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¢ Objectives: We aimed to prospectively compare the
incidence of catheter-related complications and catheter
survival for straight (SCs) and coiled (CCs) Tenckhoff cath-
eters in peritoneal dialysis (PD) patients.

¢ Methods: This open prospective randomized trial
recruited 189 PD patients with end-stage renal disease
from the department of nephrology, The First Affiliated
Hospital of Sun Yat-sen University from 6 November 2007
to 27 August 2008. The patients were randomized to a SC
(n=99) ora CC (n=90) and were then followed for 2 years.
All catheter placements were performed by two designated
experienced nephrologists who used a standardized insti-
tutional placement protocol. The primary study outcomes
were catheter-related complications and catheter survival
at 1 and 2 years.

¢ Results: We observed no significant differencesin clini-
cal and demographic characteristics between the groups at
baseline. The overallincidence of catheter dysfunction was
higherin the CC group than in the SCgroup (17.8% vs 7.1%,
p=0.03), and most of the events occurred 4 weeks or more
after the catheters were implanted. Catheter tip migration
and omental wrapping were the most common causes of
catheter dysfunction. Surgical catheter rescue was more
common in patients with CCs thanin patients with SCs (9 vs
3 patients respectively, p=0.05). No significant differences
were observed in other catheter-related complications,
including dialysate leaks, hernias, and PD-related infections
(peritonitis, exit-site, and tunnel infections). Catheter
survival rates in the SCand CC groups were similar at 1 year
(96.7% *1.9% vs 96.5% * 2.0%, p = 0.98) and at 2 years
(95.3% % 2.3% vs 92.4% + 3.6%, p = 0.76).

¢ Conclusions: The incidence of PD catheter-related com-
plications is probably higher with CCs than with SCs. The
results of our study suggest that a SCis the better option
to reduce subsequent catheter complications.
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Peritoneal dialysis (PD) is an effective, safe, and
convenient modality of renal replacement therapy
for the patients with end-stage renal disease (ESRD).
As a result, PD is considered the first-choice modal-
ity in many places worldwide. A functional and reliable
peritoneal catheter is an important factor in ensuring
successful and long-term PD therapy (1), and efforts
to develop better PD catheters have therefore aimed
to improve rates of infection or mechanical failure.
Currently, there are many variations on the Tenckhoff
catheter, with the structure of the intra-abdominal seg-
ment (straight vs coiled) being a design focus.

A coiledintra-abdominal segmentis generally believed
to reduce inflow pain and catheter migration; however,
the results of previous prospective randomized studies
comparing straight (SCs) and coiled catheters (CCs)
have been controversial. Akyol et al. (2) and Johnson
et al. (3) found no significant differences in migration
between SCsand CCs, but Nielsen et al. (4) reported that,
in percutaneousimplantation, migration tended to occur
less often with CCs than with SCs. In addition, Lo et al.
(5) and Stegmayr et al. (6) reported no advantage of
CCs over SCsiin catheter function. Interestingly, a recent
meta-analysis of swan-neck catheter use (7) indicated
that CCs may be more prone to migration and mechanical
dysfunction. To summarize, the results of earlier studies
comparing the incidences of catheter-related complica-
tions and survival in PD patients receiving SCs and CCs
have been controversial, and sample sizes have been
small. As a result, the International Society for Peritoneal
Dialysis (ISPD) does not provide definitive guidelines for
choice of catheter (8,9).
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The purpose of the present study was to evaluate the
incidence of catheter-related complications and rates
of catheter survival for groups receiving SCs and CCs in
a large cohort of PD patients.

METHODS
PATIENT ALLOCATION

ALLESRD patients 18 years of age or older who under-
wenta first PD catheter placement at The First Affiliated
Hospital of Sun Yat-sen University, Guangzhou, China,
were eligible for enrollment in the study. Exclusion
criteria were any of acute renal failure; referral for renal
transplantation evaluation within 3 months; acute myo-
cardial infarction within 3 months; acute heart failure,
acute respiratory failure, or acute respiratory distress
syndrome at the time of enrollment; malignant disease;
and psychiatric disease.

The study protocol was reviewed and approved by
the Ethics Committee of The First Affiliated Hospital,
Sun Yat-sen University. Written informed consent was
obtained from all patients at the time of enrollment. The
study enrolled 189 consecutive patients who received
their first PD treatment at the Peritoneal Dialysis Center
of The First Affiliated Hospital between November 6,
2007, and August 27, 2008.

Of the 189 patients, 99 were randomized to the SC
group, whose members all received a 41-cm double-cuffed
SC catheterwith a 15.5-cmintraperitoneal segmentwith a
straight tip (Covidien, Mansfield, MA, USA). The other 90
patients were randomized to the CC group, whose members
all received a 62-cm double-cuffed catheter with a 17-cm
intraperitoneal segment with a coiled tip (Covidien).

CATHETER IMPLANTATION

ALL PD catheters were placed in an operating room
using the standard institutional placement protocol. All
placements were performed by one of two designated
experienced nephrologists, each of whom had performed
morethan 100 PD catheter placements and who had worked
as full-time PD nephrologists for more than 5 years.

The open surgical procedure was performed under
local anesthesia with lidocaine. A 4-cm to 6-cm para-
median incision 2 - 4 cm below the umbilical level and
2 cmto theright ofthe linea alba was performed through
the subcutaneous tissue and anterior rectus fascia. The
rectus muscle fibers were separated bluntly, and the
posterior rectus fascia and peritoneum were opened
with a 5-mm incision. The intraperitoneal segment of
the Tenckhoff catheter was positioned toward the pouch
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of Douglas using a wire introducer, and catheter func-
tion was tested by instilling and draining 0.5 - 1.0 L
of a 0.9% saline solution. Any sign of a fluid leak was
corrected. Proper catheter position was confirmed after
streamlined drainage was observed. The inner cuff was
fixed to the peritoneal membrane using a purse-string
suture. The cuff was then invaginated by the posterior
sheath of rectus muscles and fixed with a second purse-
string suture. The anterior sheath of the rectus muscles
was closed using continuous sutures, and the catheter
was tunneled through the subcutaneous tissue toward
the cutaneous exit site. The outer cuff was placed in the
subcutaneous tissue 2 cm from the exit, with the external
part of the catheter directed downward and laterally.

A prophylactic 2nd or 3rd-generation cephalosporin
was administeredintravenously 1 hour before the cathe-
ter placement procedure. Patients underwent PD therapy
immediately after the successful catheter placementand
transited to continuous ambulatory PD 7 days later. All
patients used the twin-bag disconnect system and 1.5%,
2.5%, or 4.25% dextrose PD solution (Dianeal: Baxter,
Shanghai, China) at a dose of 6 — 8 L daily.

PRIMARY AND SECONDARY OUTCOMES

The primary outcomes were catheter-related compli-
cations and 1-year and 2-year catheter survival rates.
The secondary outcomes were death, transfer to hemo-
dialysis, kidney transplantation, refusal of PD therapy,
or recovery of renal function. Catheter-related complica-
tions included early complications (those occurring <4
weeks after catheter insertion) and late complication
(those occurring >4 weeks after catheter insertion).
All patients were followed every 3 months for 2 years.
All catheter dysfunction—including catheter migration,
dialysate leak, hernia, hemoperitoneum, pleural leak,
scrotal edema, prolapse of the uterus, peritonitis, exit-
site infection, and tunnelinfection—was recorded.

Peritonitis was diagnosed when two of the follow-
ing conditions were present: abdominal pain; cloudy
effluent with an effluent white cell count of more than
100/uL (=50% polymorphonuclear neutrophils); or a
positive effluent culture (8). Evaluation of the exit site
was performed strictly following the ISPD exit-site scor-
ing system. Exit-site infection was defined as erythema
with or without skin induration and purulent discharge
from the exit site (8). Tunnel infection was defined by
erythema, edema, or tenderness over the subcutaneous
pathway (8). Catheter dysfunction was defined needing
as more than 20 minutes to instill 1.5 L dialysate into
the abdominal cavity or more than 45 minutes to drain
1.5 L of effluent. When catheter dysfunction occurred,
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radiography was used to identify the position of theintra-
peritoneal portion of the catheter. If catheter function
did not recover after removal of fibrin or blood clots, or
afterthe application of other nonoperative conservative
measures, patients were brought to the operating room
for an assessment of catheter position and surgical cor-
rection if indicated.

STATISTICAL ANALYSIS

The cohort size was determined by statistical power
analysis. Assuming a 15% attrition rateand a 1.80 popu-
lation standard deviation, a sample size of 90 patients
per group was required to obtaina 0.05 significance level
with a power of 0.80.

Normally distributed data are presented as mean
+ standard deviation, and the Student t-test was used
to assess the significance of differences. Non-normally
distributed data are presented as medians with inter-
quartile range (IQR), and the Wilcoxon rank sum test
was used to assess the significance of differences. For
categorical data, the Pearson chi-square test was used
to assess the significance of differences between groups.
Catheter survival was compared using life-table analyses
and Kaplan-Meier analyses with a log-rank test. A p value
of less than 0.05 was considered significant. Allanalyses
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were performed using the SPSS software application
(version 16.0: SPSS, Chicago, IL, USA).

RESULTS
PATIENT DEMOGRAPHICS

Table 1 shows the demographicand clinical character-
istics of the 189 enrolled patients by catheter type. There
were no significant differences between the SC and CC
groups in terms of sex, age, diabetes mellitus and other
primary diseases, body massindex, blood urine nitrogen,
serum creatinine, endogenous creatinine clearance,
24-hour urine output, serum albumin, or hemoglobin.
Two patients in the SC group, but none in the CC group,
had previous abdominal surgeries. The cumulative period
of catheter use was 1636 patient-monthsinthe SCgroup
and 1657 patient-monthsinthe CC group. Mean observa-
tion time was 21 months (IQR: 17 - 24 months) in the SC
group and 22 months (IQR: 19 - 24) in the CCgroup. None
of the differences was statistically significant.

CATHETER DYSFUNCTION

Catheter dysfunction was the most common noninfec-
tious complication, occurring in 23 of the 189 patients

TABLE 1
Baseline Patient Characteristics by Catheter Type
Characteristic Straight Coiled p Value

Patients (n) 99 90

Sex (men:women) 57:42 49:41 0.56

Mean age (years) 49.1+15.6 50.3+14.1 0.58

Follow-up (months) 0.05
Median 21 22
Range (17-24) (19-24)

Primary disease 0.68
Chronic glomerulonephritis 58 46 0.30
Diabetic nephropathy 22 21 0.86
Hypertensive nephropathy 15 6 0.06
Others? 4 17 0.001

History of abdominal operation (n) 2 0 0.52

Body mass index (kg/m?) 21.543.3 21.2+2.6 0.66

Blood urea nitrogen (mmol/L) 28.9+12.1 25.7+10.2 0.06

Serum creatinine (umol/L) 968.8+437.9 909.9+343.8 0.31

CCr (mL/min/1.73 m?) 5.9+2.5 6.3+2.6 0.36

Urine volume (mL/24 h) 565.7+428.0 513.6+467.7 0.47

Serum albumin (g/L) 35.4%5.6 35.1+5.5 0.73

Hemoglobin (g/L) 81.1+20.6 80.2+21.4 0.76

CCr = creatinine clearance.

2 Including polycystic kidney disease and gouty nephropathy among others.
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(12.2%). Catheter dysfunction was significantly more
common in the CC group than in the SC group [16 of 90
patients (17.8%) vs 7 of 99 patients (7.1%), p = 0.03].
The SCand CC groups both had similarincidences of early
catheter dysfunction: 4 patientsin the SC group (4%) and
5 patients in the CC group (5.6%, p = 0.88). However,
the CC group had a significantly higherincidence of late
catheter dysfunction (>4 weeks): 11 patients (12.2%)
compared with 3 patientsin the SCgroup (3%, p=0.02).
Catheter tip migration and omental wrapping were the
most common causes of catheter dysfunction. The slightly
higher incidence of combined early and late catheter
dysfunction in the CC group was a result of catheter
tip migration, kinking, omental wrapping, and fibrin-
induced obstruction during episodes of peritonitis, but
the difference between the groups was nonsignificant.
Catheter dysfunction that required surgical rescue was
more frequent in the CC group: 9 of 90 patients (10%)
compared with 3 of 99 patients in the SC group (3.0%,
p = 0.05). As Table 2 shows, the incidence of catheter
dysfunction was not significantly different between the
catheters inserted by the two nephrologists (p > 0.05).

OTHER CATHETER-RELATED MECHANICAL COMPLICATIONS

Other mechanical complications were not significantly
different between the two groups (Table 3), including
dialysate leaks (0% SCvs 2.2% CC, p = 0.44), hemoperi-
toneum (3.0% SCvs 2.2% CC, p = 1.0), hernia incidence
(4.0% SCvs 6.7% CC ,p=0.63), pleural leaks (0% SC vs
1.1% CC, p = 0.96), scrotal edema (0% SC vs 2.2% CC,
p = 0.44), or prolapse of the uterus (1.0% SC vs 0% CC,
p = 1.0). No patient experienced extrusion of the sub-
cutaneous cuff.

CATHETER-RELATED INFECTIOUS COMPLICATIONS

In our cohort, the most common infectious complica-
tions were peritonitis [38 of 189 patients (20.1%)], with
an overall incidence of 0.22 episodes per patient-year,
and exit-siteinfection [28 of 189 patients (14.8%)], with
an overall incidence of 0.13 episodes per patient-year.
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Theincidence of peritonitis was not significantly differ-
ent between the SCand CC groups; however, peritonitis
occurred earlier in the SC group than in the CC group
(6.5 + 6.4 months vs 11.6 + 7.5 months, p = 0.007).
Furthermore, we observed no significant differences
between the SC and CC groups in other complications
overall [dialysate leaks: n=2 (1.1%); hemoperitoneum:
n=5(2.6%); hernia: n =10 (5.3%); pleural leakas: n =
1 (0.5%); scrotal edema: n =2 (1.1%); prolapse of the
uterus: n=1(0.5%); tunnelinfection: n=3 (1.6%)].

CATHETER OUTCOME AND CATHETER SURVIVAL

Catheters were removed in 9 patients (4.8%) because
of peritonitis (n=6, 3.2%), leaks (n=2, 1.1%), and cath-
eter tip migration (n=1, 0.5%). The reasons for catheter
removal were not significantly different between the SC
and CC groups. A comparison of catheter survival ratesin
the two groups using Kaplan—-Meier analysisindicated no
significant differences in 1-year (SC: 96.7% + 1.9%; CC:
96.5%+2.0%; p=0.98) or 2—year catheter survival (SC:
95.3% + 2.3%; CC: 92.4 + 3.6%; p =0.76; Figure 1).

PATIENT SURVIVAL AND TECHNIQUE SURVIVAL

During the 2-year follow-up, 43 patients (22.8%) did
not complete the study (Table 4). The overall drop-out
rate was not significantly different in the two groups:
27 patients in the SC group (27.3%) and 16 patients in
the CC group (17.8%). The causes of drop-out were also
not different: 8 because of transfer to hemodialysis, 14
because of renal transplantation, 17 because of death,
3 because of refusal of PD therapy, and 1 because of
recovery of renal function.

DISCUSSION

Previous studies on catheter-related complications
with straight or coiled Tenckhoff catheters are contradic-
tory and limited by small sample sizes. The uniqueness
of the present study is its prospective and randomized
nature. To our knowledge, our study also assembled the

TABLE 2
Catheter Dysfunction by Nephrologist and Catheter Type
Overall Straight Coiled
Catheters Complications Catheters Complications Catheters Complications
Nephrologist (n) pValue [n(%)] pValue (n) [n (%)] p Value (n) [n (%)] p Value
A 128 14 (10.9) 61 3 (4.9) 67 11 (16.4)
B 61 0.06 9 (14.8) 0.45 38 4 (10.5) 0.51 23 5(21.7) 0-80
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TABLE 3
Early and Late Catheter-Related Complications by Catheter Type
Catheter type
Overall Straight Coiled p
Complication (n) (%) (n) (%) (n) (%) Value®
Catheter dysfunction overall
Atany time 23 12.2 7 7.1 16 17.8 0.03
Early (<4 weeks) 9 4.8 4 4.0 5 5.6 0.88
Late (>4 weeks) 14 7.4 3 3.0 11 12.2 0.02
Catheter tip migration with dysfunction
Atany time 12 6.3 4 4.0 8 8.9 0.17
Early (<4 weeks) 5 2.6 2 2.0 3 3.3 0.92
Late (>4 weeks) 7 3.7 2 2.0 5 5.6 0.37
Catheter kinking with dysfunction
Atany time 2 1.1 0 — 2 2.2 0.44
Early (<4 weeks) 0 — 0 — 0 —
Late (>4 weeks) 2 1.1 0 — 2 2.2 0.44
Omental wrapping with dysfunction
Atany time 8 4.2 3 3.0 5 5.6 0.62
Fibrin clog because of peritonitis
with catheter dysfunction
Atany time 1 0.5 0 — 1 1.1 0.96
Early (<4 weeks) 0 — 0 — 0 —
Late (>4 weeks) 1 0.5 0 — 1 1.1 0.96
Other mechanical complications
Dialysate leak 2 1.1 0 — 2 2.2 0.44
Hemoperitoneum 5 2.6 3 3.0 2 2.2 1.00
Hernia 10 5.3 4 4.0 6 6.7 0.63
Pleural leak 1 0.5 0 — 1 1.1 0.96
Scrotal edema 2 1.1 0 — 2 2.2 0.44
Prolapse of uterus 1 0.5 1 1.0 0 — 1.00
Catheter-related infections
Peritonitis 38 20.1 22 22.2 16 17.8 0.45
(n episodes per patient-year) 0.22 0.22 0.23
Exit-site infection 28 14.8 14 141 14 15.6 0.79
(n episodes per patient-year) 0.13 0.12 0.11
Tunnelinfection 3 1.6 2 2.0 1 1.1 1.00
(n episodes per patient-year) 0.01 0.02 0.01

2 Boldface type indicates significance.

largest cohort to date foran assessment of PD catheter—
related complications.

In previous radiographic and laparoscopic studies,
the main causes of catheter migration were omental
wrapping, fibrous adhesions, and a kinked catheter
(10). In our study, catheter tip migration and omental
wrapping were also the main reasons for catheter dys-
function, which was confirmed by both radiography and
surgical findings.

The omentum is a potential site for encapsulating
inflammation and pus formation. Stegmayr et al. (6)
proposed that a peritoneal catheter could initiate a

nonspecific inflammatory reaction in the pelvic cavity,
resultingin the catheter being wrapped by the omentum.
Stegmayrand colleagues also noted that the surface area
of a CC was greater than that of a SC and that the intra-
peritoneal segments were shorter in CCs than in SCs so
that the catheter could be placed only in the superficial
layer of the pelvic cavity (6). Those two characteristics
mean that a CC more readily contacts the omentum and
intestine, thereby reducing the probability of migration.
Inourstudy, the distance between theinner cuffand the
catheter tip was 15.5 c¢m for SCs and 17 cm for CCs. The
length of the CC was therefore sufficient to reach the
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Figure 1 — Cumulative catheter survival of straight (SC) and
coiled (CC) peritoneal catheters. PD = peritoneal dialysis.

pelvic cavity. Our results suggest that the length and
surface of the CCare not likely to be the cause of a higher
incidence of catheter migration as previously observed
by Stegmayr and colleagues.

Tissuein the abdominal cavity—including the omentum
andintestines—can potentially comeinto contact with the
catheter and lead to increasing outflow resistance. That
phenomenon, together with the accompanying greater
outflow resistance because of a longer intraperitoneal
segment, is a potential reason for the high incidence of
omental wrapping or catheter obstruction seen with CCs.

Compared with implantation of a SC, implantation
of a CCis, in general, more technically challenging. We
believe that technical variationsin the surgery might be
one of the reasons for the higherincidence of CC migra-
tion. When the wire introducer is extracted from a CC,
the coiled portion recovers its shape because of retrac-
tion. If the wire introducer is extracted too rapidly, the
vertical depth from the catheter tip to the Douglas fold
might be more superficial than the operator intends.
At our center, we used the following standard proce-
dure to overcome that problem: When the tip of the CC
approached the vesicouterine or rectouterine pouch, the
wireintroducer was fixed, and the catheter was advanced
slowly until the inner cuff was positioned outside the
peritoneal membrane. As a result, catheter dysfunction
requiring manipulation or catheter replacement in our
study proved to be less than 20%, which exceeds the
ISPD standard (8).
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TABLE4
Catheter and Patient Outcomes by Catheter Type
Straight  Coiled p
Outcome (n=99)  (n=90) Value
Duration of follow-up
(patient-months) 1636 1657
Cather removal for 4 5 0.88
Peritonitis 3 3 1.00
Leak 0 2 0.44
Catheter tip migration
with dysfunction 1 0 1.00
Patient drop-out 27 16 0.12
Transfer to hemodialysis 4 4 1.00
Kidney transplantation 9 5 0.35
Death 11 6 0.29
Refusal of peritoneal
dialysis therapy 2 1 1.00
Recovery of renal function 1 0 1.00

In China, most ESRD patients, because of cultural or
economic concerns, do not want to begin dialysis at an
early stage. For example, they do not like to undergo
an early operation to create an arteriovenous fistula
orinsert a PD catheter; they wait until the situation is
urgent. At our PD center, more than 98% of ESRD patients
started PD therapy urgently and initiated PD immedi-
ately after the PD catheter was implanted. We therefore
more often needed to use a purse-string suture at the
peritoneum and rectus fascia to prevent dialysate leaks,
hemoperitoneum, and hernia because PD therapy was
going to immediately follow catheter placement.

The incidence of infectious complications in our
study was similar to that in previous studies (2-6). Our
overall incidence of peritonitis was 0.22 episodesper
patient-year, which is compatible with the standard
established by the ISPD [<0.67 episodes per patient-year
(8)]- In addition, our catheter survival rates at 1 year
(SC: 96.7% + 1.9%; CC: 96.5% + 2.0%) and at 2 years
(SC: 95.3% + 2.3%; CC: 92.4% + 3.6%) were superior to
the minimally acceptable level defined in the European
best practice guidelines for peritoneal catheter sur-
vival [80% at 12 months (11)]. Peritonitis was the main
reason for catheter failure in our study, which required
catheter removalin some cases. Our results indicate that
the catheter survival rate might be further improved by
lowering the risk for infectious complications. A strict
training protocolimplemented by the nursing staff, good
wound care, and proper sterile procedures are thus most
likely to help reduce the incidence of catheter failure in
PD patients.
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CONCLUSIONS

Our study indicates that catheter dysfunction is more
common with CCs than with SCs, although no differences
in patient and technique survival were seen with either
catheter type. Catheter-related complications were not
reduced in patients with CCs. We therefore conclude that
SCs appear to be the better option to reduce subsequent
catheter-related complications in PD patients.
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