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Hemodialysis-central venous catheter (HD-CVC) insertion is a most often performed procedure, with

approximately 80% of patients with end-stage kidney disease in the United States initiating kidney

replacement therapy through a HD-CVC. Certain adverse events arising from HD-CVC placement, including

catheter-related bloodstream infections (CR-BSIs), thrombosis, and central vein stenosis, can complicate

the clinical course of patients and lead to considerable financial impact on the health care system. Medical

professionals with different training backgrounds are responsible for performing this procedure, and

therefore, comprehensive operator guidelines are crucial to improve the success rate of HD-CVC insertion

and prevent complications. In this review article, we not only discuss the basic principles behind the use of

HD-CVCs but also address frequently asked questions and myths regarding catheter asepsis, length se-

lection, tip positioning, and flow rate assessment.
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H
D-CVC is a type of central venous access device
specifically designed to facilitate kidney replace-

ment therapy in patients without a functioning long-
term HD vascular access. The lumen of a HD-CVC has
a larger diameter compared with that of a typical
CVC used for infusion to provide a desired extracorpo-
real blood flow of 300 to 400 ml/min. Common indica-
tions for HD-CVC placement include acute kidney
injury requiring HD support, therapeutic apheresis,
end-stage kidney disease without previous creation of
a permanent vascular access (arteriovenous fistula or
graft), or dysfunction of a preexisting vascular access.1

Complications arising from HD-CVC placement
include CR-BSIs, thrombosis, and venous stenosis,
which contribute significantly to morbidity and mor-
tality of a patient at a considerable economic burden on
the society.2,3 Although there have been concerted ef-
forts to increase early establishment of arteriovenous
fistula and graft access, approximately 80% of patients
with end-stage kidney disease in the United States
continue to require a HD-CVC to initiate kidney
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replacement therapy,4 possibly owing to late referrals
to nephrologists,5 socioeconomic status,6 and lack of
patient awareness regarding different HD modalities.

Consequently, a range of medical professionals with
varying levels of skills and competency are entrusted
with the placement of HD-CVCs. Therefore, rigorous
guidelines for operator training are imperative to
mitigate the risk of complications and improve success
rates of HD-CVC insertion, such as those provided by
medical organizations, including the American Society
of Diagnostic and Interventional Nephrology.7

In this review article, we provide a comprehensive
overview of different types of HD-CVCs and the
approach to device and access site selection to address
common myths circulating among trainees and non-
proceduralists. Furthermore, we provide a compre-
hensive overview regarding prevention of CR-BSIs,
benefit of ultrasound guidance, and appropriate cath-
eter site, length selection, and tip positioning.

Types of HD-CVCs and Access Site

Considerations
Nontunneled Versus Tunneled HD-CVCs

A nontunneled HD-CVC is intended for short-term
access (up to 1 week in duration) when kidney
replacement therapy is indicated for acute and emer-
gent situations.1 A tunneled HD-CVC is preferred when
Kidney International Reports (2021) 6, 2958–2968
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Figure 1. Tunneled hemodialysis catheter tips. (a) Split tip with preformed curved tips. (b) Split tip standard. (c) c1/c2—step tip. (d) d1/d2—
symmetric tip with side slots. (e) Symmetric tip with side holes. (f) Dual catheter (e.g., Tesio twin catheter).
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intermediate- or long-term HD vascular access is
required.8

A tunneled HD-CVC is different in several aspects
compared with a nontunneled HD-CVC. First, a
tunneled HD-CVC has a Dacron cuff that wraps around
the tubing, allowing tissue integration to anchor the
catheter inside the tunnel in 4 to 6 weeks and protect
against pericatheter bacterial entry into the blood-
stream.9 A systematic review by Maki et al.10 reported
that tunneled HD-CVCs are associated with lower rates
of CR-BSIs compared with nontunneled HD-CVCs (1.6
vs. 4.8 per 1000 catheter days; 95% CI 1.5–1.7 and 4.2–
5.3, respectively). Second, tunneled HD-CVCs are made
with soft polymers with a soft flexible tip and are less
prone to mechanical complications, such as vessel
perforation, as compared with the more rigid non-
tunneled catheters (relative risk [RR] 13.6; P¼ 0.001).11

Third, tunneled HD-CVCs provide greater average
blood flow rates than nontunneled HD-CVCs, not only
because they are available in larger sizes, such as 15.5
or 16 Fr as opposed to 13.5 Fr, but also owing to the
positioning of the catheter tip in the upper to mid-right
atrium instead of the superior vena cava.12

Consequently, nontunneled HD-CVCs are primarily
used in situations when kidney recovery is anticipated
within 1 week or if patients cannot be transported to the
procedure room owing to cardiorespiratory instability or
if there are contraindications to tunneled HD-CVC
insertion, such as severe, uncorrectable coagulopathies,
uncontrolled sepsis, or chronic infections. Although the
safety of conversion of nontunneled to tunneled HD-
CVCs is similar to de novo placement of tunneled HD-
CVCs with no difference in the rates of catheter
dysfunction or CR-BSI,13–15 the de novo placement of
tunneled HD-CVCs may still be preferred in light of their
aforementioned advantages, even in the intensive care
unit, especially because there are no known predictors of
recovery of kidney function in <1 week.16
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Tunneled HD-CVCs are manufactured in multiple
unique designs. Many distinguishable features involve
catheter tip design and shape and location of the side
holes of the catheter (Fig. 1 for tunneled HD-CVC tip
designs). These include 2 separate single lumen cathe-
ters or double lumen catheters with standard split tip,
preformed curved split tip, step tip, and symmetrical
tip with side slots or holes. Although the designs seem
to improve blood flow, reduce recirculation, and miti-
gate the risk of catheter tip occlusion with in vivo tests,
1 meta-analysis observed no difference when
comparing these different designs in terms of long-term
functional outcomes, albeit the preformed curved split
tip design was not evaluated in this comparison.17

Coated Versus Uncoated HD-CVCs

Antimicrobial- and antithrombogenic-coated catheters
have been found to reduce CR-BSIs and thrombosis in
conventional CVCs used for infusion. Two meta-
analyses of chlorhexidine-silver sulfadiazine–coated
catheters revealed significant reductions in CR-BSI
(odds ratio 0.56; 95% CI 0.37–0.84; P ¼ 0.005 and
odds ratio 0.68; 95% CI 0.47–0.98, respectively) and
significantly lower rates of catheter colonization (odds
ratio 0.44; 95% CI 0.36–0.54; P < 0.001 and odds ratio
0.51; 95% CI 0.42–0.61, respectively).18,19 Similarly,
heparin-bonded CVCs for infusion are associated with a
significantly lower rate of catheter thrombosis (8% vs.
44%; P ¼ 0.004).20 Consequently, antimicrobial-coated
catheters are preferred in situations where adherence to
maximal antisepsis measures have not adequately
reduced rates of CR-BSI.21,22 Nevertheless, it must be
acknowledged that antimicrobial coatings may only
help to prevent CR-BSIs that occur secondary to bac-
terial pericatheter migration along the subcutaneous
course of the catheter, with little influence on the risk
of catheter hub contamination and hematogenous
spread.23
2959



Table 1. Available lengths for tunneled HD-CVCs
Location of tunneled HD-CVCs Length of tunneled HD-CVCs (cm)

Right internal jugular 19– 31

Left internal jugular 23–36

Right femoral 36–55

Left femoral 55

HD-CVC, hemodialysis-central venous catheters.
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In contrast, according to a systematic review,
antimicrobial-coated HD-CVCs failed to significantly
reduce rates of CR-BSIs compared with noncoated HD-
CVCs,24 and observational studies revealed similar rates
of catheter dysfunction between heparin-coated and
uncoated HD-CVCs.25,26 Therefore, even though
surface-coated CVCs for infusion are routinely used in
many centers in the United States, randomized
controlled trials are required to reveal the long-term
efficacy of a coating in the dialysis setting. Given the
inadequate clinical data, the potential additional cost of
using surface-coated HD-CVCs is yet to be justified,2

because an antimicrobial-coated nontunneled HD-CVC
is estimated to cost at approximately $20 more than
an uncoated catheter, whereas a tunneled HD-CVC with
surface heparinization costs approximately $100 more
than a standard catheter.27

Internal Jugular Versus Subclavian Versus Femoral

HD-CVCs

The right internal jugular vein is the preferred site for
insertion of both nontunneled and tunneled HD-CVCs
as it provides a direct path into the superior vena
cava, minimizing difficulties during catheter place-
ment, as opposed to the left internal jugular vein,
which requires the HD-CVC to make 2 right angle
bends and an anteroposterior bend over the pulmonary
arch before reaching the superior vena cava.28,29 Left-
sided internal jugular HD-CVCs have also been found
to be associated with higher rates of infection (0.50 vs.
0.27 per 100 catheter days; P ¼ 0.005) and catheter
dysfunction (0.25 vs. 0.11 per 100 catheter days; P ¼
0.036) compared with right-sided jugular catheters.30

The common femoral vein may be accessed for HD in
patients with occluded jugular veins or when the ju-
gular veins are occupied by other central lines. Femoral
HD access circumvents complications associated with
central thoracic vein access, including pneumothorax
and air embolism. Furthermore, a randomized
controlled trial comparing jugular and femoral vein
catheterization revealed that the rates of catheter
colonization (35.7 vs. 40.8 per 1000 catheter days,
respectively; P ¼ 0.031) and CR-BSI (2.3 vs. 1.5 per
1000 catheter days, respectively; P ¼ 0.42) were similar
in both groups.31 Nevertheless, femoral access should
be avoided in patients with higher body mass indices
as femoral catheterization can significantly increase the
incidence of catheter colonization (50.9 vs. 24.5 per
1000 catheter days; P < 0.001) in patients with body
mass index > 28.4.31 Femoral vein catheterization
should especially be avoided in patients with abdom-
inal wall obesity or panniculus morbidus, because the
panniculus, consisting of excess subcutaneous fat, can
extend to cover the femoral catheter site, predisposing
2960
the patient to recurrent skin exit-site infections and
CR-BSIs.32 Furthermore, in the absence of clinical fac-
tors, such as emergency situations, respiratory distress,
and uncooperative patients, nonfemoral access points
are generally preferred owing to ease of care and ability
to permit ambulation.33

Lastly, subclavian vein catheterization for HD
should be avoided because the risk of developing vein
stenosis with subclavian catheters is 4-fold compared
with that with internal jugular catheters, compro-
mising the potential placement of permanent arterio-
venous HD access.34

Appropriate Length Selection for HD-CVCs
Myth—Internal Jugular and Femoral HD-CVCs Are

Always 15 Cm and 20 Cm in Length, Respectively

The length of a HD-CVC is determined by the type of
central vein being accessed and the desired catheter tip
location. Nevertheless, ideal catheter length is also
dependent on laterality of the catheter location and the
patient’s body habitus (see Table 1 for available lengths
of tunneled HD-CVCs).

The optimal tip location for nontunneled internal
jugular HD-CVCs is considered to be the caudal supe-
rior vena cava or pericavoatrial junction,1 and catheters
approximately 15 cm in length are deemed appropriate
for right-sided catheters. In contrast, the tip of
tunneled internal jugular HD-CVCs should be posi-
tioned within the upper to mid-right atrium,35 with
corresponding catheters ranging from 19 to 31 cm in
length (tip to cuff).

The length of left-sided internal jugular HD-CVCs
tends to be greater because catheters inserted from
the left negotiate the angulation of the brachiocephalic
vein to enter the superior vena cava. The likelihood of
complications, such as central vein erosion and perfo-
ration, is associated with the angle of catheter
impingement on the superior vena cava.36 Conse-
quently, with left-sided catheters having to make 2
necessary right-angled bends and an anteroposterior
curve over the pulmonary arch along their route, they
can erode the weak lateral wall of the superior vena
cava and potentially lead to perforation.37,38 Therefore,
left-sided internal jugular HD-CVCs are typically
placed after choosing an appropriate length, such that
the catheter tip resides in the upper right atrium so that
Kidney International Reports (2021) 6, 2958–2968
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they lie parallel within the long axis of the superior
vena cava.35,39

Adequate flow rates for nontunneled femoral HD-
CVCs are best observed with the catheter tip residing
centrally in the inferior vena cava.40 A total of 15 to 20
cm nontunneled femoral HD-CVCs will typically only
extend to the level of the common iliac vein, resulting
in higher recirculation and catheter dysfunction.41

Therefore, when placing tunneled femoral HD-CVCs
for long-term use, longer catheters (33–45 cm) are
inserted for extension into the inferior vena cava.42

There have been multiple studies that have looked at
the pediatric population for optimal length of insertion
of right- and left-sided CVCs with their analyses
revealing age, height, and weight had significant cor-
relations with optimal insertion lengths.43–45 In
contrast, formulas for CVC length based on height have
been investigated for adults, but there is no substantial
evidence supporting their use.46,47 Nevertheless, 1
study did reveal that obesity significantly influences
HD-CVC migration with median catheter tip migration
between inspiration and expiration measured at 15 mm
(interquartile range 5–23 mm) in obese patients versus
9 mm (interquartile range 6–18 mm) in the nonobese
group (P < 0.001).48 Nonetheless, validated formulae
based on height and weight are still required in the
adult population to select appropriate length of HD-
CVCs.

Although HD-CVC length is influenced by the fac-
tors mentioned previously (desired catheter tip loca-
tion, type and laterality of central vein, patient’s body
habitus), fluoroscopic guidance continues to be integral
in the determination of the appropriate length of HD-
CVCs because it can help accurately position the tip
of the catheter.48

Overview of Complications of HD-CVCs

Complications associated with HD-CVCs can broadly be
divided into the following 2 categories: (i) immediate
mechanical complications associated with catheter
insertion and access-related issues and (ii) delayed (>1
week) complications, such as catheter-related infection,
central vein stenosis or thrombosis, and catheter
dysfunction.

Rates of mechanical access-related complications,
such as pneumothorax, venous air embolism, arterial
injury, arrhythmias, and catheter malposition, have
precipitously decreased with the routine use of ultra-
sound and fluoroscopic guidance for HD-CVC place-
ment.49–51

CR-BSIs occur in patients with HD-CVCs at a rate
ranging from 0.6 to 6.5 episodes per 1000 catheter
days,52,53 and the Hemodialysis (HEMO) study revealed
that although only 7.6% of all patients had HD-CVCs
Kidney International Reports (2021) 6, 2958–2968
for vascular access, this group accounted for 32% of
all patients hospitalized for access-related infections.54

Consequently, arteriovenous fistulas and grafts are
preferred over HD-CVCs for vascular access.

Central venous obstruction, including stenosis and
thrombosis, is strongly associated with central vein
cannulation because catheters can directly cause vessel
injury at the point of cannulation and within the vein,
leading to areas of fibrotic stenosis on healing.55

Furthermore, HD-CVCs are associated with higher
blood flows when compared with conventional CVCs
used for infusion, creating areas of turbulent flow
beyond the tip of the catheter, stimulating endothelial
proliferation and subsequent fibrosis and stenosis/
thrombosis.56 The incidence of central vein stenosis in
patients with HD-CVCs is approximately 20% to
40%,57 with the risk amplified by longer catheter dwell
time and the choice of vascular access site (increased
with placement in the left internal jugular or subcla-
vian vein vs. the right internal jugular or femoral
vein).58

Catheter dysfunction leading to inadequate dialysis
has been defined as the inability to maintain an
extracorporeal blood flow sufficient to perform HD
without significantly lengthening treatment.1 It can be
categorized as early or late catheter dysfunction, with
early dysfunction defined as a catheter that never
performed adequately after insertion, typically owing
to improper positioning of the tip, kinking, or
constriction by exit-site sutures.59 In contrast, late
catheter dysfunction occurs mostly secondary to
thrombotic occlusion or fibrin sheath formation after a
catheter has previously functioned adequately.60

Infection Control Measures for HD-CVCs

CR-BSIs with HD-CVCs can be prevented by adhering
to established protocols for sterile technique, including
hand hygiene before insertion, ensuring maximal bar-
rier precautions and chlorhexidine skin antisepsis,
strict maintenance of asepsis while handling needles,
guidewires and catheters, and suture-less securement
and maintenance of HD-CVCs.61 Proper maintenance of
HD-CVCs entails catheter hub disinfection and appli-
cation of antimicrobial ointments during dressing
changes.62

Maintaining adequate hand hygiene, preferably
with chlorhexidine-based surgical scrubs before don-
ning sterile gloves, remains one of the most important
measures for the prevention of catheter-associated in-
fections. One study investigating the effectiveness of
hand-cleansing methods by plate culturing the fingers
of subjects for 24 hours revealed that alcohol-based
cleansers were significantly less effective than the
chlorhexidine gluconate-based surgical scrubs (P <
2961
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0.001).63 Maximal barrier precautions dictate that all
operators should wear a nonsterile mask and cap,
sterile gown, and gloves along with a sterile full-body
drape placed on the patient and a long sterile cover
over the ultrasound probe.22 Although a randomized
controlled trial64 which compared maximal barrier
precautions with a control group involving only gloves
and a small drape revealed indeterminate findings for
decreased catheter colonization and CR-BSI, several
observational studies have found that hand hygiene in
combination with maximal barrier precautions reduces
the frequency of CR-BSI.65,66

Furthermore, the use of a chlorhexidine-based anti-
septic solution for skin disinfection at the catheter
insertion site reduces the risk of infection and has been
found to be superior to povidone-iodine in minimizing
catheter colonization and CR-BSI. A 49% reduction in
CR-BSI (RR 0.51; 95% CI 0.27–0.97) was revealed in a
meta-analysis of 8 randomized controlled trials
comparing chlorhexidine with aqueous povidone-
iodine for disinfection of the site of catheter inser-
tion.67 Similarly, alcohol-based povidone-iodine was
associated with a higher incidence of CR-BSI than
chlorhexidine-alcohol in a randomized trial (1.77 vs.
0.28 per 1000 catheter days, respectively; hazard ratio
0.15; 95% CI 0.05–0.41; P ¼ 0.0002).68

The hub of a HD-CVC refers to the end that connects
to the blood lines or cap. Catheter hub contamination is
a risk factor for CR-BSI.69 The Centers for Disease
Control and Prevention/Healthcare Infection Control
Practices Advisory Committee guidelines for the pre-
vention of intravascular catheter-related infections
have described the “scrub the hub” protocol,70 which
delineates a recommended approach to preparing
catheter hubs before accessing the HD-CVC. This in-
volves using a scrubbing device with chlorhexidine
and alcohol to disinfect the catheter hub and stopcocks.
One observational study that was conducted to eval-
uate the efficacy of the “scrub the hub” protocol before
accessing central line hubs depicted a 65% reduction in
CR-BSI events in the inpatient dialysis population in
the postimplementation period (P ¼ 0.0493).71

Moreover, the application of exit-site antimicrobial
agents at the catheter site during dressing changes may
prevent HD-CVC–related infections. Nevertheless, it
should be kept in mind that resistance to topical anti-
microbial agents is a potential risk of such therapies,
and mupirocin resistance, for instance, is an emergent
problem in the United States.72 One case-control study
also reported increased risk of developing yeast-
positive exit-site cultures with the use of polysporin
double ointment (bacitracin and polymyxin B) in the
treatment of exit-site infections with central HD-
CVCs.73 Similarly, a randomized controlled trial
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involving peritoneal dialysis catheters revealed
increased fungal exit-site infections in patients using
polysporin triple ointment (bacitracin/gramicidin/
polymyxin B) compared with those using mupirocin
(0.07 vs. 0.01; P ¼ 0.02).74 Nonetheless, topical anti-
microbial ointments have been recommended by the
Society of Critical Care Medicine and the Infectious
Diseases Society of America70 specifically for HD-CVCs
after insertion and at the end of each HD session owing
to a quality improvement project that revealed a 20%
reduction in bloodstream infections (P < 0.001) and a
decrease in sepsis-related hospitalizations (0.069 per
catheter-year vs. 0.095 per catheter-year in controls;
P < 0.05).75 Similarly, a meta-analysis also reported
that the use of topical antibiotics compared with no
antibiotic therapy reduced rates of catheter-related
bacteremia (RR 0.22; 95% CI 0.12–0.40) and exit-site
infections (RR 0.17; 95% CI 0.08–0.38).76

Prophylactic antimicrobial catheter locking solu-
tions and caps may be considered in patients at
increased risk for recurrent CR-BSI, especially in fa-
cilities with uncontrolled rates of infection.77 Although
a systematic review24 involving 3005 catheters revealed
decreased risk of CR-BSI with antimicrobial lock solu-
tions (RR 0.33; 95% CI 0.24–0.45) and a multicenter
randomized controlled trial78 revealed a significant
69% reduction in the rate of CR-BSIs when using an
antibacterial barrier cap device containing a
chlorhexidine-coated rod compared with standard
practices (0.22 vs. 0.72 per 1000 catheter days; P ¼
0.01), there are still concerns regarding the develop-
ment of antibiotic resistant organisms with prolonged
exposure to antimicrobial agents.79 One potential
strategy to address these concerns would be to use
antibiotics, such as minocycline, which are not typi-
cally administered to combat serious infections. As
such, a randomized open-label trial80 was able to reveal
a lower rate of catheter-related bacteremia with a lock
solution containing minocycline/ethylenediamine tet-
raacetic acid compared with heparin (1.1 vs. 4.3 per
1000 catheter days; P ¼ 0.005). Nonetheless, in contrast
to the recommendations regarding exit-site antimicro-
bial agents and catheter hub disinfection, guidelines
still do not advocate for the routine use of prophylactic
antimicrobial catheter locking solutions or caps.1

Lastly, in addition to their antithrombotic proper-
ties, prophylactic nonantimicrobial catheter locking
solutions, including heparin and citrate, have also been
investigated with regard to their ability to inhibit or
promote biofilm formation, which can contribute to the
development of bacteremia. An in vitro study revealed
that heparin promotes biofilm, whereas citrate inhibits
its development at levels > 0.5%.81 Accordingly, a
randomized controlled trial revealed that rates of CR-
Kidney International Reports (2021) 6, 2958–2968



Table 2. Utility of ultrasound in vein size assessment: determination
of the minimum luminal diameter required to insert central venous
access devices
Type of CVC CVC size (Fr) Outer diameter of CVC (mm)

Nontunneled HD-CVC 11.5–13.5 3.8–4.5

Tunneled HD-CVC 14.5–16 4.8–5.3

Single lumen CVC for infusion 5–8 1.7–2.7

Note. 1 Fr ¼ 0.33 mm.
HD-CVC, hemodialysis-central venous catheters; Fr, French.
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BSI in tunneled and nontunneled HD-CVCs were lower
with trisodium citrate (1.1 per 1000 catheter days) than
with heparin locking solution (4.1 per 1000 catheter
days) (P < 0.001).82
Utility of Ultrasound Guidance in HD-CVC

Placement

Ultrasonography is integral to various aspects of
establishing central vascular access for HD. Ultra-
sound is used to assess vein size and patency to
determine the minimum luminal diameter required
to place a large bore HD-CVC (see Table 2 for
available diameters of HD-CVCs).83 It is also used
for monitoring the progression of the catheter after
insertion84 and identifying early puncture-related
complications, such as pneumothorax, nerve
injury, or local hematoma, and late complications,
such as catheter malposition and venous
thrombosis.85

Furthermore, the use of ultrasound also increases the
chances of initial successful insertion of HD-CVCs,
mitigating the risk of developing the aforementioned
early and late complications, reducing patient stress
and pain, and consequently improving patient satis-
faction.86 A meta-analysis87 reported that ultrasound-
guided HD-CVC placement not only decreases the risk
of early puncture-related complications, such as access
site hematoma (RR 0.27; 95% CI 0.08–0.88) and arterial
puncture (RR 0.22; 95% CI 0.06–0.81), but also in-
creases the likelihood of the catheter being placed
successfully on first attempt (RR 0.40; 95% CI 0.29–
0.56).

For internal jugular vein HD access in particular,
an ultrasound-guided technique provides an
important advantage because it can allow the
operator to puncture the vein at a site in close
proximity to the clavicle, which may potentially
decrease the likelihood of kinking and developing
catheter dysfunction. Similarly, for femoral HD-
CVCs, ultrasonography was found to reduce the
rate of complications (5.5% vs. 18.2%; P ¼ 0.039)
and improve the first attempt success rate (85.5%
vs. 54.5%; P ¼ 0.000) when compared with an
anatomical landmark-guided technique.88
Kidney International Reports (2021) 6, 2958–2968
Optimal HD-CVC Tip Positioning
Myth—Optimal Catheter Tip Position for Internal

Jugular HD-CVCs Is Always at the Junction of

Superior Vena Cava and Right Atrium

Atrial placement has been traditionally avoided with
noncompliant, stiff-tipped nontunneled catheters
because they can increase the likelihood of cardiac
complications.89 Therefore, the distal tip of non-
tunneled jugular HD-CVCs is typically positioned in
the lower superior vena cava or pericavoatrial junc-
tion.1 In contrast, tunneled HD-CVCs have been found
to malfunction if they end up being positioned in the
superior vena cava or brachiocephalic vein.35 A retro-
spective analysis of internal jugular HD-CVCs reported
that left-sided catheters terminating in the right atrium
had significantly fewer episodes of catheter malfunc-
tion when compared with catheters that ended up in
the superior vena cava or pericavoatrial junction (0.35
vs. 0.84, respectively; P ¼ 0.006).30 A systematic re-
view revealed that cardiac tamponade is an extremely
rare complication owing to vessel/cardiac perforation
caused by the tip of a central line positioned inside the
right atrium.90 Furthermore, catheter placement within
the right atrium does not seem to increase the risk of
arrhythmias significantly.35 Therefore, the optimal
position for the tip of tunneled jugular HD-CVCs is
within the upper right atrium with the patient placed
supine during the procedure.1
Confirmation of HD-CVC Tip Position
Myth—Confirmation of Catheter Tip Positioning Is

Only Needed for Internal Jugular HD-CVCs

Confirmation of HD-CVC tip location is typically per-
formed by radiography, fluoroscopy, or ultrasound.
Although fluoroscopy still represents the most accurate
method for confirming catheter tip positioning, in
nonlife-threatening scenarios when fluoroscopy has not
been used for placement, a chest radiograph is usually
obtained after placement of internal jugular catheters to
confirm the course of the catheter and tip position.91 In
contrast, in emergency situations, one study suggests
that when immediate use of a nontunneled right in-
ternal jugular catheter may be required, routine radi-
ography for confirmation of tip positioning may be
bypassed in favor of early initiation of therapy, albeit
the study did not evaluate nontunneled HD-CVCs.92

Ultrasound of heart and central vessels using a
phased array probe is another potential modality that
may be used in emergency scenarios to confirm catheter
positioning and detect early puncture-related compli-
cations, such as pneumothorax or hemothorax.93

Traditionally, femoral venous catheters, unlike in-
ternal jugular venous catheters, have been used
immediately after placement without confirmation of
2963
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positioning. An abdominal film is performed to confirm
the course of the catheter and position of the tip only if
the femoral catheter malfunctions. Nevertheless, it may
be necessary in certain situations to ensure proper
femoral catheter positioning before clinical use. For
instance, the correct placement of femoral HD-CVCs is
crucial to their function because acceptable flow rates
can often only be maintained with a femoral catheter
tip that is present in the common iliac vein or caudal
inferior vena cava. Furthermore, when placing
tunneled femoral HD-CVCs for long-term use, flow
rates are often better achieved with catheters extending
centrally into the inferior vena cava.42

Flow Rate Assessment—Right- Versus

Left-Sided HD-CVCs
Myth—There Is No Difference in Flow Rate Between

a Right-Sided and a Left-Sided Internal Jugular

HD-CVC

According to Poiseuille’s Law, the resistance to flow in
a tube is directly proportional to the length of the tube.
Blood flow rates are consistently higher with right-
sided jugular HD-CVCs than with left-sided catheters
because placement of catheters into the left internal
jugular vein requires that the catheter make 2 right
angle bends and an anteroposterior bend over the
pulmonary arch before reaching the superior vena
cava.28,29 There is additional resistance to flow not only
from the multiple bends but also from the longer length
of the catheter for left-sided venous access.

Consequently, the right internal jugular vein, which
traverses a relatively straighter path to the superior
vena cava is preferred for HD access because there are
fewer challenges faced during catheter insertion and
there is a lower incidence of catheter dysfunction. As
mentioned previously, HD-CVC dysfunction has been
defined as the inability to maintain an extracorporeal
blood flow sufficient to perform HD without signifi-
cantly lengthening treatment.1 A retrospective analysis
of jugular HD-CVCs depicted that left-sided internal
jugular HD-CVCs had higher rates of catheter
dysfunction (0.25 vs. 0.11 per 100-catheter days; P ¼
0.036) compared with those inserted from the right.30

Therefore, the longer path that a left-sided catheter
has to traverse predisposes it to developing catheter
dysfunction as opposed to a right-sided catheter, which
has a relatively shorter, less meandering course to the
superior vena cava.

Concomitant Insertion of a HD-CVC With a CVC

for Infusion
Myth—a HD-CVC and a CVC for Infusion Cannot Be

Simultaneously Placed in the Same Central Vein

The prospect of concomitant placement of multiple
catheters in a single central vein may ignite concerns
2964
regarding increased risk of catheter-related complica-
tions, including infections, thrombosis, and puncture-
related complications, such as pneumothorax.
Furthermore, with concomitant placement of a HD-CVC
with a CVC for infusion, there may even be concerns
regarding HD-CVC dysfunction. A retrospective anal-
ysis94 compared patients who had undergone
concomitant placement of a tunneled HD-CVC and a
CVC for infusion with patients who only had a HD-CVC
placed in their right internal jugular vein. No signifi-
cant differences were found between the aforemen-
tioned 2 groups of patients in the incidence of
thrombosis (1.0% vs. 0.0%; P > 0.999), line infection
(2.1% vs. 0.0%; P ¼ 0.519), or line dysfunction (2.1%
vs. 0.0%; P ¼ 0.516). No puncture-related complica-
tions, such as pneumothorax, were reported for either
group. Therefore, even though multiple catheters are
typically not routinely placed in the same central vein,
the simultaneous placement of multiple catheters may
be considered if necessary, without increasing the risk
of complications.

In addition, multiple techniques for placing guide-
wires and catheters were used throughout the duration
of the study. In some instances, both guidewires were
placed first, followed by insertion of both catheters. At
other times, the infusion catheter guidewire and infu-
sion catheter were inserted first, followed by the dial-
ysis catheter guidewire and dialysis catheter being
placed. Although catheter damage was not observed
with either technique in the study, placing both
guidewires first might be preferred to err on the side of
caution and prevent complications.

Conclusions

Although arteriovenous access is still preferred for
establishing permanent HD access, tunneled HD-CVCs
continue to be a reasonable long-term option for a
select patient population, especially those with limited
life expectancy and who have anatomical vascular is-
sues with multiple failed attempts at establishing fis-
tulas/grafts. In contrast, nontunneled HD-CVCs
continue to be important for providing short-term
vascular access for emergent kidney replacement
therapy in the inpatient setting. Nevertheless, it must
be acknowledged that HD-CVCs lead to a myriad of
complications ranging from immediate placement-
related complications to delayed adverse events,
including central vein stenosis/thrombosis and CR-
BSIs, not only associated with significant morbidity
and mortality resulting in increasing health care cost.
This review article is intended for physicians looking
for a comprehensive resource for reviewing the prin-
ciples governing the use of HD-CVCs and addressing
common misconceptions, with the ultimate goal to
Kidney International Reports (2021) 6, 2958–2968
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enhance awareness and implementation of strategies,
which have been found to improve safety of HD-CVC
insertion and reduce the incidence of catheter-related
complications.
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