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Abstract

Introduction: To evaluate the safety, effectiveness, and outcomes of tunneled dialysis catheters (TDC) placed through supr-
aclavicular brachiocephalic vein (BCV) access in patients with bilateral internal jugular vein (1JV) thrombosis.

Methods: Between January 2017 and October 2020, TDCs were placed through supraclavicular BCV access in 46 patients
with bilateral 1)V thrombosis. Patient demographics, number of attempts, technical and clinical success rates, complications,
and patency rates were noted.

Results: 21 (45.7%) patients were male. The mean age was 65.9 years (range 20-89). All catheters were placed at the first
attempt. The right BCV was accessed in 16 (34%) patients. The technical and clinical success rate was 100%. No major com-
plication was encountered. The mean follow-up period was 573.5 (range 50-1698) days. 44/46 (95.7%) of the catheters were
functional at 30 days. The infection rate was 2.7/1000 catheter days. 38 catheter exchanges (mean: 1.9, range: 1-6) were
required in 20 patients. The primary and secondary patency rates were 77.8% and 95.2% at 6 months, 77.8% and 95.2% at 12
months, and 74.8% and 84.8% at 24 months, respectively.

Discussion and Conclusion: TDC placement through supraclavicular BCV access is a viable option in patients with bilateral
1)V thrombosis. High success rates and low complication rates with acceptable outcomes make this route an attractive alter-
native before proceeding to more complex access routes.

Keywords: Bilateral internal jugular vein thrombosis; brachiocephalic vein; hemodialysis; tunneled dialysis catheter.

ttaining permanent vascular access is crucial in

hemodialysis patients. If it is consistent with patients’
life-PLAN, the 2019 Kidney Disease Outcomes Quality Ini-
tiative (KDOQI) guidelines recommend arteriovenous fis-
tula (AVF) creation as the first choice of vascular access due
to its superior outcomes and low complication rates!'.

Though tunneled dialysis catheters (TDCs) are associated
with higher complication rates with shorter patency rates,
their use in renal replacement therapy has gained enor-
mous importancel?. TDC use is inevitable when AVF or
arteriovenous graft (AVG) creation is not possible or non-
functional AVF/AVG is encounteredBl. The right internal

jugular vein (1JV) is the recommended access route for
TDC placement due to its straight course and superior out-
comes!'l. However, there is still no consensus on the most
convenient access site when the right 1JV is occluded. Both
subclavian veins and left 1)V is widely used, but studies are
reporting a high incidence of either venous stenosis-occlu-
sion and higher complication rates!*>. The brachiocephalic
vein (BCV) was reported useful in the placement of central
venous catheters in the pediatric patient group and even in
intensive care unit patients at high risk/®7]. However, there
are limited data on the use of the BCV as the access site in
the placement of TDC!8-12],
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The purpose of this retrospective study was to investigate
the effectiveness, safety, and outcomes of BCV use as the
vascular access site in patients with bilateral IJV thrombosis.

Materials and Methods

Patient Group

The study was designed as a retrospective file review and
approved by the institutional review board. Between Jan-
uary 2017 and October 2020, patients who underwent TDC
placement were retrospectively reviewed.

Inclusion criteria were: (i) occluded 1JVs on both sides; (ii)
patent central veins; (iii) Ineligible to create new perma-
nent hemodialysis access. Exclusion criteria were: (i) oc-
cluded central veins; (ii) inability to visualize the BCV under
ultrasound; (iii) severe allergy to contrast media.

Each patient signed informed consent before the endovas-
cular treatment. Patient demographics, technical and clin-
ical success rates, number of attempts, complications, and
patency rates were noted.

Endovascular Technique

All the interventions were performed as an outpatient pro-
cedure. Both BCVs were evaluated with color Doppler ultra-
sound while the patient was lying supine and their neck was
hyperextended and rotated on the opposite side. Patency
of the 1JV, the external jugular vein (EJV), and the femoral
veins were assessed under ultrasound guidance with 9-12
Mhz linear-array probe (Logic E10; GE Healthcare, Buc,
France). In case of occlusion of the bilateral 1JVs, BCVs were
evaluated next. US probe was placed above the clavicle
and angled caudally to lineate the 1JV-SCV junction and the
BCV. Right BCV was the first choice access site. In case of ac-
cess site infection or inability to visualize the right BCV, the
left BCV was considered as the next access site. The access
side was prepped with chlorohexidine scrub from the chest
wall to the base of the ear and sterilely draped. After the
administration of local anesthetics, access into the BCV was
attained with the micropuncture access set (Mini Access
Kits, Merit MAK™, Merit Medical South Jordan, Utah, USA).
BCV was punctured with a 21G needle by the in-plane ap-
proach, and a 4F introducer sheath was placed over 0.018"
guidewire. The diagnostic angiogram was obtained to con-
firm the central venous patency. 0.035" Stiff guidewire (Ra-
diofocus®, Terumo Medical Corporation, Tokyo, Japan) was
advanced in the distal inferior vena cava under fluoroscopy
guidance. After subcutaneous tunnel creation, TDC (Palin-
drome Symmetrical Tip Dialysis Catheter; Medtronic Inc.,
Minneapolis, Minn) was placed over the wire at the atrio-

caval junction. A cuff-to-tip catheter length of 19 cm was
used for the right BCV access, while a distance of 23 cm was
used for the left BCV. Catheter functionality was checked,
and catheter lumen was flushed with unfractionated hep-
arin/saline solution (1000 units/mL). The procedure was
terminated after homeostasis achievement. Routine antibi-
otic prophylaxis was not administered (Fig. 1).

Figure 1. A 48-year-old woman presented with thrombosed left bra-
chiocephalic fistula. (a) BCV puncture and contrast media injection
reveals a thrombosed right internal jugular vein (arrow) and narrow
but patent brachiocephalic vein (arrowheads). (b) 19 cm tunneled di-
alysis catheter was placed at the atriocaval junction.
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If catheter dysfunction develops during follow-up declot-
ting procedure is performed first. 1 mg tissue plasminogen
activator was instilled in each port and locked for 60 min.
When thrombolysis failed, catheter exchange was utilized
over the guidewire. In case of fibrin sheath presence, dis-
ruption was performed with 8-10mm balloon catheters
(Sterling and/or Mustang, Boston Scientific, Marlborough,
MA, USA).

Definitions and Outcomes

The primary outcomes of this study were technical suc-
cess, clinical success, primary and secondary patency
rates, and catheter-related bloodstream infection rates.
The number of attempts was defined as the number
of skin punctures. Technical success was defined as
successful puncture of the BCV and TDC placement.
Clinical success was defined as at least one successful
hemodialysis session with a flow rate >300 mL/min af-
ter the procedure. Primary patency was defined as the
interval between the intervention and catheter mal-
function. Secondary patency is defined as the interval
between catheter placement and access abandonment
due to catheter malfunction, infection, change in dialy-
sis modality or transplantation.

Catheter dysfunction was defined as Qb<300 mL/min
with an arterial pre-pump pressure <—250 mmHg. Exit site
infection was defined as hyperemia, tenderness, and in-
duration within 2 cm from the catheter exit site. Tunnel
infection was defined as hyperemia, induration, and ten-
derness, including the whole subcutaneous tunnel tract.
Catheter-related blood-stream infection was defined as (i)
the presence of clinical signs of infection; (ii) isolation of
the same organism from a peripheral source and catheter
segment('],

Complications are classified according to descriptions of
the Society of Interventional Radiology Clinical Practice
Guidelines['3]. Early complications included arterial punc-
ture, hematoma, air embolism, and pneumothorax. Ca-
theter dysfunction (<300 mL/min), malposition, and infec-
tion were considered late complications.

Follow-up

The surveillance program was scheduled for the 15t week,
1, 3, 6, 12 months and annually thereafter. Cumulative pa-
tency rate data were obtained from visit records or tele-
phone contacts. Patients were followed till catheter aban-
donment, death, or study endpoint.

Statistical Analysis

Continuous variables were presented as mean and range.
Categorical variables were expressed as numbers and
percentages. The Chi-square test was used to compare
categorical variables. The Mann-Whitney U test was used
to compare the infection rates, and the etiology of the
catheter exchanges (thrombosis, fibrin sheath formation,
and infection) between TDC insertion sites. Primary and
secondary patency rates were evaluated with Kaplan-
Meier analysis. All analyses were performed using IBM SPSS
version 23 software (SPSS Statistics v23, IBM Corporation,
Somers, New York). p<0.05 was considered statistically sig-
nificant.

Results

Forty-six patients were enrolled in the study. Both right
and left BCV could not be visualized in two patients due to
thick and short necks and were excluded from the study. 21
(45.7%) patients were male. The mean age was 65.9 years
(range 20-89). 26 (56.5%) of the patients were diabetic and
23 (50.0%) of the patients had a history of coronary artery
disease. Patient demographics are presented in Table 1.

All catheterizations were performed at the first attempt.
Right BCV was accessed in 16 (34%) patients. Left BCV was
accessed in 30 patients due to access site infection in four
(8.7%) and BCV stenosis/occlusion in 26 (56.5%), respectively.

Major complications were not encountered in any of the pa-
tients. Persistent hemorrhage through a subcutaneous tun-
nel occurred in one patient and was treated with prolonged
manual compression. No signs of unintentional arterial
puncture, air embolism, or pneumothorax were observed.

The mean follow-up period was 573.5 (range 50-1698)
catheter days. 44/46 (95.7%) of the catheters were func-
tional at 30 days. A total of 38 catheter exchanges (mean:1.9,

Table 1. Patient demographics

Number or mean % or range

Age 68.1 55-84
Sex
Male 21 457
Female 25 543
Comorbitities
Diabetes mellitus 26 56.5
Cardiovascular event 23 50.0
Hypertension 17 37.0
Hyperlipidemia 8 17.4
Smoking history 21 45.7
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range 1-6) were required in 20 patients. The mean dura-
tion between initial catheter placement and first exchange
was 7.9 (range 0.2-22) months. More than one exchange
was performed in 9 patients. The underlying etiology of
catheter exchange was catheter dysfunction due to throm-
bosis and fibrin sheath formation in 15 (36.5%) and 19
(50%) of the cases, respectively.

The infection rate was 2.7/1000 catheter days. There were
nine episodes of exit-site infection in 8 patients and were
treated with 5% povidone-iodine solution and systemic
antibiotics. None of the patients experienced tunnel in-
fection. While catheters were removed and exchanged
due to refractory infection in 4 (10.5%) patients. Although
all these patients had positive blood cultures, catheter tip
cultures were sterile in two patients. Procedural details and
outcomes are presented in Table 2.

The primary and secondary patency rates were 77.8% and
95.2 at 6 months, 77.8% 95.2% at and12 months, and 74.8%
and 84.8% at 24 months, respectively (Fig. 2). 11 (23.9%) of
the patients died during follow-up. Four were due to my-
ocardial infarction. The underlying cause was unknown in
remaining. Catheters were removed after renal transplan-
tation and AVF creation in two and four patients, respec-
tively, though they were still functional.

Table 2. Procedural details and outcomes

Number or mean % or range

Insertion site

Right 16 3438
Left 30 65.2
Complications
Major 0 0
Minor 1 2.1
Technical success 46 100
Clinical success 46 100
Patency at 30 days 44 95.7
Catheter exchanges
1 11 239
2 5 10.9
3 2 43
4 0 0
5 1 2.2
6 1 2.2
Etiology of exchange
Thrombosis 15 39.5
Fibrin sheath 19 50.0
Infection 4 10.5
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Figure 2. Kaplan-Meier curves demonstrating primary and second-
ary patency rates.

Discussion

Our study demonstrated that TDC placement through
supraclavicular BCV approach is a safe procedure with
low complication rates. A high technical success rate was
achieved. Comparable outcomes with traditional 1JV and
SCV routes were observed, which make this route a viable
option in patients with bilateral IJV occlusion before pro-
ceeding to more complex access sites such as translumbal
and transhepatic routes.

Fistula First Breakthrough Initiative has significantly in-
creased the use of AVF in the incident and prevalent
hemodialysis patients'¥. However, TDCs are still widely
used for either initiation of hemodialysis, a bridge to AVF
creation, fistula maturation, or renal transplantation. A
considerable amount of patients require TDC as the only
vascular access due to exhausted access sites or limited
life expectancy!'l. Although TDC gives the opportunity of
rapid and painless hemodialysis, they are associated with
high morbidity and mortality compared with AVF['>],

A step-by-step approach is mandated in the selection of the
vein for vascular access in hemodialysis patients, cause as the
duration of hemodialysis increases, the number of options
depletes. KDOQI guidelines recommend the right 1JV as the
first choice of access route for either central venous catheter
or TDC placement[®l. However, less desirable routes are
used when the right 1JV thrombosis is encountered. In our in-
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stitution, right LJV, left IJV, right femoral vein, and left femoral
vein were the preferred vascular access order at the time of
study beginning. Subclavian vein access is associated with
a high risk of central venous stenosis and is spared in case
of any chance of future AVF/AVG creation!'®-18], Translum-
bar and transhepatic routes are considered as least desired
routes due to technical challenges and inferior results9l. In
daily practice, a vascular access questionnaire is applied to
each patient to measure patient satisfaction, outcomes, and
expectation of vascular access. Our results showed that up-
per extremity TDCs tend to have fewer infection complica-
tion rates than femoral TDCs. Moreover, patients emphasize
that the use of upper extremity TDCs is more comfortable
than femoral TDCs. In light of these results, our interven-
tional radiology department decided to use upper extremity
veins more aggressively. Although there is limited data in
the literature, the BCV was utilized as the next access route
before proceeding to a femoral vein access in case of bilat-
eral 1)V thrombosis.

The BCV approach was considered the “an overlooked ap-
proach” or “the forgotten central line” due to its early result
of a high pneumothorax ratel20211, As the use of ultra-
sound increased in daily practice, lower catheter-related
complication rates were reported in the BCV approach
compared to the conventional IJV and SCV approach in
central venous catheter placementl®l. Furthermore, BCV is
the largest vein that is accessible for US-guided cannula-
tion, with a reduced operating time and fewer cannulation
attempts, also allowing the introduction of larger catheters
compared with IVJ and SCV7:22],

Left BCV has more potential of complication rate than left
BCV due to its deeper location, its relation with the thoracic
duct, and incidence of variation. Furthermore, a higher risk
of thrombosis was attributed to its tortuous course com-
pared to right BCVI23], However, left BCV was accessed in
the majority of the cases in our group and none of the pa-
tients suffered from the above-mentioned potential com-
plications.

There are limited data on the use of BCV in vascular ac-
cess for hemodialysis patients!8-12], Falk et al.[® reported
a series of 44 procedures in 33 patients. They achieved a
success rate of 100% with a complication rate of 2.5%. All
patients underwent at least one successful hemodialysis
session. Restrepo Valencia et al.%! inserted four catheters
(one temporary catheter and three TDCs) in three patients
without any complications. They emphasized that all three
catheters worked properly at eight months follow-up.
Gouda et al.l"? reported a study of alternative approaches

in patients with bilateral 1JV thrombosis. 134 TDCs were
implemented in 134. External iliac vein (43.28%), external
jugular vein (14.93%), low jugular/BCV (14.16%), and LJV
collaterals (7.46%) were the most frequent approaches.
They emphasized that BCV and 1)V collaterals had better
patency at 400 days and the BCV approach was the sole
patent access site at 800 days.

One major limitation of the supraclavicular BCV use is the
technical difficulties in patients with a short and thick
neck and the presence of obesity. In these patients, visu-
alization of the BCV may be challenging, and multiple at-
tempts might be required that might increase the risk of
unintentional arterial puncture or pneumothorax. In our
group, BCV could not be visualized due to the short and
thick neck in two obese patients. The patency of the BCV
was confirmed with venography. Femoral veins were uti-
lized in these patients.

There are reports investigating the use of the right EJV as
vascular access in hemodialysis patientsl2427], Wang et
al.?4 reported that the use of external jugular veins re-
sulted in higher primary patency rates compared to left
IJV in patients with occluded right 1JV. Forauer et al.l27]
reported a series of ten TDC placements in eight patients
with a technical success of 100% without any major com-
plication. However, this route has its own limitations. EJV is
a small caliber vein and might have a tortuous course. TDCs
have a size of 15-French which requires at least 5 mm vein
diameter to accommodate. Also, advancing TDCs through
tortuous vessels is another laborious task. Due to the men-
tioned reasons, EJV was not considered an option in our
series.

Femoral venous access is utilized when 1JV is not eligible.
However, there are controversial results regarding patency
and infectious outcomes of femoral vein access compared
to conventional 1JV access?832l, One and 6 months pa-
tency is reported in a wide range between 44%-70%
and 14%-61%, respectively. Femoral vein catheterization
was the next step in our series when BCV is occluded or
could not be visualized in high body mass index patients
though catheter colonization risk is higher in this patient
group3132],

Translumbar inferior vena cava TDC placement is proposed
as a salvage route but is associated with poor outcomes
with relatively low patency rates. The requirement of mul-
tiple catheter exchanges is another issue during follow-
upl19.33],

Transhepatic TDC placement is also proposed in exhausted
vascular access options34:35], Respiratory movements may
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cause catheter migration, kinking, which requires frequent
catheter changes to attain long-term hemodialysisi34],
Furthermore, hepatic hemorrhage is also a potential life-
threatening complication[3°],

No major complication was encountered in our series. A
mild hematoma at the subcutaneous tunnel occurred in
one patient. Thirty-four catheter exchanges due to mal-
function were performed in 16 patients. Fibrin sheath was
the cause in 19 cases and was treated with balloon mac-
eration. Thrombosis was the cause in 15 patients and was
treated with either tPA administration and longer TDC
placement. The catheter malfunction rate is similar to pre-
vious reportsl12:36:37],

The infection rate was 2.7/1000 catheter days in our study
and catheter exchange was required in 4 cases due to per-
sisting infection, which was comparable to previous reports
and K-DOQI guidelines['3839] Prophylactic antibiotics
were not administrated routinely, which would decrease
the rate of infection rates“%l. There was no statistically sig-
nificant difference in the infection rates between TDC in-
sertion sites. Early catheter infection was not encountered
in the current study.

Our study has inherent important limitations. The study is a
single-center experience with a limited number of patients.
The lack of randomization and retrospective design has the
risk of confounding bias. Direct comparison with other
conventional insertion sites was not available. Long-term
results are needed.

Conclusion

The supraclavicular BCV approach for TDC placement is
an effective, safe access route in patients with bilateral
1JV thrombosis. Low complication rates with acceptable
patency rates make this option a viable conduit before
femoral, translomber, or transhepatic routes. Controlled
randomized trials comparing different access routes are
warranted.

Ethics Committee Approval: All procedures performed in stud-
ies involving human participants were in accordance with the
ethical standards of the institutional and/or national research
committee and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards. Our study was ap-
proved by the Institutional Review Board (IRB) of Okan University
Hospital.

Peer-review: Externally peer-reviewed.

Funding: The author(s) received no specific grant from any fund-
ing agency in the public, commercial, or not-for-profit sectors for
the research, authorship, and/or publication of this article.

Authorship Contributions: Concept: U. 0., B.G.; Design: U.O,; Su-
pervision: B.G.; Materials: U.0., B.G.; Data Collection or Processing:
U.0,; Analysis or Interpretation: U.O,; Literature Search: U.O.; Writ-
ing: U.O,; Critical Review: B.G.

Conflict of Interest: None declared.

Financial Disclosure: The authors declared that this study re-
ceived no financial support.

References

1. Lok CE, Huber TS, Lee T, Shenoy S, Yevzlin AS, Abreo K, et al.
KDOQI clinical practice guideline for vascular access: 2019 up-
date. Am J Kidney Dis 2020;75(4 Suppl):51-5164.

2. Rayner HC, Besarab A, Brown WW, Disney A, Saito A, Pisoni
RL. Vascular access results from the Dialysis Outcomes and
Practice Patterns Study (DOPPS): Performance against Kidney
Disease Outcomes Quality Initiative (K/DOQI) clinical practice
guidelines. Am J Kidney Dis 2004;44(5 Suppl):22-6.

3. Navuluri R, Regalado S. The KDOQI 2006 vascular access up-
date and fistula first program synopsis. Semin Intervent Radiol
2009;26:122-4.

4. Mickley V. Central vein obstruction in vascular access. Eur J
Vasc Endovasc Surg 2006;32:439-44.

5. Schillinger F, Schillinger D, Montagnac R, Milcent T. Post
catheterisation vein stenosis in haemodialysis: Comparative
angiographic study of 50 subclavian and 50 internal jugular
accesses. Nephrol Dial Transplant 1991;6:722-4.

6. Beccaria PF, Silvetti S, Lembo R, Landoni G, Monti G, Zambon
M, et al. The brachiocephalic vein as a safe and viable alter-
native to internal jugular vein for central venous cannulation.
Anesth Analg 2018;127:146-50.

7. Oulego-Errozl, Mufioz-Lozén A, Alonso-Quintela P, Rodriguez-
Nufez A. Comparison of ultrasound guided brachiocephalic
and internal jugular vein cannulation in critically ill children. J
Crit Care 2016;35:133-7.

8. Falk A. Use of the brachiocephalic vein for placement of
tunneled hemodialysis catheters. AJR Am J Roentgenol
2006;187:773-7.

9. Restrepo Valencia CA, Buritica Barragdn CM. Implanting
haemodialysis catheters in the brachiocephalic vein: A little-
used approach. Nefrologia [Article in Spanish] 2009;29:354-7.

10. Apsner R, Sunder-Plassmann G, Muhm M, Druml| W. Alterna-
tive puncture site for implantable permanent haemodialysis
catheters. Nephrol Dial Transplant 1996;11:2293-5.

11. Lau TN, Kinney TB. Direct US-guided puncture of the innom-
inate veins for central venous access. J Vasc Interv Radiol
2001;12:641-5.

12. Gouda ZE, Emara MM, Elbarbary HS, Koura MAA, Elarbagy
AR. Studying alternative approaches for placement of cuffed
hemodialysis catheters in hemodialysis patients with bilateral
internal jugular vein occlusion. J Vasc Access 2019;20:250-9.

13. Sacks D, McClenny TE, Cardella JF, Lewis CA. Society of Inter-
ventional Radiology clinical practice guidelines. J Vasc Interv
Radiol 2003;14:5199-202.



Ogusli et al., Supraclavicular Brachiocephalic Vein Access / doi: 10.14744/hnhj.2022.09825

269

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25,

26.

27.

Lee T. Fistula first initiative: Historical impact on vascular ac-
cess practice patterns and influence on future vascular access
care. Cardiovasc Eng Technol 2017;8:244-54.

Little MA, O'Riordan A, Lucey B, Farrell M, Lee M, Conlon PJ,
et al. A prospective study of complications associated with
cuffed, tunnelled haemodialysis catheters. Nephrol Dial Trans-
plant 2001;16:2194-200.

Trerotola SO, Johnson MS, Harris VJ, Shah H, Ambrosius
WT, McKusky MA, et al. Outcome of tunneled hemodialysis
catheters placed via the right internal jugular vein by inter-
ventional radiologists. Radiology 1997;203:489-95.

Pereira K, Osiason A, Salsamendi J. Vascular access for place-
ment of tunneled dialysis catheters for hemodialysis: A sys-
tematic approach and clinical practice algorithm. J Clin Imag-
ing Sci 2015;5:31.

Trerotola SO, Kuhn-Fulton J, Johnson MS, Shah H, Ambrosius
WT, Kneebone PH. Tunneled infusion catheters: Increased in-
cidence of symptomatic venous thrombosis after subclavian
versus internal jugular venous access. Radiology 2000;217:89-
93.

Liu F, Bennett S, Arrigain S, Schold J, Heyka R, McLennan G,
et al. Patency and complications of translumbar dialysis
catheters. Semin Dial 2015;28:E41-7.

Sener M. Supraclavicular subclavian vein catheterization is
still forgotten. Paediatr Anaesth 2014;24:342-3.

Badran DH, Abder-Rahman H, Abu Ghaida J. Brachiocephalic
veins: An overlooked approach for central venous catheteriza-
tion. Clin Anat 2002;15:345-50.

BaroV, Zadra N, Sartori L, Denaro L. Ultrasound-guided percu-
taneous brachiocephalic vein cannulation for ventriculoatrial
shunt placement in a child. Childs Nerv Syst 2020;36:3099-
102.

Salgado OJ, Urdaneta B, Colmenares B, Garcia R, Flores C. Right
versus left internal jugular vein catheterization for hemodial-
ysis: Complications and impact on ipsilateral access creation.
Artif Organs 2004;28:728-33.

Wang P, Wang Y, Qiao Y, Zhou S, Liang X, Liu Z. A retrospec-
tive study of preferable alternative route to right internal
jugular vein for placing tunneled dialysis catheters: Right ex-
ternal jugular vein versus left internal jugular vein. PLoS One
2016;11:e0146411.

Vats HS, Bellingham J, Pinchot JW, Young HN, Chan MR, Yevzlin
AS. A comparison between blood flow outcomes of tunneled
external jugular and internal jugular hemodialysis catheters. J
Vasc Access 2012;13:51-4.

Skandalos |, Amvrosiadis D, Filippidis A, Sioulis A, Tsitsios T,
Mavromatidis K, et al. Insertion of long-term tunneled cuffed
hemodialysis catheters via the external jugular vein by using
a simple, safe and reliable surgical technique. J Vasc Access
2007;8:12-6.

Forauer AR, Brenner B, Haddad LF, Bocchini TP. Placement of

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

hemodialysis catheters through dilated external jugular and
collateral veins in patients with internal jugular vein occlu-
sions. AJR Am J Roentgenol 2000;174:361-2.

Falk A. Use of the femoral vein as insertion site for tunneled
hemodialysis catheters. J Vasc Interv Radiol 2007;18:217-25.
Maya ID, Allon M. Outcomes of tunneled femoral hemodialy-
sis catheters: Comparison with internal jugular vein catheters.
Kidney Int 2005;68:2886-9.

Zaleski GX, Funaki B, Lorenz JM, Garofalo RS, Moscatel MA,
Rosenblum JD, et al. Experience with tunneled femoral
hemodialysis catheters. AJR Am J Roentgenol 1999;172:493-
6.

Parienti JJ, Thirion M, Mégarbane B, Souweine B, Ouchikhe
A, Polito A, et al. Femoral vs jugular venous catheterization
and risk of nosocomial events in adults requiring acute renal
replacement therapy: A randomized controlled trial. JAMA
2008;299:2413-22.

Merrer J, De Jonghe B, Golliot F, Lefrant JY, Raffy B, Barre E, et
al. Complications of femoral and subclavian venous catheter-
ization in critically ill patients: A randomized controlled trial.
JAMA 2001;286:700-7.

Rajan DK, Croteau DL, Sturza SG, Harvill ML, Mehall CJ.
Translumbar placement of inferior vena caval catheters: A
solution for challenging hemodialysis access. Radiographics
1998;18:1155-70.

Younes HK, Pettigrew CD, Anaya-Ayala JE, Soltes G, Saad WE,
Davies MG, et al. Transhepatic hemodialysis catheters: Func-
tional outcome and comparison between early and late fail-
ure. J Vasc Interv Radiol 2011;22:183-91.

Sanal B, Nas OF, Dogan N, Korkmaz M, Hacikurt K, Yildiz A,
et al. Safety and functionality of transhepatic hemodialysis
catheters in chronic hemodialysis patients. Diagn Interv Ra-
diol 2016;22:560-5.

Wilkin TD, Kraus MA, Lane KA, Trerotola SO. Internal jugular
vein thrombosis associated with hemodialysis catheters. Ra-
diology 2003;228:697-700.

Garofalo RS, Zaleski GX, Lorenz JM, Funaki B, Rosenblum JD,
Leef JA. Exchange of poorly functioning tunneled permanent
hemodialysis catheters. AJR Am J Roentgenol 1999;173:155-
8.

Lafrance JP, Rahme E, Lelorier J, Igbal S. Vascular access-re-
lated infections: Definitions, incidence rates, and risk factors.
Am J Kidney Dis 2008;52:982-93.

Deshpande KS, Hatem C, Ulrich HL, Currie BP, Aldrich TK,
Bryan-Brown CW, et al. The incidence of infectious complica-
tions of central venous catheters at the subclavian, internal
jugular, and femoral sites in an intensive care unit population.
Crit Care Med 2005;33:13-25.

Van Ha TG, Fimmen D, Han L, Funaki BS, Santeler S, Lorenz
J. Conversion of non-tunneled to tunneled hemodialysis
catheters. Cardiovasc Intervent Radiol 2007;30:222-5.



