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Introduction: Catheter-related infections such as exit site infection (ESI) and tunnel infection (TI) are major

causes of peritoneal dialysis (PD) discontinuation. For ESI/TI treatment, catheter diversion procedure (CDP)

with exit-site renewal for catheter salvage presents an alternative to catheter removal. Nevertheless, CDP

capability of improving PD catheter survival remains unclear.

Methods: We retrospectively reviewed our hospital patients who started PD during 2001–2019 (n¼148): 33

treated for ESI/TI by CDP (CDP group) and 115 treated for ESI/TI using conservative therapy or none (non-

CDP group). A “virtual discontinuation group” was designated for patients in the CDP group who had

received PD catheter removal instead of CDP and who had stopped PD. Kaplan-Meier analysis and log-rank

test PD were used for intergroup catheter survival comparison. Associations between clinical factors and

PD discontinuation or death were examined using Cox proportional hazards regression analyses.

Results: For patients (76% male, mean age of 61.7�13.0 years), 40 CDP were performed for 33 CDP group

patients. Infection-free rates at 30 and 90 days after CDP were, respectively, 90% and 67%. The CDP group

PD catheter survival rate was significantly higher than that of virtual discontinuation group (P < .01) and

higher than that of the non-CDP group (P ¼ .03). Multivariate analysis revealed independent association of

serum albumin concentration (hazard ratio 0.33, 95% confidence interval 0.17–0.67), PDþHD combination

therapy (hazard ratio 0.29, 95% confidence interval 0.17–0.49), and CDP (hazard ratio 0.44, 95% confidence

interval 0.24–0.80) with PD discontinuation or death.

Conclusion: Results show that CDP may improve PD catheter survival as an effective and less-invasive

surgical treatment for ESI/TI to avoid withdrawal of PD.
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C
atheter-related infections such as ESI and TI are
severe complications of PD. Actually, ESI and TI

are known as major predisposing factors for PD-related
peritonitis.1,2 Delayed and/or insufficient treatment for
ESI/TI might engender refractory peritonitis and inter-
ruption of PD. A NEXT-PD study revealed that PD-
related infections such as ESI, TI, and peritonitis ac-
count for 20% of all causes of PD discontinuation.3

Treatments of ESI and TI include oral antibiotic ther-
apy, topical antibacterial agents, and daily exit-site
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care.1 Most ESI and TI respond well to common anti-
biotic therapy. However, refractory ESI and TI require
treatment using surgical procedures including catheter
removal and reinsertion of a new catheter. Temporary
conversion to hemodialysis using vascular access might
be necessary after surgery. Therefore, physical burdens
to patients are increased greatly. Laparoscopic replace-
ment of PD catheters, which is actually less invasive,
has been performed safely in recent years.4 However,
restarting PD with the usual dwell volume soon after
the surgery presents risk of peritoneal leaks. Medical
costs are also a concern of laparoscopic surgery. Lapa-
rotomy is often the option used to insert PD catheters at
our facility. One method of PD catheter salvage is CDP
with exit-site renewal,1 by which the extraperitoneal
part of the CAPD catheter is replaced without
involving the peritoneum.5 After incision between
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the superficial and deep cuffs, the CAPD catheter is cut
and separated at that site. A new sterile catheter with a
cuff is connected to the original one (deep cuff side) via
a titanium adaptor, thereby creating a new subcutane-
ous tunnel and exit site. Finally, the infected part of the
original catheter including the superficial cuff is
removed, leaving the old exit site opened.5 In fact,
CDP is a less invasive surgical method because the peri-
toneum is not opened and because the patient can
resume PD immediately after the operation.

Although CDP is apparently regarded as a useful
treatment strategy for ESI/TI in the ISPD guideline, no
consensus has been established for which clinical sit-
uations under which CDP should be considered. One
reason is that few reports describe treatment outcomes
of CDP for ESI/TI. Moreover, few studies have specif-
ically examined relations between CDP and long-term
outcomes such as PD catheter survival. This study
evaluated the effectiveness of CDP for ESI/TI at our
hospital. We also investigated the relation between
CDP treatment and long-term outcomes such as PD
continuation or patient survival.
MATERIALS AND METHODS
Patients and Data Collection

This study, which was conducted at a single center
(University of Tokyo Hospital), was approved by the
Institutional Review Board of University of Tokyo (no.
2879). Because this study retrospectively collected data
from medical records, written consent was waived.

We retrospectively collected the medical records of
148 patients who started PD during 2001–2019 at our
hospital as their first renal replacement therapy. Pa-
tients who disconnected PD because of kidney trans-
plantation were excluded. During follow-up at our
facility, 33 patients were treated for ESI/TI by CDP in
addition to common conservative therapy including
exit-site care and antibiotics (CDP group). The
remaining 115 patients were treated for ESI/TI using
conservative therapy alone or were not treated (non-
CDP group). We also defined a “virtual discontinuation
group” assuming that patients in the CDP group had
received PD catheter removal instead of CDP and
therefore stopped PD. The patients’ clinical courses
were followed until 3 months after discontinuation of
PD or loss of follow-up at our hospital.

As described in the ISPD guidelines, ESI was diag-
nosed by clinical findings including purulent discharge
from the exit site. Also, TI was determined by clinical
inflammation or ultrasonographic evidence of fluid
collection along the PD catheter tunnel. For ESI/TI,
antibiotic treatment was started and continued initially
according to ISPD guidelines.1 Treatment strategies
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including change of antibiotics and indication of CDP
were chosen by attending physicians independently
from this study. Diagnosis and follow-up of ESI/TI
were conducted using physical, ultrasonographic, and
bacteriologic examinations. The indication of CDP was
decided by the attending physicians according to the
following 3 situations: (i) when there were the findings
of inflammation reaching the subcutaneous cuff (but
not reaching deeper than the superficial cuff) under the
appropriate antibiotic treatment, (ii) when 2 weeks of
treatment with appropriate antibiotics was ineffective,
or (iii) when nontuberculous mycobacteria (NTM) were
identified from bacteriologic examinations of purulent
discharge from the exit site. CDP was selected because
all these situations were thought to be too difficult to
be cured using antibiotics alone.6,7 Although all CDPs
were not performed by the same surgeon, surgical
procedures were identical among the teams.

Clinical and laboratory data (age, gender, cause of
end-stage renal disease, CVD before PD initiation, use
of automated PD devices, systolic and diastolic blood
pressure, body mass index, hemoglobin [Hb], serum
albumin [Alb], blood urea nitrogen [BUN], serum
creatinine [Cr], corrected calcium [cCa], phosphate [IP],
C-reactive protein [CRP], total cholesterol [T.chol], b2-
microglobulin [b2MG], triglyceride [TG], renal
weekly Kt/v, total weekly Kt/v, daily urine volume,
and the ratio of dialysate-to-plasma creatinine concen-
tration at 4 hours [D/P Cr] evaluated by peritoneal
equilibration test [PET] using 2.5% glucose solution)
were measured at the induction period of PD (2.3�1.3
months after starting PD). Residual GFR (rGFR) was
calculated as the average of renal clearance of BUN and
Cr.8 All patients had been treated for their PD therapy
using biocompatible neutral pH solution (Terumo
Corp., Tokyo, Japan).

Outcomes

This study compared PD catheter survival rates for 3
groups: CDP, non-CDP, and virtual discontinuation
groups. We estimated PD catheter survival to the point
of catheter removal related to various complications
such as peritonitis, ESI/TI, and dialysis inadequacy
(overhydration, uremia). We used univariate and
multivariate analyses to examine whether clinical fac-
tors including CDP were associated with PD discon-
tinuation or death after starting PD. Patient deaths
until 3 months after discontinuation of PD were
examined.

Statistical Analysis

All statistical analyses were conducted using software
(JMP 14; SAS Institute Inc., Cary, NC). Continuous data
were expressed as mean � SD or median (interquartile
Kidney International Reports (2021) 6, 325–332



Table 1. Characteristics of all peritoneal dialysis patients, CDP and non-CDP groups
All (N [ 148) CDP group (n [ 33) Non-CDP group (n [ 115) P (CDP vs. non-CDP)

Age at PD initiation, yr 61.7 � 13.0 57.2 � 12.0 63.0 � 13.0 0.02

Male, n (%) 113 (76) 22 (67) 91 (79) 0.14

Primary kidney disease, n (%) 0.24

Diabetic nephropathy 50 (34) 9 (27) 41 (36)

Chronic glomerulonephritis 51 (34) 15 (45) 36 (31)

Nephrosclerosis 20 (16) 2 (6) 18 (16)

Others 27 (18) 7 (21) 20 (17)

History of CVD, n (%) 35 (24) 5 (15) 30 (26) 0.18

Use of automated PD devices, n (%) 128 (86) 31 (94) 97 (84) 0.13

Systolic blood pressure, mm Hg 133.4 � 18.2 130.7 � 21.3 134.3 � 17.2 0.33

Diastolic blood pressure, mm Hg 76.4 � 12.7 76.4 � 15.0 76.4 � 11.9 0.99

Body mass index 22.6 (19.8, 25.0) 22.6 (20.8, 24.2) 22.1 (19.8, 25.0) 0.46

Hb, g/dl 10.8 � 1.1 11.0 � 1.0 10.8 � 1.1 0.26

Cr, mg/dl 6.57 (5.14, 7.88) 6.94 (5.45, 7.36) 6.47 (5.09, 8.23) 0.77

BUN, mg/dl 51.9 (44.9, 61.2) 53.7 (46.5, 61.8) 51.4 (42.9, 60.3) 0.19

cCa, mg/dl 8.95 (8.58, 9.30) 8.9 (8.60, 9.40) 9.00 (8.50, 9.30) 0.45

IP, mg/dl 4.60 (3.90, 5.30) 4.9 (4.20, 5.50) 4.60 (3.80, 5.25) 0.14

Alb, g/dl 3.60 (3.30, 3.80) 3.60 (3.30, 4.00) 3.60 (3.25, 3.80) 0.36

CRP, mg/dl 0.19 (0.06, 0.30) 0.15 (0.05, 0.30) 0.22 (0.07, 0.31) 0.95

T.chol, mg/dl 194 (170, 219) 186 (166, 210) 194 (170, 221) 0.74

TG, mg/dl 143 (101, 186) 128 (87.3, 170) 149 (108, 188) 0.32

b2MG, mg/dl 17.8 (14.1, 20.7) 18.9 (14.8, 20.1) 17.8 (13.9, 21.0) 0.60

Renal Kt/v 1.11 (0.85, 1.52) 1.08 (0.83, 1.51) 1.17 (0.87, 1.53) 0.95

Total Kt/v 2.18 (1.89, 2.50) 2.21 (1.95, 2.50) 2.17 (1.87, 2.51) 0.71

D/P Cr 0.58 (0.52, 0.66) 0.55 (0.52, 0.63) 0.58 (0.52, 0.67) 0.10

rGFR, ml/min per 1.73 m2 5.90 (4.34, 7.91) 6.71 (4.78, 8.03) 5.83 (4.28, 7.72) 0.92

Urine volume, ml/d 1190 (800, 1600) 1200 (800, 1700) 1180 (770, 1600) 0.63

Observation duration, mo 39.8 (19.8, 66.4) 51.8 (32.0, 75.1) 34.6 (18.3, 60.8) <0.01

PDþHD combination therapy, n (%) 57 (39) 9 (27) 49 (43) 0.11

PD discontinuation, n (%) 83 (56) 15 (45) 68 (59) 0.16

Patient with peritonitis, n (%) 66 (45) 14 (42) 52 (45) 0.78

Incidence of peritonitis, per patient-year 0.21 0.16 0.22 —

mortality, n (%) 21 (14) 1 (3) 20 (17) 0.02

Patient age at CDP, yr — 59.7 � 12.1 — —

PD duration at CDP, mo — 23.0 (10.0, 42.0) — —

Alb, albumin; b2MG, b2 microglobulin; BUN, blood urea nitrogen; cCa, corrected calcium; CDP, catheter diversion procedure; Cr, creatinine; CRP, C-reactive protein; CVD, cardiovascular
disease; D/P Cr, the ratio of dialysate-to-plasma creatinine concentration at 4 hours; Hb, hemoglobin; HD, hemodialysis; IP, phosphate; rGFR, residual glomerular filtration rate.
Continuous data are presented as median (IQR).
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range). Student t tests or Mann-Whitney U tests were
used to compare continuous variables. The c2 test or
Fisher exact test was used to compare categorical var-
iables. The Kaplan-Meier method and the log-rank test
were used to compare differences in PD catheter sur-
vival between groups. Univariate and multivariate Cox
proportional hazards regression analyses were used to
examine significant factors associated with study out-
comes. Competing risk analysis was performed using a
Fine-Gray model to investigate independent factors
related to PD discontinuation when death is considered
as a competing risk. A P value of less than 0.05 was
inferred as significant.
RESULTS
We analyzed the data of 148 patients. Their charac-
teristics are presented in Table 1. Median age at PD
Kidney International Reports (2021) 6, 325–332
initiation was 61.7 � 13.0. Almost three-quarters were
male (76%). The median observational period was 39.8
(19.8, 66.4) months. Combination therapy with PD and
HD was used in 39% of the study subjects. Eighty-
three patients (56%) were confirmed for PD discon-
tinuation within the observation period. The leading
cause of stopping PD was peritonitis (45%), followed
by dialysis inadequacy (overhydration, uremia)
(15.7%), and ESI/TI (8.4%). The overall incidence of
peritonitis was 0.21 per patient-year. Twenty-one
(14%) patients died. Results of comparison of variables
between the CDP and non-CDP group presented that
the total observational period was significantly longer
in the CDP group than in the non-CDP group (51.8
[32.0, 75.1] vs. 34.6 [18.3, 60.8] months, P < 0.01)
(Table 1). The patients in CDP group were younger
than in the non-CDP group (57.2 � 12.0 vs. 63.0 �
13.0, P ¼ 0.02). Mortality was found to be significantly
327



Table 2. Comparison of ESI/TI cases between the CDP and non-CDP
groups

ESI/TI cases
CDP group
(n [ 40)

Non-CDP group
(n [ 215) P

Causative organisms

Staphylococcus aureus 9 (23) 65 (30) 0.32

CNS 2 (5) 33 (15) 0.08

Pseudomonas aeruginosa 10 (25) 16 (7) <0.01

Mycobacterium spp. 6 (15) 2 (1) <0.01

Others 7 (18) 46 (21) 0.62

No growth 6 (15) 53 (25) 0.18

Antibiotics use (as first therapy)

Oral antibiotics 28 (70) 186 (87) 0.01

First-generation cephalosporin,
amoxicillin, amoxicillin/clavulanate

7 (18) 87 (40) <0.01

Clindamycin, minocycline, doxycycline 2 (5) 42 (20) 0.03

Quinolones 22 (55) 119 (55) 0.97

Others 2 (5) 5 (2) 0.34

I.v. antibiotics 15 (38) 86 (40) 0.77

Cephazolin, vancomycin 13 (33) 80 (37) 0.57

Ceftazidime, amikacin sulfate 10 (25) 67 (31) 0.44

Others 2 (5) 3 (1) 0.13

Duration of antibiotic therapy, da 11 (4.5, 25) 14 (7, 19) <0.01

Infection-free rate after CDP

30 d 90 — —

90 d 67 — —

180 d 52 — —

Catheter survival rate after CDP

12 mo 88 — —

24 mo 76 — —

36 mo 67 — —

ESI, exit site infection; CDP, catheter diversion procedure; CNS, coagulase-negative
streptococci; TI, tunnel infection.
aUntil CDP (CDP group) or antibiotics discontinuation (non-CDP group).
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Figure 1. Kaplan-Meier analysis for peritoneal dialysis (PD) catheter
survival rate. Results of the Kaplan-Meier survival curve show the
PD catheter survival rate in the catheter diversion procedure (CDP)
group as significantly higher than that in the non-CDP group (P ¼
0.03). The PD catheter survival rate in the virtual discontinuation
group was significantly lower than in the non-CDP group (P < 0.01).
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higher in the non-CDP group than in the CDP group
(17% vs. 3%, P ¼ 0.02). No significant difference was
found between the 2 groups for the rate of patients
with a history of peritonitis (Table 1).

As treatment for ESI/TI, 40 CDP operations were
performed on 33 patients of the CDP group. Of the 33
patients, 26 underwent CDP once; 7 patients under-
went CDP twice during the observation period. At the
time of first surgery, the median age and PD duration of
the CDP group were respectively 59.7�12.1 years and
23.0 (10.0, 42.0) months. Table 2 shows details of
microbiology and data for antibiotic therapies of ESI/TI
cases in both the CDP and non-CDP groups. In the non-
CDP group, 215 cases of ESI/TI were observed; 42 of
115 (36%) patients had never developed ESI/TI during
the observation period. The most common causative
organism was Pseudomonas aeruginosa in the CDP
group and Staphylococcus aureus in the non-CDP group.
Among S aureus infections, MRSA was detected in 2 of
9 (22%) and in 3 of 65 (5%) cases, respectively, in the
CDP and non-CDP groups. Pseudomonas aeruginosa
(25%) and Mycobacterium spp. (15%) were found more
frequently in the CDP group than in the non-CDP
328
group (P < 0.01). Regarding the types of antibiotics,
oral antibiotics were used for gram-positive cocci more
frequently in the non-CDP group. The treatment
duration was significantly shorter in the CDP group
(P < 0.01).

Our study demonstrated that the infection-free rate
within 30 days after CDP was 90%. Infectious events
included recurrence of ESI/TI and peritonitis. Only 1
case required catheter removal within 30 days because
of peritonitis by NTM, which occurred secondarily
from CDP. The number of infectious events within 180
days after CDP was 19 cases, in 5 of which the isolated
causative organism was the same as that of the initial
ESI. The catheter survival rate after CDP at 12 months
after CDP was 88% (Table 2). In almost all cases, PD
was able to resume immediately. No dialysate leak
occurred following the procedure.

The PD catheter survival rate in the CDP, non-CDP,
and virtual discontinuation groups were compared
using Kaplan-Meier analysis and log-rank testing
(Figure 1). Results show that the PD catheter survival
rate in the CDP group was significantly higher than
that in the non-CDP group (median survival time
[MST], 84.0 vs. 49.0 months, respectively; P ¼ 0.03,
Figure 1). For the group in which PD catheter removal
was performed instead of CDP (the virtual cessation
group), the PD discontinuation or mortality rate in this
group was significantly lower than that of the non-CDP
group (MST, 23.0 vs. 49.0 months, respectively; P <
0.01, Figure 1). These results demonstrate that CDP can
help patients to continue PD through efficient ESI/TI
treatment and PD catheter rescue.

Cox proportional hazard model analyses were per-
formed to examine independent factors associated with
Kidney International Reports (2021) 6, 325–332



Table 3. Univariate regression analysis for PD discontinuation or
death
Variables HR (95% CI) P

Age 1.02 (1.00, 1.04) 0.70

Male 0.75 (0.46, 1.22) 0.25

History of CVD 1.85 (1.15, 2.97) 0.02

Hb 0.81 (0.65, 1.00) 0.054

Cr 0.87 (0.78, 0.97) 0.02

BUN 0.98 (0.97, 1.00) 0.053

cCa 1.29 (0.93, 1.79) 0.13

IP 0.80 (0.63, 1.00) 0.051

Alb 0.29 (0.17, 0.49) <0.01

CRP 1.19 (0.94, 1.43) 0.14

T.chol 1.00 (0.99, 1.01) 0.76

TG 1.00 (1.00, 1.00) 0.92

b2MG 1.01 (0.96, 1.04) 0.83

Renal Kt/v 0.95 (0.62, 1.42) 0.82

Total Kt/v 0.97 (0.61, 1.49) 0.87

D/P Cr 15.3 (2.49, 83.8) <0.01

rGFR 1.00 (0.92, 1.07) 0.95

Urine volume 1.00 (1.00, 1.00) 0.23

Systolic blood pressure 1.00 (1.00, 1.02) 0.53

Diastolic blood pressure 1.00 (0.97, 1.00) 0.20

Body mass index 1.01 (0.96, 1.08) 0.64

Use of automated PD device, n (%) 0.77 (0.42, 1.40) 0.40

PDþHD combination therapy 0.42 (0.26, 0.68) <0.01

History of peritonitis 1.24 (0.79, 1.93) 0.35

Catheter diversion procedure 0.54 (0.31, 0.95) 0.02

Alb, albumin; BUN, blood urea nitrogen; cCa, corrected calcium; CI, confidence interval;
Cr, creatinine; CRP, C-reactive protein; CVD, cardiovascular disease; D/P Cre, dialysate-
to-plasma creatinine concentration ratio; Hb, hemoglobin; HD, hemodialysis; HR, hazard
ratio; IP, phosphate; PD, peritoneal dialysis; rGFR, residual glomerular filtration rate;
T.chol, total cholesterol; TG, triglyceride.
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PD discontinuation after PD initiation (Table 3). Age,
gender, history of CVD, Cr, Alb, rGFR, D/P Cr, PDþHD
combination therapy, history of peritonitis, and CDP
were selected as variables and analyzed (Table 4). Age,
gender, and CDP were included as a priori. In model 1,
the variables with P < 0.01 in univariate regression
analysis (Table 3) were selected. In model 2, factors
related to PD catheter failure were added to those used
in model 1.9 In model 3, the factors related to mortality
Table 4. Results of Cox proportional hazards model for PD discontinuatio

Variables

Model 1

HR (95% CI) P

Age 0.99 (0.97, 1.01) 0.54 0.9

Male 0.75 (0.45, 1.23) 0.25 0.6

Catheter diversion procedure 0.44 (0.24, 0.79) <0.01 0.4

Alb 0.33 (0.17, 0.62) <0.01 0.3

PDþHD combination therapy 0.32 (0.19, 0.54) <0.01 0.3

D/P Cre 3.97 (0.50, 29.0) 0.18 4.2

History of CVD 1.6

rGFR 1.0

Cr

History of peritonitis

Alb, albumin; CI, confidence interval; Cr, creatinine; CVD, cardiovascular disease; D/P Cre, dia
peritoneal dialysis; rGFR, residual glomerular filtration rate.

Kidney International Reports (2021) 6, 325–332
in PD patients were added to those used in model 2.10,11

Results demonstrated that higher serum albumin level,
CDP, and PDþHD combination therapy are signifi-
cantly associated with risk reduction of PD discontin-
uation (Table 4). When death was considered as a
competing risk, Fine-Gray model results showed CDP
as an independent factor associated with reduced risk
of PD discontinuation (Table 5). Our additional analysis
to simulate the effect of bias because of loss-to-follow-
up identified no meaningful difference (see more details
in Supplementary Table S1).

DISCUSSION
For this study, we analyzed 148 PD patients retro-
spectively to assess the effectiveness of CDP performed
for ESI/TI. Our results demonstrated that CDP is asso-
ciated significantly with higher PD catheter survival
rates. Multivariate analysis revealed factors related to
reducing PD discontinuation as the serum albumin
concentration, CDP, and PDþHD combination therapy.

In PD patients, PD catheter-related infections, ESI
and TI, are common complications along with perito-
nitis. The incidence of ESI/TI has been reported as 0.21
to 0.41 per patient-year, which is not markedly
different from that of peritonitis (0.21–0.40 per patient-
year).12-14 Actually, ESI/TI is regarded as a major pre-
disposing factor to PD-related peritonitis, which might
result in discontinuation of PD. The proportion of
peritonitis with concomitant ESI was 6.2%–20.8%; the
risk of peritonitis within 15 days of ESI was especially
high with a hazard ratio of 11.1 (4.9–25.1).2,15 There-
fore, prompt and proper treatment for ESI/TI is
necessary to continue PD while reducing the patient
burden. Results show that CDP is both an effective and
minimally invasive surgical treatment method for ESI/
TI.

For successful surgical treatment, it is apparently
important to perform CDP without delay. In our CDP
patients, the median time from the diagnosis of ESI/TI
n or death
Model 2 Model 3

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

9 (0.97, 1.01) 0.49 0.99 (0.98, 1.02) 0.70

5 (0.39, 1.10) 0.11 0.55 (0.31, 0.97) 0.04

4 (0.25, 0.81) <0.01 0.44 (0.24, 0.80) <0.01

5 (0.18, 0.68) <0.01 0.33 (0.17, 0.67) <0.01

2 (0.19, 0.54) <0.01 0.29 (0.17, 0.49) <0.01

6 (0.58, 29.0) 0.15 3.38 (0.46, 23.3) 0.22

8 (1.01, 2.78) 0.05 1.65 (0.98, 2.79) 0.07

0 (0.93, 1.08) 0.84 1.02 (0.93, 1.11) 0.66

1.04 (0.89, 1.21) 0.66

1.52 (0.93, 2.50) 0.09

lysate-to-plasma creatinine concentration ratio; HD, hemodialysis; HR, hazard ratio; PD,
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Table 5. Fine-Gray multivariable regression model for PD discontinuation with death as a competing risk

Variables

Model 1 Model 2 Model 3

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

Age 0.97 (0.95, 0.99) <0.01 0.97 (0.96, 0.99) <0.01 0.98 (0.96, 0.99) 0.01

Male 1.01 (0.60, 1.71) 0.96 0.96 (0.57, 1.59) 0.87 0.59 (0.33, 1.07) 0.08

Catheter diversion procedure 0.58 (0.35, 0.93) 0.03 0.59 (0.36, 0.98) 0.04 0.55 (0.33, 0.92) 0.02

Alb 0.48 (0.28, 0.84) 0.01 0.50 (0.28, 0.90) 0.02 0.45 (0.26, 0.79) <0.01

PDþHD combination therapy 0.53 (0.32, 0.87) 0.01 0.53 (0.32, 0.88) 0.01 0.40 (0.23, 0.71) < 0.01

D/P Cre 2.07 (0.31, 13.9) 0.46 2.21 (0.37, 13.3) 0.38 2.29 (0.38, 14.0) 0.37

History of CVD 1.28 (0.80, 2.07) 0.30 1.43 (0.83, 2.45) 0.20

rGFR 1.06 (1.00, 1.12) 0.03 1.10 (1.02, 1.18) 0.01

Cr 1.12 (0.97, 1.30) 0.13

History of peritonitis 2.30 (1.35, 3.91) <0.01

Alb, albumin; CI, confidence interval; Cr, creatinine; CVD, cardiovascular disease; D/P Cre, dialysate-to-plasma creatinine concentration ratio; HD, hemodialysis; HR, hazard ratio; PD,
peritoneal dialysis; rGFR, residual glomerular filtration rate.
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to CDP was 10 days (5.5, 20.8). When clinical findings
showed inflammation reaching the subcutaneous cuff,
irrespective of the causative organism, CDP was per-
formed without waiting for therapeutic effects of an-
tibiotics. The decision of CDP related to appropriate
timing might contribute to lowering the recurrence of
infection and improving technique survival. We sug-
gested a new algorithm of ESI/TI therapeutic strategy
including CDP (Figure 2).

In our study, the most identified causative organism
of ESI/TI in the CDP patients was Pseudomonas aerugi-
nosa (25%). Following them was NTM (15%), with
prevalence higher than in earlier reports. Reportedly,
NTM accounts for only 3% of all culture-positive ESI
and peritonitis cases.16 Although it remains unclear why
NTM was detected frequently in the CDP group in our
hospital, several possible reasons can be inferred. We
routinely perform microbiological examination of pu-
rulent discharge from exit-site not only for general
bacteria but also for mycobacterium when ESI/TI is
diagnosed clinically. This strategy might enable active
identification of NTM as a causative organism of ESI and
to decide optimal treatment method at an early stage.
Consider catheter 
diversion procedure

Catheter removal

Clinically diagnosed ESI/TI:
Swab for bacterial culture of purule
Start empirical antibiotics*

Assessment: One or more situations
• Refractory for 2-week appropriate
• TI is progressing rapidly and reach
• NTM is detected by culture

Has the infection spread 
beyond the superficial cuff?

Yes

Yes No

Figure 2. Proposed algorithm of exit site infection (ESI)/tunnel infection (
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However, the indication of CDP might be affected by the
type of causative organism. Reportedly, only 18.8% of
cases with patients with ESI caused by NTM were
resolved by antibiotics alone; 33.3% developed perito-
nitis.7 Catheter removal and PD withdrawal were
required in more than 90% of patients with NTM
peritonitis.7 Therefore, to continue PD, early surgical
procedures such as CDP should be considered for ESI/TI
by NTM before developing peritonitis.

As described in the ISPD guideline, several surgical
procedures have been used to treat ESI/TI instead of
catheter removal to rescue catheter and avoid with-
drawal of PD.1 In addition to CDP, un-roofing and cuff-
shaving are typical alternative methods used for cath-
eter removal. The published results of unroofing sur-
gery are generally favorable,17 but it is more likely to
develop peritonitis because the subcutaneous tunnel
becomes extremely short. Cuff shaving has been
adopted as less-invasive surgery. However, it might
engender increased risk of peritonitis. Meng et al. re-
ported the probability of catheter survival as 54% at 12
months after cuff shaving, which was much lower than
that in our study (54% vs. 88%).18
Clinical improvement:
• Continue treatment
• Continue assessment

nt discharge from exit site

 below?
 antibiotic treatment
ing the superficial cuff 

No

*: Consider guidelines (e.g.: ISPD
guidelines) and past culture results. 

TI) therapeutic strategies. NTM, nontuberculous mycobacteria.
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Regarding CDPs, several studies have yielded
favorable results. Cho et al. reported decreased inci-
dence of peritonitis after catheter revision: from 0.26/
patient-year at risk to 0.14/patient-year at risk.19 In a
study reported by Clouatre et al., the mean catheter
survival after catheter diversion was 7.7 months (range
3.5–13 months). No recurrence of ESI was related to the
initial infection.5 As described above, our study
demonstrated that the infection (including peritonitis
and ESI/TI)-free rate within 30 days after CDP was
90%. From this perspective, the short-term clinical
result of CDP was regarded as favorable.

Why has CDP been improving PD catheter sur-
vival? Little is known about the relation between
CDP and the PD catheter survival in past studies. The
following explanations have been proposed: (i) CDP
prolonged the catheter survival time. CDP allowed
patients to resume PD immediately after surgery,
which aided in patients’ rapid return to normal life. It
is conceivable that this method is generally tolerated
with few adverse events, including surgical compli-
cations and a burden on patients. (ii) CDP exerted
beneficial effects on the treatment of ESI/TI. Infec-
tious parts including tissue and superficial cuff were
removed completely. It led to a high infection-free
rate within 30 days after CDP. (iii) Patients were
able to obtain the opportunities to be educated about
exit-site care at the time of hospitalization to receive
CDP. Consequently, more careful attention was
devoted to the whole PD technique.

The present study had some limitations. First,
because this was a retrospective observational study,
the severities of ESI/TI between CDP and non-CDP
groups might not be equal. The non-CDP group
included patients with mild ESI/TI that did not
require CDP or without ESI/TI: these patients are
expected to have good prognosis. Therefore, it is
estimated that the technique survival rate in the CDP
group would still be higher than in the non-CDP
group even if the analyses were performed after
exclusion of those patients in the non-CDP group.
Second, we might not have investigated or collected
sufficient data of unknown factors affecting tech-
nique survival. Third, this retrospective study
examined only a few patients from a single institu-
tion. A randomized trial with long-term follow-up
will be necessary to evaluate CDP efficacy.

In conclusion, CDP with exit-site renewal might be
an effective and less-invasive surgical treatment for
ESI/TI to avoid withdrawal of PD. CDP can improve the
catheter survival of PD patients. Although further
study is needed, CDP has been demonstrated as a
beneficial therapeutic strategy for the treatment of re-
fractory ESI/TI.
Kidney International Reports (2021) 6, 325–332
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