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PURPOSE: To report the authors’ clinical experience with the Tal Palindrome chronic dialysis catheter with a
symmetric tip.

MATERIALS AND METHODS: During a 39-month period, 126 Palindrome catheters were placed consecutively in 85
patients. Follow-up was available for 115 catheters. Insertion complications, patency, catheter-related bacteremia, exit
site infections, and reasons for catheter removal were recorded. The patient’s initial cause of end-stage renal disease,
underlying diseases, and site of access were recorded as well.

RESULTS: Patient ranged in age from 35 to 91 years (median, 69 years). Fifty percent of patients had diabetes. One
hundred twenty-six Palindrome catheters were placed for a total of 12,046 catheter-days. The technical success rate of
catheter placement was 100%. The average catheter indwell time was 105 days (range, 1– 673 days). Catheters were
inserted via the right (n � 107) or left (n � 19) jugular vein in all patients without insertional complication.
Catheter-related infections occurred in 16 of the 115 catheters (13.9%) during the study period and culture-proved
bacteremia occurred in four (3.5%). Seven exit site infections were recorded, and 10 catheters (8.7%) developed fibrin
sheaths that necessitated catheter exchanges.

CONCLUSIONS: Clinical experience with the Tal Palindrome hemodialysis catheter demonstrated safe and reliable
use with low infection rates.
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Tunneled hemodialysis catheters are
an important temporary means of vas-
cular access for patients requiring
long-term hemodialysis, those await-
ing renal transplantation, and those
whose peritoneal or arteriovenous di-
alysis accesses are currently maturing
or nonfunctional (1). Ideally, dialysis
catheters should be considered a

From the Interventional Radiology Section, VA Con-
necticut Healthcare System, 950 Campbell Ave, West
Haven, CT 06516, and Yale University School of Med-
icine, 333 Cedar Street, New Haven, CT 06510. Re-
ceived November 1, 2007; final revision received June
10, 2008; accepted June 30, 2008. Address correspon-
dence to M.G.T.; E-mail: michael.tal@yale.edu

M.G.T. is a paid consultant for Covidien Inc. None
of the other authors have identified a conflict of
interest.

© SIR, 2008
DOI: 10.1016/j.jvir.2008.06.018

1434
bridge to permanent access. However,
tunneled hemodialysis catheters often
serve as permanent access for patients
who have exhausted other access op-
tions (2,3).

The National Kidney Foundation–
Dialysis Outcomes Quality Initiative
Vascular Access Guidelines recom-
mendation is that less than 10% of
chronic hemodialysis patients would
be dependent of catheters as their per-
manent chronic dialysis access (4).
However, data show that 21% of all
chronic dialysis population in the
United States is maintained on dialysis
catheters as their sole access (5). He-
modialysis catheters are commonly as-
sociated with complications that in-
clude thrombosis, infection, and fibrin
sheath formation (6). These complica-
tions have a profound effect on hemo-

dialysis patient’s lives.
Commonly used long-term hemo-
dialysis catheters have either a stag-
gered tip design, meaning that the out-
flow tip extends several centimeters
beyond the inflow tip, or the split-tip
or dual catheter design. The Tal Palin-
drome (Covidien, Mansfield, Massa-
chusetts) has a symmetric tip design
that allows reversal of the dialysis
lines during dialysis with reduced risk
of recirculation (Fig 1) (7). The design
of the Tal Palindrome catheter is such
that the inflow is through the most
proximal part of the spiral end hole,
about a centimeter proximal to the
catheter tip as well as from the side
slot about 2 cm proximal to the tip.
The outflow jet is directed away from
the catheter tip, which prevents mix-
ing with the inflow blood and thus
reduces recirculation. In addition, the

tip design and the shape of the side
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slots allow for continuous self flushing
of the catheter tip between treatments,
with the intent of reducing thrombo-
sis. The hypothesis behind the devel-
opment of this catheter was that, in
addition to reducing recirculation, it
will reduce catheter-related complica-
tions (eg, fibrin sheath and infection)
by reducing thrombosis. Herein, we
describe a single institution’s clinical
outcome and clinical experience with
this symmetric tip dialysis catheter.

MATERIALS AND METHODS

Patient Population

A retrospective review of all Tal
Palindrome tunneled hemodialysis
catheters that were placed, exchanged,
or removed between May 3, 2004, and
September 5, 2007 (39 months) was
performed. During the study period,
Palindrome was the main catheter used
in our institution. In addition, 15 stag-
gered-tip catheters and six split-tip cath-
eters were placed during the transition
period. The number of these catheters
was too small to be included in this
analysis. Patient demographics, catheter
dwell time, insertion site, complications,
and indications for removal were ob-
tained. Institutional review board ap-

Figure 1. Tip of the Tal Palindrome cathe
metric tip with a Z-shape design. Notice
(Image courtesy of Covidien.) (Available i
jvir.org.)
proval was obtained for this study.
Catheter Placements, Removals,
and Exchanges

All procedures were performed by
an experienced interventional radiolo-
gist (M.S., M.G.T., H.M., J.S.P., E.R.,
M.A.) in the interventional radiology
suite. No antibiotics were adminis-
tered during catheter placement. The
study catheters were placed or ex-
changed in consecutive patients dur-
ing the study period.

Access to the internal jugular vein
was achieved under ultrasonographic
guidance by using a lateral approach.
Access was preferably made to the
right internal jugular vein. Alternative
access sites were used when the right
jugular vein was thrombosed. Inser-
tion of the Tal Palindrome catheter
was performed either by using the
provided valved peel-away sheath or
over-the-wire using the VenaTrac de-
vice (Fig 2). The VenaTrac device is
comprised of two D-shaped stylets
that effectively occlude both lumens of
the dialysis catheter, thus preventing
air embolism or bleeding during over-
the-wire catheter insertion or ex-
change. One stylet of the VenaTrac is
longer then the other. The wire is
passed through the tip of the longer
stylet and into the shorter one. This

demonstrates a sym-
e side slots (arrow).
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Figure 2. Image of
the-wire placement a
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through the tip of the
(short arrow), and ou
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allows catheter insertion or exchange
over a single wire by providing tran-
sition to the catheter tip. The VenaTrac
was used for catheter exchanges. For
exchanges, the catheters were bluntly
dissected from the tunnel and re-
tracted to the brachiocephalic vein. In-
jection of contrast medium was then
performed with digital subtraction im-
aging over the chest. The presence of a
fibrin sheath or thrombus was re-
corded. A new similar catheter was
then inserted over one stiff 0.035-inch
hydrophilic guide wire (Terumo Med-
ical, Somerset, New Jersey) with the
VenaTrac device. The new catheter
was advanced under fluoroscopic
guidance. Catheters were placed such
that the tip was positioned in the up-
per right atrium.

Indications for catheter removal or
exchange included poor function, in-
fection, cuff exposure, maturation of
an arteriovenous fistula or graft, reso-
lution of the acute renal disease, and
death. Poor catheter function was de-
fined as a dialysis flow rate of less than
300 mL per minute.

The management of the fibrin
sheath was variable and changed over
time in our institution. At the begin-
ning of the study, some operators per-
formed fibrin sheath disruption with

VenaTrac device. The device allows over-
exchange of the catheter. The VenaTrac
, blue stylets (arrows). The wire is passed
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he back end of the catheter. (Available in
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time, this practice has changed and
most fibrin sheaths in the study were
managed with simple catheter ex-
change over the wire by using the
VenaTrac device.

In patients with clinical signs of in-
fection, catheters were removed with-
out venography and the tip was sent
for culture and sensitivity. The treat-
ment of catheter-related infection in
our institution is variable; however,
catheter removal is usually performed
immediately without an attempt for
antibiotic treatment and catheter sal-
vage. A new catheter is then inserted
after the symptoms have resolved and
the blood cultures are negative.

Data Recording

Data were collected prospectively
in the interventional radiology suite.
Every chronic tunneled dialysis cathe-
ter placed was entered into an Excel
database (Microsoft, Seattle, Washing-
ton). Follow-up was performed during
follow-up visits and with computer-
ized patient charts, which are avail-
able for all patients in our institution.
The computerized patient charts al-
lowed access to all notes, laboratory
results, and imaging studies. Data
analysis was performed at the end of
the study period.

Study End Points

Patients were followed up until the
removal of their hemodialysis cathe-
ters. The study end point was catheter
removal.

Rates of occurrence of all complica-
tions and infections were calculated by
dividing the number of catheters re-
moved for that reason(s) by total in-
dwelling time of all catheters. This
was expressed as occurrence per 1,000
catheter days.

RESULTS

A total of 126 Tal Palindrome cath-
eters were placed in 85 patients during
the study. There were 84 men and one
woman aged 35–91 years (median, 69
years). Hypertension was present in 72
of the 85 patients (85%) and diabetes
was present in 43 (50%).

Most catheters (104, 82.5%) were
placed from the right internal jugular
vein, followed by the left internal jug-

ular vein (18 catheters, 14.3%), right ex-
ternal jugular (three catheters, 2.3%),
and left external jugular (one catheter,
1%). No subclavian or femoral access
was performed during the study pe-
riod. Eighty-five of the 126 catheters
(67.5%) were primary placements and
41 (32.5%) were catheter exchanges.
No insertional complications were re-
corded during the study, and the tech-
nical success of catheter insertion was
100%.

Follow-up information, including
the reason for removal (Table) and
dwell time, was available for 115 of
the 126 catheters (91.2%). Dwell time
ranged from 1 to 673 days, for a total
of 12,046 catheter-days (median, 73
days; average, 105 days). The most
common indication for removal or ter-
mination of the use of the catheter was
the presence of a mature access, usu-
ally a functioning fistula. This occurred
in 29 of the 115 catheters (25.2%).
Twelve additional catheters (10.4%)
were removed because they were no
longer needed. Only 16 catheters
(13.9%) were removed due to clinical
signs of infection. The total infection rate
was 1.4 per 1,000 catheter-days. Of
those, only four of the 115 catheters
(3.5%) demonstrated proven cathe-
ter-related bacteremia, with a bacte-
remia rate of 0.3 per 1,000 catheter-
days. Seven exit site infections were
recorded, and five catheters were re-
moved because of clinical suspicion
for infection, with negative blood
cultures and negative catheter tip
cultures.

Fibrin sheath was deemed as the
reason for exchange in 10 of the 115
catheters (8.7%). Ten catheters were
exchanged due to poor flow, with no
fibrin sheath visualized at venogra-
phy. Nineteen patients (22%) died
during the study of unrelated causes
while having a functioning catheter.

The total complication rate was 3.65
per 1,000 catheter-days, of which 1.3
complications per 1,000 catheter-days
were due to infection and 1.7 were due
to catheter malfunction. The other 0.65
complications per 1,000 catheter-days
were due to catheter retraction and
thrombus formation that could be also
be considered as catheter malfunc-
tional.

Of the 126 catheters placed, only
three are still in patients, with the
dwell time for those catheters ranging

from 135 to 286 days.
DISCUSSION

Tunneled hemodialysis catheters
are not desirable but are an essential
tool for providing dialysis access. A
substantial part of the dialysis patient
population rely on these catheters for
access (4). Catheter complications are
common and dialysis catheter out-
comes are generally poor. In a recent
article by Alomari and Falk (6), out-
come of standard dialysis catheters
showed that about a third were re-
moved or exchanged for infection, a
third for nonfunction, and a third for
being no longer needed.

In this review of the natural history
of 126 symmetric tip Tal Palindrome
tunneled hemodialysis catheters, the
most common complications were in-
fection (13.9%) and catheter malfunc-
tion (17.4%). These complications rates
are lower than previously reported in
the literature. Later in this discussion,
we will try to inquire into the possible
reasons for this difference.

Sixteen (13.9%) catheters were re-
moved for clinically evident infection.
This frequency is lower than what is
described in similar studies using
standard catheters. In a prospective
analysis of outcome of 118 AshSplit
(Medcomp, Harleysville, Pennsylva-
nia) hemodialysis catheters, Ewing et
al (8) demonstrated that 34% were re-
moved for infection. Marr et al (9) re-
ported on 102 patients (with a total of
16,081 catheter days), of whom 41

Indications for Catheter Removal
or Exchange

Indication

No. of
Catheters
(n � 115)*

Functioning fistula/graft 29 (25.2)
Catheter not needed 12 (10.4)
Peritoneal dialysis 4 (3.4)
Infection 16 (13.9)
Fibrin sheath 10 (8.7)
Poor flow 10 (8.7)
Retracted catheter 5 (4.3)
Thrombus formation 3 (2.6)
Other 3 (2.6)

Note.—19 patients died during the
study with a functioning catheter.
Three catheters are still functioning.
* Follow-up data were available for 115
catheters. Numbers in parentheses are
percentages.
(40%) developed 62 episodes of bacte-
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remia. Cheesbrough et al (10) re-
viewed 74 subclavian hemodialysis
catheters inserted into 53 patients. Six-
teen of 64 catheters with follow-up
were complicated by clinically docu-
mented catheter-related sepsis (10).
Similar results were reported by Cap-
devila et al (11) with 36 Permcath
(Sherwood Medical, St Louis, Mis-
souri) double-lumen catheters im-
planted in 36 patients with chronic
renal failure, 11 of whom had 13 epi-
sodes of catheter-related sepsis.

The rate of catheter-related infec-
tion in our cohort of patients was 1.3
per 1,000 catheter-days. The rate of
this complication reported in the liter-
ature is variable and dependent on the
definition of a catheter-related infec-
tion. In a large review by Saad (12),
bacteremia rates of 2.2–5.5 per 1,000
catheter-days were reported.

The indication for catheter ex-
change at our institution is a catheter
flow rate of less than 300 mL/min,
which is similar to that described by
Alomari and Falk (6). According to the
National Kidney Foundation–Dialysis
Outcomes Quality Initiative guide-
lines (13), a definition of poorly func-
tioning hemodialysis catheters is a
blood flow of less than or equal to 300
mL/min.

In our study, 20 catheters (17.4%)
were exchanged for poor function, 10
of them (8.7%) due to fibrin sheath.
Catheter malfunction in our series was
1.7 per 1,000 catheter-days. Catheter
exchange is an important procedure in
that it allows conservation of other
central venous access sites for future
use. Over-the-wire catheter exchange
through preexisting subcutaneous
tunnels has been shown to be safe and
easily performed. In our series, the
VenaTrac device (Fig 2) was used
for catheter exchange. Use of the
VenaTrac in this study showed no
complications and no incidence of air
embolism.

Fibrin sheath formation is reported
to occur in 42%–100% of central ve-
nous catheters (13). Our series reports
a lower fibrin sheath rate (10/115,
8.7%) than that reported by other au-
thors, which was approximately 50%
(14–16). Granted, pull-back venogra-
phy was not performed in all patients
in our study, only those with malfunc-
tioning catheters, which might under-
estimate the true incidence of fibrin

sheath.
Fibrin sheaths are reported to be
the most common cause of tunneled
hemodialysis access catheter failure
(6). Fibrin sheath formation starts al-
most immediately and can be seen as
early as 24 hours after catheterization;
encasement of the catheter can be seen
within a week (17). The fibrin sheath
begins where the catheter contacts the
vein wall and is formed by smooth
muscle cells and endothelial cell mi-
grating from the injured vein wall
into the pericatheter thrombus (18).
Chronic dialysis catheters display vein
wall thickening and extension of the fi-
brin sheath from the vein wall to the
catheter (19). It has been shown that fi-
brin sheaths and associated thrombi
provide an intravascular medium for
bacterial colonization and sepsis (20,21).
This association of fibrin sheaths with
venous thrombosis and bacterial con-
tamination adversely affects the lon-
gevity of hemodialysis catheters.

That known association among
thrombosis, fibrin sheath, and infec-
tion can possibly explain the im-
proved results seen in our series. The
Tal Palindrome design theoretically al-
lows flow of blood through the cathe-
ter tip between treatments. The blood
enters through the side slots and exits
through the tip (Fig 3). This flow of
blood might reduce thrombus forma-
tion on the catheter tip, thus reducing
the associated complications of infec-
tion and fibrin sheath. Another unique

Figure 3. Illustration of the presumed s
treatments. Blood goes through the laser-c
courtesy of Covidien.) (Available in color o
feature of the Tal Palindrome catheter
is the lack of side holes. Studies have
proposed that side holes are detrimen-
tal to dialysis catheter functions (22).
One study (23) comparing identical di-
alysis catheters with and without side
holes showed a reduced infection rate
in the catheters without side holes.
The explanation for the discrepancy in
infection rates in that study was that
the catheters without side holes had
lower catheter tip thrombus formation
and, thus, lower infection rates. This
same rationale can explain the im-
proved outcomes with the catheter
studied in our series. The Tal Palin-
drome catheter has one laser-cut side
slot per lumen. This side slot is in the
shape of a parallelogram (Fig 1). The
laser cutting process melts the edges
of the catheter during the cutting pro-
cess and, hence, the edges of the side
slot are smooth. These side slots might
reduce the catheter tip thrombosis and
associated fibrin sheath and infection.
The properties of this side slot com-
pared to the multiple side holes
present in the other catheters evalu-
ated in the literature could help ex-
plain the difference in complication
rates.

Limitations of our study include a
nonrandomized sample, single institu-
tion study, retrospective nature of the
study, and the lack of a control group.
No statistical analysis for significance
of these finding could be performed
because there was no control group.

flushing of the catheter between dialysis
side slot and out the catheter tip. (Image
ne at www.jvir.org.)
elf
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Due to the nature of our hospital pop-
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ulation, all but one of the patients in
this study was male.

In conclusion, we found that, in com-
parison with previously published stud-
ies, the Tal Palindrome catheter has a
lower rate of complications, including
infection and catheter malfunction. Ran-
domized controlled studies are needed
to directly compare this catheter to other
catheters to validate these findings.
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