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CHAPTER 167 

Vascular Access for Acute Renal 
Replacement Therapy
Bernard Canaud and Hélène Leray-Moragués

OBJECTIVES
This chapter will:
1. Review central venous catheter as the vascular access 

standard reference for renal replacement therapy in acute 
kidney failure (stage 3 acute kidney injury).

2. Describe the two main categories of central venous 
catheters: short-term or acute, made of semirigid polymer 
(polyurethane, carbothane) and bearing usually two lumens, 
and long-term tunneled or chronic, made of soft polymer 
(silicone, polyurethane) and bearing two lumens.

3. Discuss the insertion of central venous catheters by per-
cutaneous route under local anesthesia in various sites 
based on the Seldinger method. Acute or short-term 
catheters are inserted in a vessel by direct venipuncture 
through a metallic guidewire and a dilator. Chronic or 
long-term catheters require a mini-invasive technique 
consisting of a minimal skin incision, inserting cannulas 
into the vein through a vein dilator with a desilet introducer, 
then creating a subcutaneous tunnel with tunneler and 
ensuring subcutaneous anchorage.

4. Describe the need for central venous catheter insertion to 
be secured by preliminary ultrasound vein location and 
confirmed expertise of the operator in a clean and aseptic 
environment.

5. Discuss the importance of adequate monitoring of central 
venous catheter performances and of management to 
prevent dysfunction.

6. Discuss the importance of hygienic sterile care and manage-
ment from the nursing team to prevent complications.

Vascular access is the basic tool required to launch all 
forms of extracorporeal renal replacement therapy (RRT) 
in patients with stage 3 acute kidney injury (AKI). Central 
venous catheters (CVCs) are the preferred and exclusive 
form of vascular access in the acute renal failure setting. 
Catheters provide rapid and easy blood access for starting 
hemodialysis in critically ill patients.1 Despite significant 
technical advances in catheter design and great progress in 
care management, CVCs remain a major cause of morbidity 
in intensive care units (ICUs) that can be minimized by 
respecting best practice guidelines.2–5 CVCs are used in 

patients with acute renal failure to provide renal replacement 
support during the wait for renal recovery, which takes 1 
to 6 weeks.

RRT in the ICU relies on different options based on 
weekly frequency, membrane permeability and solute 
fluxes, treatment duration, and blood flow regimen. In 
addition, complementary or combined treatment options 
may be used in critically ill patients, such as therapeutic 
apheresis (plasmapheresis) including specific adsorption 
(sepsis, immune disease)6,7 or CO2 removal8,9 based on an 
extracorporeal therapy. In brief, RRT may be indicated in 
either an intermittent high-flow modality or in a continuous 
or extended low-flow modality.10 The choice of modality 
relies on the clinical condition of the patient with acute 
renal failure, in whom clinical context of AKI (toxic, septic, 
postsurgery), hemodynamic instability, comorbid conditions, 
and number of failing organs (sepsis being regarded as a 
failing organ) are predominant factors in the decision.11–13 
Depending on RRT modalities, dialysis catheters have a 
specific design to provide adequate performances.14 This 
chapter addresses the following issues related to catheters 
used in RRT: catheter material and geometry, insertion 
procedure, indications, catheter care management, catheter 
performance, and outcomes.

CATHETER CHARACTERISTICS: MATERIAL, 
GEOMETRY, AND DESIGN

CVCs are classified into two main categories according to 
their intended duration of use. Short-term or acute CVCs 
are used less than 1 week, whereas long-term tunneled or 
chronic CVCs may be used for extended periods, up to 
several months or years. The difference between these two 
types of device relies on the fact that long-term CVCs could 
be tunneled. Cannulas are made of synthetic polymers (e.g., 
polyvinyl chloride, polytetrafluoroethylene, polyethylene, 
polyurethane, silicone elastomer, thermoplastic polyurethane 
elastomer), which give them their specific characteristics 
(resistance, softness, hemocompatibility).15 Several models 
of large-bore hemodialysis catheters are currently available 
but are not necessarily equivalent in performance.16,17 Design 
and cannula engineering (inner lumen diameter, cannula 
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one can consider two main types of catheters: one with port 
sites arranged in a symmetric double-barreled gun fashion 
(coaxial, double-D, double-O) (Fig. 167.4) and the other with 
independent or separated port sites (dual catheter or split 
catheter) or asymmetric tip design (Figs. 167.5 and 167.6).

From a flow perspective, it has been proved that indepen-
dent catheter lines offer more consistently adequate and high 
flow than the attached lines.24,25 Improved functionality is 
due to the catheter tip design, which reduces risk of catheter 
occlusion by arterial wall suction or sidewall contact but 
also because of handling and best management of dialysis 
catheters.26,27

METHODS OF CENTRAL VENOUS  
CATHETERS INSERTION

Methods of catheter insertion have improved over the last 
decade, contributing to reduced morbidity associated with 

thickness, length, tip design, central and/or side holes) 
affect the performance of the catheter (maximum blood 
flow, flow resistance, recirculation, dysfunction). Different 
models of short-term single and double-lumen catheters are 
shown in Fig. 167.1. When choosing the catheter material, 
the physician should know these characteristics and should 
be aware of CVC-related hazards.18

Catheter stiffness depends on polymer nature, plasticizer 
content, and extrusion mode. Polyurethane and silicone 
rubber are the materials most widely used for CVCs. Catheter 
stiffness dictates the procedure for insertion.19 Rigid and 
semirigid acute CVCs are easily introduced percutaneously 
by means of the Seldinger method, over a soft metallic 
guidewire (Fig. 167.2).

Soft and flexible chronic CVCs (e.g., silicone) require 
a hybrid percutaneous two-step technique that combines 
a mini-invasive surgery and catheter introduction using a  
desilet catheter and a sheath vein dilator (peelable or non-
peelable). Soft CVCs have the following major advantages 
over rigid ones: (1) they are less traumatic to the host 
vein and more biocompatible with the blood, (2) they are 
subcutaneously tunneled, and (3) they have a subcutaneous 
anchoring system (Dacron cuff, purse-string suture).20

Single-lumen or double-lumen cannulas may be used 
for all forms of extracorporeal blood circuit. Single-lumen 
catheters have a single port used alternatively for inflow and 
outflow. Occasionally a single-lumen catheter may be used 
(rescuing, waiting), but in these cases a specific monitoring 
device (single-needle module) is required, consisting of 
a double pump with a specific blood tubing set. Double-
lumen catheters, which have one arterial flow port and 
one venous flow port, now are used almost universally to 
start RRT in acute renal failure (Fig. 167.3).21 Designs of the 
lumen and distal tips vary considerably among catheters 
and may provide functional advantages.22,23 Schematically, 

FIGURE 167.1 Short-term central venous catheters (CVCs): single- and 
double-lumen CVC. 

FIGURE 167.2 Seldinger method of insertion of a double-lumen polyurethane catheter. 

A

B
FIGURE 167.3 A, Double-lumen polyurethane catheter in action. B, 
Silicone dual catheter in action. 
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each procedure, the introducer dilator is removed while 
the catheter is left in the vein and clamped. The second 
step consists in creating the subcutaneous tunneling. In 
that case, twice in a row, cannulas are stowed securely on 
tunneler, passed downward under the skin, and exited 10 
to 15 cm from cervical entrance. The third step consists in 
customizing the catheter length to patient anthropometrics 
and ensuring subcutaneous anchorage. Briefly, cannula 
lengths are adjusted and cut to position catheter tips 1 to 
2 cm apart at the junction of superior vena cava and right 
atrium. Thereafter, cannulas and extension pieces are strap 
stowing, pushed back under skin, and anchored either by 
purse-string along subcutaneous track or Dacron patch fixed 
in the subcutaneous tunnel.

In case of a nonsplittable double-lumen catheter (e.g., Ash 
Split) placed in the right internal jugular vein,33 the first step 
consists of puncturing the right internal jugular vein with a 
large-bore needle and introducing a metallic guidewire into 
the vessel. A peelable introducer-dilator then is inserted 
into the vein over the guidewire to prepare dual-lumen 
catheter introduction; the second step consists of passing 
upward the double-lumen catheter (bottom-up) under the 
skin chest by means of a peelable tunneler catheter; the 
third step consists in grabbing the catheter tip exiting from 
subcutaneous tunnel at the neck base and then passing the 
guidewire exiting from the vein (upside down) through 
the catheter to its hub. The double-lumen catheter then is 
pushed back through the sheath over the guidewire into 
the vessel. During this procedure, the step-by-step dialysis 
catheter is pushed back while the sheath is peeled away 
progressively and finally removed. The fourth step consists 
of ensuring subcutaneous anchoring and skin suturing.

INDICATIONS AND VENOUS SITE  
CHOICE PREFERENCES FOR CENTRAL  
VENOUS CATHETERS

The indication for CVC insertion fits with severity of acute 
kidney failure and urgent need for extracorporeal RRT (e.g., 
untractable fluid overload, hyperkalemia, acidosis, acute 
uremic complications, drug intoxication). The choice of 
central venous site depends on the clinical context, the 
criticalness of situation, the state of the patient’s health, 
and the physician’s experience.34 The femoral approach is 
preferred in critically ill patients with respiratory distress 
(pulmonary edema, respiratory failure), hemodynamically 
unstable patients, and comatose or ventilation-supported 
patients. Internal jugular vein access is preferable in the 
absence of life-threatening conditions; it uses an easily acces-
sible vein that gives access for transjugular renal biopsy at 
the same time if needed.35 Subclavian vein access should be 

CVCs. Ultrasonography- or fluoroscopy-based methods to 
locate prior insertion and/or to guide the vein cannulation 
have reduced the incidence of failure, the time spent in 
catheterization, and the incidence of traumatic complica-
tions.28,29 Ultrasound-assisted methods of CVC insertion have 
been shown to be particularly beneficial for inexperienced 
physicians and in cases of abnormal vein location (20% 
to 30% of cases).30,31

Acute untunneled CVC placement is derived from the 
Seldinger method relying on a percutaneous vein cannula-
tion in strict aseptic conditions under local anesthesia. In 
brief, a direct venipuncture of femoral vein is performed and 
a souple metallic guidewire is passed through the needle. 
After the needle is removed, vein dilation is performed by 
means of a large catheter dilator (or desilet). Large-bore 
dual-lumen catheter placement then is performed after 
removing the desilet over the metallic guidewire left in 
the vein. An alternative choice of venous access sites is 
discussed in the next paragraph.

Chronic tunneled CVC placement is performed by a hybrid 
percutaneous method combining the Seldinger method and 
min-invasive surgery. Catheter insertion is performed in strict 
aseptic conditions, under local anesthesia, and secured by 
ultrasound (US) vein tracking and/or fluoroscopic guidance. 
Depending on the type of catheter (splittable or nonsplit-
table), there are two ways of placing tunneled CVCs. In case 
of a splittable catheter (e.g., DualCath, Tesio) placed in the 
right internal jugular,32 the first step consists of introducing 
the two independent cannulas in the vessel. In brief, the 
jugular vein is punctured with a large-bore needle, and 
then two metallic guidewires are introduced successively 
into the vessel. Thereafter, twice in a row a nonpeelable 
introducer dilator catheter is introduced into the vein over 
the guidewire, permitting the insertion of the cannulas. After 

FIGURE 167.4 Long-term central venous catheters (CVC): different varieties of double-lumen CVC. 

FIGURE 167.5 Long-term central venous catheters (CVC): examples 
of tips configuration. 
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inserted in the internal jugular vein is considered the best 
option38 (see Fig. 167.7).

Femoral vein access represents a primary option in emer-
gency conditions and a secondary option in patients who are 
bedridden with severe neurologic disorders, are receiving 
ventilatory assistance (tracheotomy), or have multiple-organ 
failure. A double-lumen semirigid polyurethane catheter 
is the best catheter for starting the dialysis. The right and 
left femoral veins offer the same facility for insertion. The 
length of a femoral catheter for optimal flow performance 
is 25 to 35 cm. The insertion site is located approximately 
1 to 2 cm below the crural arcade and 1 cm medial to the 
femoral artery. For safety reasons, it is reasonable to use 
these catheters for less than 1 week. Tunneled soft silicone 

considered as a third option and last resort when no other 
possibility exists, because it is associated with higher risk 
of acute traumatic complications and late vein stenosis.36 
In all cases, the percutaneous vein cannulation option must 
be performed after adequate skin preparation, under local 
anesthesia, and in very strict aseptic conditions.37

Acute CVCs usually are indicated for blood access in 
cases of urgently required RRT. In these cases, a nontunneled 
double-lumen polyurethane catheter inserted in the femoral 
vein with local anesthesia is usually the best option (Fig. 
167.7). On the other hand, long-term CVCs are indicated in 
cases of nonurgent RRT or when the expected duration of use 
exceeds 2 weeks. In these cases, a tunneled soft polyurethane 
or silicone rubber double-lumen catheter or duo-catheter 

Split catheterDual catheter

FIGURE 167.6 Long-term central venous catheters (CVCs): dual catheter (independent cannula with splittable extension) and split catheter 
(double-lumen cannula in one body). 

Tunneled double-lumen
silicone catheter

Nontunneled double-lumen
polyurethane catheter

FIGURE 167.7 Double-lumen central venous catheter for either short-term (nontunneled) or long-term (tunneled) catheter inserted in the 
femoral veins. 
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stenosis or thrombosis of the host vein, compromising the 
chance of creating a fistula in case of no recovery of acute 
kidney injury.42 Indeed, subclavian cannulation could be 
used only after repeated failure of other venous access. In 
that case, soft catheters made of silicone rubber are preferred 
for the subclavian approach. The right subclavian vein is 
preferable to reduce catheter length and improve flow per-
formances. Short, soft cannulas (20–25 cm) are indicated to 
prevent cardiac trauma (atrial and ventricular perforation).

Correct positioning of the distal tip is essential to prevent 
catheter dysfunction. The tip of a chest catheter passing 
through the superior vena cava system should be located 
at the junction of the superior vena cava and the right 
atrium (Fig. 167.10). Fluoroscopy or chest radiograph is 
needed to check the correct position of the catheter and 
tip after insertion and before use. For a thoracic catheter 
inserted on the right side in an adult patient, 20 to 25 cm 
is the optimal length; 3 or 4 cm more are required when a 
catheter is inserted on the left side.

The tip of a femoral catheter accessing the inferior vena 
cava system should be positioned in the central lumen of 
the inferior vena cava (Fig. 167.11). For a femoral catheter 
to reach the inferior vena cava in an adult 30 to 35 cm is 
the length needed.

MAINTENANCE AND CARE OF CATHETERS

Several studies have shown that physician expertise, 
strict hygienic rules, and good nursing practices are the 
strongest predictors of good catheter outcomes.43 It is 
well recognized that restricting the use of a catheter to 
RRT, avoiding opening the catheter for blood sampling, 
parenteral feeding, and intravenous injections minimizes 
catheter dysfunction and infectious risk. Nurse training 
and expertise of care are essential for preventing infec-
tion. Strict aseptic conditions and maximal sterile barrier 
precautions in catheter handling must be used at all times.44 
The regular use of a checklist has been proved to reduce 
significantly and/or virtually to abolish CVC-related infection 
in ICU units.45,46 The use of antiseptic ointment on catheter 
hubs significantly reduces the incidence of bacteremia in 
patients undergoing hemodialysis.47 A catheter dressing is 

catheters also have been used successfully in acute condi-
tions.39,40 Such angioaccess is an interesting and innovative 
option to reduce complications, to enhance performances, 
and to preserve better comfort to patient and nursing staff.41

Internal jugular cannulation has gained popularity over 
the last decades and should be considered as the first choice 
when the expected duration of treatment exceeds 1 week. 
The incidence of deep venous thrombosis and stenosis is 
reduced with use of the internal jugular vein, in comparison 
with that of femoral and subclavian catheter use. Straight or 
kinked double-lumen catheters exiting in an unfavorable area 
(middle or upper neck) are uncomfortable, difficult to fix, 
protected by dressing, and more exposed to infections. Such 
type of CVCs should be avoided. Tunneled soft polyurethane 
and silicone rubber catheters (double-lumen catheter, use 
of two catheters, split catheter) inserted into the internal 
jugular vein are clearly preferable to reduce the infectious 
risk, to improve patient comfort, and to facilitate care (Figs. 
167.8 and 167.9). Percutaneous catheter insertion into the 
internal jugular vein in a low position is suitable to prevent 
catheter kinking and dysfunction. The right internal jugular 
vein is the best location. The left internal jugular approach 
should be used only when the right vein is not possible.

Subclavian vein cannulation for hemodialysis should 
no longer be used or should be regarded as the last resort. 
Subclavian placement of a catheter entails a major risk of 

FIGURE 167.8 Tunneled double-lumen catheter for long-term use 
inserted in the right internal jugular vein with Dacron cuff at the 
exit skin. 

FIGURE 167.9 Tunneled double catheter for long-term use inserted 
in the right internal jugular vein with purse-string subcutaneous 
anchoring. 

FIGURE 167.10 Chest x-ray of a tunneled dual catheter inserted in 
the right internal jugular vein with tips correctly located at the 
junction of superior vena cava and right atrium. 
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hemodynamic conditions and patient position (lying or 
sitting). Blood viscosity is another factor that affects catheter 
performance. Note that at body temperature, blood viscos-
ity is relatively constant but inversely proportional to the 
hematocrit, protein, and fibrinogen concentrations.64

On the catheter side, CVC performance is critically 
dependent on the manufacturer and the cannula engi-
neering design.65 Catheter manufacturers have competed 
to propose optimized and high-performance angioaccess 
devices. Improvements have been made in cannula design 
and in polymer material resistance and surface proper-
ties.66 Clinicians can judge CVC performance based on four 
criteria: blood flow delivery, flow resistance, recirculation, 
and dialysis dose delivery.

Blood flow is a critical factor that directly affects the 
solute removal capacity and, consequently, the efficacy 
of the RRT modality. However, the role of blood flow is 
not unique. First, the mean effective flow over time (total 
amount of blood cleared per session) is more important 
than the instantaneous maximum flow achieved during 
a session. Second, the solute clearance of small solutes 
is not proportional to blood flow above a threshold value 
of 200 to 300 milliliters per minute (mL/min). Third, the 
clearance of middle- and large-molecular-weight uremic 
toxins depends on solute membrane permeability (low, 
high, or super-flux) and on solute fluxes (diffusive, con-
vective). Fourth, the use of two catheters (independent or 
split) provides better effective and reliable flow rate than 
a double-lumen catheter.67 In other words, the duration of 
session and the average blood flow are essential to deliver 
adequate dialysis dose based on urea, whereas membrane 
permeability and solute fluxes are crucial to the removal 
of large-molecular-weight solutes.

Flow resistance (R) is proportional to the pressure (ΔP) 
generated by the blood pump and inversely proportional 
to the blood flow (QB); this translates into the following 
equation in which R = ΔP/QB. The blood pump is designed to 
generate pressure and move blood forward against resistance 
within the catheter and the extracorporeal blood circuit. 
Because the blood pump speed is limited and a high-pressure 
regimen is deleterious for red cells, the major objective 
of manufacturers has been to design catheters with a low 
resistance profile. In laminar flow conditions, the resistance 
to flow R can be obtained by rearranging the Poiseuille 
equation as follows:

R P Q L rB= =∆ 8 4µ π

where µ is the viscosity, L the length of catheter, and  
r the radius, a surrogate, of the inner lumen diameter. From  
this equation, it is easy to show that the resistance through 
a catheter is proportional to its length and is inversely 
proportional to the fourth power of its internal lumen 
diameter. Schematically, shortening the catheter by 50% 
reduces the resistance by half, whereas doubling the diameter 
of the catheter increases the flow 16-fold. Interestingly, 
extracorporeal blood pressures (arterial and venous) are 
recorded by the dialysis machine and provide easily 
evidence of the catheter’s permeability. The negative pres-
sure recorded on the inflow side and the positive pressure 
recorded on the outflow side reflect blood resistance in 
the extracorporeal circuit. These values may be used as 
indirect bedside indicators of partial catheter obstruction. 
In most contemporary dialysis machines, the blood flow 
value displayed is corrected for blood pressure drop and 
provides an indication of effective blood flow. In summary, 
to reduce the resistance to flow, it is more advantageous 
to increase the diameter of the inner lumen of the catheter 
rather than reduce its length.

recommended to protect the emergence site of a catheter; 
indeed, tight occlusive dressings may promote moisture 
and proliferation of cutaneous bacteria in case of water 
impermeable dressing. The use of a transparent plastic 
dressing has been reported to facilitate monitoring of the 
catheter exit site and to reduce infection risk.48,49 Preliminary 
studies comparing surface-treated catheters or bioactive 
material (silver- or antibiotic-impregnated material) with 
regular catheters have reported encouraging results in 
reducing infection incidence.50,51 However, these results 
have not been confirmed in large and long-term clinical 
randomized trials.52 On the opposite side, catheter-locking 
solutions based on antithrombotic/antiseptic or antibiotic 
or fibrinolytic mixtures have proved to be efficient in 
preventing endoluminal contamination by bacteria and 
reducing catheter-related bloodstream infections (CRBSI).53–56 
Significant benefits of these approaches have been proved 
in randomized controlled prospective studies evaluating 
citrate or citrate/taurolidine mixtures.57–60

CATHETER PERFORMANCE

The performance of CVCs is dependent on the manufac-
turer’s catheter design, on patient’s blood characteristics, 
and operational conditions of use.61,62 Users must know all 
these limitations because they may negatively affect the 
dialysis dose delivered in RRT.63

On the patient side, CVC performance is impeded by 
two factors: the low-pressure regime of the venous system 
and the blood viscosity. Venous pressure varies consider-
ably according to the patient’s volemic state, and it is well 
known that hypovolemia reduces the blood flow delivery 
in the extracorporeal blood circuit. Moreover, this blood 
flow may change significantly over time according to patient 

FIGURE 167.11 Plain abdominal x-ray of a dual lumen inserted in 
the right femoral vein with its tip correctly positioned in the inferior 
vena cava. 
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< 200 mm Hg). An internal lumen diameter between 2.0 
and 2.2 mm (10 French) is necessary in these cases to 
provide an optimal flow-resistance regimen. The effective 
blood flow with a CVC is usually 10% to 20% lower than 
the prescribed blood flow (Fig. 167.12). Two independent 
catheters or a split catheter bearing circular distal holes is 
essential to reduce the probability of catheter dysfunction 
(parietal suction, partial lumen obstruction, fibrin sleeve 
formation).78 Permeability of the internal lumen and stability 
of the cannula in the venous bulk flow are key factors in the 
proper operation of a catheter.79 In all cases, the objective 
is to deliver an adequate dialysis dose to the patient with 
acute renal failure,80 meaning that effective blood flow 
should be achieved regularly and recirculation should be 
minimized.81,82 Continuous or slow extended dialysis modali-
ties are less sensitive to blood flow and recirculation because 
their efficacy relying mostly on treatment time duration. In 
addition, these modalities operate at relative low blood flow 
(200 mL/min), a condition that also reduces recirculation 
phenomenon. To summarize, catheter performance affects 
the dialysis efficacy in the continuous renal replacement 
therapy (CRRT) (or semicontinuous) options less than in the 
intermittent renal replacement therapy (IRRT) modalities, 
because the overall solute clearance relies more on time 
duration rather than on instantaneous clearance.

OUTCOMES AND COMPLICATIONS

Catheter dysfunction is one of the most frequently reported 
complications of hemodialysis.83 Immediate or early dys-
function after insertion usually results from mechanical 
problems, including malpositioning of catheter tips, kinking 
of the catheter, and constriction because of ligatures or 
aponeurosis. On the other hand, late dysfunction (>1 week 
after insertion) often is caused by thrombotic problems, 
such as partial or total obstruction of the catheter lumen, 
thrombosis or stenosis of the host vein, external sheath 
formation on the distal end of the catheter (external fibrin 
sleeve), and internal coating of the catheter (endoluminal 
fibrin sleeve). Partial or total occlusion of the lumen and 
distal and/or lateral perforations of CVCs greatly increase 
the extracorporeal resistances and accordingly reduce the 
effective blood flow. Short-term catheters are more prone 
to dysfunction than long-term CVCs.84 Prevention of 
endoluminal catheter thrombosis relies on antithrombotic 
locking solution (heparin, sodium citrate) or mixed solution 
(citrate and fibrinolytic). Although this is still a matter of 
debate, sodium citrate (3%–46%) solution appears superior 
to heparin (unfractionated) as catheter locking for preventing 
thrombosis and infection.85

Vein thrombosis is a common complication that should be 
suspected in cases of intermittent or permanent dysfunction, 
or, less frequently, by unexplained fever or edema of the 
ipsilateral arm. Endoluminal thrombosis of the catheter 
is the most common form. The catheter may be reopened 
in this case either mechanically (wiring or brushing)86 
or chemically (fibrinolysis).87 External thrombosis of the 
catheter represents the formation of a fibrin sheath wrapping 
the catheter tip. Removal of such a fibrin sheath requires 
fibrinolysis, catheter stripping via the percutaneous femoral 
route, or replacement of the catheter.88 All endovascular 
procedures intent to reopen or to strip a catheter expose a 
patient to pulmonary embolism of micro- or macrothrombi 
or catheter fracture.89 Particular caution should be applied to 
minimize such hazards.90,91 Careful patient monitoring and 
temporary systemic anticoagulation should be considered. 
Thrombosis of the host vein is a severe situation, being a 

Recirculation is a constant and unavoidable phenomenon 
with CVCs. True catheter recirculation is 10% on average 
but varies from 5% to 30% according to the catheter design 
(double-lumen or double catheter, catheter tips, presence of 
side holes), the vein location, the volemia, and the blood 
flow prescribed.68 Recirculation is more important with 
the femoral vein than with subclavian and jugular veins.69 
Femoral catheters, particularly short ones, exhibit a high 
recirculation rate, averaging 20% (5%–38%). Internal jugular 
and subclavian catheters have much lower recirculation 
rates, averaging 10% (5%–15%). Reversing the bloodline 
positions during a hemodialysis session, which is sometimes 
indicated to correct flow difficulties,70 significantly increases 
blood recirculation.71 In this case, the recirculation value may 
rise up to 20% or 30%.72 It increased with high blood flow 
of more than 300 mL/min.73 Physicians must be aware of this 
phenomenon because it reduces, by the same proportion, 
the dialysis dose delivered to the patient with ARF.

Optimal dialysis dose achievement is the main target 
of renal replacement therapy. It can be summarized as the 
product of the effective instantaneous solute clearance times 
the treatment duration (per session and week).74 Dialysis 
dose delivery is part of the treatment quality monitoring 
that must be adjusted to the patient’s metabolic needs. Urea 
kinetic modeling provides a convenient way to quantify 
treatment efficiency, to estimate protein catabolic rate, and 
to match treatment prescription to patient needs. Continuous 
low-flow modality (continuous venovenous hemofiltration 
[CVVH], continuous venovenous hemodialysis [CVVHD], 
continuous venovenous hemodiafiltration [CVVHDF]) offers  
the easiest and more precise way to quantify dialysis efficacy  
based on direct dialysis quantification. Considering that 
sieving coefficient is 1.0 for urea and continuous low-
flow modalities operate at equilibrium, the effective urea 
clearance (Kurea) is equivalent to the effluent dialysis 
fluid flow rate (QDeffluent), except for predilution HDF 
modality, in which a dilution factor is needed. Intermittent 
modality (short, extended, daily, alternate day) requires 
more sophisticated quantification based on blood kinetic 
(pre- and post-urea concentrations) and the usage of the 
adapted urea Kt/V bedside formula expressed as weekly 
standard Kt/V is needed.75–77

Operational conditions of use significantly affect per-
formances of RRT delivered by catheters. Intermittent RRT 
modalities require usually higher blood flows (300–400 mL/
min) with low resistance (venous and arterial pressures 
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When an unexplained septic condition is observed in 
a patient with AKI who has a catheter, it is reasonable to 
assume that the catheter is the primary source of infection. 
Some authorities have proposed replacing the catheter over 
a guidewire in this situation.106 Other researchers regard this 
action as an unsafe approach that bears risks of disseminat-
ing bacteria into the bloodstream and almost immediately 
recontaminating the new catheter.107 Another approach to 
infection is to remove the catheter, maintain the systemic 
antibiotic therapy, and insert a new catheter several days 
later in another vein. Whether this catheter exchange is 
pertinent remains highly debatable.108–110 In all cases, it 
is essential to culture the withdrawn catheter to confirm 
its contamination and identify the causal pathogen.111,112

The prevention of catheter-related bloodstream bacterial 
infection is a permanent challenge in the ICU setting that 
carries the highest recommended guidelines.113,114 Maximal 
barrier precautions following checklist-driven protocol 
and strict aseptic rules, including the decontamination of 
hands and the use of gloves, mask, drapes, and antiseptic 
solution, must be observed whenever a catheter is handled 
or is connected to dialysis machine bloodlines, to prevent 
the endoluminal passage of bacteria and the occurrence 
of CRBSI.115,116 The insertion of a soft-tunneled catheter 
with an anchoring system appears highly preferable to 
prevent catheter infection hazards in an ICU.117,118 The 
additional use of mixed antithrombotic and antiseptic and/
or antimicrobial-locking solutions has been shown to be a 
safe and cost-effective option to prevent CRBSI.119–127

PERSPECTIVES

Despite related hazards, dialysis catheters represent the 
only means of blood access in patients with acute kidney 
failure who require extracorporeal RRT. Biomaterials research 
may yield solutions to improve the safety of catheters in 
the near future.

Surface treatment of catheters that render them softer and 
smoother reduces hemoreactivity and prevents activation of 
the coagulation cascade, reducing the risk of thrombosis.128 
Fixation of bioactive materials on the polymer surface (silver 
impregnation, anticoagulant, antibiotic/antiseptic adsorption) 
or development of new synthetic polymers with bioactive 
properties (intrinsic, coated, modified) is intended to prevent 
platelet adhesion, to avoid clotting, and to protect against 
bacterial adhesion.129 Studies comparing the incidences of 
infection with impregnated-antibiotic catheters and with 
regular catheters have confirmed the protective role of 
bioactive material.130 However, this beneficial protective 
effect must be proven over a longer period. New synthetic 
polymers bearing nature-inspired antimicrobial properties 
and preventing biofilm formation are under development 
and in clinical testing.131

Catheter-locking solutions, using an antithrombotic, 
antiseptic, and fibrinolytic mixture of agents have proved 
superior efficacy to prevent thrombosis and/or infection.132 
Heparin is no longer the state-of-the-art lock solution because 
it facilitates Staphylococcus aureus biofilm formation.133–135 
In addition, catheter-locking solutions are intent to prevent 
thrombosis, to eradicate microbial catheter contamination, 
and to prevent biofilm formation.136,137 All catheter-locking 
solutions (single or dual activity) must be evaluated in terms 
of specific indications (e.g., patients at risk, salvaging option) 
and cost-effectiveness or risk (antibiotic resistance) before 
they can be recommended for routine clinical practice.138

However, all technical improvement in catheter design 
and/or polymer composition will remain useless and 

potential source of pulmonary embolism particularly when 
endovascular mechanical thrombectomy are performed.92 
The incidence varies from 20% to 70% according to the 
venous site and diagnosis procedure used. Thrombosis of 
the right atrium is the most serious complication, being 
potentially lethal.93

Several factors contribute to the thrombogenicity of 
the cannula, including the material (type of polymer, soft-
ness, surface regularity), the mode of insertion, the type 
of vein (diameter, vein flow), the duration of catheter use, 
the coagulation and inflammation profiles of the patient 
(hyperfibrinemia, hyperthrombocytemia, previous venous 
thrombosis), and the contamination of the catheter.94

Stenosis of the host vein is a common risk of catheteriza-
tion. More common with semirigid catheters than with soft 
catheters,95 it is a late and troublesome complication that 
raises in addition the risk of arteriovenous fistula failure 
in the patient with chronic renal failure.

Infections represent the main cause of catheter morbidity 
and are a major burden for the healthcare system, and they 
should be prevented.96,97 The incidence of catheter-related 
bloodstream infection (CRBSI) varies greatly according to 
practice patterns, catheter type, and venous site insertion. 
For nontunneled polyurethane catheters used for short-term 
therapy, the CRBSI risk is estimated as a median value of 
5.9 episodes per 1000 patient-days in intensive care units. 
The incidence of CRBSI varies greatly according to country, 
intensive care units, and practice patterns.98 Nontunneled 
internal jugular access has a higher risk of infections, 
particularly if located in the femoral groin area.99

Early infection may be related to catheter placement 
problems, skin or catheter tract infection, or unusual 
causes such as contaminated solution or gauze.100 Place-
ment of a percutaneous catheter disrupts skin continuity. 
Bacterial colonization of the skin or nasal mucosal often is 
incriminated in catheter infections. Therefore prevention of 
catheter infection requires careful full barrier protection and 
strict adherence to checklist-driven protocols at the time 
of catheter insertion as well as during catheter handling.101

Late infections are associated most often with endolumi-
nal catheter contamination and the formation of a microbial 
biofilm.102 The infectious risk that rises with the duration 
of catheter use is known, but this is unfortunately unavoid-
able. Improvements in nursing care and catheter handling 
may reduce infection risk. Catheter-related infections are 
of two types: local infection (skin exit, tract infection) 
and systemic infection (septicemia, infected thrombosis, 
metastatic infection).

Skin exit and bacteremia, the most common forms of 
infection, may be treated with local and systemic antibiotic 
therapy with the catheter kept in situ and use of an antiseptic 
locking solution.103–105 Catheter tract infection, septicemia, 
and infected venous thrombosis are the most severe forms 
of infection, requiring catheter withdrawal and systemic 
antibiotic therapy. Endoluminal contamination from catheter 
hubs may be the source of microbial biofilm. In this case, 
bacteria enter the lumen, adhere to the catheter surface, 
grow, produce glycocalyx (slime), and become resistant to 
antibiotics. Occasionally, bacteria may be released from 
this biofilm as a result of the high shear stress of the blood 
pump during hemodialysis session; the result is an acute 
bacteremia with a sudden shivering episode. More severe 
catheter-related infection with potential life-threatening risks 
(septic shock, endocarditis, osteomyelitis, lung or brain 
abscess) may occur in the context of septicemia or later after 
silent blood-borne bacteremia. They usually are revealed 
by unexplained fever, inflammatory state, leukocytosis, and 
clinical alteration with orientating symptomatology (dorsal 
pain, dyspnea, cough, disorientation) or without symptoms.



3. Catheter insertion in the internal jugular vein and 
femoral vein are recommended clearly to prevent 
vein stenosis or thrombosis.

4. Catheter-related morbidity (dysfunction, thrombosis, 
infection) is due in part to the type of catheter 
(chronic tunneled catheter is better than acute 
catheter) but is driven mainly by nursing and 
medical practices implicated in catheter care.

5. Catheter performances (blood flow, resistance, 
recirculation) directly governing the efficacy of 
the renal replacement therapy should be monitored 
regularly.

6. Catheter-locking solutions (antithrombotic and/or 
antiseptic solution) are clearly a step forward in 
preventing catheter-related complications.
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inefficient if full barrier protection and best nursing practices 
in catheter care are not implemented fully.37,139

CONCLUSION

CVCs represent the vascular access common to all veno-
venous RRT modalities. An acute semirigid double-lumen 
polyurethane catheter inserted in the femoral vein is the 
preferred emergency access and must be restricted to 
short-term use (<1 week). Insertion of a chronic tunneled 
double-lumen or double catheter is better indicated for 
medium- and long-term use. The internal jugular vein (right 
side) yields a properly functioning catheter and has a lower 
risk of stenosis. Subclavian access should be avoided or 
restricted to a last resort; if it must be used, a soft tunneled 
catheter is indicated for minimizing risks of stenosis and/
or thrombosis. Catheter-related morbidity may be reduced 
significantly by respecting best practices of catheter care and 
regular use of an antithrombotic/antiseptic locking solution. 
Bioactive or new-engineered polymers or surface-treated 
catheters and/or cannula embedding antiadhesive and/or 
antimicrobial properties probably will make catheters safer 
in the near future. Cost-effectiveness of such engineered 
catheters must be proved in the ICU setting.

Key Points

1. Short-term central venous catheters are intended 
to be used less than 14 days, whereas long-term 
tunneled central venous catheters are intended to 
be used up to 90 days or even longer.

2. A soft-tunneled dual-lumen catheter (or dual 
catheter) is indicated in a patient with acute renal 
failure when renal replacement therapy is expected 
to exceed 2 weeks, to prevent complications.
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