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The efficacy of cuff-shaving combined
with negative pressure wound therapy

in refractory exit-site and tunnel infections:
a single center experience
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Abstract

Background Refractory exit-site infections (ESIs) and tunnel infections (Tls) are challenging complications for
patients undergoing peritoneal dialysis (PD). This study compared the outcomes of surgical intervention, notably the
cuff-shaving (CS) procedure coupled with negative-pressure wound therapy (NPWT), and conservative management
strategies for patients with refractory ESI and Tl.

Methods \We retrospectively reviewed patients who underwent PD at our center, focusing on the incidence and
management of ESI and Tl. We evaluated and compared treatment outcomes, including ESI scores, frequency of ESI
and/or Tl, identification of causative microorganisms, and duration of catheter survival or time until removal.

Results We identified 97 episodes of catheter-related ESI and/or Tl across 71 patients with an incidence rate of 0.15
episodes per patient-year. Of the 23 patients with refractory ESI and/or Tl, surgical intervention was performed in

8, while 15 chose conservative management. In the one-month follow-up, patients who underwent CS combined
with NPWT showed no complications such as leakage, and their local symptoms resolved completely. The mean PD
catheter survival time was significantly longer in the surgical group (29.38+7.25 months) than in the conservative
group (7.86+2.13 months). Surgical intervention demonstrated a significantly higher therapeutic efficacy and
extended catheter survival.

Conclusions The combination of CS and NPWT as a surgical approach is crucial for eradicating infectious foci and
significantly improving the longevity of PD catheter function. This integrated surgical strategy offers a promising
solution for the management of refractory ESI and Tl in patients undergoing PD.
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Background

Peritoneal dialysis (PD) catheters are indispensable
in patient’s treatment. PD catheter-related infections,
including exit-site infection (ESI) and tunnel infections
(TT) are significant risk factors for catheter loss and peri-
tonitis. Although most ESI cases respond well to antibi-
otic treatment [1], infections involving the superficial
cuff or tunnel are challenging to treat using medication
alone. Surgical intervention is often necessary in such
cases. The International Society for Peritoneal Dialysis
(ISPD) guidelines recommend cuff-shaving (CS) or par-
tial catheter reimplantation and catheter diversion pro-
cedures with exit-site renewal for ESI and TI without
peritonitis or abscess involvement of the inner cuff [2,
3]. The current guidelines prioritize interventional ther-
apy to maintain PD access and minimize the time gap
before resuming PD in the event of catheter loss. How-
ever, this course of action may result in delayed PD res-
toration. Cuff shaving has the following advantages: it is
less-invasive, requires a shorter hospital stay, causes less
peritoneal damage, and requires no additional catheter
materials [4—7]. Previous studies confirmed that CS is a
feasible rescue therapy for refractory ESIs [8]. Whether
there are methods to improve CS to accelerate the heal-
ing of ESIs and whether the survival time of peritoneal
dialysis catheters is worth further exploration. Nega-
tive pressure wound therapy (NPWT), a technique that
involves the application of negative pressure or suction
to a wound through a specialized dressing and vacuum
system, can also reduce inflammatory exudation from the
incision site and promote wound healing [9]. NPWT may
improve the prognosis of patients who are refractory to
ESI and/or TI. This study aimed to explore the outcomes
of surgical intervention, specifically CS combined with
NPWT, and conservative treatment for refractory ESI
and/or TL

Methods

Patients and materials

From January 2016 to July 2022, 274 patients under-
went the insertion of a straight double-cuff Tenckhoff
catheter The demographic data collected included age,
sex, primary disease, duration of dialysis, ESI and/or TI
occurrence time, and secretory pathogen culture results.
Laboratory findings were collected from patients with
refractory ESI and/or TI, including measurements of
haemoglobin, albumin, and C-reactive protein levels, as
well as white blood cell count. Ultrasound assessments of
the PD catheter exit site, superficial cuff, tunnel, and sur-
rounding tissue were performed.

All patients were regularly followed-up in dialysis clin-
ics, and observations included monitoring and recording
of exit-site changes, ESI and/or TI scores, TI occurrence,
and catheter survival time.
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Patients’ informed consent for ESI and/or TI was
obtained before the surgical intervention. This study
complied with the principles of the Declaration of Hel-
sinki. This study was approved by the China Ethics Com-
mittee of Peking University International Hospital (Ethics
Committee No. 2021-KY-0044-02).

Diagnostic criteria

ESI and TI were diagnosed in accordance with the defini-
tions provided in the 2017 ISPD guidelines on PD cathe-
ter-related infections [10]. Exit-site infection is defined as
the presence of purulent discharge with or without skin
erythema at the catheter’s epidermal interface. Tunnel
infection is defined as the presence of clinical inflamma-
tion (erythema, swelling, tenderness, or induration) with
or without ultrasonographic evidence of fluid collection
anywhere along the catheter tunnel. An exit site scoring
system modified from Schaefer et al. [11] was used to
monitor the exit sites.

Peritonitis was diagnosed when at least two of the fol-
lowing conditions were present: (1) clinical features con-
sistent with peritonitis, such as abdominal pain and/or
cloudy dialysis effluent; (2) dialysis effluent white blood
cell count>100/p L or >0.1x10°/L (after a dwell time of
at least 2 h), with >50% polymorphonuclear cells; and
(3) positive dialysis effluent culture [12]. Refractory ESI
and/or TI was defined as a failure to respond to antibiotic
therapy after 3 weeks of treatment [10].

Clinical management

Bacterial cultures were routinely obtained from catheter
exit site secretions of patients diagnosed with ESI and/or
TI (Fig. 1A). Patients with severe ESI underwent systemic
treatment. Following the ISPD guidelines, empirical
antibiotics targeting Gram-positive and Gram-negative
microorganisms were initiated before obtaining swab
results to guide ongoing therapy [10]. Antibiotic adjust-
ments were made based on culture results; antibiotics
can be administered orally or intraperitoneally for 2—3
weeks. Patients who did not respond to the antibiotic
treatment underwent ultrasound assessment.

After more than 3 weeks of systemic antibiotic treat-
ment, patients who showed no clinical response, pre-
sented with purulent discharge from the exit site, or
exhibited ultrasound-confirmed effusion along the sub-
cutaneous catheter tunnel were diagnosed with refrac-
tory ESI and/or TI [10].

The surgical procedures were performed in a ster-
ile operating room under local anesthesia, with the
patients in the supine position. This procedure involves
an elliptical incision around the exit site. The incision
was extended through the skin and the subcutaneous
tissue along the course of the catheter until the superfi-
cial cuff was identified (Fig. 1B). Using sharp dissection,
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Fig. 1 (A) The extent of the tunnel infection (outlined with a blue marker pen), the superficial cuff location (thick black arrow), and redness and swelling
of the external orifice with purulent discharge (thin black arrow). (B) A skin incision of about 3-4 cm at the level of the exit-site in the direction of the su-
perficial cuff. (C) Localization of the superficial cuff by blunt dissection and isolation of the superficial cuff from the adipose and tissue. (D) Careful shaving
of the cuff using a scalpel and curved forceps until the cuff material was removed. (E) Placement of the high negative pressure drainage tube, and fixation
of the high negative pressure drainage bottle with sutures. (F) The remaining shadow of the superficial cuff at the end of the procedure, and removal of

the drainage tube through the outside of the incision

unhealthy granulation tissue and cellulitis were com-
pletely excised, resulting in an open wound (Fig. 1C).
The surrounding tissue samples were obtained and sent
for bacterial culture analyses. The cuff was removed by
making parallel incisions along its surface using a scal-
pel blade and excising it using curved forceps in repeated
slices (Fig. 1D). The local wound was irrigated with
saline, and the catheter and shaved tubing segments were
directed out of the medial aspect of the incision (Fig. 1E).
A negative-pressure drainage tube (Drainobag, Germany)
was inserted through the wound, based on the depth of
the space, to provide continuous negative-pressure drain-
age. The skin was sutured and the drainage tube was fixed
with sutures. The opposite end of the drainage tube was
connected to a negative-pressure drainage bottle with a

capacity of 150 mL to ensure uniform negative pressure
(90 kPa) (Fig. 1F). The negative-pressure drainage tube
was removed 2—4 days after surgery, depending on the
wound and drainage conditions. Antibiotics were con-
tinued for 2—3 weeks post-surgery, and the dressing was
changed daily.

Some patients with refractory ESI and/or TI opted for
conservative treatment because they did not agree to
undergo surgery.

Efficacy and outcome evaluation

After 1 month, the efficacy of the treatment was evalu-
ated based on the exit-site and tunnel conditions using
the following criteria: (1) Effective: Complete disappear-
ance of local symptoms, with an ESI score of 0 (Exit-Site
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Scoring System [11]); (2) Improvement: Significant
improvement in local symptoms compared to before,
with a catheter ESI score <4; (3) Ineffective: No improve-
ment or worsening of local infection symptoms, with a
catheter ESI score>4.

The survival time of the PD catheter was recorded as
the duration from its initial use at the time of the ESI
diagnosis until the end of the follow-up period on July
1, 2022. Furthermore, we compared the identification of
pathogenic bacteria and the treatment outcomes between
patients who underwent surgery and those who did not.
Additionally, instances of catheter loss due to infection
were recorded.

Statistical analysis

Statistical analyses were performed using the SPSS soft-
ware for Windows (version 27.0; IBM Corp., Armonk,
NY, USA). Time-to-event data are presented as Kaplan—
Meier survival curves. Comparative hypothesis testing
was performed using chi-squared, one-way ANOVA, and
log-rank tests. Data were analyzed at a 95% confidence
interval, and statistical significance was set at p<0.050.

Table 1 Overall pathogenic bacteria situation of exit-site and/or
tunnel infections

pathogenic bacteria cultured Number (n) Pro-
por-
tion
(%)
Gram-positive bacteria
Staphylococcus aureus 22 30.99
Corynebacterium spp. 6 845
Staphylococcus epidermidis 2 2.81
Staphylococcus caprae 1 141
Staphylococcus lugdunensis 1 141
Staphylococcus capitis 2 2.81
Streptococcus agalactiae 1 141
Staphylococcus haemolyticus 1 141
Streptococcus anginosus 1 141
Gram-negative bacteria
Pseudomonas aeruginosa 8 11.27
Escherichia coli 2 2.81
Serratia marcescens 1 141
Acinetobacter baumannii 1 141
Klebsiella oxytoca 1 141
Klebsiella pneumoniae 1 141
Enterobacter aerogenes 1 141
Enterobacter cloacae 1 141
Patients with a negative bacterial culture 6 845
Patients without culture 12 16.9

Total 71 100
Overall pathogenic bacteria situation of exit-site and/or tunnel infections
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Results

Clinical Data of PD patients with catheter-related
infections

Among 274 PD patients, 71 patients (23.9%) experienced
97 episodes of catheter-related infections. During the
study’s observation period, 274 PD patients collectively
underwent PD treatment for a total of 615.4 patient-
years. The incidence rate of ESI and/or TI was 0.15 epi-
sodes/patient-year. The average age of the 71 patients
with ESI and/or TI was 57.54+15.17 years. Among the
71 cases of ESI and/or TI patients, 60 were male (66.2%).
The average duration of PD was 53.384+31.83 months.
The causes of ESRD were as follows: 30 patients (42.4%)
had diabetic nephropathy, 26 (36.6%) had chronic glo-
merulonephritis, 10 (14.0%) had hypertensive renal
impairment, 2 (2.8%) had tumor-related renal impair-
ment, and 1 patient each had obstructive nephropathy,
aristolochic acid nephropathy, and polycystic kidney dis-
ease, each accounting for 1.4%. The median time from
PD catheter placement to the first ESI and/or TI was 10
months (interquartile range [IQR]: 3—25 months).

Catheter exit-site infection score and Pathogen
distribution

The median score for the exit-site of peritoneal dialysis
catheters in 97 cases was 3 (4—6); 59 patients underwent
secretion culture, 12 did not undergo bacterial culture,
and 6 had negative culture results, resulting in a positive
culture rate of 92.9% (79/85). Among the positive cul-
tures, Gram-positive bacteria accounted for 43.5% (37
strains). Staphylococcus aureus was the most identified
bacterium, accounting for 59.5% (22/37) of the Gram-
positive infections. Among the Gram-negative bacteria,
Pseudomonas aeruginosa accounted for 50.0% (8/16). The
pathogenic bacteria cultured from the exit-site samples
are listed in Table 1.

Refractory ESI/TI clinical data of patients

A total of 23 patients were diagnosed with refractory ESI
and/or TI, with a mean age of 54.74+13.66 years. Among
them, 14 (60.9%) had diabetic nephropathy. Staphylococ-
cus aureus was the most prevalent pathogen cultured
from the secretions of 12 (52.2%) of the 23 patients, fol-
lowed by P. aeruginosa in 6 (26.1%), Escherichia coli in 2
(8.7%), and other pathogen infections in 3 (13.0%). The
median infection score was 5 (4—6).

Among the 23 patients, 15 chose conservative treat-
ment with maintenance medication because they refused
surgical treatment. In the conservative treatment group,
five patients (33.3%) had Staphylococcus aureus cultured
from their secretions, which was lower than the surgical
treatment group (87.5%) (x*> = 6.135, p=0.013) (Table 2).
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Table 2 Characteristics of refractory ESI and/or Tl patients

Variables Overall(n=23) CS combined with Conservative t-value P-val-
NPWT group (n=8) management group ue

(n=15)

Age (years) 54.74+13.66 54.25+881 55.00+15.94 0.123 0.904

Sex, male/female (n) 17/6 7/1 10/5 1.267 0.531

Duration of dialysis (months) 5343+2022 53.75+2197 53.27+20.02 0.053 0.958

Cause of ESRD

Diabetic nephropathy, n (%) 14 (60.9) 4 (50.0) 10 (66.7) 0.608 0435

S. aureus, n (%) 12(52.2) 7(87.5) 5(333) 6.135 0.013°

Pseudomonas species, n (%) 6 (26.1) 0 (0) 6(26.1) 4329 0.058

ESI score before treatment 535£1.50 563+1.84 520£1.32 0.640 0.529

Laboratory Indicators

Serum albumin (g/L) 3491+4.63 3500+3.12 3487+537 0.061 0.952

Hemoglobin (g/L) 114.83+11.88 115.88+10.76 114.27+12.77 0.303 0.765

C-reactive protein (mg/L) 3.51(1.83,8.79) 1.94(1.74,12.02) 3.57(2.09, 8.55) 182.5" 0.490

White blood cell count (10%/L) 6.85+2.09 6.68+243 6.94+197 -0.287 0.777

Abbreviations: n, number of patients; ESRD, end-stage renal disease; ESI, exit-site infection; CS, cuff-shaving; NPWT, negative pressure wound therapy.  Data were
compared using the non-parametric Wilcoxon W-test. 2 Significant difference (p<0.05) between the surgical treatment and conservative management groups

Fig. 2 Healed wound one month after superficial cuff-shaving. The origi-
nal superficial cuff position is indicated by the arrow

Comparison of the effects of surgical and conservative
treatments

After 1 month of follow-up, none of the patients who
underwent superficial CS combined with NPWT expe-
rienced complications such as leakage, and their local
symptoms completely disappeared (Fig. 2). The ESI score
of these patients was 0, and the efficacy rate was 100%.
Conservative management was effective in two patients
(13.3%), ineffective in nine patients (60.0%), and local
symptoms improved in four patients (26.6%). The effec-
tiveness rate of surgical treatment for infection was

significantly higher than that of conservative manage-
ment (* = 15.947, p<0.01).

After 1 year follow-up, six patients in the surgical treat-
ment group continued PD treatment, with a 1-year cath-
eter survival rate of 75%. One patient died of peritonitis
11 months after CS combined with NPWT surgery, and
one patient underwent catheter removal 5 months after
surgery due to peritonitis. In the conservative manage-
ment group, four patients continued PD treatment,
resulting in a catheter survival rate of 26.7%. The catheter
survival rate was significantly higher in the surgical treat-
ment group than in the conservative management group
(% = 4960, p=0.026).

Patients were followed up for 62 months, with a median
duration of 11 months (IQR: 2, 23). At the end of the
follow-up period, two patients in the surgical treatment
group continued PD treatment with the original cath-
eter. Catheters were removed from five patients, includ-
ing three who underwent new catheter insertion on the
opposite side of the abdomen and two who required
transfer to hemodialysis. Additionally, one patient died
of catheter-related peritonitis. The catheter removal rate
was 75% in the surgical treatment group, and the median
time from surgery to peritonitis onset was 18 (IQR: 5.5,
24.8) months.

In the conservative management group, four patients
continued to undergo PD treatment with the original
catheter at the end of the follow-up period. The median
time for achieving a complete response in cases of refrac-
tory ESI was 5.5 (IQR: 2.3, 9.5) months. Eleven patients
underwent PD catheter removal, resulting in a catheter
removal rate of 73.3%. Of these removals, eight were
attributed to peritonitis and three were due to repeat
infections.
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The PD catheter survival time in the surgical treatment
and conservative management group was 29.38+7.25
and 7.86+2.13 months, respectively. Therefore, the cath-
eter survival time was longer in the surgical treatment
group than in the conservative management group (log-
rank test: xX>=6.017, p<0.05). Figure 3.

Discussion
The incidence of PD-related infections has decreased
with advancements in products and technologies. How-
ever, ESIs and TIs are regarded as major risk factors for
PD-related peritonitis, accounting for nearly one-third
of all technique failures [10, 13]. The relevance of cath-
eter ESI/TI in catheter-related peritonitis has been reem-
phasized in the latest ISPD peritonitis prevention and
control guidelines, which recommend active early infec-
tion control measures [12]. The 2023 update of the ISPD
catheter-related infection guidelines recommends that
the overall exit-site infection rate should be no more than
0.40 episodes per year at risk [3]. In the present study,
the incidence rates of ESI and/or TI were 0.15 episodes/
patient-year. Although our catheter infection rate was
not high, ESI and/or TI remain the major causes of peri-
toneal dialysis technique failure.

Although TI usually occurs in the presence of ESI,
it can also occur independently. Tunnel infections can
progress to intra-tunnel abscesses, leading to peritonitis.
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Catheter removal has been required in considerable pro-
portion (39-80%) of cases related to these complications
(10, 12-14].

Several studies have since demonstrated the effective-
ness of superficial cuff removal in treating drug-resistant
ESI and/or TI [8, 15]. Soon et al. systematically reviewed
11 studies on the surgical treatment for refractory ESI
and/or TI over the past 30 years and noted that improved
surgical techniques resulted in fewer associated compli-
cations [16]. Treatment success depends on the degree
of infection. Negative pressure wound therapy has been
employed to optimize wound healing by applying sub-
atmospheric pressure, which helps reduce inflammatory
exudates and promotes granulation tissue formation.
This is an effective approach for managing both acute
and chronic wounds [8]. In our study, eight patients with
resistance to ESI and/or TI underwent superficial CS
combined with NPWT. The efficacy rate reached 100%
after 1 month. The combination of CS and NPWT has
proven helpful in removing infectious lesions and pro-
moting wound healing, thereby prolonging catheter
survival time compared with conservative management.
Therefore, CS combined with NPWT can be considered
as an early alternative treatment for refractory ESI and/
or TL

Surgical interventions can effectively control ESI and/
or TI, leading to an increased PD catheter survival rate

0.8

0.4

Catheter cum Survival (%)

+

| the augical operation group
— the conservative

management group

Ly the augical operation
group-censored
the conservative

—+— management group-
censored
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0.0
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0 12 24 36

48

Time of follow-up (months)

Fig. 3 Catheter survival time in the surgical treatment group (blue line) and conservative management group (green line). Kaplan-Meier analysis of

catheter survival curve (log-rank test: 2 = 6.017, p=0.014)
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of 22.7-81% [14]. In this study, the 1-year catheter sur-
vival rate was 75.0%, significantly higher than that of the
conservative management group (26.7%). Patients will-
ing to undergo conservative management with catheters
have a poor prognosis, and active surgical intervention is
recommended.

In recent years, several observational studies suggest a
potential benefit of relocating the exit site in patients with
exit site infection refractory to antibiotics [6, 17-19].
Another study demonstrated that removing the superfi-
cial CS combined with tunnel reconstruction effectively
treated refractory TI, resulting in a catheter survival
rate of up to 89.7% at 1 year [18]. These findings suggest
that catheter replacement is a viable treatment option
for refractory ESI and/or TI, with a higher PD catheter
survival rate. However, it remains uncertain whether any
technique is superior to the others [18].

ESI and/or TI are caused by various microorgan-
isms. The most serious and common exit-site pathogens
are S. aureus and P. aeruginosa, which frequently cause
peritonitis [10]. Infections caused by S. aureus tend to
recur, increasing the risk of peritonitis, and resulting in
adverse outcomes for PD patients [15]. In this study, the
catheter removal rate was 75% in the surgical treatment
group, which was higher than that in the conservative
management group (73.3%). Further analysis showed
that patients who underwent PD catheter removal in the
surgical treatment group had Staphylococcus aureus as
the predominant pathogen. This higher removal rate is
likely due to the increased risk of recurrence associated
with S. aureus infections. Notably, the PD catheters were
removed in 11 of the 12 patients with Staphylococcus
aureus infection. Although superficial CS combined with
NPWT can prolong the survival time of PD catheters in
Staphylococcus aureus infections, the long-term progno-
sis remains poor. Therefore, aggressive treatment of these
infections is necessary, emphasizing the importance of
early intervention and treatment.

This study had several limitations, including its retro-
spective nature and small sample size. In the future, we
plan to conduct a multicenter prospective study to fur-
ther evaluate the therapeutic effects of superficial CS
combined with NPWT on refractory ESI and/or TIL In
addition, we will explore the effects and long-term prog-
nosis of removing and replacing a new catheter within
a specific timeframe after surgical treatment of the
infection.

Conclusion

Peritoneal dialysis catheter-related infections are com-
mon complications in patients undergoing PD. Surgical
removal of the superficial CS combined with NPWT is
an effective approach for refractory ESI and/or TI as it
helps remove inflammatory lesions and prolong catheter
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use. In cases of Staphylococcus aureus with ESI and/or
TI, which have a poor prognosis and a high risk of perito-
nitis, early intervention is required to improve outcomes.
Further studies are needed to investigate the optimal tim-
ing of surgery for excised external cuffs and evaluate the
long-term impact of CS combined with NPWT and tun-
nel reconstruction on catheter survival.

Abbreviations
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PD Peritoneal dialysis

ESls Refractory exit-site infections
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NPWT  Negative pressure wound therapy
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