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intravascular devices (such as pulmonary artery catheters 
and pacing wires). The catheter type is selected according 
to the indication for insertion and the predicted duration of 
use (see table 1).

How are central venous catheters inserted?
Central venous catheters are inserted by practitioners from 
many different medical specialties and by allied medical 
practitioners. Someone who is trained and experienced in 
the technique should be responsible for the line insertion 
and it should be undertaken in an environment that facili-
tates asepsis and adequate patient access.

At what anatomical site should I insert the central venous 
catheter?
The site of insertion depends on several factors: indica-
tion for insertion, predicted duration of use, previous 
line insertion sites (where the veins may be thrombosed 
or stenosed), and presence of relative contraindications. 
Ultrasound directed techniques for insertion are now the 
standard of care in the UK. The site of insertion and indica-
tion for the catheter will influence infectious, mechanical, 
and thrombotic complication rates. A Cochrane systematic 
review of central venous sites and complications concluded 
that, in patients with cancer and long term catheters, the 
risk of catheter related complications was similar for the 
internal jugular and subclavian routes.5 For short term cen-
tral venous catheters, this review concluded that the risk 
of catheter colonisation (14.2% v 2.2%; relative risk 6.43, 
95% confidence interval 1.95 to 21.2) and thrombotic com-
plications (21.6% v 1.9%; 11.53, 2.8 to 47.5) is higher for 
the femoral route than for the subclavian one.5 

By contrast, a meta-analysis documented no difference 
in the risk of infectious complications between the internal 
jugular, subclavian, and femoral routes.6 The ease of imag-
ing of the internal jugular vein compared with the subcla-
vian vein has made the first route more popular for short 
term access. A Cochrane review found that for short term 
access, for haemodialysis, the femoral and internal jugular 
sites have similar risks of catheter related complications, 
although the internal jugular route is associated with a 
higher rate of mechanical complications.5 Recent Kidney 
Disease Improving Global Outcomes (KDIGO) guidelines 
recommend, in order of preference, the right internal jugu-
lar, femoral, left internal jugular, and subclavian veins for 
insertion of a short term dialysis catheter.7

Central venous catheterisation was first performed in 1929. 
Since then, central venous access has become a mainstay 
of modern clinical practice. An estimated 200 000 central 
venous catheters were inserted in the United Kingdom in 
1994,1 and the figure is probably even higher today. Clini-
cians from most medical disciplines will encounter patients 
with these catheters. Despite the benefits of central venous 
lines to patients and clinicians, more than 15% of patients 
will have a catheter related complication.2 This review will 
provide an overview of central venous catheters and inser-
tion techniques, and it will consider the prevention and 
management of common complications.

What are central venous catheters?
A central venous catheter is a catheter with a tip that lies 
within the proximal third of the superior vena cava, the right 
atrium, or the inferior vena cava. Catheters can be inserted 
through a peripheral vein or a proximal central vein, most 
commonly the internal jugular, subclavian, or femoral vein.

What are the indications and contraindications to central 
venous catheterisation?
The indications for central venous catheterisation include 
access for giving drugs, access for extracorporeal blood cir-
cuits, and haemodynamic monitoring and interventions 
(box 1). Insertion of a catheter solely to measure central 
venous pressure is becoming less common. A systematic 
review found a poor correlation between central venous 
pressure and intravascular volume; neither a single central 
venous pressure value nor changes in this measurement pre-
dicted fluid responsiveness.3 The need for fluid resuscitation 
can be evaluated using a test of fluid responsiveness, such as 
the haemodynamic response to passive leg raising.4

Most of the contraindications to central venous catheteri-
sation (box 2) are relative and depend on the indication for 
insertion.

What types of central venous catheter are available and 
how are they selected?
Four types of central venous catheter are available (table 1): 
non-tunnelled, tunnelled (fig 1A), peripherally inserted (fig 
1C), and totally implantable (fig 2) catheters. Specialist non-
tunnelled catheters enable interventions such as intravascu-
lar temperature control, continuous monitoring of venous 
blood oxygen saturation, and the introduction of other 
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SOURCES AND SELECTION CRITERIA
We searched the Cochrane Database of Systematic Reviews, 
Medline, Embase, and Clinical Evidence online. Search 
terms included central venous catheter, peripherally 
inserted central catheter, and complication. The reference 
lists of relevant studies were hand searched to identify other 
studies of interest. We also consulted relevant reports and 
national guidelines.
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Box 1 | Indications 
for central venous 
catheterisation
Access for drugs
Infusion of irritant 
drugs—for example, 
chemotherapy 
Total parenteral nutrition
Poor peripheral access
Long term administration 
of drugs, such as 
antibiotics
Access for extracorporeal 
blood circuits
Renal replacement 
therapy
Plasma exchange
Monitoring or 
interventions
Central venous pressure
Central venous blood 
oxygen saturation
Pulmonary artery pressure
Temporary transvenous 
pacing
Targeted temperature 
management
Repeated blood sampling

Box 2 | Potential 
contraindications 
to central venous 
catheterisation
Coagulopathy
Thrombocytopenia
Ipsilateral haemothorax or 
pneumothorax
Vessel thrombosis, 
stenosis, or disruption
Infection overlying 
insertion site
Ipsilateral indwelling 
central vascular devices

Technique of inserting a cannula into the internal jugular 
vein
Box 3 on bmj.com describes in detail the technique for 
inserting a central venous catheter (fig 3).

Skin preparation
The skin is prepared with a solution of 2% chlorhexidine 
in 70% isopropyl alcohol.9 A meta-analysis found a reduc-
tion in catheter related infections when chlorhexidine is 
used instead of povidone-iodine.10 However, a systematic 
review has highlighted that many of the studies on this 
topic have compared chlorhexidine in alcohol with aque-
ous povidone-iodine.11 The immediate action of alcohol 
might combine with the more persistent effect of chlorhex-
idine to produce optimal antisepsis.

Ultrasound guidance
National Institute for Health and Care Excellence (NICE) 
guidelines recommend using ultrasound guidance for the 
elective insertion of central venous catheters into the inter-
nal jugular vein in adults and children.12 A meta-analysis 
indicates that ultrasound guided placement results in 
lower failure rates, reduced complications, and faster 
access compared with the landmark technique.13 Real time 
imaging of needle passage into the vessel can be performed 
out of plane (vessel imaged in the transverse plane) or in-
plane (vessel imaged in the longitudinal plane). An inter-
national expert consensus group concluded that, although 
no one technique is better than another, a combination of 
the two may be optimal.14 The in-plane technique is tech-
nically more challenging but enables the position of the 
tip of the thin walled needle (or cannula) and the wire to 
be identified precisely (for example, inadvertent penetra-
tion of the posterior wall of the vein will be seen clearly). 
Although ultrasound imaging of the internal jugular and 
femoral veins is much easier than imaging of the subcla-
vian vein (the view is obscured by the clavicle), ultrasound 
guided catheterisation of the subclavian vein is possible 
with the use of a slightly more lateral approach (initially 
entering the infraclavicular axillary vein).15  16

What is the optimal location for the tip of the central 
venous catheter?
Incorrect placement of the catheter tip increases mechanical 
and thrombotic complications, but the ideal location of the 
catheter tip depends on the indications for catheterisation 
and the site of insertion. No single catheter tip position is 
ideal for all patients. Patients with cancer are at high risk 
for developing thrombosis. To reduce rates of thrombosis 
related to long term catheters in these patients, the catheter 
tip should lie at the junction of the superior vena cava and 
right atrium, which is below the pericardial reflection and 
lower than that recommended for other patients.17 In other 
patients, expert opinion suggests that the tip should lie paral-
lel to the wall of a large central vein outside of the pericardial 
reflection.8 This reduces the risk of perforation and the risk of 
cardiac tamponade if perforation occurs. When viewed on a 
chest radiograph, the catheter tip should be above the level 
of the carina, which ensures placement above the pericardial 
sac.18 High placement of the catheter tip in the superior vena 
cava increases the risk of thrombosis.8

Several techniques can help position the tip correctly 
during insertion. For short term catheters the insertion 
depth can be estimated from measurements taken before 
or during insertion or derived from formulae; alternatively, 
invasive techniques such as right atrial electrocardiogra-
phy and transoesophageal echocardiography can be used. 
Long term catheters are often inserted under radiographic 
guidance and the catheter tip positioned dynamically.

What are the complications of central venous catheterisation?
Complications are divided into immediate and delayed, 
then subdivided into mechanical, embolic, and infectious 
(table 2 on bmj.com). Strict attention to insertion technique 
and correct line-tip positioning reduces the risks of many 
of the mechanical and embolic complications of catheter 
insertion. Complications such as air embolism may occur 

Fig 1 |  (A) Tunnelled central venous catheter (Hickman line); 
(B) multi-lumen line in right internal jugular vein secured 
with sutures and a dressing applied; (C) peripherally inserted 
central catheter
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Fig 2 | Illustration of a totally implantable central venous catheter
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at any point during the lifetime of the line and can be 
related to poor technique during line insertion, use of the 
line, or line removal.

Infective complications
The mean central venous catheter bloodstream infection 
(CVC-BSI) rate documented in a large study of 215 UK 
intensive care units (ICUs) that submitted data for up to 20 
months was 2.0 per 1000 central venous catheter days.19 
In a 2011 UK national point prevalence survey on health-
care associated infections and antimicrobial use, 40% of 
primary blood stream infections were related to a central 
venous catheter.20 An American case-control study of criti-
cally ill patients found that nosocomial blood stream infec-
tion was associated with increased mortality, length of stay 
in hospital and intensive care, and economic burden.21

What are the clinical signs of line infection?
Clinical signs are unreliable. Fever is the most sensitive 
clinical finding but is not specific. The presence of inflam-
mation or pus at the catheter exit site is more specific but 
less sensitive. Consider a diagnosis of CVC-BSI in patients 
with signs of systemic infection in the absence of another 
identifiable source or who develop signs of systemic infec-
tion after flushing of the line. Box 4 details the laboratory 
diagnosis of this infection. Maintain a high index of suspi-
cion when blood cultures are positive for organisms associ-
ated with central venous catheter infection: Staphylococcus 
aureus, coagulase negative staphylococci, or candida with 
no other obvious source for bacteraemia.22

What are the common causes of central venous catheter 
infection or colonisation?
Colonisation occurs on the endoluminal or extraluminal 
surface of the line. Extraluminal colonisation occurs early 
after line insertion—micro-organisms from the skin colo-
nise the line during insertion or migrate along the cath-
eter tract. Less often, extraluminal colonisation occurs by 
haematogenous seeding of infection from a distant site. 
Endoluminal contamination occurs late and is caused by 
manipulation of the catheter hubs during interventions or 
more rarely from contamination of infusate. The organ-
isms causing catheter colonisation and infection are most 
commonly coagulase negative staphylococci (particularly 
S epidermidis), enterococci, S aureus, and Candida spp.

It is not always possible to prove that the central line 

is the source of infection. For the purposes of research 
and epidemiological surveillance, two terms are used to 
describe CVC-BSI (box 4): catheter related bloodstream 
infection and central line associated bloodstream infection.

Establishing the criteria for catheter related bloodstream 
infection requires specialist microbiological testing or line 
removal (box 4). It is often not possible to remove the catheter 
or gain access to quantitative blood cultures. Unlike cath-
eter related bloodstream infection, central line associated 
bloodstream infection does not require direct microbiologi-
cal evidence of line contamination to identify the catheter 
as the cause, so this diagnosis often overestimates the rate 
of catheter infection.

Do antimicrobial or antiseptic impregnated catheters 
reduce the rate of CVC-BSI?
Impregnating the surface of the catheter with antiseptic 
or antimicrobial substances (such as chlorhexidine and 
silver sulfadiazine) reduces CVC-BSI. A Cochrane review 
of the effectiveness of this approach for reducing CVC-BSI 
in adults included 56 studies and 16 512 catheters with 
11 different types of impregnation, bonding, or coating.23 
Catheter impregnation reduced the risk of catheter related 
bloodstream infections and catheter colonisation. The rate 
of sepsis or all cause mortality was not reduced, and the ben-
efit of impregnation varied with the clinical setting, being 
most beneficial in the ICU. The draft epic 3 guidelines recom-
mend that impregnated lines should be used only in patients 
who are expected to have a catheter in place for more than 
five days and in units where the CVC-BSI rate remains high 
despite implementation of a package to reduce it.24

Do multi-lumen central venous catheters increase the risk 
of infection?
A meta-analysis of all the available evidence concluded that 
multi-lumen catheters may be associated with a slightly 
higher risk of infection than single lumen ones. However, 
when only high quality studies (which controlled for patient 
differences) were considered, there was no increase in infec-
tion risk.25 Therefore, insert a catheter with the minimum 
number of lumens considered essential for patient care.24

Does antibiotic prophylaxis reduce infection rates?
A Cochrane review concluded that prophylactic vanco-
mycin or teicoplanin given before insertion of a tunnelled 
catheter in patients with cancer did not significantly reduce 

Table 1 | Types of central venous catheter
Type of line Sites of insertion Expected duration Comments Examples of use
Non-tunnelled Internal jugular vein, 

subclavian vein, axillary 
vein, femoral vein

Short term (several 
days to 3 weeks)

Line and ports protrude directly from entry site; multi-lumen line Difficult intravenous access; infusion of irritant drugs, 
vasopressors, inotropes; short term total parenteral 
nutrition 

Peripherally inserted Basilic vein, cephalic 
vein, brachial vein

Medium term 
(weeks to months)

Line and ports protrude directly from entry site; uncuffed; single, 
dual, or triple lumen; requires adequate peripheral venous access

Difficult intravenous access; blood sampling; medium 
term drug administration (for example, antibiotics); 
administration of irritant drugs (such as chemotherapy); 
total parenteral nutrition 

Tunnelled (for example, 
Hickmann, Groshong)

Internal jugular vein, 
subclavian vein

Long term (months 
to years)

Subcutaneous tunnel from vessel entry site; line access ports sit 
externally; cuff to reduce line colonisation along tract; the 3 way 
valve in a Groshong line restricts blood backflow and air embolism

Long term administration of irritant drugs (such as 
chemotherapy)

Totally implantable 
(such as implanted 
port)

Internal jugular vein, 
subclavian vein

Long term (months 
to years)

Entire line and port lie subcutaneously; port accessed by non-
coring needle; lower rates of CVC-BSIs compared with other 
central venous catheters

Long term intermittent access (for example, regular 
hospital admissions with poor intravenous access); 
administration of irritant drugs (such as chemotherapy)

CVC-BSIs=central venous catheter bloodstream infections.
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Decontaminate the catheter hub or access port with 2% 
chlorhexidine in 70% alcohol before and after access.

The catheter can be exchanged over a guide wire or 
inserted at a different site. Evidence does not support the 
routine exchange of central venous catheters. A system-
atic review of exchange techniques showed that guide wire 
exchange was associated with a reduction in mechani-
cal complications but also an increase in the frequency of 
catheter colonisation and CVC-BSI; however, none of these 
associations were significant.29 Four trials comparing pro-
phylactic catheter exchange at three days versus exchange 
at seven days, or as needed, found no differences in rates of 
catheter colonisation or CVC-BSI. Do not guide wire exchange 
a new catheter through a line that is known to be infected; 
however, if the risk of mechanical complications related to 
line insertion is high, and the current catheter is not infected, 
guide wire replacement is reasonable.

A meta-analysis has shown that daily bathing of ICU 
patients with chlorhexidine gluconate reduces healthcare 
related infection and central line associated bloodstream 
infection,30 but in our experience this is not common prac-
tice in the UK.

The duration that a line should remain in situ before elec-
tive exchange or removal is not known. Review the ongoing 
requirement for a central line daily. Consider removal if it is 
no longer essential, the catheter is non-functioning, or there 
is associated infection or thrombosis. The decision to remove 
the line is made in the context of its clinical indication, the 
difficulty of establishing further central venous access, and 
the risk of it remaining in situ.

System based strategies to reduce rates of CVC-BSI
In a collaborative cohort study, implementation of a bundle 
of evidence based interventions significantly reduced CVC-
BSI in 103 ICUs in Michigan, US; the benefit persisted for 
18 months.31 The interventions comprised:
•   Hand washing
•   Using full barrier precautions during insertion
•   Cleaning the skin with chlorhexidine
•   Avoiding the femoral site if possible
•   Removing unnecessary catheters.

The ICU staff also implemented a daily goals sheet to 
improve communication between clinicians, an inter-
vention to reduce the incidence of ventilator associated 
pneumonia, and a comprehensive safety programme to 
improve the safety culture. The reduction in CVC-BSI was 
maintained 36 months after implementation of the inter-
ventions.32 Using a similar approach, in the UK, a two year 
stepped intervention programme (Matching Michigan) was 
associated with a marked reduction in rates of CVC-BSI in 

QUESTIONS FOR FUTURE RESEARCH
Do peripherally inserted central catheters have a higher 
rate of complications than traditional central venous 
catheters?
Should routine screening be used to detect asymptomatic 
catheter related thrombosis?
What is the optimal way to manage asymptomatic catheter 
related thrombosis?
What is the optimal technique for ultrasound directed 
subclavian vein catheterisation?

the number of early Gram positive line infections.26 A 
review of 16 randomised controlled trials found insuffi-
cient evidence to recommend the routine use of antibiotic 
lock solutions for preventing CVC-BSI.27

Do not use prophylactic antibiotics before line insertion, 
antibiotic lock solutions, or antibiotic ointments applied 
to the insertion site. These strategies do not reduce rates of 
CVC-BSI and, theoretically, routine use could alter patterns 
of antimicrobial resistance.

What interventions will reduce infective complications?
There is no evidence that the type of dressing placed over the 
insertion site influences the rate of catheter related infection. 
A Cochrane review of two small studies found no difference 
between gauze and tape versus transparent polyurethane 
dressings.28 The draft epic 3 national evidence based guide-
lines for preventing healthcare associated infections recom-
mend use of a transparent semipermeable polyurethane 
dressing.24 If there is bleeding or excessive moisture, a ster-
ile gauze dressing can be used initially and replaced with 
a transparent dressing when possible. The dressing is not 
changed unless it is dislodged or there is pooling of fluid or 
blood under the dressing.

Intraluminal contamination of the catheter occurs through 
its access sites, so more frequent access through the catheter 
hub increases the likelihood of microbial contamination. 

Fig 3 |  (A) Ultrasound image of the right internal jugular vein (no compression). (B) Ultrasound 
image of the right internal jugular vein compressed by the probe. (C) Insertion of needle under 
real time ultrasound guidance (out of plane). (D) Ultrasound image (out of plane) of needle in 
right internal jugular vein (echogenic (white) spot in centre of vein)
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and five of patients receiving long term parenteral nutrition) 
found that anticoagulant prophylaxis reduced the risk of all 
catheter related thromboses (symptomatic and asympto-
matic) but not the rate of pulmonary embolism or mortality.36

On the basis of these data, use of anticoagulant prophylaxis 
to prevent catheter related thrombosis is not recommended.17

Peripherally inserted central catheters
Peripherally inserted central catheters (fig 1C) provide 
intravenous access for long term antibiotics—particularly 
for patients with difficult intravenous access and for those 
receiving intravenous antibiotics in the community—and for 
parenteral nutrition, chemotherapy, blood products, and 
blood sampling. They can be left in situ for several months. 
Their recent popularity probably reflects improved access to 
this technique delivered at the bedside by dedicated vascular 
access teams, as well as a belief that these lines combine the 
advantages of central access with a reduction in the risks asso-
ciated with traditional central venous catheters. Although 
these lines are associated with fewer mechanical compli-
cations at insertion,38 a recent systematic review and meta-
analysis of 64 studies found that the rates of upper extremity 
deep vein thrombosis are higher with peripherally inserted 
central catheters than with central venous catheters.39 This 
increase in risk is greatest in critically ill patients and those 
with cancer.

Two further reviews comparing complication rates with 
these two types of catheter have challenged the established 
belief that peripheral lines are safer.40  41 The authors of one 
review concluded that malpositioning of the catheter tip, 
thrombophlebitis, and catheter dysfunction were more com-
mon with these lines than with central venous catheters,40 
and the authors of both reviews conclude that there is no 
difference in rates of infection associated with either line in 
hospital inpatients.

Although often considered a safe and convenient solution 
to difficult intravenous access in the long term, the risks and 
benefits of peripherally inserted lines must be considered 
carefully before insertion.

Caring for central venous catheters
Responsibility for the daily care of long term central lines 
is often delegated to patients and their relatives or carers. 
Meticulous attention to detail in care will reduce the likeli-
hood of a line related complication. The sterile, transparent, 
semipermeable dressing is removed weekly, or sooner if it is 
soiled or not intact. Before replacing the dressing, clean the 
insertion site with 2% chlorhexidine in 70% alcohol 24. If 
the line is not used regularly, aspirate and flush all lumens 
weekly. To reduce the risk of line infection, patients are 
advised to shower and not bathe (if bathing, do not submerge 
the line in water). Swimming is not recommended because 
the line will be completely submerged. Vigorous physical 
activity involving the upper body may cause the line to be 
displaced and should be avoided. Patients with long term 
central venous catheters with implanted ports are free from 
all of these restrictions.
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196 adult ICUs (mean 3.7 CVC-BSIs/1000 catheter patient 
days in the first cluster to mean 1.48 CVC-BSIs/1000 cath-
eter patient days for all clusters combined; P<0.0001).19

What are the risks and complications of central venous 
catheter related thrombosis?
The presence of a central venous catheter is an independent 
risk factor for venous thromboembolism,33 but many of the 
indications for placement of a catheter are also risk factors for 
the development of thromboembolism (box 5).

Catheter related thrombosis can be symptomatic or asymp-
tomatic. The thrombus is present on the catheter itself or on 
the vessel wall. Symptomatic thrombosis is diagnosed with 
duplex ultrasonography or contrast venography. It is associ-
ated with symptoms and signs such as swelling of the affected 
limb, discomfort, erythema, low grade fever, and dilation of 
collateral veins. Asymptomatic thrombosis is diagnosed on 
screening or coincidental imaging in the absence of associ-
ated signs or symptoms. Asymptomatic thrombosis may pre-
sent with line oc clusion. Reported rates of catheter related 
thrombosis vary widely—from 2% to 67%; the incidence of 
symptomatic catheter related thrombosis is 0-28%.34

Potential complications of catheter related thrombosis are 
thromboembolism, interruption of venous flow, line infection, 
and catheter occlusion. The thrombus may embolise to the 
right heart or pulmonary circulation. The reported incidence 
of symptomatic pulmonary embolism is 0-17% in patients 
with catheter related thrombosis.34 The thrombus may act as 
a site for bacterial growth.

The post-thrombotic syndrome is well described in deep 
vein thrombosis unrelated to central venous catheterisation 
and is characterised by venous hypertension, swelling, and 
pain. There is little evidence to establish the risk of the post-
thrombotic syndrome and recurrent thrombosis after catheter 
related thrombosis.

How can catheter related thrombosis be prevented?
The use of prophylactic anticoagulants to prevent catheter 
related thrombosis has been studied extensively. A Cochrane 
review of anticoagulation in patients with cancer and a cen-
tral venous catheter found no significant effect of low dose 
vitamin K antagonists or low dose unfractionated heparin on 
mortality, infection, bleeding, or thrombocytopenia.35

A meta-analysis of 15 studies (10 of patients with cancer 

Box 5 | Risk factors for 
central venous catheter 
related thrombosis
Patient related factors
Hypercoagulable state 
(acute or chronic)
Cancer
Cancer treatment
Age
Previous deep vein 
thrombosis
Device related factors
Line material
Number of lumens 
(catheter diameter)
Position of catheter tip
Presence of line infection
Line insertion site

Box 4 | Criteria for the diagnosis of central venous catheter related infections (Centers for 
Disease Control and Prevention (CDC) definitions)
Catheter related bloodstream infection*
Presence of an intravascular device
Evidence of systemic infection—pyrexia, tachycardia, or hypotension in the absence of 
another source of infection
Laboratory evidence that the catheter is the source:

 – If the catheter has been removed: quantitative or semiquantitative culture of the catheter
 – If the catheter remains in situ: quantitative paired blood cultures (peripheral cultures 
and cultures drawn from central catheter) or differential time to positivity of paired blood 
cultures

Central line associated bloodstream infection*
Evidence of systemic infection
Central line has been in situ during the 48 hours before blood being cultured
Laboratory confirmed bloodstream infection on peripheral blood culture
No evidence of infection from another site
*All criteria needed for a diagnosis.


