et al.
reported that nurse-assisted PD was superior to family-
assisted PD [67]. However, many studies have shown no
difference in the incidence of peritonitis between self-care
and assisted PD. Wu et al. examined risk factors for peri-
tonitis in 111 elderly people aged 65 years or older who
had at least one episode of peritonitis and found that older
age (HR 1.06, 95% CI 1.01-1.11), assisted PD (HR 2.64,
95% CI 1.23-5.64), high body mass index (HR 1.11, 95%
CI 1.02-1.20), and low serum albumin level (HR 0.94,
95% CI 0.90-0.98) were associated with increased risks
of peritonitis [70]. For assisted PD to be successful, it
is extremely important that family members, caregivers,
and nurses who support the procedure receive sufficient
education and training from medical professionals who
are familiar with PD [75].
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Prognosis of PD-related peritonitis in elderly PD
patients

Several studies have shown that PD-related peritonitis has
a worse prognosis in elderly PD patients than in young PD
patients. In a study using dialysis registry data from Aus-
tralia and New Zealand, Lim et al. reported that peritonitis-
related mortality was significantly higher in elderly patients
aged 65 years and older than in younger patients (HR: 2.31;
95% CI: 1.68-3.18) [76]. In addition, Song et al. compared
peritonitis-related deaths between 88 elderly patients aged
65 years or older and 306 patients younger than 65 years
with peritonitis [21]. They reported that 6 (6.8%) of the
elderly and 2 (0.7%) of the young patients died, indicating
that the peritonitis-related mortality rate was significantly
higher in the elderly patients. Furthermore, there was no
significant difference in catheter removal between the two
groups, indicating that technique survival was equivalent.
Wu et al. also showed that the risk of peritonitis-related
death was approximately four times higher in older patients
than in younger patients with peritonitis (odds ratio=3.57,
95% CI 1.38-9.28), but peritonitis in elderly patients was
not a risk for technique failure [70]. These results suggest
that, although peritonitis in elderly patients is associated
with mortality, once cured, it can be managed similarly to
that in younger patients and does not require discontinua-
tion of PD or transfer to HD. In fact, Htay et al. reported
that antibiotic cure rates were similar in younger and older
adults, and interestingly, the odds of peritonitis-related cath-
eter removal were significantly lower in older adults than in
younger adults [19]. This suggests that a less invasive, con-
servative approach may have been chosen in elderly patients.

There have also been several studies of the timing of onset
and the prognosis of peritonitis in elderly patients. Guo et al.
conducted a study to compare the prognosis of people aged
65 years or older, who were divided into two groups based
on the time of onset of peritonitis: an early-onset group
(those who developed peritonitis within 12 months after
induction), and a late-onset group (those who developed
peritonitis more than 12 months after induction) [77]. The
results showed that the incidences of multiple peritonitis
episodes, technique failure, and all-cause mortality were
higher in the early-onset group. Wang et al. targeted people
aged 65 years or older and defined patients who developed
peritonitis within 6 months of starting PD as the early-onset
group, and those who developed peritonitis after that as the
late-onset group [78]. The results showed that the mortal-
ity rate was lower in the late-onset group than in the early-
onset group (HR 0.37, 95% CI 0.16-0.75), and early onset
of peritonitis was associated with lower mortality in elderly
PD patients. Early onset of peritonitis in elderly patients is
thought to be associated with poor visual acuity and poor
physical and mental health [79, 80].

@ Springer

In conclusion, elderly PD patients may have a higher
incidence of peritonitis than young PD patients, and it is
important to assess frailty to determine whether support
is needed. In addition, many of the causative bacteria are
Gram-positive bacteria, and caution is required because it is
difficult for patients to recognize cloudy drainage fluid due
to decreased visual acuity. Interventions to address hypoka-
lemia, which may occur due to loss of appetite in elderly
persons, the use of acid suppressants, and the introduction
of assisted PD may reduce the risk of peritonitis. However,
evidence supporting the effectiveness of these preventive
measures is still lacking. Further, although the risk of PD
withdrawal in elderly patients with peritonitis is similar to
that in younger patients, early detection and treatment are
required because the risk of death increases.

Elderly patients in Japan are often considered to be late-
stage elderly aged 75 years or older, and unfortunately, data
on this patient group are lacking worldwide. In addition, the
characteristics of the causative bacteria and patient outcomes
in elderly Japanese PD patients are not clear. We hope that
future large-scale registry research will clarify these issues.
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