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Abstract

Purpose Peritoneal dialysis (PD) catheter tip migration accounts for the majority of cases of PD catheter malfunction. In
this case series, we described our experiences of using a modified PD catheter implantation approach through a site that is
lower than the site that is conventionally used, to reduce catheter malfunction.

Methods We retrospectively identified 76 patients who received PD catheter implantation at the Affiliated Wujin Hospital
of Jiangsu University, among whom 39 received the traditional approach of low-site insertion and 37 received a modified
approach of very-low-site insertion. All participants were followed up for at least 2 years after PD catheter implantation, and
the development of catheter dysfunction or death during this period was monitored.

Results We found that the survival rate of the initially inserted catheter was 75.68% among the very-low-site group. This
survival rate was significantly better than that observed among the low-site group (48.72%; p=0.029). Kaplan—Meier curves
of the initial catheter survival also showed that the catheter survival was significantly higher in the patients in the very-low-
site group than those in the low-site group (log rank p =0.012). Complications, such as catheter tip migration, were not
observed in the very-low-site group, while tip migration occurred in 15.38% of the patients in the low-site group (very-low-
site group vs low-site group: p =0.039).

Conclusions A safe and simple PD catheter implantation can be performed either through the low-site approach or the very-
low-site approach.

Keywords Peritoneal dialysis - Peritoneal dialysis catheter - Catheter dysfunction

Introduction

Peritoneal dialysis (PD) is one of the renal replacement
therapy (RRT) options for patients with end-stage renal dis-
ease (ESRD). PD is well known as a home-based treatment
with economical advantages over other RRT options. Thus,
the ‘PD first’ policy is increasingly upheld in many coun-
tries [1, 2]. To establish and maintain a safe and patent PD
catheter is a prerequisite for the successful implementation
of PD. Complications, including PD catheter tip migration
and obstruction, remain important concerns regarding this
technique [3].
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Recently, much progress has been made in the refinement
of the surgical techniques related to PD catheter implan-
tation [4—6]. Findings from the majority of studies concur
that laparoscopic PD catheter implantation can significantly
lower the risk of catheter tip migration and obstruction [6,
7]. However, in developing countries like China, widespread
use of laparoscopic PD catheter implantation can be diffi-
cult, due to the high cost and the requirement for adequate
technique training. Consequently, local nephrologists have
developed a specific technique of PD catheter implantation
through a low-site approach that is suitable for the Chinese
population [8].

Based on our experiences, we found that, although this
low-site approach could reduce the incidence of catheter tip
migration and obstruction, the incidence of these complica-
tions was still higher than those associated with laparoscopic
PD catheter implantation. The advantage of a laparoscopic
approach may lie in the fact that the peritoneal implantation
site in the laparoscopic approach is lower than that used in
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the low-site approach. Inspired by this rationale, we started
to explore how low the peritoneal insertion site could be
during PD catheter implantation. After a series of attempts
using different insertion routes, we learned that a distance of
4 cm above the pubic symphysis appeared to be the lowest
possible peritoneal insertion site using the traditional surgi-
cal procedures. This approach was termed the very-low-site
PD catheter implantation technique. This study aimed to
describe our experience investigating the efficacy and com-
plications of the traditional low-site and our novel very-low-
site approach of PD catheter implantation. We hypothesized
that the very-low-site approach was superior to the low-site
approach in reducing the complications that are related to
catheter implantation.

Methods
Patient enrollment

This was a retrospective analysis. Seventy-six consecutive
ESRD patients who received PD catheter implantation in
the Affiliated Wujin Hospital of Jiangsu University between
August 2011 and December 2016 were enrolled.

Among these patients, 39 received the traditional low-site
PD catheter implantation between August 2011 and June
2015 and 37 received the new very-low-site implantation
between June 2015 and December 2016. In the low-site
group, the peritoneal implantation site was 7 cm above the
pubic symphysis and 2 cm to the left of the linea alba. In
the very-low-site group, the peritoneal implantation site was
4 cm above the pubic symphysis and 3 cm to the left of the
linea alba.

PD catheter implantation procedures

All of the PD catheter implantation surgeries were per-
formed by the corresponding author, while patients were
under spinal anesthesia, using an open surgery with straight
Tenckhoff catheters.

Before each operation, urethral catheterization was used
to empty the patients’ bladder. Upon incising the perito-
neum, the distance between the site of peritoneal entry and
the rectovesical pouch (Douglas pouch) was measured using
oval forceps. The PD catheters were adjusted to fit this dis-
tance through removal of excess. After catheter insertion, the
site of peritoneum incision was closed with a purse-string
suture just below the inner cuff, followed by an infusion of
2 L of 1.5% glucose dialysate through the PD catheter to
check for leakage. Intermittent PD was initiated immedi-
ately after catheter implantation using 1-2 L of 1.5% glucose
dialysate, depending on patient’s tolerance.
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There were major differences in the site of the skin inci-
sions between the two groups. In the low-site group, skin
incisions of approximately 3—4 cm length were longitu-
dinally made 7 cm above the pubic symphysis and 2 cm
to the left of the linea alba as the center. Subcutaneous
tunnels of PD catheter were curved and exited to the right
of the linea alba (Fig. 1a). In the very-low-site group, skin
incisions of ~3—4 cm length were longitudinally made
4 cm above the pubic symphysis and 3 cm to the left of
the linea alba as the center. In this group, subcutaneous
tunnels of PD catheter were also curved and exited to the
right of the linea alba (Fig. 1b).

PD training before and after catheter implantation

All of the patients were trained by the same nursing team
at our department, with training programs that were initi-
ated before implantation. The program included simulation
of the PD operation preoperatively, preparation of usage
and environment, wound care, diet, bathing, and daily life
education, and management during the emergent situa-
tions. Each patient performed PD under the guidance of
nurses, usually 5-7 days after implantation. Patients were
only able to be discharged from the hospital after pass-
ing an examination for PD techniques. After discharge,
all patients received continuous ambulatory PD (CAPD).

Data collection

Through the electronic medical record system, we col-
lected inpatient and emergency medical records, labora-
tory and equipment examinations, and image data. Each
patient was followed up for at least 2 years after cath-
eter implantation, and we monitored whether the patients
developed catheter dysfunction or died during the follow-
up period.

We defined catheter dysfunction as persistent failure to
perfuse or to drain effluent within 30 min. We also defined
catheter tip migration as the malposition of the tip out of the
true pelvis on a plain abdominal radiograph.

Statistical analysis

We analyzed data using SPSS19.0. Metrological data were
described by mean + standard deviation, and a ¢ test was used
to compare between groups. A Chi-square test was used
to compare categorical data between groups. PD catheter
survival was described and analyzed by the Kaplan—Meier
method. A value of p <0.05 was deemed to be statistically
different.
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Fig. 1 Comparison of the low- A
site approach and the very-low-

site approach. a A diagrammatic

sketch of low-site implantation.

b A diagrammatic sketch of

very-low-site implantation.

¢ A radiograph of a straight —
Tenckhoff catheter by low-site
implantation. d A radiograph of
a straight Tenckhoff cath-

eter inserted by very-low-site
implantation
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Table 1 Demographic data and clinical outcomes

Variables Low-site Very-low-site p
Patients 39 37
Sex (number of men:women)  20:19 22:15 0.627
Age (years) 56.52+12.93 59.86+13.68 0.372
BMI (kg/m?) 23.36+3.73 24.51+3.23 0.396
Origin of ESRD [n (%)] 0.451
Glomerulonephritis 23 (58.97) 22 (59.46)
Diabetic nephropathy 10 (25.64) 6(16.22)
Hypertension 4 (10.26) 8 (21.62)
Other causes 2(5.13) 1(2.70)
Death [n (%)] 6 (15.38) 4(10.81) 0.802
Initial catheter survival [n 19 (48.72) 28 (75.68) 0.029
(%]
Results

We retrospectively analyzed 76 patients, among whom 39
belonged to the low-site group and 37 belonged to the
very-low-site group. There was no statistical difference in
the patient numbers, sex, age, body mass index (BMI), the
origin of ESRD, or mortality rate between the two groups
(Table 1).

The PD catheter survival rate of the first catheter was
75.68% in the very-low-site group, which was significantly
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Fig.2 Initial catheter survival rate in the two groups (log rank
p=0.012)

higher than that observed in the low-site group (p =0.029).
Kaplan—Meier curves of the PD catheter survival also
showed the same findings (log rank p =0.012; Fig. 2).
There was a significant difference in the complications
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of catheter tip migration within 2 years between the two
groups (p =0.039; Table 2); catheter tip migration did not
occur in any of the very-low-site group patients, while
15.38% of the patients in the low-site group developed
this complication.

There was no significant difference in the rate of compli-
cations, such as peritonitis, tunnel infection, wound bleed-
ing, dialysate leakage, and abdominal hernia, between the
two groups (Table 2). In the low-site group, six patients
subsequently switched to hemodialysis due to peritonitis,
while only four patients switched to hemodialysis in the
very-low-site group. In addition, none of these patients sus-
tained intraoperative bladder injury. We observed that the
time of effluent drainage among all patients was less than
30 min after catheter implantation, without any episodes of
inflow or outflow pain. None of these patients experienced
constipation or other gastrointestinal problems.

Discussion

Through a retrospective analysis of 76 patients, we found
that PD catheter implantation through the traditional low-site
and novel very-low-site approach were both safe, simple, and
facilitated permanent PD catheter implantation. The initial
PD catheter survival rate and the incidence of complications,
including catheter tip migration, were better in the very-low-
site group than in the low-site group. Although the initial
catheter survival rates in both of the groups in this study
were lower than those reported by other studies with excel-
lent outcomes [2, 9], our findings were similar to the results
from local practices in general [8, 10]. We suspect that the
discrepancy between our results and those of other studies
may be due to the fact that the dialysates that are used in our
patients are glucose-containing formulae.

Table2 Complications between the two groups

Variable Low-site [n (%)] Very-low-site [n p
(%]
Patient (n) 39 37
Peritonitis
Episodes 21 (53.85) 19 (51.35) 0.828
Episodes/patient—  0.039 0.034
month
Tunnel infection 5(12.82) 3(8.11) 0.768
Catheter tip migra- 6 (15.38) 0 0.039
tion
Hernia 3(7.69) 1(2.70) 0.646
Bleeding 0 0 -
Leakage 0 0 -
Inflow or outflow 0 0 -
pain
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The straight Tenckhoff catheter was originally designed
for PD catheter implantation through a higher site. The cath-
eter has been found to be too long for application in catheter
implantation through a lower site. According to prior expe-
riences from the other groups [8], we removed the excess
parts of the PD catheters during the operation. We found no
adverse effects of catheter trimming with regard to drainage
time, the incidence of inflow or outflow pain, and the risk
of injury to abdominal viscera introduced by the trimmed
catheter. These results are consistent with other reports [8].

Despite the costs of the operation and the requirement for
an adequate technique, it is believed that laparoscopic PD
catheter implantation is the first choice if we wish to reduce
the complication rate of catheter tip migration and obstruc-
tion [9, 11-15]. During the laparoscopic procedure, the cath-
eter tip is slipped into the sheath of the rectus abdominis
until it approaches the upper edge of the pubic symphysis
and penetrates the peritoneal cavity. Several researchers
believe that this method can lead to a reduction in the fre-
quency of catheter tip migration [12-15]. In our very-low-
site approach, the site through which the catheter entered
the peritoneal cavity was close to the upper border of the
pubic symphysis. A literature review showed that the lowest
catheter implantation site reported by others was 5 cm above
the upper border of the pubic symphysis [16]. However,
after a series of explorations, we discovered that a site 4 cm
above the pubic symphysis might be the lowest possible
site of peritoneal entry that is feasible using the traditional
open surgical procedures. Another technique for preventing
catheter tip migration is catheter fixation, which is usually
conducted by a laparoscopy. However, catheter fixation can
cause unbearable pain during the catheter maneuver in some
patients. In 2014, researchers from China introduced an open
surgery technique of PD catheter insertion with catheter fixa-
tion onto the lower abdomen wall, using an instrument called
the ‘catheter fixation kit’ [17], without the observance of
catheter tip migration or traction pain. In their experience,
the fixation site of the PD catheter was also close to the
upper border of the pubic symphysis. In our experience, the
very-low-site approach exhibited a similar efficacy without
the requirement of a complex operation.

Compared with the results observed in the low-site group,
the intra-abdominal PD catheter position in the very-low-site
group was lower and less likely to be disturbed by the greater
omentum and intestinal peristalsis. Encapsulation by and
traction from the greater omentum are important factors in
the precipitation of catheter tip migration and obstruction.
However, the greater omentum would not be detectable at
4 cm above the upper border of the pubic symphysis. In
addition, when subcutaneous tunneling was performed, the
exit site of the tunnel and the entry site into the peritoneum
were placed on different sides of the linea alba. Using this
arrangement, the left side of the intra-abdominal catheter
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was immobilized by the pelvic wall, while the right side
was partially immobilized, rendering difficulty in catheter
bending and migration, due to the compliance of the catheter
(Fig. 1d). Therefore, our approach of very-low-site catheter
implantation appears to be more advantageous for reduc-
ing the complications of catheter tip migration. Because the
catheter entry site is at a lower position, the catheter inserted
in the very-low-site group was less disturbed not only by
the greater omentum and intestinal peristalsis, but also by
extracorporeal factors, such as belts, that potentially improve
the long-term survival, as observed in this study.

Anatomically, the lower the anterior abdominal wall, the
thicker the peritoneum is. This feature can be beneficial in
the creation of the purse suture around the peritoneal inci-
sion site. A thicker peritoneum is difficult for surgeons to
pull apart during suture, resulting in a lower incidence of
complications, such as dialysate leakage, after operation.
We routinely infused 2 L of dialysate during catheterization
to check for leakage, and intermittent PD was performed
immediately after the operation, without the observance of
any leakage. Although current guidelines recommend that
PD be started 2 weeks after PD catheter implantation [18],
we found that intermittent PD can be performed immediately
after the operation, as long as the peritoneal incision site
was sutured firmly and 2 L dialysate was infused intraop-
eratively to confirm the absence of leakage. This practice
can avoid temporary hemodialysis catheter placement for
emergent RRT.

In summary, the very-low-site PD catheter implantation
approach has several advantages, including a lower rate of
catheter tip migration, longer initial catheter survival, ear-
lier PD initiation, and simpler surgical procedures. Conse-
quently, we believe that the approach of very-low-site PD
catheter implantation may be worth promoting. However,
there are still shortcomings in this study. First, the number of
patients included is relatively low, and further randomized,
double blind, and large-scale studies are needed to confirm
the current results. Second, the retrospective nature of this
study also limits its applicability.

Conclusions

Safe and simple PD catheter implantation can be achieved
through both the low-site approach and the very-low-site
approach. Our results suggest that the very-low-site implan-
tation approach might be superior to the low-site approach,
regarding the reduced rate of catheter tip migration.
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