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Background: In dialysis patients with exhausted usual central venous access sites, the translumbar hemodialysis catheter

(TLC) provides a viable option for dialysis access. The technical success of catheter insertion, associated com-
plications, and long-term patency of TLC were evaluated in this study.

Material/Methods: This retrospective study included 37 patients with occluded central thoracic veins in whom 39 TLC implanta-
tion procedures were performed and 196 patients with internal jugular vein hemodialysis catheters (JVC). TLC
implantation was performed as a hybrid procedure with computed tomography (CT)-navigated translumbar in-
ferior vena cava cannulation and subsequent fluoroscopy-guided hemodialysis catheter placement.

Results: The rates of technical success of the implantations and minor periprocedural complications were 97.4% and
10.3% in the TLC group and 98.6% and 4.2% in the JVC group, respectively. The median follow-up in the TLC
and JVC groups was 673 days and 310 days, respectively. The primary-assisted patency at the 1-year and 3-year
follow-up was 88.7% and 72.0% in the TLC group and 81.6% and 67.0% in the JVC group, respectively, with no
statistically significant difference between the 2 groups. The incidence rate of infection-related and patency-
related complications calculated for 1000 catheter-days was 0.15 and 0.11 in the TLC group and 0.33 and 0.25
in the JVC group, respectively.

Conclusions: The CT-guided implantation of the TLC is a useful option to create dialysis access with a low complication rate
and satisfactory long-term patency in patients without usual venous access.
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Background
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Material and Methods

There is a need for high-quality, long-term, and reliable venous
access in patients receiving hemodialysis treatment. Currently,
3 basic means of venous access are available: an arteriove-
nous fistula (AVF), arteriovenous graft (AVG), and central ve-
nous catheter (CVC). The preferred method is AVF, which is
most often created in radio-cephalic localization [1]. In de-
veloped countries, dialysis is often started with a CVC, with
10% to 40% of patients in most dialysis centers dialysed by
CVC on a long-term basis [2,3]. Long-term CVC use is encoun-
tered most often in patients in whom it is impossible to cre-
ate a well-functioning AVF, in particular, in patients who are
older, have diabetes, or have had multiple previous cannula-
tions. The preferred site of insertion is the internal jugular vein
(JV); while in femoral vein insertion, there is a higher risk of
infection, and in subclavian vein insertion, the risk of venous
thrombosis is higher [4,5].

Patients with a long-term CVC use have a higher risk of venous
thrombosis, development of fibrosis with subsequent venous
lumen stenosis, or even occlusion. Post-catheterization sub-
clavian vein stenoses may limit the longevity of arteriovenous
accesses of the upper extremities. In patients with central vein
occlusions, all other options for maintaining dialysis access
must be carefully evaluated, including recanalization of tho-
racic central venous occlusions, placement of a Hemodialysis
Reliable Outflow (HeRO) or Surfacer recanalization device, or
creation of arterio-arterial prosthetic loops, methods which are
reported to have good long-term patency rates [6,7].

In patients without other options, the transhepatic approach,
transrenal approach, and translumbar approach to the infe-
rior vena cava (IVC) are alternatives. Since 1971, when trans-
lumbar insertion was performed for the first time, it has be-
come the most frequently used and standardized alternative
method of venous access [8,9].

The standard method of performing IVC cannulation is under
fluoroscopy control with navigation done according to ana-
tomical landmarks. Occasionally, a catheter is inserted into
the groin to mark the course of the IVC. Recently, CT naviga-
tion has been used to increase the safety of the procedure, al-
lowing exact planning and real-time control of the needle tra-
jectory to avoid injury of the clinically important structures in
the retroperitoneum [10,11].

We herein present the study of a cohort of patients who had
dedicated hemodialysis catheters implanted in the angiogra-
phy suite of our institution over a 9-year period with a hybrid
procedure consisting of CT-navigated translumbar IVC cannula-
tion followed by fluoroscopy-controlled catheter implantation.

Patients

All patients who received a translumbar hemodialysis cath-
eter (TLC) for dialysis access in our institution from 2010 to
2018 were included in the study. Patients who had a JVC in-
serted via 1)V during the same time period were used as a ref-
erence cohort. Patient follow-up was conducted until the end
of May 2019.

A total of 37 patients, 17 (45.9%) men and 20 (54.1%) wom-
en, received TLC during a period of 108 months. In 2 patients,
an episode of translumbar catheter complete dislocation oc-
curred and a new TLC insertion was performed. In total, 39 pro-
cedures were performed. The age range of patients with TLC
was 40 to 88 years (median, 64.0 years; mean, 64.8 years). All
patients had a history of past multiple femoral access compli-
cations, and bilateral brachiocephalic veins occlusion was di-
agnosed prior to TLC implantation.

The standard 1)V catheter insertion procedure was performed
in 196 patients, 113 (57.7%) men and 83 (42.3%) women.
Catheters were inserted multiple times in 16 patients: 13 pa-
tients had 2 catheters each and 3 patients had 3 catheters
each. In total, 215 procedures were performed. The age range
of patients was 16 to 91 years (median, 68.5 years; mean, 64.8
years). The 2 groups did not differ significantly in the rate of
comorbidities.

In the TLC patients with exhausted conventional access routes,
the average time in a dialysis program before TLC placement
was 6.8 years (median, 5.2 years; range, 2 to 14 years). The
main cause of kidney failure was diabetic nephropathy, which
occurred in 17 patients (45.9%). There were 4 occurrences
each of analgetic nephropathy, tubulointerstitial nephritis,
and chronic pyelonephritis. Other causes of renal failure were
polycystic kidney disease, IgA nephropathy, and staphylococ-
cus sepsis. In 5 patients, the cause of renal failure was not re-
liably ascertained.

Indication for catheter placement

Standard JVCs were inserted in the patients requiring hemo-
dialysis who were not eligible for other venous access meth-
ods at the time of the procedure.

TLCs were placed in patients with bilateral central thoracic vein
occlusions, multiple femoral access complications, including il-
iac vein thromboses, and no other vascular access options at
the time of the procedure.
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Figure 1. Computed tomography-navigated inferior vena cava
puncture. Patient in prone position, oblique image
along the needle plane.

Figure 2. Computed tomography image, oblique plane. Needle
and guidewire positioned in the inferior vena cava.

Procedure details

Briefly, with patients in the prone position, an access site was
selected above the right iliac crest and an infrarenal IVC seg-
ment was targeted with an 18-gauge needle under CT navi-
gation. Upon blood aspiration, a 6 F dilator was inserted over
the guidewire and the position of the dilator within the hepat-
ic IVC was confirmed by CT imaging (Figures 1, 2).

Next, the patients were transferred to the angiography suite
and a CVC was placed under fluoroscopy control in the stan-
dard manner (Figures 3, 4). In all patients, a dedicated cath-
eter for the translumbar approach was implanted (Split-Cath
l1l, MedComp, Harleysville, PA, USA).

The JVCs were implanted with ultrasonography and fluorosco-
py guidance via the 1)V in the standard manner. In all patients,
an Arrow Cannon Il Plus catheter (Teleflex, Wayne, USA), 19
cm or 23 cm long, was used.

CLINICAL RESEARCH

Figure 3. Fluoroscopy image upon completion of the procedure.
Distal part of the catheter located in the right atrium
of the heart.

Figure 4. Fluoroscopy image upon completion of the procedure.
Course of the catheter in the lumbar region.

Patient follow-up

After catheter insertion, patients were dialysed regularly in
hemodialysis centers. Patients from our center were evaluat-
ed regularly in 3-month to 6-month intervals. Patients from
outside centers consulted with our department to assess the
need for any reintervention. Additional phone consultations
were performed once per year to collect information on cathe-
ter function. In the JVC group, only patients undergoing dialysis
treatment in our facility were followed up. Patients treated at
neighboring hospitals were excluded from further evaluation.
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Table 1. Patients’ characteristics and comorbidities.

MED (IQR)* or n (%)

Translumbar catheters

Jugular vein catheters

Age (years) 64.0 (58.0-70.0) 68.5 (57.0-75.2) 0.408
Bodymassindex 264 (233297) 274 (41-327) 0185
Sex (Female 0 a1 8 @23 o027
Diabetes melltus 9 L9 g9 @61 o068
Wypertenson 00 L) 159 620 50999
lschemic heart disease a 68 110 s67) 50999
lower extremities ischemia o G289 a @7 022
peath 3 €2 53 2 w001

* The median with the interquartile range (IQR); ** the number is related to the number of patients; # P value of the Mann-Whitney

test or test for the homogeneity of binomial proportions.

Study endpoints

Technical success, patient survival, primary-assisted and sec-
ondary patency, infectious complications, and catheter obstruc-
tion that led to reintervention were evaluated. Complications
were divided into periprocedural, early postprocedural (occur-
ring within 30 days after insertion), and late.

Statistical analyses

Numerical variables were expressed as the median and inter-
quartile range or other summary statistics, such as the mini-
mum, mean, and maximum. Shapiro-Wilk tests were performed
to check data distribution. The Mann-Whitney test was used
to identify significant differences between groups. Categorical
variables were represented as absolute and relative frequencies
(in percentages). The relationship between 2 categorical vari-
ables was analyzed with the chi-square test of independence
for contingency tables, and we used the test for homogeneity
of 2 binomial distributions. Further, the Kaplan-Meier curves
and the log-rank test were used for survival analysis. We used
R software (R 3.6.1, www.r-project.org). The significance lev-
el was set to 0.05. Survival analysis censoring was performed
for patients lost to follow-up, catheter removals at the end of
therapy, study termination, or patient death.

Ethics

All patients signed an informed consent, which included per-
mission for publication of anonymized data.

Results

In the TLC group, a catheter was successfully inserted in 38
of 39 procedures, with optimal tip positioning. The technical
success rate was 97.4%. In 1 of the 2 patients in whom the
procedure was repeated, we were unable to introduce a new
catheter after the patient unintentionally pulled the original
catheter out. This problem was solved by performing a femo-
ral catheter insertion.

In the JVC group, 212 of 215 (98.6%) procedures were success-
ful. In 3 patients, the catheter was not inserted. In 2 patients,
it was successfully inserted in the second session; and in 1 pa-
tient, further catheter insertion was abandoned.

The characteristics of patients in the study are summarized
in Table 1.

In the TLC group, there were 4 (10.3%) periprocedural compli-
cations. Two patients had retroperitoneal hematoma, which
was diagnosed on CT scan directly after the complicated cath-
eter insertion. The patients were asymptomatic and no clinical
or laboratory signs of significant bleeding were diagnosed. In
1 patient, transient macroscopic hematuria developed after an
unintentional atrophic kidney puncture. The 3 complications
were clinically insignificant and resolved spontaneously with
conservative treatment. In 1 patient, the catheter kinked in
the subcutaneous tunnel. The catheter position was corrected
with wire support. The latter 2 complications prolonged hospi-
talization of the patients by 1 day and, therefore, can be clas-
sified as grade 2 complications by the 6-grade CIRSE peripro-
cedural complications scale [12].
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Figure 5. Cumulative patient survival with
1.001 central venous catheter according
to site of insertion. Translumbar
catheters (blue line) and jugular vein
0.751 catheters (yellow line).
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In the JVC group, there were 9 (4.2%) periprocedural complica-
tions of hematomas and prolonged tunnel bleeding. All 9 cases
were resolved by prolonged compression without consequences.

In the TLC group, the range of follow-up was 1 to 2097 days
(median, 673 days; mean 724 days). In the JVC group, the
range of follow-up was 1 to 2915 days (median 310 days;
mean, 453 days).

In the TLC group, 23 of 37 (62%) patients died during the study
and in the JVC group 53 of 196 (27%) died during the study.
No patient died as a result of mechanical catheter failure and
subsequent inability to perform hemodialysis or because of in-
fectious complications related to the catheter. Survival in the
TLC group for 1, 2, 3, and 4 years was 82.4%, 59.8%, 44.5%,
and 11.5%, respectively, and 78.8%, 63.0%, 51.6%, and 48.5%
in the JVC group, respectively. The log-rank test did not identify
any statistically significant differences in patient survival time
between the 2 groups (P value=0.205). However, approximately
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Table 2. List of complications according to the time of onset in
the translumbar catheter (TLC) group.

Early complications

Late complications

Kinking 1 Dislocation 5
CDislocation 1 Exitsiteinfection 3
- Sepsis 1
- Catheterloss 2
- Catheter obstruction 2
CTotal 2 't

Table 3. List of complications according to the time of onset in
the jugular vein catheter (JVC) group.

Early complications

Late complications

Obstructions,
check-up

Dislocation,

reposition
Tunnelbleeding 1 Hubdamage 19
- Dislocation 1
- Right ventricle |
prominence
- Catheter loss 1
CTotal s 67

2.5 years after catheter insertion, the probability of survival
was lower in the TLC group than in the JVC group (Figure 5).

In total, during the follow-up period, complications that stopped
catheter patency occurred in 13 catheter placements in the TLC
group (2 early and 11 late) and 60 catheters in the JVC group
(8 early and 52 late). The difference between the 2 groups was
not statistically significant.

Primary catheter patency in the TLC group after 1, 2, 3, and 4
years of follow-up was 76.7%, 65.1%, 59.2%, and 39.5%, re-
spectively, and 69.0%, 51.9%, 51.9%, and 27.7% in the JVC
group, respectively.

Primary-assisted catheter patency in the TLC group after 1, 2, 3,
and 4 years of follow-up was 88.7%, 77.6%, 72.0%, and 54.0%,
respectively, and 81.6%, 71.4%, 67.0%, and 55.8% in the JVC
group, respectively. No significant differences were found in
primary catheter patency or in primary-assisted catheter pa-
tency between the 2 groups (log-rank test, P=0.818) (Figure 6).

Secondary patency in the TLC group was 97.3% after 1 year
of follow-up and 93.7% at 2, 3, and 4 years of follow-up. In
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Table 4. List of complication resolving procedures performed in
jugular vein catheter (JVC) group. (Catheter exchange
was due to sepsis, protrusion to the right ventricle, and
obstruction in 4 patients. Catheter removal was due to
sepsis in 28 patients and obstruction in 2 patients.)

Procedure type n

Hub exchange 19
 Checkup, flushing 6
 Catheter exchange 6
Repositon 2
Tunnelsuture 1
_ NewVCimplantation 1
Catheterremoval 30
Total 75

Table 5. Frequency of complications per 1000 days of follow-
up for the 2 groups of patients, with a 95% confidence
interval. No significant difference was found in the
frequency of complications in the follow-up period
(P=0.169).

Translumbar catheters* Standard catheters** P*

0.56 (0.31; 0.93) 0.85 (0.66; 1.07) 0.169

* A total of 15 complications in 26 796 days of follow-up;
** a total of 75 complications in 88 389 days of follow-up;
# P value of the exact Poisson test.

the JVC group, secondary patency at 1, 2, 3, and 4 years of
follow-up was 83.4%, 74.3%, 74.3%, and 51.0%, respectively.
Significantly better secondary patency was found in the TLC
group (P value=0.024).

A total of 15 late complications in the TLC group required in-
tervention during long-term follow-up (Table 2). Catheters
were exchanged 8 times, catheter repositioning was done
5 times, and a new procedure of TLC implantation was per-
formed in 2 cases.

During the long-term follow-up, 75 complications in the JVC
group required various interventions (Tables 3, 4).

The frequency of infectious complications requiring catheter
exchange or removal was 0.15 per 1000 catheter-days in the
TLC group and 0.33 per 1000 catheter-days in the JVC group.
Frequency of catheter patency failure requiring intervention
was 0.33 in the TLC group and 0.11 in the JVC group per 1000
days. The frequency of complications is shown in Table 5.
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Discussion

According to international guidelines, AVFs and AVGs are the
preferred vascular access sites for hemodialysis. The average
patency of AVF is 3 years, and that of AVG is 1 to 2 years [13].
Despite widespread campaigns such as the Fistula First initia-
tive, it is well-known that 40% of patients in the Czech Republic
start a dialysis program with the CVC as a first line of venous
access. In 2016 in the USA, approximately 80% of patients
started dialysis with a catheter and 19% of all patients were
on long-term dialysis using CVCs [14]. In our center, approxi-
mately 50% of patients need emergent dialysis with a cathe-
ter without having previous knowledge of renal failure and no
advance planning for venous access, while 30% to 40% of our
long-term chronic renal failure patient population have been
dialysed using only CVCs over the last 10 years.

CVCs are inserted in patients who start hemodialysis sud-
denly and in patients missing suitable veins for AVF creation.
Further, CVCs are used in hemodynamically unstable patients
because their influence on circulation parameters is negligible.
With CVC there is also no need for venipuncture of the AVF,
which are often negatively perceived or feared by the patients.

With frequent use of CVCs for long-term hemodialysis access,
the number of patients with occluded veins that preclude fur-
ther catheter placement is increasing. The number of patients
requiring alternative venous access is also growing, a trend
that is expected to continue.

CT navigation enables better puncture trajectory planning and
on-line needle control with sparing of nearby structures, espe-
cially the aorta, kidneys, ureter, and intestines, which in patients
with atrophic kidneys, extend farther dorsally into the retroperi-
toneum region. One must keep in mind that the puncture canal
is dilated gradually up to size 16 F and that a potential retroper-
itoneal structure injury can have serious consequences. Venous
variants are more common than arterial anatomic variations
and can be diagnosed more easily with the use of CT. In our co-
hort, 1 TLC was placed in a patient with left-sided infrarenal IVC.

Presently, CT navigation is used in more centers than ever be-
fore [10,11]. Originally, the TLCs were inserted under fluoro-
scopic control using anatomic landmarks, centering the nee-
dle at the L2-L3 vertebral bodies level. Occasionally, catheter
or wire is inserted into the IVC beforehand to serve as the tar-
get point for the puncture [15]. There are no reports in the
literature comparing these 2 approaches, but in fluoroscopy-
guided IVC punctures, the complication rate is approximately
10% [16,17]. We did not find a significantly higher risk of in-
sertion in the TLC group than in the JVC group. Similar results
were published in the literature with only rare cases of self-
limiting periprocedural retroperitoneal hematomas [2,18,19].

CLINICAL RESEARCH

Recently, results on TLC placement relying on cone-beam CT
navigation were published. This technique is performed in
the angiography suite and, by integrating puncture and cath-
eter insertion in a single location, it eliminates the need for
patient transfer from the CT intervention room to the angiog-
raphy suite [20,21].

In the present study, patient survival did not differ significant-
ly between the 2 groups during the first 2 years of follow-up.
However, 2.5 to 3 years after catheter insertion, the probability
of survival was lower in the TLC group than in the JVC group.
This could be attributed to the longer duration of hemodial-
ysis and higher risk of comorbidity occurrence, including car-
diovascular diseases, in the TLC group. The cumulative sur-
vival reported in the literature is approximately 80% after the
first year and ranges from 65% to 69% after 2 years [2,22,23].

One study found the cumulative primary-assisted patency of
the TLCs was 73% after 1 year and 28% after 3 years [2]. In
our present study, it reached 88.7% after 1 year and 72.0% at
3 years after the initial procedure, considerably better than in
previously published studies. These studies had mostly small
cohorts of patients and the inserted catheters were of differ-
ent types. Their long-term patency, especially soon after the
introduction of the TLC method, was very low (17% in 1 study
after 1 year) [15,18].

The good patency rate in our study can probably be attributed
to the modern type of catheter dedicated for the translumbar
approach, accurate catheter placement including CT-navigated
IVC puncture, and high standard of care for venous access in
hemodialysis centers. Primary and primary-assisted patency
in the TLC group did not differ significantly from that of the
JVC group in our study. However, significantly better second-
ary patency was found in the TLC group. This was probably
caused by a higher tolerance for leaving the TLC in place and
using it even when the flow rates were suboptimal in patients
in whom there was no other venous access readily available.
The other factor affecting secondary patency was the ability
to repeatedly cure infectious complications by intensive an-
tibiotic therapy so that catheter removal was not indicated.

Generally, in CVC, the frequency of infectious complications
is higher compared to that of AVF and AVG. In all of our pa-
tients, local skin infection at the catheter exit site was treat-
ed locally to prevent spreading along the catheter. In the TLC
group, there were 3 cases of tunnel infection. In these cases,
the catheter was exchanged and a new subcutaneous tunnel
was created. Catheter contact with the outer environment
can also be a source of sepsis, which is a feared complication.

In the TLC group, we exchanged 1 catheter because of sepsis,
but we did not need to permanently remove any catheters.
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Published data declare a frequency of infectious complica-
tions of 0.8 per 1000 catheter-days, and removal of the TLC for
this reason is rare. Infection of the JVC inserted via I}V is esti-
mated at 0.3 per 1000 catheter-days [2]. In our study, the fre-
quency of infectious complications was 0.22 in the TLC group
and 0.33 in the JVC group per 1000 catheter-days. In the JVC
group, we removed 28 catheters and exchanged 1 catheter
because of infection. Infectious complications requiring inter-
vention occurred in 10.5% of the TLC patients and 13.7% of
the JVC patients.

In cases of catheter dislocation from a subcutaneous tunnel,
we opted to reposition the catheter over the wire or exchange
a catheter with new tunnel creation for good catheter fixation,
based on the extent of dislocation. Neither the spontaneous
complete dislocation nor the sudden removal of the catheter
by the patient caused serious bleeding that might have po-
tentially threatened a patient’s life.

In the TLC group, there were no cases of mechanical damage
or catheter failure. In the JVC group, there were 19 episodes
of catheter hub damage. All episodes were noticed in the cen-
ters during the dialysis procedure. Damaged parts of the cath-
eters were immediately covered with adhesives, and there
was no bleeding and no air embolism. The catheter hub was
exchanged for a new one in our department. The type of the
catheter we use exclusively enables separate hub exchange
because the spare part is available in a repair kit set. In this
group, the main catheter body damage was also not encoun-
tered. No data exist in the literature on frequency of hub ex-
changes in this type of catheter.

For an adequate dialysis course, blood flow rates of 300 to
400 mL/min are required, and catheter design enables the
fulfilment of this criterion. The most frequent catheter-spe-
cific complication limiting flow is catheter-related sheath for-
mation [24]. Historically, this sheath was incorrectly named
the “fibrin sheath” or “fibrin cover”. It was proven that the
sheath is composed of cellular collagen and contains smooth
muscle cells covered by an endothelial cell layer and, there-
fore, is not made of fibrin [25]. Its typical presentation is also
called a “one-direction valve effect”. Aspiration is impossible
and the application or return of blood is more difficult. The
sheath formation can lead to catheter thrombosis. We encoun-
tered a catheter-related sheath requiring intervention in 5.3%
of TLCs and 10.4% of JVCs.

In the present study, an insufficient flow rate was resolved in
2 patients in the TLC group by exchanging the catheter. In the
JVC group, diminished flow was resolved in 22 cases through
forced flushing, application of a catheter lock solution con-
taining taurolidine and urokinase, and disruption of thrombus
within the lumen by guidewire. Taurolock-U25.000 (Fresenius
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Medical Care, Bad Homburg, Germany) is a solution used as a
catheter lock to prevent thrombosis by filling the lumen vol-
ume. It contains urokinase (25 000 IU) and is very efficient
in cases of thrombus lysis. The other components are 4% ci-
trate, which has anticoagulation features that act on calcium
in the coagulation cascade, and 1.35% taurolidine, which has
a bactericidal effect even on vancomycin- and methicillin-re-
sistant species. Taurolidine is an antimicrobial chemotherapeu-
tic agent, which interacts with bacterial wall components by
decreasing bacterial film formation on the catheter walls and
reducing infectious complication rates while improving cath-
eter patency at the same time [26].

Catheter exchange was performed in 4 patients who had a re-
peatedly diminished flow rate. In 2 other patients with con-
comitant vein stenosis, the catheter was removed and new
one from a different site was inserted. We did not use contin-
ual thrombolytics infusion, snare stripping, or balloon angio-
plasty of the catheter-related sheath. Retrospective analyses
of these techniques have not proven differences in flow res-
toration, complication rate, and further long-time patency in
comparison with a simple catheter exchange [27].

The frequency of complications regarding catheter patency in
our study was 0.11 in the TLC group and 0.25 in the JVC group
per 1000 days of follow-up and was lower than the data pub-
lished to date (0.33/1000 and 0.8/1000 days) [28,29]. However,
the published data refer to types of catheters that are not no
longer used for translumbar hemodialysis access.

Considering the frequency of complications with CVCs, their
use for dialysis access should be indicated only as a bridging
method to more optimal treatment, such as transplantation
or AVF creation. In our study, an AVG was created in 2 patients
in the TLC group. In both cases, the functioning was not good
and early thrombosis of the access site occurred. Other 2 pa-
tients were put on the transplant list; however, none received
a transplant. In the JVC group, a well-functioning AVF was cre-
ated in 15 patients. In 12 patients, renal transplantation was
successfully performed. In 1 patient, peritoneal dialysis was
introduced. Altogether, 14.3% of patients were put on a bet-
ter type of treatment.

This study had limitations. First, the patient cohort size in the
TLC group was relatively small. However, it should be con-
sidered that these were carefully selected patients and the
cohorts published to date have not exceeded 30 to 60 pa-
tients [13,30,31]. Second, we compared 2 groups of patients
with different available venous access sites, which resulted in
different sites of implantation and types of dialysis catheters.
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Conclusions

Implantation of the TLC is a safe and effective method of achiev-
ing venous access for hemodialysis in patients with occluded
veins in the upper body. It enables the continuation of adequate
treatment and search for a potential new AVF or AVG. Long-
term patency of the TLCs and their associated complication
rate were not significantly different than that of standard JVCs.
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