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Abstract
Introduction: Peritoneal dialysis (PD) is a crucial kidney re-
placement therapy for patients with end-stage kidney disease.
Despite its advantages over hemodialysis (HD), long-term
success can be hindered by catheter dysfunction, which of-
ten necessitates revision. Currently, surgical treatment
methods for PD catheter malfunction include fluoroscopy-
guided procedures and laparoscopic or open surgery to sal-
vage or replace the catheter. Here, we introduce the first novel,
minimally invasive surgery for repositioning PD catheters.
Methods: From November 2021 to May 2024, 8 patients with
PD catheter dysfunction underwent this innovative procedure
at the Department of Nephrology, Sichuan Provincial People’s
Hospital. Surgical Procedure: On the side of the original ab-
dominal incision, blunt separation was used to find the PD
catheter tunnel segment. The anterior rectus abdominal
muscle sheath was incised, followed by separation of the deep
polyester sleeve. The original catheter was exposed in the
abdominal port or purse-string suture, and the intra-
abdominal segment of the dialysis catheter was pulled out.
Blunt cleaning around the periphery was performed to ensure
that the PD catheter was smooth, and a rigid guidewire was

placed through the intra-abdominal segment of the proximal
end of the catheter of the first lateral hole. The intra-
abdominal segment of the PD catheter was placed into the
pelvis via the original catheter in the abdominal port. Clinical
data were retrospectively collected, and patients were fol-
lowed up for safety and efficacy assessment. Results: In a
study involving 8 patients, no significant complications were
observed, with an immediate imaging success rate of 100%
and a clinical PD catheter reset success rate of 75%. The
catheter remained patent until the end of the study, with a
mean follow-up time of 17.25 ± 9.25months. Conclusion: This
new method for resetting dysfunctional PD catheters dem-
onstrates technical feasibility, simplicity, cost-effectiveness,
and safety. It has the potential to emerge as an alternative,
particularly suitable for resource-limited settings.
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Introduction

Peritoneal dialysis (PD) is a widespread mode of renal
replacement therapy for patients with end-stage kidney
disease. The prevalence of PD varies by country and
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region, with approximately 11% of dialysis patients re-
ceive PD globally [1, 2]. In China, data up to 2022 from
the Chinese National Renal Data System (CNRDS) re-
vealed that Chinese PD patients comprise approximately
25% of the global PD population and approximately 15%
of the country’s dialysis population [3]. Compared with
hemodialysis (HD), PD offers advantages such as pre-
served residual renal function, enhanced quality of life,
similar survival rates, and cost-effectiveness [4–8].
Nevertheless, the efficacy of PD relies heavily on a well-
functioning PD catheter, which is pivotal for its success
[9–11]. Catheter dysfunction, a common occurrence,
often necessitates revision and can lead to technical
failure, directly impacting catheter longevity and
prompting a switch to HD in up to 20% of cases [12].
Current treatments for PD catheter dysfunction include
fluoroscopic manipulation, open or laparoscopic salvage,
or replacement. While many radiologists can manipulate
ectopic PD catheters under fluoroscopy, outcomes vary
widely, with an initial success rate ranging from 55% to
80% and less reliable long-term results of 33% [13–19].
Traditional surgical or laparoscopic approaches can also
address ectopic PD catheters, offering direct visualization
of the peritoneal cavity [20]. However, these methods
necessitate general anesthesia, entail lengthy operation
times, and incur significant expenses. By embracing the
trend toward “minimally invasive surgery,” we introduce
a novel PD catheter repositioning method characterized
by reduced trauma, diminished postoperative discomfort,
expedited recovery, and lower costs while ensuring on-
going safety and efficacy assessments.

Methods

Between November 2021 and May 2024, a total of 8
patients underwent a novel procedure at the Department
of Nephrology, Sichuan Provincial People’s Hospital.
Clinical data from surgery inception until the study’s
conclusion in May 2024 were retrospectively collected.
Patients had previously undergone percutaneous place-
ment of a PD catheter, utilizing either an open or
modified Seldinger technique, with either a Tenckhoff
straight catheter (Kirchhoff, LLC) or a Medcomp PD
straight catheter and accessories (MDP-242-C model,
Baxter Medical Supplies Trading (Shanghai) Co.). All
initial placements of peritoneal catheters in patients were
via a lateral route (2 cm lateral to the outer 8–10 cm above
the symphysis pubis), with the deep cuff placed within the
rectus sheath. All patients were in stable condition and
presented with either unidirectional or bidirectional

obstruction of peritoneal dialysate drainage, confirmed by
abdominal plain films indicating catheter migration out
of the true pelvis or omental wrapping. Informed consent
was obtained from all patients. Initial conservative
measures, including increased activity, catheter flushing,
laxatives, enemas, and urokinase sealing, were attempted
to restore patency. Preoperative cefazolin was adminis-
tered for infection prevention. Low-volume PD was re-
sumed within 1–8 days post-procedure, unless catheter
malfunction occurred.

Surgical Methods
In the operating room under sterile conditions and

with 1% lidocaine for local anesthesia, a parallel longi-
tudinal incision of 1–2 cmwasmade alongside the original
abdominal incision. Subcutaneous fat was bluntly sepa-
rated to access the tunneled segment. Tissues were
carefully separated along the catheter, and the anterior
sheath of the rectus abdominis was incised. Deep polyester
sheaths were then separated to expose the original catheter
entry site or purse-string sutures. The intra-abdominal
segment of the PD catheter was meticulously and slowly
withdrawn, with simultaneous blunt cleaning of the
peritubular tissue and encapsulated greater omental tis-
sue. Clots, fibrin, or adipose tissue from the PD catheter
were removed manually by squeezing, saline flushing, and
passing of a rigid guidewire to ensure catheter patency. A
rigid guidewire was used through the intra-abdominal
segment of the PD catheter proximal to the end of the first
lateral hole to access the catheter. The proximal end of the
intra-abdominal segment of the PD catheter was re-
inserted into the pelvis through the original catheter entry
site by the rigid guidewire. This was achieved by carefully
advancing the catheter along the anterior abdominal wall
with the aid of the guidewire to avoid the greater
omentum until the catheter end reached the Douglas

Fig. 1. Separation of the deep polyester sleeve of the PD catheter.
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fossa. The guidewire was then removed. Following con-
firmation of smooth injection and drainage of the PD
solution, thorough hemostasis was ensured before the
abdomen was closed. Aseptic dressings were then applied
(Fig. 1–4).

Data Collection
Information regarding the initial PD catheter

placement and treatment was accessed. Details in-
cluded the initial insertion of the PD catheter, PD
treatment regimen, duration until catheter failure, and
any associated symptoms, as well as the current loca-
tion of the catheter. Surgical parameters for revision
surgery included the duration of the surgical procedure,
intraoperative bleeding, and any catheter-related issues
identified during the surgery that contributed to dys-
function. Information on postoperative outcomes in-
cluded commencement of PD treatment post-surgery,
occurrence of complications such as peritonitis and exit
site and tunnel infections, catheter displacement, in-
adequate drainage, presence of bloody PD solution,
leakage, herniation, and subsequent survival of both the
catheter and the patient.

Intraoperative Reset Criteria
Smooth flow of PD solution was observed from the PD

catheter without any interruptions or blockages.

Safety Evaluation
Occurrence during and after Surgery

(1) Symptoms such as abdominal pain, abdominal dis-
tension, the presence of bloody PD solution, or leakage.

(2) Evaluation of damage to abdominal organs.

(3) Monitoring for symptoms indicative of peritonitis,
such as turbidity of the PD solution.

Postoperative Evaluation
Successful Reset Criteria

(1) Smooth inflow and outflow of PD solution.
(2) Confirmation of catheter placement in the pelvic

cavity via abdominal frontal and lateral X-rays.

Safety Assessment Criteria
(1) Absence of evident postoperative bleeding.
(2) No observed damage to abdominal organs.
(3) No occurrence of peritonitis.

Observational Indexes and Follow-Up
The following variables were assessed: patency of PD

solution intraoperatively and postoperatively, initial
imaging success rate, pre- and post-surgery PD solution

Fig. 2. Exposure of the original catheter entry site or purse-string
suture, with careful extraction of the intra-abdominal segment of
the PD catheter. Omental wrapping around the lateral holes
causing luminal obstruction is visible.

Fig. 3.Gentle cleaning of intra- and extra-catheter tissues to ensure
smoothness of the PD catheter, followed by insertion of a rigid
guidewire into the intraperitoneal segment of the catheter for
placement into the pelvis.

Fig. 4. Advancement of the catheter through the original catheter
entry port under the guidance of the guidewire.
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inflow and outflow times, and preoperative day 1 and
postoperative 24-h ultrafiltration volume on initiation of
PD treatment. Patients were monitored for PD solution
drainage status, recurrence of catheter dysfunction, and
resolution at 1 month and at study completion.

Statistical Methods
IBM SPSS Statistics 20.0 software was used for data

analysis. The measurement data are presented as the
means ± standard deviations, whereas the count data are
expressed as the number of cases (percentages).

Results

General Information of the Enrolled Patients
Table 1 summarizes the patient characteristics and

clinical outcomes of a cohort of 8 patients. The duration
from PD catheter placement to catheter dysfunction was
22.38 ± 29.67 days, with a follow-up period of 17.25 ±
9.25 months.

Causes of Catheter Dysfunction
Based on abdominal X-ray findings and intraoperative

observations, omental wrapping was identified as the
primary cause of catheter dysfunction (6 out of 8 cases,
with 1 patient requiring surgical intervention due to
excessive omental tissue, which was secured using a

purse-string ligature), 1 patient experienced catheter
displacement, and another patient (with a BMI of 30.1)
had the catheter mistakenly placed into the ex-
traperitoneal space during percutaneous surgery.

Imaging Evaluation on the First Postoperative Day
Among the 8 patients, 8 successful catheter reset

operations were performed on the first postoperative day,
resulting in a 100% success rate. The duration of the
operation ranged from 30 to 135 min.

Complications
No patients experienced significant complications,

such as abdominal pain, abdominal distension, abdom-
inal organ injury, hemorrhage, exit site infection, tunnel
infection, or peritonitis.

Postoperative Follow-Up and Regression
Two patients experienced catheter dysfunction during

the follow-up period (patients 3 and 6). In patient 3, PD
solution drainage was obstructed on the second post-
operative day. Abdominal plain film confirmed catheter
placement on the first postoperative day, prompting
laparoscopic exploration, which revealed intestinal ad-
hesions. The catheter was in place, adhesions were
loosened, and catheter fixation was performed. In patient
6, initial postoperative imaging indicated proper catheter
placement and smooth flow. However, 26 days later,

Table 1. General information of patients and follow-up

Case Gender Age BMI Primary
disease

History of
abdominal surgery

PD catheter
insertion

X-ray
catheter
position

Causes of catheter
dysfunction

Follow-up,
months

1 M 34 30.1 DM None Modified
Seldinger
(MS)

Pelvis Extraperitoneal space 27

2 F 51 17.5 UK Nephrolithotomy MS Pelvis Retina wrap 24

3 F 34 21.0 UK None Open Right upper
abdomen

The purse stitches are
brought into the retina

24

4 M 61 24.3 HBP None MS Right upper
abdomen

Displacement 23

5 M 41 26.2 DM None MS Right upper
abdomen

Retina wrap 19

6 F 34 18.0 SLE None MS Right upper
abdomen

Retina wrap 12

7 F 41 17.7 HBP None MS Pelvis Retina wrap 8

8 F 35 23.3 UK Caesarean section MS Left upper
abdomen

Retina wrap 1
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drainage obstruction recurred, and subsequent imaging
revealed catheter displacement in the right upper ab-
domen. Laparoscopic intervention revealed intestinal
tubes and greater omentum wrapping around the cath-
eter. Adhesions were released, and the greater omentum
was resected. Two patients underwent successful lapa-
roscopic surgical restoration, resulting in smooth
drainage of the PD solution within 1 month post-
restoration. At the conclusion of the study, all 8 pa-
tients exhibited normal catheter function, and PD con-
tinued without complications.

Discussion

PD treatments are frequently delayed or interrupted
due to outlet leakage or flow restriction, with the latter
being the primary procedural concern [21]. Outflow and
inflow obstructions are commonly observed early within
2 weeks of catheter placement [22], affecting 4–20% of PD
patients [9, 23]. Different PD placement procedures yield
varying rates of postoperative flow restriction, with
catheter outflow failure ranging from 4% to 34.5% for
open surgical placements and combined flow dysfunction
occurring in 4.5%–13% of laparoscopic placements [2–4].
Catheter dysfunction, characterized bymechanical failure
of dialysate injection or drainage, constitutes 55% of
catheter mechanical complications [24]. Significant var-
iation in catheter outcomes between centers was ob-
served, which correlated more closely with operator and
center characteristics than with catheter design. Common
causes of catheter failure include catheter tip displace-
ment (10–30%), omental wrapping or adhesion (15%),
intraluminal and extraluminal catheter obstructions, and
catheter kinking [25–27]. The incidence of catheter tip
displacement associated with opening is as high as ap-
proximately 15–20% [9, 28]. Management of catheter
dysfunction typically begins with conservative measures
such as increased physical activity, laxatives, enemas, or
pressure flushing of the PD catheter, along with heparin
or fibrinolytic agent instillation. While some cases re-
spond to conservative management, many necessitate
salvage maneuvers such as subinterventional techniques,
catheter revision, or replacement [22]. The 2019 ISPD
guidelines recommend the selection of interventions for
catheter flow obstruction based on patient factors, facility
resources, and operator expertise, including imaging
manipulation, laparoscopic surgery, or simultaneous
catheter replacement [11]. Treatment approaches have
evolved from open or replacement surgeries to include
laparoscopic techniques, as well as nonsurgical options

such as TPA perfusion and guidewire manipulation in
interventional radiology [29].

Several studies have highlighted the effectiveness of
subinterventional catheter manipulation [14, 15, 30, 31].
The success rate of wire manipulation under fluoroscopy
ranges from 27% to 75% [18, 32–39]. This procedure is
minimally invasive, does not necessitate anesthesia, is
cost-effective except for possible conscious sedation, and,
if technically successful, permits immediate resumption
of PD. However, long-term clinical success often requires
multiple operations due to the challenge of definitively
addressing the underlying cause of flow disorders, leading
to initial catheter dysfunction and recurrent issues.

Wei et al. [40] identified three types of intraperitoneal
PD catheter dysfunction (catheter tip wrapped by in-
testinal collaterals, greater omentum wrapping, and ab-
dominal adhesions) under laparoscopy, all of which were
effectively repaired through laparoscopic intervention.
Laparoscopy offers the advantage of pinpointing the
underlying cause of catheter flow obstruction, enabling
tailored management. Several studies have reported
success rates exceeding 80% for laparoscopic repair of PD
catheter malfunction [12, 24]. Consequently, it is often
considered the next step in managing catheter flow ob-
struction once alternative diagnoses such as constipation,
bladder filling, and fibrin blockage have been excluded.
While laparoscopy allows for the immediate resumption
of PD and is minimally invasive, it requires general
anesthesia, specialized laparoscopic equipment, and ex-
pertise and incurs high surgical costs. Moreover, the
adverse physiological effects of pneumoperitoneum and
the presence of multiple working ports increase the risk of
dialysate leakage.

Catheter replacement is considered the least preferred
option for managing complications of catheter flow. This
approach involves removing the catheter in situ and then
recatheterizing, which can subject the patient to addi-
tional surgical trauma and expose them to potential
complications associated with a new catheter insertion.

An incision adjacent to the original surgical opening
can be used, followed by abdominal exploration to locate
the PD catheter and then resetting and securing the
catheter, effectively treating catheter malfunction and
reducing the risk of recurrence [41, 42]. Our modified
technique involves a smaller incision next to the original
one, simplifying catheter location (the original catheter
can be located by separating subcutaneous tissues),
minimizing peritoneal irritation, and reducing patient
discomfort. This approach resembles the method de-
scribed by Sarafidis et al. [43] although their series pri-
marily addressed catheter migration or bending rather
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than omental attachment or catheter occlusion. Addi-
tionally, they employed a flexible guidewire and dilatation
of the catheter tear-off sheath, positioning the patient’s
deep cuff in the subcutaneous tissue rather than an-
choring it to the rectus abdominis muscle.

Our innovative approach and advantages are as fol-
lows: (1) utilization of a smaller incision adjacent to the
original surgical port facilitates easier location of the PD
catheter without the need for extensive abdominal ex-
ploration. (2) The catheter can be carefully separated
from its original position or slowly withdrawn to identify
the cause of catheter failure. (3) Reintroduction of the
catheter through the original abdominal entrance
eliminates the need for additional incisions or purse-
string sutures, minimizing peritoneal irritation. (4)
Insertion of a guidewire through the lateral hole of the
intra-abdominal section of the catheter ensures a short
operation path, precise positioning, and a high success
rate with minimal risk. (5) Preservation of the short tube
and the extra-abdominal section of the catheter main-
tain the integrity of the tunnel, reducing the risk of
contamination and infection. (6) The procedure is
straightforward, resulting in less trauma, and reduced
pain for the patient, who typically tolerates it well. (7)
Preservation of the original catheter obviates the need
for special consumables and equipment, leading to lower
costs. (8) The reset effect is evident, with a high success
rate, achieving immediate success in 100% of cases, and
the clinical PD catheter reset success rate is 75%. (9)
Since the outlet, shallow cuff, and tunnel remain intact,
PD can be resumed more quickly than new catheter
placement. PD can be resumed immediately after reset,
with a low risk of leakage, avoiding the discomfort and
infection risk associated with temporary deep venous
catheterization for HD. (10) Avoidance of X-ray ex-
posure during the procedure enhances patient safety.
(11) Long-term PD catheter use yields reliable results
with our approach.

In summary, our novel method offers a simple and
cost-effective salvage procedure featuring small incisions,
leading to rapid patient recovery and enabling immediate
resumption of PD therapy; thus, it is particularly suitable

for resource-limited settings. Further studies and long-
term follow-up are essential to validate its safety and
effectiveness in a larger cohort.
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