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CLINICAL STUDY

A retrospective study of palindrome symmetrical-tip catheters for

chronic hemodialysis access in China

Chaoyang Ye*, Zhiguo Mao*, Pan Zhang*f, Yugiang Zhang, Shu Rong, Jing Chen, and Changlin Mei

Department of Nephrology, Changzheng Hospital, Second Military Medical University, Research Institute of Nephrology, PLA, Shanghai, China

Abstract

Hemodialysis catheters remain necessary for long-term vascular access in patients for whom
arteriovenous access may be problematic or impossible. Developments in catheter design have
improved long-term catheter functionality, and reduced the rate of infection and complications
associated with their use. This retrospective study of 284 cases of chronic catheterization in 271
patients treated between 2009 and 2011 using Tal Palindrome™ symmetrical-tip (N=118) or
Quinton™ Permcath™ step-tip (N = 166) hemodialysis catheters evaluates the efficacy and the
safety of symmetrical-tip dialysis catheters for chronic hemodialysis, compared with a step-tip
catheter. Measurements of catheter performance included mean catheter dwell time, incidence
of low blood flow, and rates of infection and catheter-related blood stream infection (CRBSI).
The symmetrical-tip catheter had a significantly longer mean dwell time compared with the
step-tip catheter; 329.4 +38.1 versus 273.1 £ 25.4d (p <0.05). In addition, the rate of occurrence
of low blood flow per 1000 catheter days was lower for the symmetrical-tip compared with the
step-tip catheter; 1.13 versus 6.86 (p<0.01). The symmetrical-tip catheter was also associated
with a lower incidence of complications; the rates of infection (0.28 vs. 0.78; p <0.01) and CRBSI
(0.15 vs. 0.44; p<0.01) were lower compared with those for step-tip catheters, and catheter
removal occurred less often for the symmetrical-tip catheter (8% vs. 16%; p<0.05). The
symmetrical-tip hemodialysis catheter was associated with a longer mean dwell time, lower

Keywords

Catheters, catheter-related infections, renal
dialysis, retrospective studies, vascular
access devices

History

Received 18 November 2014
Revised 27 January 2015
Accepted 31 March 2015
Published online 6 May 2015

incidence of low blood flow, and lower infection rate compared with the step-tip catheter.

Introduction

Autogenous arteriovenous (AV) fistula are the preferred
method of vascular access for patients requiring chronic
hemodialysis.'> However, despite various guidelines and
initiatives supporting a reduction in hemodialysis catheter
use, data from the USA indicate that nearly 80% of
hemodialysis patients initiate treatment with a catheter, and
catheter use is continued in 52% of patients after 4 months of
treatment.” ™

Although hemodialysis catheters are associated with
significant mortality and morbidity due to relatively high
rates of malfunction and infection,ﬁ’7 they continue to be a
necessary option for hemodialysis patients in whom AV
access is likely to be problematic, impossible, or contra-
indicted.® This includes elderly patients with poor vascular
condition, those who have an inability to withstand internal
fistula due to poor cardiac function and those unsuitable for
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peritoneal dialysis.> Furthermore, maturation of an AV fistula
typically takes 3 months but can take up to 1 year, and failure
to mature is estimated to be as high as 60%.%°

Given the global trend towards an increasingly elderly
hemodialysis population with a similar increasing prevalence
of diabetes and cardiovascular comorbidities, the number of
patients requiring chronic hemodialysis that are unsuitable for
an AV fistula is increasing.'®™'! This is especially true in
China, where the above factors are leading to an increasing
incidence of end-stage renal disease (ESRD).'>13

Continuous advances in catheter design have improved the
durability of catheter function and also lowered the incidence
of catheter-related infection."'® The symmetrical-tip dialysis
catheter (Tal Palindrome™, Covidien, Mansfield, MA) is a
recent catheter design with a symmetric, spiral tip, and biased
ports.'* Results from previous studies suggest that the
symmetrical-tip catheter has several functional advantages
over other catheter designs; for example, lower rates of
thrombosis and re-intervention compared with split distal tip
catheters,'” and a lower dysfunction rate compared with step-
tip catheters.'® However, there is relatively little clinical data
describing long-term performance of the symmetrical-tip
catheter for chronic hemodialysis, as much of the existing
clinical research was conducted over a timescale of only a few
months.'>'® In addition, there have been no previous reports
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in English-language journals of symmetrical-tip catheter use
in China.

We, therefore, conducted a retrospective analysis of
patients who underwent chronic hemodialysis catheterization
at our institution in Shanghai between May 2009 and
December 2011, and evaluated the long-term functionality
and infection rate associated with the symmetrical-tip hemo-
dialysis catheter compared with a step-tip catheter.

Materials and methods
Patients

A total of 284 placements of permanent, indwelling venous
catheters in 271 Chinese ESRD patients between 1 May 2009
and 31 December 2011 were included in this retrospective
analysis. Of these catheterizations, 118 were performed using
36/40cm pre-curved or straight symmetrical-tip catheters
including 14 cases where step-tip catheters were changed to
symmetrical-tip, and 166 catheterizations were performed
using 36/40cm step-tip catheters (Quinton™ Permcath™,
Covidien, Mansfield, MA). All patients provided written and
informed consent, and the study received ethical approval
from the institutional ethics review board. The study was
conducted in accordance with the Declaration of Helsinki
2000 and the Declaration of Istanbul 2008.

Description of hemodialysis catheters

The symmetrical-tip catheter is made from a polyurethane
material and has a symmetrical, spiral end-tip design,
whereby inflow occurs through a laser-cut side slot located
on the most proximal portion of the end hole, and outflow
occurs as a jet directed away from the catheter tip. This design
is thought to prevent clot formation (Figure 1A).'*!" In
contrast, the relatively older step-tip catheter is composed of a
soft, silicone material and is designed with a staggered tip to
provide a 2.5 cm separation between the arterial lumen and
venous tip (Figure 1B).

Description of hemodialysis catheter insertion
technique

Catheter insertion was conducted under local anesthesia (1%
lidocaine) in the department operating room. For patients
requiring catheter reinsertion, or in difficult cases, the
procedure was performed with ultrasonographic guidance.
The preferred insertion site was the internal jugular vein

Figure 1. Close-up view of the (A) symmet- (A)
rical catheter (Tal Palindrome™) tip showing
the symmetrical spiral-tip design and laser-
cut side slot (arrow), and (B) the step-tip
catheter (Quinton™ Permcath™), showing
the side holes (arrow) and staggered tip,
which provides a 2.5 cm separation between
the arterial lumen and venous tip.
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(IJV), followed by the subclavian vein (SC) and external
jugular vein (EJV). Anatomical landmarks were used to
localize the insertion sites: the puncture site for IJV catheter-
izations was the apex of the triangle formed by the
sternocleidomastoid muscle; the puncture site for SC cath-
eterizations was 0.5cm from the junction of the clavicular
head of the sternocleidomastoid muscle and the clavicle. An
alternative puncture site for SC catheterization was 0.5-1 cm
below the junction of the lateral third and medial two-thirds of
the clavicle shaft.

A modified Seldinger technique was used to place
catheters in the IJV and SC.'® The puncture site was prepped
and draped and the selected vein was punctured with a 21-
Gauge needle, after which a 0.038-in. guide wire was
inserted. The subcutaneous tissue at the entry site was pre-
dilated with a 12F dilation catheter and then a 16F peel-away
sheath placed. The permanent catheter was inserted in its final
position using a peel-away sheath. In the case of the IJV and
SC catheters, the final position was the right mid-atrium or
the superior vena cava—atrium junction.

The venous cut down approach was used to place EJV
catheters. Patients were briefly placed into the Trendelenburg
position to transcutaneously identify the course of the EJV.
Next, a longitudinal 1.5 cm skin incision was made overlying
the EJV in the mid-neck region. The EJV was then
circumferentially dissected out and partially transected. The
permanent catheter was passed into the lumen of the partially
transected EJV and directed centrally towards the heart. The
final position of the central venous catheter depends on the
relative positioning of the upper portion of the right atrium
and ribs or intercostal space of the anterior thoracic wall, as
determined by pre-surgery chest X-ray. The final position of
the catheter tip was usually at the third anterior rib or
intercostal space. For difficult cases, such as catheter
reinsertion and central venous stenosis, catheter insertion
was guided under digital subtraction angiography. Once
correctly positioned, one 2-0 silk suture was placed around
the catheter at the entry site and the distal end of EJV was tied
down around the catheter to prevent back-bleeding and
catheter migration. The subcutaneous tunnel was approxi-
mately 10-12cm in length and the catheter cuff was
positioned within 2-3 cm of the exit site. The final catheter
position was verified using a chest X-ray.

Following the placement procedure, the exit site was
covered with sterile gauze or 3M tape and the indwelling

(B)
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catheter was sealed with heparinized saline solution. Patients
underwent routine hemodialysis the day after surgery.

Clinical parameters and statistics

The primary endpoint was catheter dwell time, defined as the
time interval from catheter insertion to catheter removal or
the date of the last visit the patient made to the hospital during
the study time window. Other endpoints included occurrence
of low blood flow, rates of infection and catheter-related
blood stream infection (CRBSI) and catheter removal. Low
blood flow was defined as a dialyzer blood flow in mL/min
less than four times patient body weight in kilograms (i.e. for
a patient weighing 75 kg, the cut-off for low blood flow would
be 300 mL/min) at a pre-pump pressure of —250 mmHg. This
weight-adjusted definition of low blood flow was used to take
into account the lower mean body weight of Chinese
hemodialysis patients, compared with their European or
American counterparts. Although this was a retrospective
analysis and the equipment used varied between patients,
blood flow and recirculation rates were predominantly
measured using the Transonic Hemodialysis Monitor HD02
(Transonic Systems, Ithaca, NY).

This study used the definition of CRBSI set out by the US
Centers for Disease Control and Prevention and as recom-
mended by the Kidney Disease Outcomes Quality Initiative
guidelines.19 In addition, exit site infection was defined as
red, swollen skin adjacent to the exit site with purulent
secretion, with patients reporting pain but not presenting with
a fever. In this case, patients were treated with MuPirocin
antibiotic ointment (SK&F, Shanghai, China) locally for 1
week. Subcutaneous tunnel infection was defined as red,
swollen skin at the subcutaneous tunnel and pus observed at
the catheter exit site with patients reporting pain and
presenting with a fever and shivering.

In addition, a small number of the symmetrical-tip (n = 10)
and step-tip (n=10) catheter cases were randomly selected
for measurement of blood flow and recirculation, and
assessment of blood flow after reversal of the dialysis lines.

Management of complications

In general, indications for catheter withdrawal included
chronic infection, catheter dysfunction (includes low blood
flow, and abnormal position dysfunction), death, kidney
transplantation (catheter still functional), and catheter cuff
exposure.

For patients who experienced low catheter blood flow,
mechanical causes such as ectopic catheter, stenosis, and
bending or kinking of the catheter were first excluded by
methods including non-invasive central venous computed
tomography angiography or cardiac ultrasound examination.
Low blood flow caused by the catheter tip becoming stuck to
a blood vessel wall due to vacuum effects was excluded in the
case of the symmetrical-tip catheter by reversing the arterial
and venous lines.

Following exclusion of mechanical causes, 50,000-
250,000 units of urokinase in 3-5mL of saline solution
were injected into the catheter and kept for 25-30min;
dissolved fibrin or blood clots were then extracted. This
process could be repeated 2-3 times until blood flow

Palindrome catheters for hemodialysis 943

normalized. In cases with continued poor blood flow, it was
assumed that a fibrin sheath had formed around the catheter
tip. In this case, 250,000 units of urokinase were infused
slowly through the catheter for 12-24h a day for 3-5d. If
poor blood flow could not be corrected at this time, the
catheter was removed and re-inserted.

In view of the vital importance of catheter access for
patients requiring chronic hemodialysis, it was a common
practice at our institution that patients suspected of catheter-
related infection received antibiotic treatment before a
decision was made to remove the catheter. Antibiotics were
predominantly infused through the catheters using an anti-
biotic seal. First-line treatment typically included third-
generation cephalosporin with aminoglycoside or quinolones,
and the treatment was adjusted based on the outcomes of
bacterial culture. If antibiotic treatment was effective, it
would be continued for at least 2 weeks. Patients with
bacteremia or sepsis received treatment with antibiotics under
heparin lock for 4-6 weeks.

Statistical methods

Data are expressed as mean + standard deviation (SD) unless
otherwise indicated. The rate of occurrence of infection and
low blood flow was calculated as the number of events per
1000 catheter days. Differences in continuous variables were
compared using Student’s t-test, apart from differences in
rates of infection and low blood flow, which were compared
using the Chi-square test. A p value<0.05 was considered
significant.

Results
Patient demographics and disease characteristics

A total of 284 cases of chronic catheterization in 271 patients
with  ESRD were included in the analysis: 118 using
symmetrical-tip catheters and 166 using step-tip catheters.
The mean age of patients was similar between the symmet-
rical-tip and step-tip catheter groups: 67.4+15.2 and
67.8 +£13.1 years, respectively (Table 1). The ratio of males
to females was lower in the symmetrical-tip group compared
with the step-tip group, at 48% versus 71%, however, this
difference was not statistically significant (p >0.05).

The most common cause for chronic hemodialysis was
diabetic nephropathy for patients in the symmetrical-tip
catheter group (52% [61/118]), and chronic nephritis (40%
[67/166]) for patients in the step-tip catheter group. There was
a higher proportion of patients with metabolic disease in the
symmetrical-tip catheter group (diabetic neuropathy or hyper-
tension) than in the step-tip group at 69% (82/118; 52 diabetic
neuropathy and 18 hypertension) versus 34% (57/166; 19
diabetic neuropathy and 15 hypertension), respectively
(p<0.01) (Table 1). The most common route of catheter
placement in both the symmetrical-tip and step-tip groups was
the right IJ'V. There was no difference in the routes of catheter
placement between the two groups (Table 2).

Long-term catheter functionality and safety

A total of 118 symmetrical-tip catheters and 166 step-tip
catheters were placed for a total of 33,874 and 45,342 catheter



944  C. Ye et al.

days, respectively. Overall, the long-term functionality of the
symmetrical-tip catheter was favorable compared with the
step-tip catheter. In particular, the mean dwell time for the
symmetrical-tip catheter group was significantly longer than
the step-tip catheter group (329.4+38.1 vs. 273.1+254
catheter days; p<0.05), and the rate of low blood flow
occurrence was significantly lower for symmetrical-tip
compared with step-tip catheters (1.13 vs. 6.86 per 1000
catheter days; p<0.01) (Table 3). The number of catheter
removals was lower with the symmetrical-tip catheters than
step-tip catheters (10 vs. 26, respectively; p <0.05). Infection
and low blood flow were responsible for over half of the

Table 1. Demographics and background disease characteristics.

Symmetrical-tip, ~Step-tip,
N=118 N=166 p
Mean age (years + SD) 674+152 67.8+13.1 >0.05

Males (%) 48 71 >0.05
Reason for hemodialysis (%) (n)
Diabetic nephropathy 52 (61) 19 (32)
Hypertension 18 (21) 15 (25)
Metabolic disorders (diabetic 69 (82) 34 (57) <0.01
nephropathy or hypertension)
Chronic nephritis 17 (20) 40 (67)
Polycystic kidney disease 3(3) 4 (6)
Obstructive nephropathy 3 (3) 2 (3)
Lupus nephropathy <1 (1) 4 (6)
Rheumatoid arthritis <1 (1) 1)
Tumor <1 (1) 4 (7)
Renal transplant failure <1 (1) 1)
Unknown 5 (6) 10 (16)
Table 2. Summary of routes of catheter placement.
(%) (n) Symmetrical-tip Step-tip P
Right internal jugular vein 91 (107) 88 (146) >0.05
Left internal jugular vein 2(2) 6 (10)
Right external jugular vein 6 (7) 24
Right subclavian vein 2(2) 35
Left subclavian vein 0 (0) 1()
Total 118 166
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catheter removals (50% for symmetrical-tip vs. 77% for step-
tip catheters; p<0.05). A summary of reasons for catheter
removal is presented in Table 3.

The incidence of infection was lower in the symmetrical-
tip catheter group than in the step-tip catheter group; the
infection rate was 0.28 versus 0.78 per 1000 catheter days
(p<0.01) and the CRBSI rate was 0.13 versus 0.42 per 1000
catheter days (p<0.01) for the symmetrical-tip group and
step-tip group, respectively.

Catheter flow and recirculation

A flow rate of 250-300 mL/min was measured by Transonic
in all of the 10 symmetrical-tip and step-tip catheter cases
randomly selected for flow measurement. In addition, recir-
culation was evaluated in six symmetrical-tip and 10 step-tip
catheters. In the symmetrical-tip catheters, the recirculation
rate was 0%, with no cases of poor flow on reversing the
connection. A recirculation rate of 0-5% was measured in the
step-tip catheters, with five cases of poor flow on reversing
the connection.

Discussion

AV fistula are preferred over hemodialysis catheters due to
the complications associated with catheter use, which include
a high incidence of thrombosis,?>*' and bacterial infections.
Furthermore, hemodialysis catheter dysfunction is associated
with significant mortality.”> However, hemodialysis catheters
remain a necessary option for patients in whom an AV fistula
placement is unfeasable.® Therefore, given the importance of
adequate vascular access for patients requiring hemodialysis,
improvements in catheter design aim to improve long-term
functionality, while lowering the incidence of infections and
complications.

This retrospective analysis of Chinese ESRD patients, who
received chronic hemodialysis between 2009 and 2011, is the
first report in an English-language journal of symmetrical-tip
catheter use in China. The symmetrical-tip catheter was
associated with a significantly longer mean catheter dwell
time and a significantly lower incidence of low blood flow
compared with the step-tip catheter. These results support

Table 3. Mean catheter dwell time, rates of incidence of low blood flow and incidence of infection.

Symmetrical-tip, N=118 Step-tip, N =166 P

Mean catheter dwell time (days + SD) (range) 329.44 +38.13 (18-713) 273.11+25.41 (13-724) <0.05
Total catheter days 33,874 45,342
Low blood flow cases (1) 44 311
Low blood flow occurrence rate® 1.13 6.86 <0.01
Infection cases (n) 11 35
Infection rate® 0.28 0.78 <0.01
CRBSI cases (n) 5 20
CRBSI occurrence rate® 0.15 0.44 <0.01
Catheter withdrawal (1) 10 26 <0.05
Reason for catheter withdrawal (%) (n)

Any adverse event 50 (5) 77 (20) <0.05

Infection 20 (2) 19 (5)

Catheter dysfunction (including low blood flow and abnormal position dysfunction) 30 (3) 19 (5)

Death (catheter still functional) 30 (3) 8 (2)

Kidney transplantation (catheter still functional) 20 (2) 8 (2)

Catheter changed to symmetrical-tip NA 38 (10)

Cuff exposure 0 (0) 8 (2)

Notes: CRBSI, catheter-related blood stream infection.
“Rates were calculated as a number of events per 1000 catheter days.
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existing data demonstrating favorable long-term functionality
of the symmetrical-tip catheter compared with a split-tip
catheter (catheter patency at 180d, 90% vs. 61%; p<0.0001)
and a step-tip catheter (dysfunction-free survival at 2 months,
78.9% vs. 54.4%; p =0.015).">1° In a small sample of patients
included in the present study, a lower recirculation rate was
measured with the symmetrical-tip catheters compared with
the step-tip catheters (0% vs. 0-5%); however, as these
measurements were made in a small sample of patients, the
conclusions that can be drawn from these data are limited.

Interestingly, the mean catheter dwell times for both the
symmetrical-tip (329.4d) and step-tip (273.1d) catheters
observed in this study far exceed previously published values,
which are typically around 100d."* However, although the
mean dwell times were longer, the range of catheter dwell
times in the current study was 13—724 d, which is comparable
with ranges of 1-673d reported in previous studies.'*

It is estimated that catheter dysfunction accounts for 17—
33% of untimely catheter removals.”*? Therefore, the lower
incidence rate of low blood flow observed with symmetrical-
tip versus step-tip catheters in this study may be a
contributing factor to the significantly longer mean dwell
time associated with this catheter design. It has been proposed
that because blood enters the symmetrical-tip catheter
through the side slots and exits through the tip, this reduces
the formation of thrombus and fibrin sheath formation,
leading to a lower rate of fibrin sheath formation with the
spiral-tip design of the symmetrical-tip catheter (8.7%),
compared with other catheter types (42—-100%).'%'*

The infection rates observed in this study (0.28 and 0.78
per 1000 catheter days for the symmetrical-tip and step-tip
catheters, respectively) are low compared with general
literature values for dialysis catheters, which range from
0.25 to 6.5 per 1000 catheter days.'> We propose that the
primary factor for the lower rate of infection in the
symmetrical-tip catheters versus the step-tip catheters may
be the higher patency of the symmetrical-tip catheter; as a
result of higher patency, less intervention was required for the
former catheter design, and, therefore, the risk of introducing
an infection was lower. The significantly lower rates of
infection and CRBSI associated with the symmetrical-tip
catheter compared with the step-tip catheter may be another
contributing factor for the longer mean dwell time associated
with the symmetrical-tip catheter. However, it should be noted
that other, comparative studies have found the symmetrical-
tip catheter to demonstrate superior long-term functionality
compared to step- and split-tip catheters, despite reporting
similar rates of infection.'>'®

There were several limitations to this study. Firstly,
patients who had their catheters changed from step-tip to
symmetrical-tip were included as two separate cases, which
may have caused a bias in results, although there were only
eight such patients in total. Further, catheter blood flow and
recirculation were not routinely measured for all cases; these
measurements would have provided more quantitative data on
catheter function. Additionally, a significantly larger propor-
tion of patients in the symmetrical-tip catheter group had
metabolic disorders compared with the step-tip catheter
group, which may have affected the study outcomes.
However, although some research suggests that diabetes is
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associated with an increased risk of catheter-related infec-
tion,%° there are counter examples reporting that diabetes is
not a significant independent risk factor for catheter-related
infection.'>*”?® Despite these limitations, our findings pro-
vide a valuable contribution to the existing literature
supporting the use of symmetrical-tip catheters for chronic
hemodialysis, and provide the first report of symmetrical-tip
catheter use in China.

In summary, this retrospective analysis demonstrated that
symmetrical-tip hemodialysis catheters are associated with a
longer average dwell time, a lower incidence of low blood
flow and lower rates of infection compared with step-tip
catheters. These findings support the use of the symmetrical-
tip catheter for long-term vascular access in patients requiring
chronic hemodialysis who are unsuitable for AV fistula.
Given the findings of this study, a larger, randomized
controlled study to compare the long-term functionality and
complication rate of the symmetrical-tip catheter against
other catheter types is warranted.
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