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Abstract 

Background Exit-site infection (ESI) is a common recurring complication in patients undergoing peritoneal dialysis 
(PD). Sucrose and povidone–iodine (SPI) mixtures, antimicrobial ointments that promote wound healing, have been 
used for the treatment of ulcers and burns, but their efficacy in exit–site care is still unclear.

Methods This single-center retrospective observational study included patients who underwent PD between May 
2010 and June 2022 and presented with episodes of ESI. Patients were divided into SPI and non-SPI groups and fol-
lowed up from initial ESI onset until PD cessation, death, transfer to another facility, or June 2023.

Results Among the 82 patients (mean age 62, [54–72] years), 23 were treated with SPI. The median follow-up 
duration was 39 months (range, 14–64), with an overall ESI incidence of 0.70 episodes per patient-year. Additionally, 
43.1% of second and 25.6% of third ESI were caused by the same pathogen as the first. The log-rank test demon-
strated significantly better second and third ESI-free survival in the SPI group than that in the non-SPI group (p < 0.01 
and p < 0.01, respectively). In a Cox regression analysis, adjusting for potential confounders, SPI use was a significant 
predictor of decreased second and third ESI episodes (hazard ratio [HR], 0.22; 95% confidence interval [CI], 0.10–0.52 
and HR, 0.22; 95%CI, 0.07–0.73, respectively).

Conclusions Our results showed that the use of SPI may be a promising option for preventing the incidence of ESI 
in patients with PD.

Trial registration This study was approved by the Keio University School of Medicine Ethics Committee (approval 
number 20231078) on August 28, 2023. Retrospectively registered.
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Background
Exit-site infection (ESI) is one of the most common com-
plications associated with peritoneal dialysis (PD). It 
can lead to tunnel infection (TI) and peritonitis, which 
together account for approximately 20% of reasons 
for PD discontinuation [1–3]. Although ESI typically 
responds to antimicrobial therapy, certain bacteria cause 
refractory infections, requiring surgical intervention 
[2–6]. Therefore, preventing the incidence of ESI is vital. 
However, to date, there is no consensus on how to pro-
vide daily exit-site care: the need for and type of topical 
disinfection remains controversial [7, 8].

A topical mixture of sucrose and povidone–iodine 
(SPI) combines the wound-healing and exudate-absorb-
ing properties of sugar with the antimicrobial action of 
iodine [9, 10]. Its sugar component has been reported to 
inhibit biofilm formation by suppressing glycocalyx pro-
duction [11, 12]. Since Knutson et  al. reported in 1981 
that SPI was useful for the treatment of multiple wound 
types, SPI has been widely used for treating diabetic 
ulcers, burns, and surgical wounds [13–17]. Currently, 
the Japanese Society of Pressure Ulcers recommends 
topical SPI use for pressure ulcers with inflammation and 
infection [18].

Skin injury caused by poor catheter immobilization or 
mechanical stress could provide an entry point for infec-
tious organisms, leading to ESI [19, 20]. Some of the bac-
teria, such as Staphylococcus aureus and Pseudomonas 
aeruginosa form biofilms, making treatment difficult [1, 
4, 21, 22]. In this context, SPI appears to be a reasonable 
option for managing PD catheter exit-site care. However, 
to our best knowledge, there are no reports on the effi-
cacy of SPI in exit-site management. We therefore con-
ducted a retrospective observational study including 
patients with PD and a history of ESI to investigate the 
efficacy of topical SPI.

Methods
Participants
The Keio University School of Medicine Ethics Commit-
tee reviewed and approved this study and its protocols 
(approval number, 20231078). Informed consent was 
obtained using an opt-out method available on our web-
site. We included patients who underwent PD between 
May 2010 and June 2022 at our hospital. A history of ESI 
is a major risk factor for subsequent recurrence. Some 
patient populations experience repeat ESIs, whereas 
others never develop infections, with a lower likelihood 
of SPI administration [6, 19]. To reduce the variation in 
patients’ backgrounds and appropriately evaluate the 
effectiveness of SPI, we excluded patients without a his-
tory of ESI. Patients younger than 18  years of age were 
also excluded.

At our hospital, patients undergoing PD visit the out-
patient clinic once a month (or more if necessary). Clini-
cians and nurses instructed patients to perform exit-site 
care daily, beginning with washing with soap and tap 
water after showering (more often if sweating profusely), 
followed by disinfection with povidone-iodine (10%) or 
chlorhexidine gluconate (0.5%), securely anchoring the 
tape, and covering with a sterile dressing. In addition, we 
recommended that patients avoid bathing, swimming, or 
marine sports that could entail risks of exposure of exit 
sites to possibly contaminated water. Neither antibiotic 
creams nor ointments were routinely applied to PD cath-
eter exit sites for daily care. All patients underwent place-
ment of double- or triple-cuffed, straight-tip, swan-neck 
silicone catheter with a lower-abdominal exit using the 
open surgical technique.

ESI was diagnosed based on the presence of purulent 
drainage from the exit site [7]. We determined the reap-
pearance of pus within one month of improvement in 
clinical symptoms as the single ESI series. TI was defined 
as the presence of inflammation along the catheter–tun-
nel pathway. Peritonitis was diagnosed based on presence 
of abdominal pain and/or cloudy dialysis effluent, dialysis 
effluent white blood cell count > 100/cm3 with polynu-
clear leukocyte count > 50%, and positive dialysis effluent 
culture [8]. Peritonitis was considered to be associated 
with catheter-related infections if it occurred within two 
months after ESI onset or during treatment [1].

Follow‑up
The SPI, U–PASTA™ (70% sucrose and 3% povidone–
iodine, Kowa, Nagoya, Japan), was used. The patients 
were classified into groups according to whether SPI 
was administered after the initial diagnosis of ESI. SPI 
was used not only during ESI, but also in the aberrant 
exit-site conditions including crust, swelling, erythema, 
granulation tissue, or exudative drainage (not the nor-
mal exit-site conditions). All participants were followed 
up from the initial onset of ESI until PD cessation (com-
plete transition to hemodialysis [HD] or kidney trans-
plantation), death, transfer to another facility, or study 
end (June 2023). The primary outcome was second and 
third ESI-free survival. Secondary outcomes were cath-
eter infection-related surgical intervention-free survival 
(incisional drainage, unroofing, subcutaneous pathway 
diversion [SPD], or catheter removal) and peritonitis-free 
survival.

Data collection
Demographic and anthropometric data at the time of ESI 
onset were collected from the patients’ electronic medi-
cal records. These data comprised age, sex, smoking his-
tory, housemate, body mass index (BMI; kg/m2), blood 
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pressure (mmHg), concomitant TI, cause of end-stage 
renal disease, comorbidities, and PD vintage (months). 
Data on exit-site disinfectants (povidone-iodine [10%] 
versus chlorhexidine gluconate [0.5%]), type of catheters 
(double versus triple catheter cuffs), and dialysis modali-
ties (use of an automated cycler, and combination with 
HD) were also collected. The Charlson comorbidity index 
(CCI) was calculated from these records. Additionally, 
we collected biochemical data: serum albumin (mg/dL), 
protein (mg/dL), creatinine (mg/dL), urea nitrogen (mg/
dL), sodium (mEq/L), potassium (mEq/L), calcium (mg/
dL), phosphorus (mg/dL), intact parathyroid hormone 
(pg/mL), iron (μg/dL), ferritin (ng/mL), and total iron-
binding capacity (μg/dL). These biochemical data also 
included total cholesterol, β2-microglobulin (μg/mL), 
C-reactive protein (mg/dL), white blood cell count  (103/
µL), hemoglobin (mg/dL), and platelet count  (103/µL). 
The geriatric nutritional risk index (GNRI) was calculated 
as 14.89 × serum albumin level (g/dL) + 41.7 × BMI/22 
[23]. Information on the organisms cultured from exit-
site swabs was also collected from the records.

Statistical analyses
Continuous and binary variables are expressed as medi-
ans (25–75% interquartile range) and percentages, 
respectively. Normally and non-normally distributed 
continuous variables (using the Kolmogorov–Smirnov 
test) were compared between the groups using the 
unpaired Student’s t-test and Mann–Whitney U-test, 
respectively. Differences in binary variables between the 
groups were evaluated using Fisher’s exact test.

Survival curves were created using the Kaplan–Meier 
method. Differences in survival between the groups were 
compared using the log-rank test. Cox proportional 
models were used to determine hazard ratios (HRs) with 
95% confidence intervals (CIs) for survival. In addition to 
SPI use, parameters that clinically appeared to be associ-
ated with ESI (age, sex, CCI, GNRI, concomitant TI, and 
use of systemic antibiotics) were fitted in the multivari-
ate models as candidate independent variables. However, 
since a strong relationship between concomitant TI and 
the use of systemic antibiotics was found, considering 
the multicollinearity we adopted concomitant TI as a 
covariate. Since topical antibiotic use showed a signifi-
cant difference between the groups, it was added as an 
independent variable. To simplify the analysis, the same 
independent variables were employed in the multivariate 
analyses to evaluate their association with catheter infec-
tion-related surgical interventions and peritonitis. As a 
sensitivity analysis of ESI recurrence, we performed mul-
tivariate analyses adjusting for diabetes mellitus instead 
of CCI. Furthermore, we excluded cases of treatment 
failure of the first ESI episode accompanied by surgical 

interventions and progression to peritonitis. Moreover, 
in addition to the cause-specific hazard model for stand-
ard Cox regression, we performed an analysis using the 
sub-distributional hazard model proposed by Fine and 
Gray, considering complete transition to HD and death as 
competing risk events [24].

All statistical analyses were performed using EZR 
(Saitama Medical Center, Jichi Medical University, 
Saitama, Japan), a graphical user interface for R (The R 
Foundation for Statistical Computing, Vienna, Austria) 
[25]. Statistical significance was defined as a two-sided 
p-value of < 0.05.

Results
Patient information
Of the eligible 112 patients who had initiated PD during 
the study period, 30 were excluded for having no history 
of ESI. Eventually, 82 patients were included (Fig. 1): 59 
(72.0%) did not receive SPI and 23 (28.0%) received SPI 
after the first onset of ESI. The median follow-up period 
was 39 (14–64) months. Thirty-three (40.2%) patients 
were completely transitioned to HD, 13 (15.9%) died, 
four (4.9%) underwent kidney transplantation, and eight 
(9.8%) were transferred to other facilities.

Table  1 presents the baseline characteristics of the 
total study population, divided into SPI non-use or use. 
Overall, the median age and PD vintage were 62 (54–72) 
years and 11 (8–19) months, respectively. The female 
and diabetic mellitus proportions were 23.2% and 42.7%, 
respectively. In 15.9% of the patients, progression to TI 
had already occurred at the time of first ESI diagnosis. 
The SPI group was less likely to use topical antibiotics as 
the initial treatment of ESI compared with the non-SPI 
control group, likely because the SPI/antibiotic combina-
tion was cumbersome due to the nature of preparations 
(26.9 versus 67.8%, respectively; p < 0.01). There were no 
significant differences in the remaining variables between 
the groups, including the use of systemic antibiotics. 
Finally, no significant differences in biochemical data 
were observed between the groups (Table 2).

ESI causative bacteria
Likely causative pathogens are listed in Table 3. The most 
common initial cause was Staphylococcus aureus (32.9%), 
followed by other gram-positive bacteria (31.7%), Coag-
ulase-negative Staphylococcus (17.1%), other gram-neg-
ative bacteria (7.3%), Pseudomonas aeruginosa (6.1%), 
and Mycobacteria spp. (4.9%). No patients had negative 
cultures. Overall, gram-positive bacteria were mainly 
responsible for the initial ESI, a trend that was also 
observed in second and third episodes. We observed 
that 43.1% of the second and 25.6% of the third episodes 
were caused by the same organism detected at the first 
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episode; 37.2% of the third episodes resulted from the 
same organisms found at the second episode.

Association between SPI use and ESI
We recorded 210 episodes of ESI over 301 patient-years, 
or 0.70 per patient-year, fifty-eight (70.7%) and 43 (52.4%) 
patients presented with a second and third ESI, respec-
tively. The median second ESI-free time was significantly 
longer in the SPI compared with the non-SPI group (21 
versus 7  months, p < 0.01) (Fig.  2a). Regarding the third 
development, the SPI group showed similarly favorable 
results (not reached versus 16 months, p < 0.01) (Fig. 2b). 
Using Cox proportional regression, SPI was indepen-
dently associated with fewer second ESIs (HR, 0.22; 
95%CI, 0.10–0.52); this model had a concordance index 
(C-index) of 0.65 (Table 4). Multivariate analyses to eval-
uate the risk of third ESI development also confirmed the 
significant effects of SPI (HR, 0.22; 95%CI, 0.07–0.73), 
with a C-index of 0.63. Using both sensitivity analy-
ses, adjusting for diabetes mellitus (HR, 0.22; 95%CI, 
0.10–0.52; HR, 0.20; 95%CI, 0.06–0.68, respectively) and 
excluding cases of treatment failure of the initial ESI epi-
sode (HR, 0.19; 95%CI, 0.08–0.49; HR, 0.22; 95%CI, 0.06–
0.72, respectively), the significant association between 

SPI use and the subsequent risk of ESI persisted. The sub-
distributional hazard models demonstrated that SPI use 
was significantly associated with the risk of subsequent 
ESI (HR, 0.23; 95%CI, 0.10–0.55 and HR, 0.20; 95%CI, 
0.06–0.61, respectively) (Supplementary Table S3). Other 
variables were not significantly associated with ESI inci-
dence using any of the multivariate models.

Association SPI use and catheter infection‑related surgical 
interventions or peritonitis
A total of 43 catheter infection-related surgical inter-
ventions were performed during the study period: 23 
for catheter extraction, 10 for unroofing, 9 for SPD, and 
1 for incisional drainage. Twenty-seven (32.9%) patients 
underwent at least one surgical intervention: 15 (18.3%), 
nine (11.0%), two (2.4%), and one (1.2%) underwent 
one, two, three, and four procedures, respectively. The 
median catheter infection-related surgical intervention-
free time did not significantly differ between the groups 
(not reached versus 111  months, respectively; p = 0.21) 
(Fig.  3a). The standard Cox proportional hazard regres-
sion showed that SPI use did not significantly pre-
dict the risk of surgical intervention (HR, 0.79; 95%CI, 
0.24–2.56), whereas female sex and concomitant TI were 

Fig. 1 Patient flow chart
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independently associated with its risk (HR, 0.21; 95%CI, 
0.05–0.79 and HR, 22.75; 95%CI, 7.59–68.15, respec-
tively) (Table  5). We recorded 16 episodes of catheter 
infection-related peritonitis (0.05 per patient-year; 0.20 
per patient-year for all-cause peritonitis). Given the small 
number of events, the median times could not be calcu-
lated in either group (not reached versus not reached; 
p = 0.21) (Fig. 3b). Using the Cox proportional model, no 
variables, including SPI use (HR, 0.30; 95%CI, 0.04–2.48), 
were significantly associated with the risk of catheter 
infection-related peritonitis. However, concomitant TI 
had significant association (HR, 3.97; 95%CI, 1.01–15.56). 
The C-index for each standard hazard regression model 
was 0.85 and 0.69, respectively. The sub-distributional 

hazard model showed similar results (Supplementary 
Table S4).

Discussion
Despite multiple advances in the management of PD, 
infections remain a crucial complication to be addressed 
and are a major predisposing factor for mortality, PD 
cessation, and hospitalization [1–3, 26, 27]. In particu-
lar, evidence on methods of PD catheter exit-site care 
is lacking. Therefore, we evaluated the effectiveness of 
SPI, which has attracted attention in other fields as an 
enhancer of ulcer and wound healing. Our multivariate 
model demonstrated that SPI use was associated with 
reduced risk of secondary ESI. However, its use did not 

Table 1 Baseline characteristics at first ESI

Abbreviations: ESI Exit-site infection, SPI Sucrose and povidone-iodine, PD Peritoneal dialysis, BMI Body mass index, GNRI Geriatric nutritional risk index, TI Tunnel 
infection, CAPD Continuous ambulatory peritoneal dialysis, APD Automated peritoneal dialysis, HD Hemodialysis, ESRD End-stage renal disease, RAS Renin angiotensin 
system
a P value was obtained using the Unpaired T test
b P value was obtained using the Mann–Whitney U test

Variables Total (N = 82) Non‑SPI (n = 59) SPI (n = 23) P value

Agea (year) 62 (54–72) 62 (55–72) 60 (50–70) 0.45

Sex (female) 19 (23.2) 11 (18.6) 8 (34.8) 0.15

Smoking history 48 (58.5) 36 (61.0) 12 (52.2) 0.62

Housemate 66 (80.5) 45 (76.3) 21 (91.3) 0.21

PD  vintageb (month) 11 (8–19) 10 (8–19) 13 (10–19) 0.27

BMIa 23.2 (21.5–25.7) 23.0 (21.1–24.9) 24.5 (22.7–27.8) 0.13

GNRIa 93.5 (87.2–102.3) 93.7 (87.2–99.7) 93.2 (88.0–104.9) 0.65

Mean blood  pressurea (mmHg) 98 (85–107) 98 (82–107) 99 (88–106) 0.36

Concomitant TI 13 (15.9) 8 (13.6) 5 (21.7) 0.50

Exit-site disinfectants (10% povidone-iodine/
chlorhexidine)

76/6 (92.7/7.3) 56/3 (94.9/5.1) 20/3 (87.0/13.0) 0.34

Types of catheters (double/triple cuffs) 70/13(85.4/14.6) 51/8(86.4/13.6) 19/4(82.6/17.4) 0.73

Dialysis modality

 CAPD/APD 70/12 (85.4/14.6) 50/9 (84.7/15.3) 20/3 (87.0/13.0) 1.00

 PD + HD combination 9 (11.0) 5 (8.5) 4 (17.4) 0.26

Underlying causes of ESRD

 Diabetic kidney disease 31 (37.8) 22 (37.3) 9 (39.1) 0.96

 Nephrosclerosis 21 (25.6) 16 (27.1) 5 (21.7)

 Glomerulonephritis 18 (22.0) 13 (22.0) 5 (21.7)

 Others 12 (14.6) 8 (13.6) 4 (17.4)

Comorbidities

 Diabetes mellitus 35 (42.7) 25 (42.4) 10 (43.5) 1.00

 Cerebrovascular disease 10 (12.2) 9 (15.3) 1 (4.3) 0.27

 Heart failure 29 (35.4) 20 (33.9) 9 (39.1) 0.80

 Malignancy 8 (9.8) 6 (10.2) 2 ( 8.7) 1.00

 Charlson comorbidity  indexa 4 (3–5) 4 (3–5) 4 (3–5) 0.96

Initial treatment for first ESI

 Topical antibiotics 46 (56.1) 40 (67.8) 6 (26.9) < 0.01

 Systemic antibiotics 45 (54.9) 31 (52.5) 14 (60.9) 0.62
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show significant reductions in catheter infection-related 
surgical interventions or peritonitis. Concomitant TI at 
the first onset of ESI was a predictor. These findings indi-
cated that SPI could be effective in preventing ESI, with 
early ESI diagnosis likely important for avoiding later 
invasive procedures and complications.

ESI incidence varies across time periods, facilities, and 
countries, generally ranging between 0.13 and 1.28 per 

patient-year [1, 6, 19, 28–30]. This wide variation may be 
partially attributed to the diverse definitions of ESI (such 
as presence of purulent drainage from the exit site or exit-
site score ≥ 4) or diagnoses based on subjective observa-
tions [7, 20, 31]. The incidence of ESI in our study was 
higher (0.70 per patient-year), compared with the recent 
average rate in Japan (0.40 per patient-year) [32]. In con-
trast, we recorded an incidence of all-cause peritonitis of 

Table 2 Laboratory data at first ESI

Abbreviations: ESI Exit site infection, SPI Sucrose and povidone–iodine, PTH Parathyroid hormone, TIBC Total iron binding capacity
a P value was obtained using the Unpaired T test
b P value was obtained using the Mann–Whitney U test

Variables Total (N = 82) Non‑SPI (n = 59) SPI (n = 23) P value

Albumina (mg/dL) 3.3 (3.0–3.6) 3.4 (3.0–3.7) 3.3 (3.0–3.5) 0.36

Total  proteina (mg/dL) (n = 81) 6.1 (5.8–6.5) 6.1 (5.8–6.5) 6.1 (5.8–6.5) 0.78

Creatininea (mg/dL) 10.6 (8.4–13.0) 10.5 (8.3–13.3) 11.4 (8.8–12.9) 1.00

Urea  nitrogena (mg/dL) 57.7 (49.0–68.4) 57.4 (50.3–67.3) 58.0 (45.8–74.2) 0.85

White blood  cellsb  (103μL) 6.5 (5.3–7.7) 6.4 (5.4–7.3) 7.1 (5.3–8.2) 0.29

Hemoglobinb (g/dL) 10.4 (9.8–11.2) 10.4 (9.8–11.1) 10.7 (9.8–11.4) 0.95

Plateletsa  (103/μL) 211 (172–256) 208 (167–257) 212 (184–244) 0.89

Sodiuma (mEq/L) 138.2 (135.4–140.0) 138.0 (135.2–139.8) 139.2 (136.5–140.2) 0.26

Potassiuma (mEq/L) 4.6 (4.3–5.2) 4.5 (4.2–5.2) 4.6 (4.5–5.1) 0.99

Corrected  calciumb (mg/dL) 9.3 (8.9–9.7) 9.4 (8.9–9.8) 9.1 (8.8–9.6) 0.18

Phosphorusa (mg/dL) 5.5 (4.8–6.1) 5.5 (4.9–6.0) 5.2 (4.7–6.6) 0.34

Intact  PTHb (pg/mL) (n = 78) 210 (127–283) 210 (127–281) 194 (132–325) 0.57

Irona (μg/dL) (n = 81) 81 (59–92) 81 (67–96) 78 (52–88) 0.17

Ferritinb (ng/mL) (n = 79) 117 (68–193) 129 (73–193) 90 (59–164) 0.20

TIBCa (μg/dL) (n = 81) 256 (232–278) 258 (236–278) 245 (224–280) 0.77

Total  cholesterola (mg/dL) (n = 78) 161 (136–188) 160 (138–186) 172 (132–211) 0.32

β2-microglobulinb (mg/L) (n = 74) 22.8 (17.4–29.3) 22.0 (17.4–26.9) 28.1 (18.2–33.8) 0.17

C-reactive  proteinb (mg/L) 0.09 (0.03–0.23) 0.09 (0.03–0.19) 0.14 (0.04–0.38) 0.17

Table 3 Distribution of ESI causative bacteria

Abbreviations: ESI Exit-site infection

Organisms First ESI (N = 82) Second ESI (n = 58) Third ESI (n = 43)

Gram-positive

 Staphylococcus aureus 27 (32.9) 13 (22.4) 5 (11.6)

 Coagulase-negative staphylococcus 14 (17.1) 13 (22.4) 7 (16.3)

 Other gram-positive bacteria 26 (31.7) 20 (34.5) 17 (39.5)

Gram-negative

 Pseudomonas aeruginosa 5 (6.1) 4 (6.9) 2 (4.7)

 Other gram-negative bacteria 6 (7.3) 3 (8.6) 5 (11.6)

Others

 Candida spp 0 (0.0) 0 (0.0) 3 (7.0)

 Mycobacteria spp 4 (4.9) 2 (3.4) 3 (7.0)

 Negative 0 (0.0) 3 (5.2) 1 (2.3)

 Same species as the first time – 25 (43.1) 11 (25.6)

 Same species as the second time – – 16 (37.2)
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0.20 per patient-year, near the Japanese average, achiev-
ing the target recommended by the International Society 
for Peritoneal Dialysis (ISPD) of 0.40 [7, 32]. Between 
10 and 20% of all peritonitis cases have been estimated 
to be preceded by catheter infections, despite variations 
depending on the type of causative pathogen [33, 34]. As 
expected, the proportion of these patients was relatively 
high at 27.1%. Gram-positive bacteria were predomi-
nant in this study, consistent with findings in previous 
reports [5, 19, 33]. The details regarding the frequency 
discrepancy between peritonitis and ESI remain unclear. 
Nevertheless, the subjective reliance of ESI diagnosis 
on observational assessment may have had an impact. 

Additionally, the meticulous inspection of exit sites by 
physicians and nurses during each visit could have con-
tributed to a higher probability of detecting ESI. Over-
all, the data on PD-related infections obtained from our 
hospital did not deviate significantly from the Japanese 
norms.

The ISPD guidelines recommend daily topical anti-
bacterial treatments (although this recommendation has 
been downgraded according to the 2023 update), whereas 
the Japanese Society for Dialysis Therapy (JSDT) recom-
mends the opposite opinion. We followed the recommen-
dations by the JSDT in principle and therefore used these 
treatment less frequently [7, 8]. In our clinical setting, we 
confirmed that for exit sites in poor condition (assessed 
by the medical staff), physician-instructed SPI use pre-
vented subsequent ESI. In those in good condition, SPI 
was not used because as it could take more handling time 
compared with conventional disinfectants. Sucrose, one 
SPI component, has been shown to enhance wound heal-
ing, sterility maintenance, and infection control [10, 12–
14]. Although all forms of life require water for growth, 
sugars absorb exudates from their surroundings and 
mechanically clean necrotic tissue by creating an osmotic 
pressure difference [14, 35]. Sugars prevent and eliminate 
biofilms produced by a variety of organisms and func-
tion as a modulator of fibroblasts and keratinocytes [10, 
12]. Povidone-iodine, the other component of SPI, is a 
well-known disinfectant with broad-spectrum antibi-
otic activity. However, this povidone-iodine component 
is cytotoxic and decreases fibroblast and macrophage 
survival, which may delay wound healing and promote 
secondary skin injury [36]. The iodine concentration in 

Fig. 2 Kaplan–Meier analysis of (a) second and (b) third exit site infection-free survival time for groups divided according to non-use or use of SPI

Table 4 Results of standard Cox proportional hazards for 
recurrence of ESI

Concordance index for second and third ESI: 0.66 and 0.63, respectively

Abbreviations: ESI Exit-site infection, HR Hazard ratio, CI Confidence interval, TI 
Tunnel infection, CCI Charlson comorbidity index, GNRI Geriatric nutritional risk 
index, SPI Sucrose and povidone-iodine

Variables Second Third

HR (95%CI) P value HR (95%CI) P value

Age (per 10 years) 1.01 (0.77–1.32) 0.95 1.12 (0.81–1.56) 0.49

Female (vs Male) 0.93 (0.47–1.86) 0.84 1.16 (0.53–2.53) 0.71

TI (vs non-TI) 0.51 (0.21–1.22) 0.13 0.54 (0.18–1.58) 0.26

CCI (per 1) 0.97 (0.80–1.19) 0.80 0.94 (0.75–1.19) 0.62

GNRI (per 10) 1.02 (0.73–1.43) 0.90 1.24 (0.87–1.78) 0.24

Use of SPI 0.22 (0.10–0.52) < 0.01 0.22 (0.07–0.73) 0.01

Use of topical 
antibiotics

0.76 (0.40–1.44) 0.40 1.19 (0.58–2.45) 0.64
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SPI is 3%, lower compared with more commonly used 
preparations (10%). Since its toxicity is concentration-
dependent, SPI, with a low concentration of iodine and 
slow-release properties, is considered less harmful [37, 
38]. Shiraishi et  al. demonstrated that SPI with a low 
iodine concentration had sufficient antibiotic activity, 
despite taking slightly longer to sterilize compared with 
conventional povidone-iodine solutions [39]. The above 
SPI characteristics appear to favor its application to PD 
catheter exit-site care.

The therapeutic effect of SPI on existing ESI was also 
evaluated; unlike its preventive effects, no obvious ben-
eficial effects were observed. However, we could not 
exclude the possibility that the small number of treat-
ment efficacy-related outcomes made it difficult to 

appropriately evaluate these effects. The SPI group sur-
vival was not inferior to that in the non-SPI group. There-
fore SPI use might have a positive impact. Given that SPIs 
have a lower risk of antimicrobial resistance and micro-
bial substitution than do topical antibiotics, their use 
appears to be an effective, low-risk therapeutic option 
[40, 41].

Few studies have explored the risk factors for ESI. 
Based on the limited evidence available, ESI history, poor 
compliance with exit-site care, and mechanical injuries 
have been strongly associated with ESI occurrence [19, 
20]. Moreover, there are no consistent findings regard-
ing other factors, including age, sex, dialysis modality, 
or comorbidities [6, 19, 20, 30, 42]. We found no signifi-
cant association between ESI development and any factor 

Fig. 3 Kaplan–Meier analysis of catheter infection-related (a) surgical interventions and (b) peritonitis-free survival time for groups divided 
according to non-use or use of SPI

Table 5 Results of standard Cox proportional hazards for catheter infection-related interventions and peritonitis

Concordance index for interventions and peritonitis: 0.85 and 0.69, respectively

Abbreviations: HR Hazard ratio, CI Confidence interval, TI Tunnel infection, CCI Charlson comorbidity index, GNRI Geriatric nutritional risk index, SPI Sucrose and 
povidone-iodine

Variables Surgical interventions Peritonitis

HR (95%CI) P value HR (95%CI) P value

Age (per 10 years) 1.18 (0.82–1.69) 0.37 0.94 (0.56–1.57) 0.81

Female (vs Male) 0.21 (0.05–0.79) 0.02 0.58 (0.12–2.87) 0.50

TI (vs non-TI) 22.75 (7.59–68.15) < 0.01 3.97 (1.01–15.56) 0.05

CCI (per 1) 1.24 (0.91–1.68) 0.18 1.26 (0.84–1.89) 0.26

GNRI (per 10) 1.05 (0.62–1.76) 0.86 0.99 (0.48–2.03) 0.98

Use of SPI 0.79 (0.24–2.56) 0.69 0.30 (0.04–2.48) 0.26

Use of topical antibiotics 2.44 (0.87–6.80) 0.09 1.59 (0.41–6.27) 0.51
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other than SPI use. Very few studies have directly evalu-
ated subsequent outcomes of ESI. Au et al. reported that 
in patients with ESI caused by Serratia species, the pres-
ence of TI increases the risk of subsequent troublesome 
clinical courses [43]. In the present study, concomitant 
TI predicted events of surgical intervention and sub-
sequent peritonitis regardless of the type of bacterium. 
These findings highlight the importance of early detec-
tion before progression of ESI to TI.

This study has several limitations. First, since this was 
a retrospective observational study, we were unable to 
adjust for some potential confounding factors, includ-
ing a history of catheter pulling and mechanical stress, 
potentially leading to the modest predictive accuracy of 
all Cox models. As a matter of course, the direct causal-
ity between SPI use and low frequency of ESI develop-
ment is also unclear. The patients with high presumably 
adherence to exit-site care might have been prioritized to 
receive SPI, taking time for management. Second, there 
are concerns regarding selection bias arising from the 
single-center design. Due to the limited sample size, the 
impact of SPI on the types of causative pathogens could 
not be evaluated. Also, only patients with a history of ESI 
were included in this study. This might limit the general-
izability of our findings. However, the assessment of ESI 
relies on subjective rather than objective observations 
[20]. In terms of diagnostic consistency, this single-center 
design may have some merit. Furthermore, the situation 
surrounding PD-related infections was consistent with 
previous reports. Third, the patients did not routinely 
receive topical antibacterial therapy in the present study 
(in accordance with the recommendation by the JSDT, 
not the ISPD), the results of which should be interpreted 
with caution. However, it is noteworthy that although the 
SPI group used less local antimicrobial therapy, it had 
showed beneficial outcomes. Fourth, over the extensive 
10-year observation period, a multitude of medical staff 
has been involved in the care for patients undergoing PD. 
Although accurate assessment is challenging, there is a 
possibility that the discretion in the use of SPI may not 
have been consistent. Finally, we compared the effective-
ness of SPI with that of a disinfectant (mainly, povidone-
iodine [10%]) under poor exit-site conditions. Our results 
may reflect the shortcomings of high-concentration 
povidone-iodine, such as local irritability. Indeed, several 
guidelines do not actively recommend its use [7, 8]. How-
ever, because this agent remains one of the most popular 
antiseptic materials for exit-site care in the real world, we 
suggest that the results of this study may have implica-
tions in daily clinical practice [44].

In conclusion, our study demonstrated that SPI use could 
be associated with a low risk of subsequent ESI in patients 
with PD and a history of ESI. Further definitive randomized 

controlled studies are required to confirm the efficacy of 
SPI.
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