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ABSTRACT
Aims: The selection of optimal vascular access is crucial for chronic hemodialysis (HD) patients, with arteriovenous fistulas 
(AVFs) recommended as the first-line option. However, in cases where AVFs are not viable, tunneled hemodialysis catheters 
(THCs) provide a reliable alternative. This study aimed to evaluate the technical success rates and both short- and long-term 
complications associated with THCs placed via the right internal jugular vein (IJV) under ultrasound (US) guidance.
Methods: In this retrospective study, 160 patients with end-stage renal disease (ESRD) underwent THC placement via the 
right IJV using US and fluoroscopic guidance between September 2022 and September 2024. Demographic data, catheter 
placement details, and post-procedural outcomes were obtained from the hospital records and analyzed. Catheter dysfunction, 
defined by failure to maintain adequate blood flow or dialysis efficiency, was monitored, as were complications such as infection, 
thrombosis, and fibrin sheath formation.
Results: A total of 226 catheters were placed in 160 patients with a technical success rate of 99%. The first-attempt success rate 
under US guidance was 89%, with minor complications observed in only 7% of procedures. Long-term follow-up (average of 
196 days) indicated that venous thrombosis occurred in 2 patients, venous stenosis in 4 patients, and fibrin sheath formation 
in 3 patients. Catheter dysfunction led to replacement in 29 patients, with further interventions required in 12 cases. No major 
complications, such as pneumothorax or significant bleeding, were observed.
Conclusion: THCs placed via the right IJV under US guidance achieved high technical success rates and low complication rates, 
supporting their efficacy and safety for long-term use in HD patients. The findings align with current literature on the benefits 
of US guidance in reducing complications and improving procedural success. Given the study’s retrospective and single-center 
limitations, additional research with larger, multicenter cohorts is recommended to validate these results and optimize catheter 
placement practices for high-risk patients.
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INTRODUCTION
In chronic hemodialysis (HD) patients, optimal vascular 
access selection is of critical importance, and many clinical 
guidelines recommend arteriovenous fistulas as the first-line 
option.1,2 However, in cases where AVF maturation is delayed 
or suitable vessels are unavailable, alternative access methods 
become necessary. In this context, tunneled hemodialysis 
catheters (THC) are considered a reliable alternative for this 
patient group.3,4

Traditional catheter placement techniques rely on anatomical 
landmarks, where successful cannulation is typically indicated 
by a non-pulsatile flow pattern and the dark color of venous 
blood. Based on these methods, success rates vary between 
60% and 90%, while complication rates range from 5% to 
20%. Landmark-based approaches are associated with higher 

rates of failure, increased number of attempts, and elevated 
complication rates.5,6 Due to their low infection rates, THC 
are considered a reliable alternative for long-term use in HD 
patients.4,7,8

Although catheter placement via the subclavian vein is a 
commonly used access route, its use has been decreasing 
due to the increased risk of central venous stenosis and a 
higher incidence of complications such as bleeding and 
pneumothorax during the procedure.9 The right internal 
jugular vein (IJV) has become the preferred access site due 
to its lower risk of complications and its superior anatomical 
alignment with the superior vena cava.10,11

In tunneled catheter placement procedures for hemodialysis 
patients, the use of the IJV as the primary access site has 
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gained increasing importance in reducing complication 
risks and improving success rates. Traditional landmark-
based methods, which are associated with higher failure and 
complication rates, highlight the advantages of ultrasound-
guided interventions. Ultrasound (US) guidance enables 
real-time imaging, allowing for the prevention of undesirable 
events such as arterial puncture and posterior venous wall 
injury. In this context, the role of advanced imaging techniques 
in clinical practice is crucial for addressing vascular access 
challenges in patients with end-stage renal disease (ESRD).12

In this retrospective study, we aimed to evaluate the success 
rates and both short- and long-term complications associated 
with THCs placed via the right IJV in our interventional 
radiology unit.

METHODS
Our study was conducted in accordance with the principles 
of the Helsinki Declaration, with ethical approval obtained 
from the Kastamonu University Clinical Researches Ethics 
Committee (Date: 06.11.2024, Decision No: 2024-KAEK-103).

Between September 2022 and September 2024, a total of 164 
patients who underwent permanent THC implantation via 
the right IJV under US and fluoroscopic guidance in our 
interventional radiology unit were included in this study. 
Inclusion criteria were patients aged 18 years and older with 
ESRD requiring hemodialysis and undergoing tunneled 
catheter placement via the right IJV. Exclusion criteria 
included patients with active bloodstream infections, severe 
coagulopathy unresponsive to pre-procedure correction, 
or those requiring alternative access routes due to jugular 
vein abnormalities. In cases where the right IJV was not 
patent, access was obtained through the jugular vein under 
US guidance, and jugular venography was performed under 
fluoroscopy. Wire-catheter manipulations were then applied 
to successfully advance the catheter into the right atrium. 
Patients in whom passage to the right atrium was not feasible 
or those with tunnel infections (n=22) were excluded from the 
study.

Demographic and clinical data on 160 patients with ESRD, 
including age, gender, duration of renal failure, catheter 
use duration, technical success, catheter placement site, 
placement techniques, and early and late complications, were 
retrospectively obtained from the hospital data system and 
patient records and subsequently analyzed.

Anticoagulant use was reviewed prior to the procedure, 
and necessary adjustments were made before proceeding. 
Complete blood counts and coagulation profiles were 
obtained from all participants, and fresh frozen plasma was 
administered as needed. Prophylactic antibiotics were not 
given before the procedure. All procedures were performed 
in the interventional radiology unit equipped with a portable 
ultrasound device (Applio 500, Toshiba) and a portable 
C-arm (Philips Zeniton 50). Prior to the procedure, all staff 
in the room performed surgical hand scrubbing and donned 
sterile gowns and gloves. The patient’s neck and upper 
chest area were cleansed with povidone-iodine. Permanent 
tunneled catheters (Palindrome, Covidien), made of silicone 
and featuring a 14.5 F diameter with dual lumens, were used 
for all patients. Catheter length was optimized based on the 
participant’s body size (either 19 or 23 cm). Procedures were 
conducted by an interventional radiologist with a minimum 

of 5 years of experience. To localize the right IJV, a 7.5 MHz 
ultrasound probe was covered with a sterile sheath and 
utilized.

Under ultrasound guidance, an 18 G venous access needle was 
inserted into the lumen of the IJV, and a 0.035-inch guidewire 
was advanced through the needle under fluoroscopic guidance 
until it reached the inferior vena cava. The needle was then 
removed, and the insertion tract was sequentially dilated in 
two stages with a dilator over the guidewire under fluoroscopic 
guidance. A peel-away sheath was then positioned, and after 
removing the guidewire, the cap of the peel-away sheath was 
closed to prevent bleeding or air embolism, thus completing 
the first stage of the procedure (Figure 1A). In the second 
stage, the catheter length was calculated using fluoroscopy, 
and the entry point of the tunnel on the skin was determined. 
To calculate the catheter length, the guidewire was retracted 
to an appropriate position, and the portion outside the vessel 
was folded to determine the length required. Local anesthesia 
was administered to the subcutaneous tissues at the entry 
point for tunneling, followed by a skin-subcutaneous incision. 
An additional injection of local anesthetic was administered 
along the tract from the incision site to the IJV entry point. 
For tunneling, a trocar (tunnel maker) was used, and the 
catheter, positioned behind the trocar, was passed through 
the tunnel. The portion to be placed within the jugular vein 
was measured with the help of a measurement wire. With 
the patient instructed to hold their breath, the peel-away 
sheath dilator was removed, and the catheter was advanced 
quickly through the sheath (Figure 1B). Under fluoroscopy, 
the correct positioning of the catheter was confirmed, and 
the functionality of the catheter lumens was checked (Figure 
1C). After confirming that all lumens could be easily aspirated 
and infused, the lumens were flushed with saline and then 
filled with heparinized saline (200 units of heparin per ml) 
to maintain patency.13 Once the functionality of the catheter 
was confirmed, the venous access incision was sutured, and 
the catheter’s external wings were secured to the skin. All 
patients were observed briefly in the recovery area before 
being directed to dialysis.

In cases of catheter dysfunction, when attempts to rescue 
the catheter have failed (e.g., fibrin sheath, thrombus in the 
lumen, etc.), and if there is no contraindication to using the 
same venous access route (such as infection), the catheter was 
replaced by being advanced over the guide wire. Initially, the 
catheter’s curl, length, position, and endpoint were assessed 

Figure 1. Stages of permanent tunneled catheter placement via right internal 
jugular vein in a 75-year-old female patient. A) First stage of catheter 
placement: sequential dilation of the insertion tract in two stages with a dilator 
over the guidewire under fluoroscopic guidance. The peel-away sheath is 
positioned and secured to prevent bleeding or air embolism. B) Second stage 
of catheter placement: The catheter is advanced quickly through the peel-away 
sheath under fluoroscopic guidance, following breath-holding instructions 
for optimal placement. C) Confirmation of correct catheter positioning under 
fluoroscopy, with verification of catheter lumen functionality after placement
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under fluoroscopic guidance. Preparations for any additional 
interventional procedures were made in cases of catheter 
disposition or underlying venous stenosis before starting 
the procedure. After the fibrous ring around the cuff was 
palpated, surgical skin cleaning was performed, and local 
anesthesia was applied at the tunnel entrance. If the cuff was 
close to the tunnel exit, widening was achieved using a clamp. 
If the cuff was located far from the tunnel exit, an additional 
incision was made to separate the fibrous tissue from the cuff. 
Subsequently, a 0.035-inch J-tipped guide wire was passed 
through both lumens to facilitate the catheter replacement.

In our clinic, no catheter disposition was observed in the 
catheters placed. However, for patients who presented to 
our center with catheter disposition after placement at 
other institutions, venographic images were obtained, and 
the catheter was reinserted. In cases of underlying venous 
stenosis, balloon dilation was performed to treat the venous 
narrowing, followed by catheter placement. When necessary 
for stenosis catheterization, femoral venous access was 
utilized, and bilateral manipulations were performed during 
the procedure (Figure 2).

HD, catheter dysfunction was defined as the inability to 
achieve an extracorporeal blood flow rate of over 300 ml/
min with the blood pump, accompanied by arterial pressures 
below -250 mmHg and venous pressures above 250 mmHg, 
resulting in reduced dialysis efficiency due to hemodynamic 
factors. Catheters that did not display dysfunction or in 
which dysfunction was successfully resolved were considered 
effective. Throughout the study, complications contributing 
to catheter dysfunction-such as infection, thrombosis, 
fibrin sheath formation, bleeding at the catheter insertion 
site, spontaneous dislodgement, catheter malposition, and 
kinking-were recorded, as were interventions to resolve 
dysfunction. Findings observed after the first week post-
catheter placement were considered long-term outcomes.

RESULTS
This study evaluated the success rates and post-procedural 
complications of THCs placed via the right IJV using 
interventional radiology techniques. A total of 226 catheters 

were placed in 160 patients with a technical success rate of 
99% (n=224), and all catheters became functional immediately 
after the procedure. Of these, 135 patients received a single 
catheter, 5 patients received two, 2 patients received three, 1 
patient received five, and 2 patients received seven catheters 
over the course of the study. The demographic and procedural 
data of the patients are provided in Table 1.

Among the 114 patients without an existing catheter, 
placement was carried out using ultrasound-guided puncture 
techniques, whereas for the remaining patients, catheter 
exchange over a guidewire with fluoroscopic guidance was 
performed. Successful vascular access on the first puncture 
attempt was achieved in 89% (n=102) of these cases. For 
the other 12 patients, additional puncture attempts were 
required due to chronic thrombosis and narrowed jugular 
vein diameter. In seven of these cases, jugular venography 
with contrast media enabled successful access through 
wire-catheter manipulations. However, in two patients, 
all attempts were unsuccessful, necessitating the use of 
alternative vascular access routes. No serious complications, 
such as pneumothorax, hemothorax, or bleeding requiring 
intervention, were observed. Minor bleeding, considered 
clinically insignificant, occurred in 7% of the procedures 
(n=17). The complication and follow-up data are provided in 
Table 2.

Figure 2. Catheter exchange procedure due to catheter disposition in a 
60-year-old male patient. A) Image showing the catheter extending to the 
left subclavian vein. B, C) Image demonstrating femoral venous access via 
an alternative entry point. D) Venographic image revealing stenosis at the 
atriocaval junction. E) Image showing balloon dilation at the site of stenosis. 
F) Image confirming the correct positioning of the catheter and completion 
of the procedure

Table 1. Demographic and procedure data

Category Value 

Demographic data

Number of patients 160

Age (year) 64.86±15.23 (19-92)

Gender (male/female) 82/78

Duration of ESRD 9.68±4.07 (0-24)

Procedure data

Number of catheters inserted 226

Technical success rate 224 (99%)

US-guided puncture 114 (71%)

First attempt success rate 102 (89%)

Jugular venography 7

Balloon dilation 4
ESRD: End stage renal disease, US: Ultrasound

Table 2. Complication and follow-up data

Category Value

Number of patients 158 (99%)

Average catheter use duration (day) 196

Median catheter use duration (day) 180

Catheter dysfunction 29

Multiple catheter exchanges 10

Complications

Minor bleeding 17

Pneumothorax 0

Hemothorax 0

Major bleeding 0

Venous thrombosis 2

Venous stenosis 4

Fibrin sheath formation 3

Suspected catheter infection 4

Tunnel discharge 1

Displacement 3
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Long-term follow-up was conducted for 99% of the patients 
(n=158), with an average catheter use duration of 196 days. 
During the follow-up period, symptomatic catheter-related 
venous thrombosis occurred in 2 patients, venous stenosis 
was observed in 4 patients, and fibrin sheath formation was 
noted in 3 patients. Venous thrombosis cases were managed 
with medical treatment, while balloon angioplasty and 
catheter exchange were performed for venous stenosis cases. 
In cases of fibrin sheath formation, a thrombolytic agent was 
administered through the catheter lumen and left in place for 
24 hours, allowing successful dialysis thereafter.

One patient required catheter replacement within a week of 
placement due to drainage at the insertion site, after which no 
further issues were observed during follow-up. Four patients 
were referred to our unit with suspected catheter infections. 
Catheter replacements were performed through the same 
jugular vein in two patients and through the contralateral 
jugular vein in the other two patients. Catheters were sent for 
culture, and three out of four cultures returned positive.

Due to catheter dysfunction, catheter replacements 
were performed in 29 patients, with additional catheter 
replacements and supplementary procedures required in 
12 of these patients. In 17 patients who continued dialysis 
without any additional catheter replacement, no problems 
were encountered. None of the patients who underwent 
catheter replacement due to dysfunction showed kinking or 
dislocation related to the previous procedure.

DISCUSSION
Image-guided interventions, particularly with the recognition 
of the IJV as a superior option compared to the subclavian 
vein, have gained increasing significance. The literature 
reports that catheter placement procedures via the IJV under 
US guidance have technical success rates ranging from 
93% to 100%, whereas procedures relying on anatomical 
landmark techniques have reported success rates between 
62% and 88%.14 The success rate of 99% observed in this study 
aligns with high success rates documented in the literature, 
highlighting the effectiveness of THC placements via the right 
IJV in our interventional radiology unit.

The use of US imaging allows for the assessment of anatomical 
structures prior to puncture, enabling the practitioner to more 
accurately identify the positions of the carotid artery and IJV, 
thereby enhancing procedural accuracy.5,15,16 Consistent with 
findings in the literature, this study demonstrates a high first-
attempt success rate (89%) for catheter placement procedures 
performed under US guidance. In all cases requiring repeated 
attempts under US guidance, a notable reduction in jugular 
vein diameter was observed, attributed to chronic thrombosis 
from previous interventions.

The low complication rates in catheter placement procedures 
represent another significant finding supporting the reliability 
of this technique. Specifically, THCs have lower infection 
rates compared to other access sites, such as the femoral vein, 
which underscores the importance of choosing the IJV to 
minimize infection risk, as highlighted in the literature.4,17,18 
In our study, no major complications such as significant 
bleeding, pneumothorax, or hemothorax were observed 
post-procedure, aside from clinically insignificant bleeding. 
Additionally, among the monitored patients, catheter 
replacement was required in only one case due to discharge at 

the tunnel site, further indicating a notably reduced infection 
risk.

US-guided tunneled dialysis catheter placements shorten the 
procedure time and increase the first-attempt success rate. 
The literature emphasizes that procedures performed with 
US guidance result in fewer attempts and lower complication 
rates compared to those based on anatomical landmarks.19-21 
On the other hand, it has been shown that complication 
rates of permanent hemodialysis catheters placed using the 
traditional (blind) technique are comparable to those of 
other methods; however, the lower first-attempt success rates 
highlight the limitations of this approach.22 In alignment 
with these findings, our study also demonstrated a high first-
attempt success rate and low complication rates in catheter 
placements performed under US guidance. The observed first-
attempt success rate of 89% further supports the efficacy of US 
guidance in such procedures.

US-guided tunneled catheter placement has been shown to 
be safe in patients with bleeding disorders and other high-
risk factors. This finding supports the notion that catheter 
placement procedures performed through interventional 
radiology can be safely applied even in high-risk patients.12,15,23,24 
In our clinic, minor bleeding was observed in 17 patients who 
underwent catheter placement under US guidance, with no 
cases of clinically significant bleeding requiring intervention. 
This outcome is consistent with findings reported in the 
literature.

Although complications such as thrombosis, venous stenosis, 
and fibrin sheath formation can occur with long-term use of 
tunneled dialysis catheters, these risks can be minimized with 
appropriate techniques. Additionally, the low complication 
rates observed during or after initial catheter placement 
highlight the reliability of this method as a safe option for 
patients.16,25 In our study, venous thrombosis was observed 
in only 2 patients (1.3%), venous stenosis in 4 patients 
(2.5%), and fibrin sheath formation in 3 patients (1.9%), 
which are consistent with the complication rates reported 
in the literature. These findings support the effectiveness of 
ultrasound-guided tunneled catheter placement in reducing 
the risk of long-term complications.

In traditional dialysis catheter placement methods, catheter 
dysfunction rates are reported to be as high as 78.3%, with 
primary causes being infection (52%) and thrombosis 
(26.3%).26 In contrast, procedures utilizing the IJV under 
ultrasound guidance have dysfunction rates reported 
between 10% and 15%, demonstrating a significant reduction 
in complications.27 In our study, catheter dysfunction was 
observed in 29 out of 226 cases (12.8%), aligning closely 
with the lower rates reported for ultrasound-guided IJV 
procedures. These findings underscore the effectiveness of 
real-time imaging techniques in reducing dysfunction rates 
compared to traditional methods and highlight the critical 
role of advanced interventional radiological techniques 
in improving vascular access outcomes for hemodialysis 
patients.

Limitations
The limitations of this study include its retrospective design, 
relatively small sample size, and single-center nature, which 
may restrict the generalizability of the results. Additionally, 
potential factors such as observer bias and missing data could 
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have influenced the findings. Therefore, further validation of 
these results through larger, multicenter studies is warranted 
to provide a broader context and reduce potential biases.

CONCLUSION
This study demonstrates that THCs placed via the right IJV 
under US guidance have high technical success rates and low 
complication rates, supporting their efficacy and safety for 
long-term use in HD patients. While the observed low incidence 
of complications, including thrombosis and infection, aligns 
with current literature, the retrospective design and single-
center data collection limit the generalizability of our findings. 
Therefore, additional research with larger, multicenter cohorts 
is recommended to further validate these results and enhance 
the understanding of optimal practices for catheter placement 
in high-risk populations.
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