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This review addresses a key issue in establishing vascular access for maintenance hemodialysis: the implantation 
of tunneled central venous catheters (TCVCs). Advances in catheter design and imaging technologies in recent 
years have significantly reduced the risk of complications associated with TCVC placement. Nevertheless, certain 
complex clinical scenarios still require individualized approaches during implantation. This review highlights the 
indications and contraindications for TCVC placement, examines the various catheter types and potential insertion 
sites, and discusses patient preparation, intraoperative considerations, and postoperative care. It also reviews early 
and late complications, along with strategies for their management. The use of additional imaging modalities 
to facilitate catheter placement is also presented. Currently, a standardized approach to TCVC implantation is 
employed, encapsulated in a standard operating procedure (SOP), which ensures adherence to aseptic techniques 
and provides a structured framework for training new clinical staff.
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A joint statement by the American Society of Neph-
rology, the European Renal Association, and the Inter-
national Society of Nephrology reported that by 2021, 
more than 850  million people worldwide had some 
form of kidney disease. This figure is nearly twice the 
global prevalence of diabetes (422 million) and about 
20 times higher than the prevalence of malignant tumors 
(42 million) or the number of people living with HIV/
AIDS (36.7 million). These estimates were derived from 
multiple international studies that applied varying defi-
nitions of chronic kidney disease (CKD); nevertheless, 
they remain the most reliable approximation of the global 
CKD burden [1].

Currently, the number of patients requiring renal 
replacement therapy (RRT) continues to grow, accom-
panied by the expansion of hemodialysis (HD) centers 
worldwide. Advances in dialysis technology and clinical 
practice have significantly improved the quality of HD, 
contributing to longer survival among patients with end-
stage renal disease (ESRD). However, establishing and 
maintaining reliable vascular access remains a major 
clinical challenge. The three principal types of vascular 
access used in chronic HD are: native arteriovenous fis-
tula (AVF), synthetic vascular graft (SVG), and tunneled 
(cuffed) central venous catheters [2].

According to the KDOQI (Kidney Disease Outcomes 
Quality Initiative) guidelines, arteriovenous access (AVF 
or SVG) is considered the preferred option for patients 

requiring HD, provided it aligns with the individual’s life 
plan for ESRD and overall treatment goals. Nonetheless, 
under specific and justified clinical circumstances, KDO-
QI guidelines recognize the appropriateness of using 
tunneled central venous catheters (CVCs) as a long-term 
vascular access option in select patients [2].

Despite ongoing initiatives aimed at increasing the 
number of patients starting HD with AVF, data from 
the US Renal Data System (USRDS) show a persistent 
reliance on catheters. Between 2018 and 2022, the pro-
portion of patients initiating HD with a catheter increased 
by 3.9%, reaching 84.7%, underscoring the challenges in 
achieving widespread early AVF placement [3].

Indications for tunneled central 
venous catheter implantation
1	 Failure of the fistula to mature sufficiently by the 

time HD is required, often due to delayed referral to 
a vascular surgeon or other specialists, resulting in 
late preventive AVF formation.

2	 Inability to form an AVF or SVG due to the vascular 
anatomy (excessive vein depth (>6 mm), which does 
not allow for adequate puncture, or a scattered type).

3	 Absence of superficial and deep veins of the required 
diameter for AVF or SVG formation.

4	 Severe heart failure with significantly reduced left 
ventricular ejection fraction, where AVF creation 
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Fig.  1. Modern hemodialysis catheter designs: (a)  step-tip 
catheter; (b)  symmetrical-tip catheter; (c)  split-tip catheter; 
(d) self-centering split-tip catheter; (e) Y-shaped catheter. Il-
lustration by Yuri Bassuner [9]
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would impose additional myocardial stress and de-
compensation of chronic heart failure.

5	 Patients undergoing peritoneal dialysis are temporari-
ly implanted with tunneled CVCs for HD in the event 
of catheter-associated infection.

6	 Limited life expectancy (<1 year), where short-term 
palliative dialysis is indicated.

7	 Living-donor kidney transplantation planned within 
a relatively short period of time.

8	 Uncertainty regarding renal function recovery in ca-
ses of acute kidney injury (AKI) [4].

9	 Patient declines AVF or SVG formation [2].

Contraindications to tunnelled central 
venous catheter implantation:
1	 AKI requiring emergency HD.
2	 Active infection involving an existing tunneled CVC 

(as bridge therapy/replacement).
3	 Short-term bridge therapy (<2 weeks) during AVF 

reconstruction that does not require prolonged ma-
turation.

4	 Persistent bloodstream infection and the need for ur-
gent HD treatment [4].
Elderly patients are a special group when it comes to 

choosing vascular access for HD. With advancing age, 
progression of kidney disease to an end stage influences 
multiple therapeutic decisions, including the choice of 
renal replacement therapy and individualized recom-
mendations for dialysis access [5, 6]. In older individu-
als with significant comorbidities, such as severe heart 
failure, peritoneal dialysis or hemodialysis via tunneled 
CVCs are often considered the most practical and safest 
options [2, 7].

Currently used tunneled catheters vary in catheter tip 
design and insertion method [8].

The three main types of tunneled 
catheters used for hemodialysis are:
1.	 Retrograde catheters – inserted first into the central 

vein and then passed through a subcutaneous tunnel.
2.	 Antegrade catheters – passed initially through a sub-

cutaneous tunnel and then inserted into a central vein.
3.	 Retroantegrade catheters – may be inserted using eit-

her approach, depending on the surgeon’s preference.
Polyurethane double-lumen catheters are available in 

various lengths (tip-to-cuff: 24, 28, 32, 36, and 55 cm) 
and diameters (10, 12.5, 14.5, and 15 Fr). Their configu-
ration can also differ, being either straight or pre-shaped 
(curved into a loop or set at a 90° angle).

Lumen and tip design of dialysis 
catheters

Five tip designs are commonly used in tunneled 
CVCs for hemodialysis: stepped, symmetrical, split, 
self-centering, and Y-shaped (Fig. 1) [9].

Catheters with a stepped tip have a narrowed arterial 
lumen facing the mediastinum (Fig. 1, a). Split-tip cathe-

ters have split lumens at their ends, designed primarily 
to reduce recirculation (Fig. 1, c). To further address 
this issue, manufacturers developed the symmetrical 
tip, in which the venous and arterial lumens terminate 
at the same level. This design incorporates an inclined 
spiral notch that diverts venous outflow away from ar-
terial inflow (Fig. 1, b) [10]. The recirculation rate for 
symmetrical-tip catheters is approximately 1%, the lo-
west among available designs. In comparison, stepped 
and split-tip catheters demonstrate recirculation rates of 
about 7% during direct flow and 10–30% during reverse 
flow [11]. Although split-tip catheters tend to maintain 
patency longer than stepped-tip catheters, both designs 
provide comparable blood flow rates [10]. In compari-
son, symmetrical-tip catheters have demonstrated higher 
blood flow rates than stepped-tip catheters, while show-
ing similar outcomes with respect to primary patency, 
infection, and thrombosis [12].

A prospective randomized trial further reported that 
symmetrical-tip catheters not only maintain patency for 
a longer duration but also exhibit lower rates of dys-
function and reverse blood flow compared to stepped-tip 
designs [13]. Supporting these findings, a 4-year multi-
center study in Australia involving 4,722 patients found 
that both symmetrical-tip and split-tip catheters were 
associated with a reduced risk of catheter dysfunction 
requiring removal when compared with stepped-tip ca-
theters [14].

There is another symmetrical catheter tip design that 
places the distal lumens at an angle on opposite sides of 
the catheter. This configuration deflects blood exiting the 
venous port away from blood entering the arterial port, 
thereby reducing recirculation. In addition, the design 
generates a spiral laminar flow, which decreases platelet 
activation during dialysis and consequently prolongs 
catheter life [15]. A recent multicenter randomized study 
showed that both symmetrical tip catheters and spiral 
laminar flow catheters exhibit the same 90-day primary 
patency; however, Kt/V values were significantly higher 
in the spiral laminar flow group [16].
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The self-centering catheter represents an improved 
modification of the bifurcated design. Its side ports are 
oriented inward, preventing contact with the vessel wall 
and thereby reducing the risk of fibrin sheath formation 
and port occlusion (Fig. 1, d). In a prospective multi-
center study, self-centering catheters maintained a high 
blood flow rate (>300 ml/min) in 87% of patients during 
26 weeks of follow-up. Throughout the study, no reduc-
tion in average dialysis flow rate or significant changes 
in hydraulic resistance of the arterial and venous lumens 
were observed [17].

Catheters with a Y-shaped tip have slits but no side 
ports (Fig. 1, e). This design is reported to prolong initial 
patency and decrease the incidence of catheter-related 
thrombosis and infections. Preliminary clinical data con-
firm good patency rates and a low incidence of compli-
cations [18].

Various coatings have been developed to enhance 
the efficiency of HD catheters. Heparin is commonly 
employed as an anti-adhesive coating to prevent the for-
mation of blood clots and fibrin coats [19], while silver 
is utilized for its antimicrobial properties. An emerging 
and promising area of research involves microstructu-
ring, which mimics natural surfaces such as shark skin 
(Sharklet) or lotus leaves. Through microstructuring 
technologies, catheter surfaces can be modified to inhibit 
the adhesion of bacteria and platelets, thereby reducing 
the risk of colonization and fibrin sheath formation [20]. 
Another innovative approach, the water infused surface 
protection (WISP) technology technology, provides pro-
tection for the inner surface of the catheter. This coating 
reduces protein adsorption, reducing protein adsorption 
and effectively (up to 96%) degrading adsorbed protein 
structures on the inner surface, compared to uncoated 
catheters [21].

According to KDOQI guidelines, the strategies for 
implanting tunneled CVCs and the choice of catheter 
insertion sites should be guided by the patient’s life plan. 
This plan outlines the long-term strategy for providing 
vascular access for dialysis in individuals with chronic 
kidney disease and is developed jointly with the patient 
and a multidisciplinary team of specialists. The team ty-
pically includes a nephrologist, a surgeon, a radiologist, 
a nurse, and members of the patient’s family.

The choice of catheter location is determined by se-
veral factors, including the patient’s age, expected du-
ration of tunneled CVC use (short-term, up to 3 months, 
or long-term, more than 3 months), the presence of an 
AVF or plans for AVF creation on the same side, as well 
as waiting for a kidney transplant, where preservation 
of the iliac vessels is necessary. Based on these criteria, 
the preferred order of sites for tunneled CVC placement 
is as follows:
1.	 Internal jugular vein.
2.	 External jugular vein.
3.	 Femoral vein.

4.	 Subclavian vein.
5.	 Iliac vein.

Whenever possible, tunneled CVCs should be im-
planted on the right side rather than the left, as the anato-
my of the right-sided veins provides a more direct course 
to the right atrium. Exceptions include cases where pre-
existing pathology (e.g., central venous stenosis) or prior 
interventions (e.g., pacemaker implantation) preclude 
right-sided access. In situations where pathology on one 
side prevents the creation of arteriovenous access but 
still permits catheter placement, tunneled CVCs should 
be placed on that side in order to preserve the other side 
for future arteriovenous access [2].

A recent meta-analysis, however, found no associ-
ation between unilateral placement of tunneled CVCs 
and AVFs with regard to fistula maturation time or dys-
function rates [22]. Despite this, dysfunction of tunneled 
CVCs implanted in the right internal jugular vein is 
consistently reported to be less frequent than in the left 
internal jugular vein. Left-sided placement is associated 
with a higher risk of intraoperative complications due to 
the longer and more tortuous venous course. Moreover, 
studies have shown higher rates of infection and dysfunc-
tion with left-sided catheters. For adequate performance 
of left-sided catheters, precise tip positioning within the 
right atrium is considered essential [9, 23].

If implantation in the jugular veins is not feasible, 
the femoral vein is recommended as the next option. 
However, this site is considered less favorable due to a 
higher incidence of infectious complications, attributable 
to its anatomical location, and thrombotic complications, 
particularly catheter lumen thrombosis.

Placement of tunneled CVCs in the right or left 
subclavian vein is generally not recommended, as it is 
frequently associated with vascular stenosis [2]. Never-
theless, in some patients, identifying a suitable site for 
tunneled CVC placement can be extremely challenging 
or even impossible. In such cases, alternative approaches 
have been reported in the literature, including tunneled 
CVC implantation in the external jugular vein [24, 25], 
placement in the inferior vena cava (IVC) at the conflu-
ence of the iliac veins in patients with exhausted vascular 
access [26], and transhepatic catheterization of the IVC 
in patients with both exhausted vascular access and a 
preexisting cava filter [9, 27].

Tunneled CVC implantation technique
Tunneled CVCs are inserted following a standard 

algorithm and are typically performed without syste-
mic antibiotic prophylaxis. The rationale for not using 
prophylactic antibiotics routinely lies in the fact that the 
procedure is conducted under aseptic conditions. Routine 
administration of antibiotics may introduce unnecessa-
ry risks, such as allergic reactions or drug toxicity, and 
may contribute to the emergence of antibiotic-resistant 
microbial strains [28].
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Fig.  2. 16  Fr Peel-away introducer with integrated blood 
backflow valve

Fig. 3. Removable unit with ports

Retrograde tunneling catheter placement procedure 
begins with puncture of the vein using an 18 G needle 
under ultrasound guidance, followed by insertion of a 
metal guidewire advanced to the level of the right atrium 
(visualized in real time in the X-ray operating room). 
In  the absence of intraoperative fluoroscopic control, 
correct guidewire placement can be verified by obser-
ving its characteristic reverse movement (rebound with 
cardiac contractions), performing Doppler ultrasound of 
the right subclavian vein (RSV) and left subclavian veins 
(LSV) and the left internal jugular vein (LIJV) to exclude 
misplacement, or by echocardiography to directly visu-
alize the guidewire and subsequently the catheter tip in 
the right atrium (ensuring the catheter does not contact 
the tricuspid valve) [2, 29–31].

Next, a 1.0–1.5 cm skin incision is made at the gui-
dewire entry site down to the platysma muscle. The vein 
is dilated sequentially along the guidewire, and a 16 Fr 
breakaway introducer with reverse-flow valve is advan-
ced (Fig. 2). The chosen catheter is then inserted, after 
which the guidewire and introducer are removed. The 
catheter is checked for patency and temporarily clamped 
with a soft clamp. Since blood often leaks paracatheteri-
cally (sometimes significantly), a single suture is placed 
around the catheter through the platysma muscle using 
an atraumatic absorbable thread. This helps prevent com-
plications such as hematoma formation in the catheter 
area or bleeding from postoperative wounds.

Next, the right supraclavicular region is anesthetized, 
a 0.5 cm skin incision is made, and a metal tunneling 
guide is passed through the subcutaneous tunnel. After 
dilation, the catheter is pulled through the tunnel and 
exteriorized, leaving approximately 2 cm of distance 
from the cuff to the exit site. A replaceable port block is 
then attached to the external end of the catheter (Fig. 3). 
Finally, the catheter is filled with heparin solution, and 
the skin is closed with sutures followed by an aseptic 
dressing [4, 32].

For antegrade tunneling catheter placement into the 
right internal jugular vein (RIJV), the procedure begins 
with ultrasound-guided puncture of the vein using an 
18 G needle, followed by insertion of a metal guidewire 
advanced to the level of the right atrium. A 1.0–1.5 cm 
skin incision is then made at the guidewire entry site 
down to the platysma muscle.

Next, a 5–7 mm incision is created in the right shoul-
der region at the planned exit site, corresponding to the 
intended subcutaneous position of the catheter cuff 
(2–3 cm from the cuff location). Using a tunneler, the 
catheter is advanced subcutaneously toward the venous 
puncture site and brought out through the skin incision 
where the guidewire is located.

The vein is then dilated sequentially along the gui-
dewire, and a 15 Fr breakaway introducer with valve is 
inserted. After removal of the guidewire, the selected 
catheter is introduced through the introducer (Fig. 4). 
The catheter is checked for patency, filled with heparin 

solution, and secured. The skin incisions are closed with 
sutures, and an aseptic dressing is applied.

The diagram illustrating tunneled CVC placement 
through the right internal jugular vein, along with the 
external appearance of the catheter, is presented in Fig. 5.

Advantages of retrograde tunneling technology com-
pared to the traditional antegrade insertion technique:

Fig. 4. Non-removable unit with ports
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Fig. 5. Final positioning of the tunneled CVC following in-
sertion into the right atrium via the right internal jugular vein

1.	 Retrograde tunneling allows the catheter tip to be ac-
curately positioned before creating the subcutaneous 
tunnel, ensuring that the cuff is placed in the optimal 
location.

2.	 This technique eliminates the need to advance the 
catheter tips through the subcutaneous channel prior 
to venous insertion, thereby reducing the risk of in-
fection.

3.	 The split V-shaped catheter tip minimizes the risk 
of occlusion and lowers the level of dialyzed blood 
recirculation to less than 5%.

4.	 The presence of a replaceable port block enables con-
tinued vascular access in cases where the external 
portion of the catheter is damaged, thereby extending 
its functional lifespan.

5.	 The density of the catheter’s material allows it to 
maintain its bend angle after insertion, preventing 
breakage at physiological curves and ensuring stable 
HD flow compared with other catheters [32].
When using the antegrade technique, the catheter 

is first advanced subcutaneously to the puncture site of 
the central vein and then positioned in the right atrium. 
Even a slight deviation from the tunnel trajectory can 
significantly alter the final position of the catheter tip 
[33]. Accurate placement of the tip within the right atri-
um (RA) is a critical determinant of catheter longevity 
[34, 35]. However, mechanical irritation of the heart 
tissue by the guidewire or catheter can provoke clini-
cally significant arrhythmias. For this reason, continuous 
electrocardiographic (ECG) monitoring during tunneled 
CVC placement is recommended [36].

Additional devices used for tunneled 
CVC implantation

The revised 2019 KDOQI vascular access guideli-
nes recommend the use of radiographic imaging during 
tunneled CVC placement to improve procedural success 

and enhance patient safety [2]. Ultrasound-guided punc-
ture of the jugular vein significantly reduces the risk of 
failed cannulation and associated complications [37]. 
Direct visualization of the guidewire in the IVC and 
fluoroscopic confirmation of catheter tip placement are 
considered the gold standard for tunneled CVC insertion. 
Fluoroscopy also enables early detection and timely 
management of procedural complications [38]. However, 
its use is limited by high costs and patient exposure to 
X-rays [39]. In addition, radiological landmarks such 
as the junction of the superior vena cava (SVC) with 
the RA or thoracic vertebrae are not always reliable, 
and extravascular catheter placement may be missed on 
frontal X-ray images. In uncertain cases, administration 
of a radiopaque contrast agent is required for precise tip 
localization. Transesophageal echocardiography can also 
be used to determine the exact location of the SVC/RA 
junction [40–42].

ECG monitoring is widely used during tunneled 
CVC implantation to verify correct catheter tip posi-
tioning. When the catheter is inserted from the upper 
shoulder girdle, a marked increase in P-wave ampli-
tude is recorded on the ECG if the tip is located at the 
cavo-atrial junction [36]. A study using transesophageal 
echocardiography confirmed that the maximum P-wave 
amplitude corresponds precisely to this anatomical loca-
tion [43]. When the catheter is introduced via the femoral 
vein, the sequence of ECG changes differs significantly 
[44]. ECG-assisted tip localization can also be applied 
in patients with atrial fibrillation [45].

Echocardiography (ECHO). ECHO-guided catheter 
placement provides direct visualization of the catheter tip 
in relation to key anatomical structures. This approach 
helps to avoid malpositioning in the IVC or near the 
tricuspid valve. Even in cases of low atrial filling, the 
optimal position within the right atrium can be confirmed 
by injecting saline into the catheter lumen [29, 30].

Although evidence on the use of ultrasound alone 
for tunneled CVC positioning remains limited, recent 
studies have reported promising results. In one series, the 
authors confirmed correct tip location by visualizing the 
guidewire within the RA or IVC [46, 47]. More recently, 
a prospective study of 134 patients undergoing sequential 
tunneled CVC implantation using an ultrasound-based 
technique demonstrated its feasibility and safety. The 
J-shaped tip of the guidewire, located directly at the di-
stal end of the catheter, served as a reliable landmark 
for safe placement. In this cohort, ultrasound guidance 
alone was sufficient in 97% of cases; in the remaining 
3%, inadequate visualization necessitated supplementary 
ECG monitoring and saline injection into the catheter 
lumen, ensuring accurate catheter tip positioning [31].
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The most common complications 
of t unneled CVCs

The main complications associated with tunneled 
CVCs include infection, catheter lumen thrombosis, 
stenosis, and central vein occlusion. Despite advances 
in catheter design and biomaterials, infectious complica-
tions and consequences of central vein stenosis remain 
significant challenges.

Infectious complications may present as infection of 
the external catheter exit site, tunnel infection, or cathe-
ter-associated bloodstream infection (CABSI). Strategies 
to reduce infection rates include strict adherence to asep-
tic technique when connecting tunneled CVCs, education 
of both patients and dialysis staff, and implementation of 
local epidemiological surveillance programs [48].

When infection develops at the external catheter exit 
site, antiseptic dressings (most commonly with chlor-
hexidine) are applied, which has been shown to reduce 
the incidence of CABSI [49, 50]. The risk of bacteremia 
increases proportionally with catheter dwell time. In one 
study, 16.4% of patients developed CABSI within the 
first year after catheter insertion, with skin flora micro-
organisms such as Staphylococcus aureus and Staphy-
lococcus epidermidis being the most frequently isolated 
pathogens. Importantly, hematogenous dissemination 
of these organisms can result in severe complications, 
including endocarditis, osteomyelitis, septic arthritis, 
epidural abscess, septic shock, and even death [51].

To reduce CABSI incidence, antimicrobial blocking 
solutions that inhibit colonization and biofilm formation, 
often in combination with anticoagulants, are widely 
used. A common formulation is gentamicin with 4% 
citrate [52]. Evidence indicates that antimicrobial–citrate 
combinations are more effective in preventing CABSI 
than antimicrobial–heparin formulations [53].

Non-antibiotic antimicrobial agents such as tauro-
lidine have also shown benefit. When combined with 
4% citrate – or with 4% citrate and weekly urokinase 
(25,000 units) – taurolidine improves catheter function 
and significantly reduces CABSI rates [54].

More recently, antimicrobial barrier caps have been 
introduced. These devices contain a rod impregnated 
with chlorhexidine acetate, which is inserted into the 
catheter hub. Chlorhexidine is gradually released into 
the locking solution, providing continuous antimicrobial 
activity. Clinical studies have demonstrated that such 
caps are superior to standard protective caps in reducing 
CABSI incidence [55, 56].

Catheter lumen thrombosis is among the most fre-
quent complications of tunneled CVCs. It may be clas-
sified as internal (thrombus within the catheter lumen, 
thrombus at the catheter tip, or fibrin sheath formation) 
and external (thrombosis involving the vessel wall, such 
as the brachiocephalic trunk, internal jugular vein, sub-
clavian vein; thrombosis of the central veins, including 
the SVC; or atrial thrombosis) [9].

The pathogenesis is linked to vascular endothelial 
trauma during catheter insertion and to turbulent blood 
flow around the catheter. Heparin locks remain the stan-
dard method of prevention. In the event of thrombosis, 
first-line management is local fibrinolytic therapy, most 
commonly with alteplase, to restore adequate blood flow. 
Thrombolytic agents have also been evaluated prophyl-
actically as alternatives to heparin locks [57].

A randomized controlled trial demonstrated that a re-
gimen combining taurolidine with heparin (twice week-
ly) and taurolidine with urokinase (once weekly) signifi-
cantly reduced both infection and thrombosis compared 
with 4% citrate locking solution. The use of taurolidine 
was also associated with improved pharmacoeconomic 
outcomes, reducing total annual costs per patient [58].

The most serious manifestation is a catheter-related 
right atrial thrombus (CRAT). In HD patients, CRAT 
may present with fever, sepsis, or pulmonary embolism, 
though it is asymptomatic in more than 20% of cases. 
Optimal management remains debated. Options inclu-
de catheter removal, anticoagulation, thrombolysis, and 
surgical thrombectomy [59]. Because premature catheter 
removal can precipitate pulmonary embolism, removal is 
generally performed only after initiation of therapeutic 
anticoagulation. A tailored approach has been proposed: 
for thrombi <6 cm, catheter removal combined with anti-
coagulation; for thrombi ≥6 cm, surgical thrombectomy 
is preferred. Thrombolysis is rarely successful, though it 
remains an option in cases of hemodynamically unstable 
thromboembolism [60, 61].

Recent clinical evidence supports these strategies. 
A prospective study of 178 patients with CRAT confir-
med the role of anticoagulation with delayed catheter 
removal [62]. Similarly, a retrospective study of 20 pati-
ents suggested that catheter removal combined with anti-
coagulant/antiplatelet therapy is effective in HD patients 
with CRAT [63]. For patients with exhausted vascular 
access in whom catheter removal is not feasible, com-
bining thrombolytic solution with systemic anticoagula-
tion while retaining the catheter may be considered [64].

There is currently no strong evidence to support 
treatment of asymptomatic pulmonary embolism. An-
ticoagulant therapy is recommended only for patients 
with thromboembolism of the main, lobar, or segmen-
tal pulmonary arteries, in those with concomitant deep 
vein thrombosis, or in patients with cancer [65]. De-
spite available therapeutic options, mortality remains 
high: in chronic HD patients, CRAT-related mortality 
is approximately 18% [59], while pulmonary embolism 
leads to death within 3 months in approximately 15% 
of patients [65].

The formation of a fibrinous membrane, composed 
of smooth muscle cells within a collagen matrix and co-
vered by endothelial cells, plays an important role in the 
development of venous stenosis. Within a few days, this 
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structure forms a cuff around the catheter at the vascular 
entry site and may function as a one-way valve [66, 67].

Central vein stenosis and occlusion are common 
and severe complications in patients receiving long-term 
HD, with a reported incidence of 20–50% [2]. In patients 
with a functioning AVF or SVG on the ipsilateral side, 
the condition is often associated with more pronounced 
symptoms than in the general population with this pa-
thology [19].

According to KDOQI guidelines, the preferred first-
line treatment is percutaneous transluminal angioplasty 
(PTA) with or without stent placement [2]. Technical 
success rates for PTA range from 70% to 90%. However, 
angioplasty alone can result in intimal rupture, predis-
posing to restenosis [68].

Stents correct vessel tortuosity, prevent elastic recoil 
following balloon dilation, eliminate dissections that 
impede blood flow, and help maintain long-term venous 
patency [2]. The use of high-pressure balloons coated 
with antiproliferative agents (paclitaxel) has further im-
proved outcomes. Clinical studies demonstrate superior 
secondary patency at 6 and 12 months compared with 
conventional balloon angioplasty [69, 70].

In patients with central vein occlusion, a complex 
hybrid device, the HD Reliable Outflow (HeRo) graft, 
has been developed as an alternative. The device con-
sists of a venous outflow component – a radiopaque si-
licone tube reinforced with braided nitinol (6.3 mm in 
diameter, 40 cm in length) – and an arterial component, 
a polytetrafluoroethylene (PTFE) vascular prosthesis 

(7.3 mm in diameter, 53 cm in length), connected via 
a titanium adapter. This design enables long-term HD 
access by bypassing the stenosed or occluded central 
venous segment [71].

Replacement of tunneled CVCs
Catheter dysfunction is defined by KDOQI guideli-

nes as the inability to sustain adequate blood flow for 
HD without significantly prolonging treatment duration. 
Causes of catheter dysfunction include mechanical pro-
blems such as kinking, fracture, twisting, migration, or 
malposition of the catheter tip. In such cases, catheter 
removal or replacement is indicated [2]. Replacement 
may be performed in two ways: creating a new tunnel 
and exit site or inserting a guidewire through the existing 
catheter with or without a new tunnel [72, 73].

Standardized approach
To ensure the effective and safe implantation and 

maintenance of tunneled CVCs, adherence to a com-
prehensive set of measures is essential. Every step of 
the catheter placement and post-procedural care must 
follow a unified standard, typically outlined in a stan-
dard operating procedure (SOP). Such an SOP not only 
provides a framework for training new staff but also 
facilitates consistent monitoring of safety and quality 
indicators. Presented below is an example of a standar-
dized protocol adapted in our practice to optimize both 
the implantation and long-term use of tunneled CVCs 
(Tables 1 and 2) [74].

Table 1
Key steps in the implantation of a tunneled central venous catheter

S/N Implantation of a tunneled central venous catheter

1
Surgical asepsis:
a)	 surgical hand disinfection
b)	use of sterile gloves, gown, and face mask
c)	establishment of a limited sterile surgical field

2 Use of a two-component aseptic solution consisting of alcohol and a residual antimicrobial agent (e.g., 
chlorhexidine, octenidine dihydrochloride)

3
Preferred site for catheter placement: right internal jugular vein
a)	catheter placement in the subclavian and femoral veins should be reserved for cases where access to the internal 

jugular veins is not possible due to occlusion
4 Central vein puncture only under ultrasound guidance

5
The correct catheter tip position (ideally located in the mid-right atrium) should be confirmed by:
a)	a second (additional) control method , such as ECG, echocardiography, or fluoroscopy)
b)	an aspiration test using a 20 ml syringe prior to final catheter placement

6 Use of sterile dressings for catheter site care, preferably semi-permeable transparent dressings)

7

Teaching patients the basics of asepsis:
a)	Hand hygiene
b)	Understanding the potential risks associated with catheter use
c)	Recognizing early signs of catheter infection
d)	Receiving clear instructions on how patients should behave with a catheter outside the dialysis unit
e)	Catheter site care
f)	 Instructions on keeping the area around the catheter dry and clean, no showering for 3 days after catheter 

placement
g)	When resuming showering, always use a waterproof dressing
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Conclusion
Tunneled CVCs have become an indispensable com-

ponent in the management of patients receiving main-
tenance HD. Standardized implantation techniques are 
now well established and enable reliable vascular access 
in most cases. However, in complex scenarios such as pa-
tients with exhausted vascular access, an individualized 
approach is essential, often requiring the development 
of new surgical strategies [75].
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