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Abstract
Background  The revised 2023 guidelines from the International Society for Peritoneal Dialysis (ISPD) emphasize 
salvage methods for treating refractory catheter-related infections, or mechanical catheter damage. This approach 
preserves the existing catheter by manipulating only the outer cuff above the peritoneum, avoiding hemodialysis 
transfer. We investigated the effectiveness of the partial replantation technique.

Methods  In this retrospective single-center study (January 2021 - December 2023), outcomes for nine patients 
undergoing salvage methods were compared with 58 patients receiving de novo catheter insertion. We assessed 
exit-site infection (ESI), tunnel infection (TI), peritonitis, and catheter dysfunction. The salvage method entailed distal 
cutting of the impaired catheter and attaching a new segment using a connector with a PD adaptor and transfer set.

Results  Nine patients (four males, mean age 56 years, average PD duration 66 months) employed the salvage 
method. Post-procedure, one patient (11.1%) reported ESI, one (11.1%) experienced TI, three (33.3%) developed 
peritonitis, and two (22.2%) required catheter removal. No procedural complications or catheter dysfunctions were 
observed. In the control group, ESI occurred in six patients (10.3%), TI in one (1.7%), peritonitis in 11 (19.0%), catheter 
removal in seven (12.1%), and catheter dysfunction in one (1.7%). Kaplan-Meier analysis showed no statistical 
difference between the groups: ESI (p = 0.306), TI (p = 0.094), peritonitis (p = 0.838), catheter dysfunction (p = 0.694), and 
catheter removal (p = 0.393).

Conclusions  This study supports the non-inferiority and effectiveness of the salvage method compared to de novo 
insertion in managing ESI or TI and mechanical catheter damage.
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Background
Peritoneal dialysis (PD) has served as a vital treat-
ment option for patients with end-stage kidney disease 
(ESKD), as well as for older patients [1], with continuous 
improvements aimed at reducing complications since its 
introduction in 1975 [2]. In Korea, approximately 5,610 
patients underwent PD, accounting for 4.4% of ESKD 
patients [3]. Catheter-related infections, specifically exit 
site infections (ESI) and tunnel infections (TI), signifi-
cantly burden patients by causing technical setbacks and 
leading to the discontinuation of PD [4]. When PD cath-
eter damage occurs, particularly near the proximal por-
tion of the exit site, the removal of the old catheter and 
simultaneous insertion of a new one is often required.

In 2023, the International Society for Peritoneal Dial-
ysis (ISPD) [5] revised guidelines on catheter-related 
infections. They endorsed salvage methods such as cuff 
shaving and exit site relocation within the surgical inter-
vention section for refractory cases, assigning them the 
same recommendation grade. The strategy of simulta-
neous removal and reinsertion is frequently adopted for 
intractable cases. Nevertheless, this approach necessi-
tates interrupting peritoneal dialysis and transitioning to 
hemodialysis due to peritoneal manipulation. Moreover, 
manipulations for new peritoneal catheter insertion may 
lead to complications such as hemorrhage, peritoneal 
leakage, catheter malposition, and omental trapping. 
Additionally, transitioning to hemodialysis, even tempo-
rarily, may be essential, necessitating the disruption of 
PD.

When considering a shift to hemodialysis, salvage 
methods provide the benefit of preserving the perito-
neum, enabling the immediate resumption of PD after 
the procedure. Several studies have documented their 
efficacy and clinical outcomes over multiple years across 
various countries. Nevertheless, the studies reported so 
far are mostly descriptive in nature, with limited case 
series that lack control groups. The scarcity of cases does 
not suffice to establish statistical significance. In this con-
text, we highlight the effectiveness and non-inferiority of 
partial replantation as one of the salvage methods, com-
pared to a control group with de novo catheter insertion.

Methods
Patient enrollment
A retrospective review was undertaken involving nine 
patients who experienced either catheter mechanical 
damage or catheter-related infections between January 
2021 and December 2023. This study focused on compar-
ing individuals who underwent the salvage method or the 
partial replantation technique, with an emphasis on the 

exit relocation procedure, to 58 patients who received 
de novo catheter insertions during the same timeframe. 
Since nine patients received partial replantation, those 
undergoing de novo catheter insertions during this inter-
val were selected for comparison. This study was con-
ducted in compliance with the Declaration of Helsinki. 
The study protocol received approval from the Institu-
tional Review Board (IRB) of Seoul St. Mary Hospital 
(approval number: KC24RASI0343). Due to the retro-
spective nature of this study, the IRB waived the require-
ment for informed written consent from participants.

Definition of catheter-related infection and damage
Exit site infection is defined as the presence of purulent 
discharge, with or without erythema at the catheter-
epidermal interface. Tunnel infection is identified by 
erythema, swelling, tenderness, or induration along the 
catheter tunnel, occasionally accompanied by fluid col-
lection, as detected through ultrasound [5]. These cath-
eter-related infections are confirmed through positive 
culture results. Different types of mechanical damage to 
catheters include perforation, tear, and rupture. Perfora-
tion is characterized by a small hole in the catheter that 
lead to fluid leakage. A tear represents a significant type 
of damage, yet it does not completely sever the cathe-
ter. Catheter rupture is defined as a complete severance 
of the catheter. Partial replantation was carried out on 
patients who had intact inner cuffs and exhibited no signs 
of infection beneath the peritoneum. Importantly, perito-
nitis should be excluded via physical examination, includ-
ing assessment for abdominal pain, tenderness and the 
clarity of PD fluid, along with PD fluid analysis and labo-
ratory results that indicate infection or inflammation.

The salvage procedure
The partial replantation procedure involved administer-
ing local anesthesia with 1% lidocaine. Initially, a longi-
tudinal incision was made in the skin and subcutaneous 
tissues along the catheter from the exit site, followed by 
dissection to expose the outer cuff and the tunnel. Sub-
sequently, the catheter was severed proximal to the site 
of rupture or infection, encompassing the outer cuff. Two 
PD adaptors and a piece of transfer set (Stay Safe cath-
eter extension Luer Lock 25 cm; Fresenius Medical Care 
Deutschland GmbH, Bad Homburg, Germany) were 
utilized as connectors to link the end of the remaining 
old catheter to the extra-peritoneal segment of the new 
catheter (Catheter Adaptor Luer Lock; Fresenius Medi-
cal Care Deutschland GmbH). After connecting, the skin 
incision was elongated downwards from the original exit 
site to insert the connector into the tunnel, ensuring a 
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1 cm gap between the exit site and the end of the distal 
PD adaptor. After confirming the catheter function using 
saline irrigation, the wound was closed in layers [Fig. 1].

Statistical analysis
All continuous variables are presented as mean ± stan-
dard deviation. All categorical variables are presented as 
the number of patients and proportions. They were com-
pared using Fisher’s exact test. The clinical outcomes- 
ESI, TI, peritonitis and PD catheter survival after catheter 
revision- were evaluated by Kaplan-Meier survival analy-
sis and log-rank testing. Statistical significance was estab-
lished at p < 0.05. All statistical analyses were conducted 
with GraphPad Prism version 10.1.0 (GraphPad Software, 
San Diego, CA, USA) and SPSS version 24 (IBM Corp., 
Armonk, NY, USA).

Results
Characteristics of patients undergoing catheter 
replantation versus de novo catheter insertion
A total of nine patients underwent the PD catheter par-
tial replantation procedure, with a mean age of 56 years. 
Among them, four were male, accounting for 44.4% of 
the total. The total dialysis period for these patients was 
594 patient-months, with a mean individual dialysis 
period of 66 months. All patients were treated for hyper-
tension and among them, three patients (33.3%) had dia-
betes, four patients (44.4%) had coronary artery disease, 
and two patients (22.2%) had heart failure. Additionally, 

three patients (33.3%) had undergone kidney transplanta-
tion. Baseline characteristics according to patient groups 
are presented in Table 1. The reasons for catheter replan-
tation included mechanical damage in seven patients, ESI 
in one patient, and TI in another. The causative micro-
organisms isolated were Corynebacterium amycolatum 
in one case and Corynebacterium striatum in the other. 
Before planning the surgical intervention, an appropriate 
antibiotics therapy regimen was administered, including 
at least 3 weeks of vancomycin to ensure adequate treat-
ment duration and target identified microorganisms, 
Corynebacterium amycolatum and Corynebacterium 
striatum (Table  2). One gram of intravenous cefazolin 
was administered as prophylaxis for both the salvage 
and de novo insertion groups. Additionally, one gram 
of intraperitoneal cefazolin was administered after the 
procedures.

Clinical outcomes of catheter-related infections, 
dysfunction, and peritonitis after catheter replantation 
versus de novo catheter insertion
After the replantation procedure, one patient experi-
enced ESI (11.1%), and another developed TI (11.1%), 
while three patients (33.3%) developed peritonitis. The 
onset of infections occurred at 36 months for ESI, 4 
months for TI, and 23 months for peritonitis. Eventually, 
two patients (22.2%) required PD catheter removal due to 
refractory infection and transitioned modality to hemo-
dialysis. There were no instances of catheter dysfunction 

Fig. 1  Surgical procedure illustrating the partial replantation technique. Make an incision at the PD catheter exit and cut the proximal part of the catheter 
(1B-C). Use Tenckhoff catheter, transfer set, and PD catheter adaptor (2A). Disassemble the transfer set (red circle) with Kelly forceps (2B-D), Cut the new 
catheter to the desired length between cuffs (2E). The connector device is created using a piece of the transfer set (red arrow) and two PD adaptors (3A). 
The intraperitoneal part consists of the old catheter covered by skin, while extraperitoneal part is the newly cut catheter. Attach Luer lock adaptor to the 
end of the old catheter (1D), connect it to the new catheter (1E) using the connector device, and create a new tunnel (1F)
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or procedure-related complications after partial replanta-
tion. The average follow-up period was 21.1 ± 9.8 months. 
In the de novo catheter insertion group, which served as 
the control group, the incidence rates were as follows: 
ESI occurred in six patients (10.3%), TI in one patient 
(1.7%), peritonitis in 11 patients (19.0%). Additionally, 
seven patients (12.1%) needed catheter removal due to 
refractory peritonitis, and one patient (1.7%) experi-
enced catheter dysfunction. The follow-up duration was 
20.6 ± 9.5 months. Regarding infection rates, ESI was 
0.005(1/190) patient-years, TI was 0.005(1/190) patient-
years and peritonitis was 0.011(2/190) patient-years in 
partial replantation group. In comparison, the de novo 
catheter insertion group exhibited ESI at 0.005(6/1192) 
patient-years, TI at 0.001(1/1192) patient-years, and peri-
tonitis at 0.009(11/1192) patient-years. We employed 
Kaplan-Meier analysis and log-rank testing to assess the 
incidence of ESI, TI, peritonitis, catheter dysfunction, 
and catheter removal. The results indicated no signifi-
cant differences in these clinical outcomes between the 
catheter replantation and control groups, with p-values 
of 0.306 for ESI, 0.094 for TI, 0.838 for peritonitis, 0.694 
for catheter dysfunction, and 0.393 for catheter removal 
[Fig. 2]. Additionally, we categorized infections after the 
procedure into early and late infections with 1 month as 
the standard. There was no statistically significant differ-
ence between the two groups, with p-value of 0.487 for 
early infections and 0.869 for late infections [Supple-
mental Fig. 1]. In addition, there were no hypersensitiv-
ity reactions to the PD connector or catheter leaks during 
the follow-up period.

Table 1  Patients baseline characteristics
Partial replan-
tation (n = 9)

De novo 
(n = 58)

p-
val-
ue*

Age, year 55.56 ± 14.65 56.74 ± 12.89 0.847
Sex (n, %) 0.500
  Men 4 (44.4%) 33 (56.9%)
  Women 5 (55.6%) 25 (43.1%)
Primary Renal Disease 
(n,%)

0.058

  Hypertension 1 (11.1%) 1 (1.7%)
  Diabetes 2 (22.2%) 15 (25.9%)
  CGN 6 (66.7%) 21 (36.2%)
  SLE 0 (0.0%) 2 (3.4%)
  ADPKD 0 (0.0%) 1 (1.7%)
  Unknown/other 0 (0.0%) 18 (31.0%)
Comorbidity
  Hypertension 9 (100%) 44 (75.9%) 0.186
  Diabetes 3 (33.3%) 23 (39.7%) 1.000
  CAD 4 (44.4%) 9 (15.5%) 0.063
  HF 2 (22.2%) 11 (19.0%) 1.000
  CVA 2 (22.2%) 9 (15.5%) 0.635
  Liver disease 1 (11.1%) 4 (6.9%) 0.526
  COPD 0 (0.0%) 4 (6.9%) 1.000
  Cancer 0 (0.0%) 7 (12.1%) 0.581
  Autoimmune disease 0 (0.0%) 2 (3.4%) 1.000
  IST medication 3 (33.3%) 7 (12.1%) 0.125
CGN; chronic glomerulonephritis, SLE; systemic lupus erythematosus, ADPKD: 
autodominant polycystic kidney disease, CAD; coronary artery disease, HF; 
heart failure, CVA; cerebrovascular accident, COPD; chronic obstructive 
pulmonary disease, IST; immunosuppressive therapy

*Mann-Whitney test; Fisher’s exact test

Table 2  Causes of Catheter partial replantation and their clinical courses
Case Age/sex PD vintage Cause of replanta-

tion/ organism (if 
infection)

ESI/organism Tunnel infection/organism Peritonitis/organism Re-
moval

1 36/M 98 months Catheter perforation 36 months/Co-
rynebacterium 
species

- 36 months/
MRCNS (S. epidermidis)

2 37/F 96 months Catheter perforation - 10 days/
Candida parapsilosis

46 days

3 49/F 96 months Catheter perforation - 23 months /
no growth

4 68/M 14 months Tunnel infection/
Corynebacterium 
Striatum

- -

5 45/M 85 months ESI /
Corynebacterium 
amycolatum

4 months /
Corynebacterium Striatum

- 6 
months

6 79/F 76 months Catheter rupture -
7 60/F 32 months Catheter tear -
8 63/M 1 month Catheter tear -
9 63/F 96 month Catheter tear -
PD; peritoneal dialysis, ESI; exit site infection
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Discussion
According to the 2023 ISPD revised guidelines [5], the 
initial treatment of catheter-related infections involves 
adequate antibiotic administration. However, if the infec-
tion persists, particularly in cases of refractory ESI or TI, 
salvage methods such as cuff saving and exit site reloca-
tion could be prioritized over the simultaneous removal 
and reinsertion technique. These approaches preserve 
the peritoneum, unlike the latter technique which entails 
peritoneal manipulation.

In cases of intractable infection where both the catheter 
and cuff are invaded by pathogenic organisms, complete 
catheter removal is often necessary to ensure eradica-
tion, as failure to eliminate the pathogens may result in 
persistent bacterial colonization. If the infection does not 
involve the inner cuff, considering partial replantation as 
a salvage method is feasible [5]. This approach requires 
several conditions, including a still-functioning inner 
conduit, a negative culture of dialysate, no signs of infec-
tion over the internal cuff area, and specifically, the pres-
ence of a near-cuff perforation.

Particularly, eschewing peritoneal manipulation offers 
numerous benefits. A study in the United States reported 
that up to 15.5% of PD-naïve patients required a follow-
up procedure within 90 days post-initial PD catheter 
insertion due to complications such as bleeding, catheter 
obstruction, malposition, kinking, and peritoneal leak-
age [6]. Notably, the replantation method allows for the 
prompt resumption of PD without requiring a hemodi-
alysis catheter (0 day vs. 16.6 days, p < 0.001). The use of a 
hemodialysis catheter, even in short-term, can potentially 

induce vessel damage, and prolonged dwelling can exac-
erbate this damage [7–9]. Additionally, partial replan-
tation can be executed in an outpatient setting, which 
obviates the need for hospitalization thus potentially 
offering greater convenience and cost effectiveness. At 
our hospital, patients undergoing simultaneous catheter 
replacement typically required at least three nights and 
four days of hospitalization to monitor procedure-related 
complications.

Previous studies have shown that partial replantation 
is comparable to complete catheter replacement [10–13]. 
Our study corroborates earlier research, revealing that 
partial replantation was not inferior. In contrast to other 
studies, we opted for a control group comprising patients 
who had a de novo catheter insertion for initiating PD. 
Given the lengthy average PD vintage of 66 months in the 
intervention group, comparing these patients to those 
newly starting PD could potentially influence the clinical 
outcomes adversely. Nonetheless, despite this disparity in 
groups, which includes control patients who had never 
previously undergone peritoneal manipulation, there was 
no significant difference in clinical outcomes. This find-
ing emphasizes the non-inferiority of the salvage method 
compared to de novo catheter insertion. Despite the 
potential for more complications and reduced durability 
from retaining the previous catheter below the connec-
tor, especially given their average 66-month duration of 
PD, our study found no inferiority in clinical outcomes. 
Furthermore, there was no significant difference in the 
infection rates between the catheter replantation and de 
novo groups.

Fig. 2  Kaplan-Meier analysis comparing clinical outcomes between partial replantation and de novo insertion of catheters. (A) Exit site infection (p: 0.306) 
(B) Tunnel infection (p: 0.094), (C) Peritonitis (p: 0.838) (D) Catheter dysfunction (p: 0.694), and (E) Catheter removal (p: 0.393), probabilities over time for 
both groups; Group1-Partial replantation, Group2-De novo insertion
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We constructed the connector using two PD adaptors 
and a segment of a transfer set, which were cost-effective 
and easily obtainable since they are routinely stocked in 
the PD unit. Previous studies typically employed medi-
cal adhesive glue or a specific endoluminal connector to 
join the remaining portion of the old catheter with a new 
one [10, 12–14]. The endoluminal tube, either silicone-
based or a titanium extender, was integrated into the 
inner lumen of both catheters, and the interfaces were 
sealed using type A glue or sutures. However, it is cru-
cial to acknowledge that adhesive materials may trigger 
chemical reactions with certain types of catheters or sur-
rounding tissues, and the tied method used to connect 
the catheters can result in dialysate leakage [14, 15]. The 
biological safety of using adaptors and transfer segments 
as connectors need further validation. Our long-term 
follow-up results suggest the relative biocompatibility 
of the connector device and propose that our approach 
may offer advantages in terms of reducing complications, 
enhancing availability, and improving cost-effectiveness.

Our study has some limitations, primarily its small 
sample size. The reasons for partial replantation were 
divided into two main categories: refractory catheter-
related infection and mechanical catheter damage, 
encompassing a total of nine patients. Ideally, the clinical 
outcomes for each group would be compared separately 
using other techniques, such as simultaneous removal 
and reinsertion. However, this technique is less com-
monly performed compared to simultaneous removal 
and reinsertion and requires specific conditions, which 
limited the number of eligible cases. Therefore, we chose 
to combine these two groups into a single cohort for 
comparison with the de novo insertion group, rather than 
analyzing infection and mechanical damage cases sepa-
rately or comparing each subgroup with other methods. 
Regardless of the reason for performing partial replanta-
tion, our findings suggest that its efficacy is comparable 
to de novo insertion, supporting partial replantation as a 
viable alternative.

Although the clinical outcomes, specifically infection 
rates, showed no significant difference between de novo 
catheter insertion and partial replantation, the propor-
tion of infections appeared relatively high. This may, 
however, be attributed to our study’s small sample size. 
Notably, the peritonitis rate at our hospital was 0.242 
episodes per patient-year, reflecting effective infection 
control and education measures. Therefore, the observed 
higher infection rate is more likely related to the limited 
sample size rather than an actual deficiency in infection 
control practices.

In our study, two patients eventually required their 
PD catheters removed. One patient underwent partial 
replantation due to catheter perforation, but developed 
refractory peritonitis with Candida parapsilosis cultured 

in the peritoneal fluid, leading to the cessation of PD and 
catheter removal 10 days after the procedure. While it 
is plausible that the infection was surgery-related, the 
patient’s history of multiple catheter-related infections 
and a diabetic foot ulcer suggest that hygiene issues may 
also have played a role. The other patient underwent 
partial replantation for refractory ESI with Corynebac-
terium species, but developed TI with Corynebacterium 
four months later. Despite two months of antibiotic treat-
ment, the PD catheter was ultimately removed to eradi-
cate the infection. Remarkably, this patient had a history 
of a fourth ESI and one episode of peritonitis with Cory-
nebacterium species before the replantation. Although 
there were no signs of peritonitis with an identified 
pathogen at the time of replantation, colonization by 
Corynebacteria cannot be excluded.

Despite these limitations, our study provides valuable 
insights into the management of catheter-related compli-
cations using partial replantation. This minimally invasive 
method may offer a feasible alternative to conventional 
techniques, potentially reducing hospitalization time and 
preserving peritoneal integrity. Further large-scale stud-
ies are needed to validate these findings and explore the 
full potential of partial replantation in clinical practice.

Conclusions
The partial replantation offers several advantages, includ-
ing being less invasive, suitable for outpatient settings, 
and reducing the need for hemodialysis transfer by mini-
mizing peritoneal irritation. Therefore, clinicians might 
consider this salvage method for patients experiencing 
either ESI or TI without peritoneal infection, as well as 
those with mechanical catheter damage near the proxi-
mal part of the cuff.
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