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Central venous catheterisation 

 This procedure consists of inserting an indwelling catheter into the superior or inferior vena cava or 

a large vein leading to those vessels 
 

 Central venous catheters can be inserted through the jugular, subclavian, or femoral veins, or via 

upper arm peripheral veins 
 

 The type of catheter and site chosen are often determined by the clinical scenario of the individual 

patient and provider preference 
 

 The optimal site is determined by operator experience, patient anatomy, and clinical circumstances 

 

Veins suitable for central venous catheter placement  

 Internal jugular vein 
 

 External jugular vein 
 

 Subclavian vein 
 

 Femoral vein  
 

 Brachial vein 
 

 Cephalic vein 
 

 Basilic vein  
 

 

 

 

 

 

 

 

 

 

 

Advantages and disadvantages of central vein approaches 

External jugular approach   

 

Advantages Disadvantages 

Superficial vessel that is often visible Not ideal for prolonged venous access 

Coagulopathy not prohibitive Poor landmarks in obsese patients 

Minimal risk of pneumothorax especially with US guidance High rate of malposition 

Head-of-table access Catheter may be difficult to thread  

Prominent in elderly patients  

Rapid venous access   
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Internal jugular approach  

Advantages Disadvantages 

Minimal risk of pneumothorax especially with US guidance  Not ideal for prolonged access 

Head-of-table access Risk of carotid artery puncture 

Procedure-related bleeding amenable to direct pressure Uncomfortable 

Lower failure rate with novice operator Dressings and catheter difficult to maintain 

Excellent target using US guidance  Thoracic duct injury possibly on left 

 Poor landmarks in obese/oedematouspatients 

 Vein prone to collapse with hypovolaemia  

 Difficult access during emergencies when airway 
control being established 

 Potential access and maintenance issues with 
concomitant tracheostomy  

 

Subclavian approach  

Advantages Disadvantages 

Easier to maintain dressings  Increased risk of pneumothorax 

More comfortable for patient  Procedure-related bleeding less amenable to direct pressure  

Better landmarks in obese patients  Decreased success rate with inexperience 

Accessible when airway control is established  Longer path from skin to vessel 

 Catheter malposition more common especially right SCV 

 Interference with chest compressions 

 Risk for stenosis/occlusion (impacts future haemodialysis AV access)  

 

Femoral approach  

Advantages Disadvantages 

Rapid access with high success rate Delayed circulation of drugs during CPR 

Does not interfere with CPR Prevents patient mobilisation 

Does not interfere with intubation Difficult to keep site sterile – risk of infection  

No risk of pneumothorax Increased risk of ilio-femoral thrombosis  

Trendelenburg position not necessary during insertion   

 

Indications for central venous catheter placement  

 Emergency venous access due to difficult intravenous peripheral access 
 

 The need to monitor central venous pressure (CVP) 
 

 Poor venous access 
 

 Fluid replacement therapy 
 

 The need to administer multiple infusions 
 

 Total parenteral nutrition 
 

 Administration of irritant drugs e.g. calcium, amiodarone, hypertonic saline, potassium, cytotoxic 

therapy 
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Equipment required 

 Sonosite  
 

 Dressing trolley 
 

 Sterile gown, gloves, surgical facemask and surgical cap 
 

 CVC insertion pack 
 

 Central venous catheter 
 

 Chlorhexidine 2%  i.e. chloraprep 
 

 Local anaesthetic i.e. 1% lignocaine  
 

 Blood culture bottles may be needed  

 

What happens during the procedure  

 

 Explain procedure to the patient  
 

 Aseptic procedure that includes maximal barrier precautions i.e. sterile gloves, gown, surgical cap, 

surgical facemask and large drapes 
 

 Patient is placed head down i.e. Trendelenburg at an angle of 20°.  This helps to minimise the risk of 

air embolus.  If the patient has a tracheal tube in situ → check that the tube is secure 
 

 The patient’s head is turned away from the site of insertion 
 

 Ultrasound guidance is recommended as the preferred method for insertion of CVCs 
 

 The relevant anatomy and landmarks are identified and the skin is then prepared with an antiseptic 

solution i.e. chlorhexidine 2% is applied for 30 seconds and the skin is then allowed to dry.  Sterile 

drapes are arranged around the selected site 
 

 Adequate local anaesthetic is required and in some cases additional sedation/analgesia may be 

needed 
 

 The Seldinger method is the preferred technique.  This involves locating the appropriate vein by 

using an introducer needle or catheter over needle assembly.  A spring wire is then introduced 

through the needle or catheter and the CVC is then threaded over the wire to the appropriate 

depth  
 

 The number of access points it kept to a minimum and bionectors are secured to each CVC port 
 

 If TPN is prescribed, a dedicated port is reserved and labelled accordingly.  The TPN port must not 

be used for any other purpose. 
 

 The proximal port is reserved for CVP measurement using a 3-way tap 
 

 Blood cultures may also be taken as soon as the CVC is in place 
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 The patient may resume head-up position once the CVC has been inserted 
 

 The CVC is then secured to the skin using 2/0 black silk and a sterile occlusive dressing is applied 

directly over the insertion site. 
 

 A CXR is usually done following insertion – though this is not routinely required if the femoral vein 

is selected  
 

 Medical staff complete the central line insertion sticker and place in the patient’s medical notes 
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Bionectors and hub decontamination  

 

 Just one 3-way tap is used and this is connected to the proximal port 
 

 Bionectors are attached to each of the remaining ports.  Bionectors are changed every 7 days 
 

 Decontaminate the bionector hub prior to use → scrub the hub for 15 seconds using an alcohol 

wipe i.e. clinell and allow to air dry 

 

Rationale for using the proximal port for CVP monitoring 

 

 If the CVC accidentally migrates from its resting position, the CVP trace may change or completely 

disappear as the proximal exit point is nearest the skin surface 
 

 Immediately inform medical staff if any unusual swelling or leakage from the CVC site is observed 
 

 Never ignore high resistance alarms on infusion pumps → first attempt to aspirate the CVC port and 

then attempt manual bolus of normal saline 
 

 Failure to report any of the above problems could result in unwanted complications e.g. 

subcutaneous emphysema  

 

Cross section of 5-lumen CVC and flow rates for each port  

 

 

 

 

 

 

 

Optimal depth of insertion  

 

 

 

 

 

 

 

 

Distal → flow rate 55ml/min. 

Medial 1 → flow rate 80ml/min. 

Medial 2 → flow rate 15ml/min. 

Medial 3 → flow rate 12ml/min. 

Proximal →flow rate 17ml/min. 
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Typical CVC position and waveform 

 

 

 

 

 

 

 

 

The normal CVP waveform has 3 positive deflections  

 These are referred to as a, c and v waves which correspond to specific events in the cardiac cycle 
 

 The a wave reflects atrial contraction and follows the p wave seen on the ECG 
 

 The c wave represents the bulging of the closed tricuspid valve into the right atrium during 

ventricular contraction.  The c wave is small, and often not always visible, but corresponds to the 

QRST interval on the ECG 
 

 The v wave represents atrial filling and increased pressure against the closed tricuspid valve in early 

diastole  
 

 A normal CVP trace should fluctuate appropriately with respiration and coughing  

 
 

 

Loss of CVP waveform  

Loss of the CVP waveform may be noted on the cardiac monitor and this may indicate dislodgement, clot, 

kinking, transducer malfunction or improper catheter location 

 

In the first instance 

 Check that all transducer connections are secure especially the sensor cables 
 

 Check that there’s sufficient volume remaining in the saline bag and that the pressure infusor is 

maintaining pressure at 300 mmHg  
 

 Perform zeroing procedure and ensure that the 3-way tap is open at the transducer and also check 

that the 3-way tap is open to flow at the patient-end 
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Troubleshooting loss of CVP waveform  

 

Do the CVC ports flush easily? 

 

 A port that neither flushes or draws is more likely kinked or clogged 
 

 A catheter that easily flushes with no resistance but is difficult to draw suggests 2 potential serious 

difficulties.  The application of excessive negative pressure in attempts to aspirate from a lumen 

may collapse the vein itself or draw the lumen of the catheter against the vessel wall 
 

 Alternatively the catheter could be in a small venous tributary and not in a central location.  

Another more troubling possibility is that the catheter is extravascular, the result of erosion or 

improper initial placement  
 

 Even an initially well-placed catheter may migrate out of place despite the best suturing and 

dressing. The markings on the catheter itself can gauge whether the line has migrated either in or 

out 
 

 Swelling at the site may not only indicate infection but also misplacement.  When one of the ports 

has migrated out of the vein and immediately subcutaneous, it will be depositing its infusate just 

below the skin.  Depending on the type of infusate (particularly vasoactive drugs and potassium 

infusions) this may cause skin necrosis and require immediate attention 

 

Is the catheter kinked? 

 Internal jugular, subclavian and femoral lines are all subject kinking both at the skin and within the 

vessel itself.  Over-taut suturing may also induce kinking of CVCs  

 

Is the catheter clotted? 

 The longer the CVC is in situ, the more likely it is to become clotted.  Slow infusion rates, poorly 

malfunctioning transducer flush systems, or long intervals between manual flushes may be a cause 

 

Could the vein be thrombosed? 

 

 Perhaps it is not merely clotting of the catheter but of the entire central vein itself.  When the vein 

is clotted, showering of clot material to the pulmonary vasculature (i.e. pulmonary emboli) may 

occur which can dramatically affect a patient’s haemodynamic and pulmonary status 

 



9 
 

Central venous pressure 

Definition 

Central venous pressure reflects venous return to the heart and cardiac function.  It is not a measure of 

blood volume but allows assessment of the ability of the right heart to accept and deliver blood 

 

Central venous pressure may also be referred to as  

 Right atrial pressure 
 

 Right ventricular end-diastolic pressure  

 

The CVP is influenced by 

 Venous return – this is the blood returning to the right atrium which is delivered via the superior 

vena cava, the inferior vena cava and the coronary veins 
 

 Right heart compliance – right ventricular compliance is the change in end-diastolic pressure with 

change in ventricular volume.  In a healthy heart, volume administration does not cause a dramatic 

rise in end-diastolic pressure → the ventricle is compliant 
 

 Intrathoracic pressure – mechanical ventilation creates a positive pressure within the thoracic 

cavity which impedes venous return 
 

 Patient position – technique and position must be consistent each time a measurement is taken.  

The zero point is level within the mid-axillary line in the 4th intercostal space  

 

CVP measurements 

 

 Aim to achieve CVP 8 to 12mmHg (acceptable range for patients that are not mechanically 

ventilated) 
 

 A low CVP reading usually indicates loss of fluids 
 

- Haemorrhage 

- Hypovolaemia 

- Excessive dieresis 
 

 A high CVP reading may be due to  
 

- Cardiac failure e.g. right ventricular failure or mitral valve incompetency 

- Hypovolaemia (more complex) e.g. excessive fluid infusion  

- Lumen occlusion or obstruction e.g. catheter against vessel wall  
 

 CVP measurements must not be interpreted on their own, but viewed alongside the patient’s full 

clinical picture 
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 The absolute value is not as important as response to therapy.  This can be demonstrated when 

observing the response of the CVP to fluid boluses.  Serial measurements and the resulting trend 

provide valuable information  
 

 Patients with sepsis that continue to have hypotension or shock despite an initial bolus of 20ml/kg 

crystalloid have refractory shock.  CVP should be measured and resuscitation should be 

commenced with fluid boluses as prescribed.  Giving a fluid bolus can help increase the cardiac 

preload i.e. the blood returning to the heart and can also help improve cardiac output.  This can be 

explained by the Frank-Starling Law – essentially that the heart contracts more strongly when it is 

under some degree of stretch.  The improvement in cardiac output will assist to improve oxygen 

delivery 
 

 If the CVP is > 8mmHg the patient is generally assumed to be adequately ‘filled’ but the mean 

arterial pressure (MAP)  is < 65mmHg or systolic pressure is < 90mmHg, this is known as refractory 

shock.  A vasopressor infusion of noradrenaline should be started to maintain a MAP of at least 

65mmHg in these circumstances.  The aim of this intervention, in the presence of adequate fluid 

resuscitation is to ensure adequate perfusion to the organs 

 
 

 

The Central Venous Monitoring System 
 

The Central Venous Monitoring system consists of 4 main parts 

1. The indwelling/invasive catheter 
 

2. The transducer which receives the signal from the tubing and converts it into electrical energy i.e. 

waveform 
 

3. The flush system which keeps the catheter patent 
 

4. The bedside monitor which displays the waveform  
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 The CVP flush system  

 A bag of 500ml 0.9% sodium chloride is used to prime the flush system.  Only normal saline is used 

 This infusion solution must be prescribed and checked by 2 nurses against the designated 

prescription sheet before administration  

 This bag of fluid is inserted into a pressure infusor bag 
 

 The pressure infusor bag is then pressurised to 300mmHg for adults to deliver 3ml/hr continuously 

via the CVP port  
 

 Whenever a paediatric patient is admitted to ICU the pressure infusor bag is pressurised to 

150mmHg to deliver 1.5ml/hr continuously via the CVP port 
 

 Checks should be made at the beginning of each shift and also at regular intervals during the shift.  

These checks are necessary to confirm that saline is being administered, that the pressure infusor 

bag is inflated to 300mmHg and that there is sufficient volume of saline remaining in the bag.  This 

may be more difficult to visualise during night hours or where there is reduced ambient lighting 

 

Preparing the monitor and tubing system  

 

Improper systems can cause erroneous measurements of hemodynamic indices which can potentially 
invalidate a patient’s entire hemodynamic profile.  The transducer flush system is changed every 96 hours 
 
 
To ensure accuracy 
 

 Priming of the pressure tubing 
 

 Levelling and zeroing  
 
 
 
Equipment needed for priming the transducer administration set  
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Priming the transducer administration set  
 

 Put on a pair of disposable gloves 
 

 Use 500 ml 0.9% sodium chloride: check with a witness against the designated prescription sheet. 
 

 Check all connections are secure on the tubing 
 

 Insert spike into the 500ml bag of normal saline and squeeze the flush device to prime entire tubing 
i.e. stopcocks, luer-locks, transducer 
 

 Check the system for any air bubbles  
 

 Remove the transducer protective cover plate 
 

 Insert transducer into the transducer holder by sliding it down into the slots over the diaphragm 
until it clicks into place  
 

 Pressurise the infusor bag to 300mmHg 
 

 Connect the administration set end to the CVP port 
 

 Finally, zero the system  
 

Accuracy of CVP measurements involves 

 Calibration or zeroing the system to atmospheric pressure 
 

 Determining the phlebostatic axis  

 

 

The phlebostatic axis is a physical reference point on the chest which is used as a baseline for reliable 

transducer placement 

 

 

 

 

 

 

 

 

 

 
 

 

Determining the phlebostatic axis  

 Identifying the 4th intercostal space where it joins the sternum 
 

 Locating the mid-axillary line on the side of the chest 
 

 A theoretical line is then drawn between the two points which approximates the level of the atria 
 

 The transducer level approximates the level of the tip of the invasive catheter 

The transducer system needs to be zeroed and the level 

of the transducer itself needs to be at the correct 

reference point  
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Zeroing the transducer system 
 

 Position the patient and the transducer at the same level 
 

 Make sure that the transducer level corresponds to the phlebostatic axis  
 

 Turn the 3-way tap to ‘off’ position away from the patient 
 

 Remove cap from the 3-way tap → the transducer is now opened to air and enables being zeroed to 
atmospheric pressure 
 

 Select zero option on the patient monitor and click to confirm 
 

 Wait for ‘0’ value to appear alongside the CVP parameter on the display screen 
 

 Verify that the ‘0’ value has appeared 
 

 Replace the cap on the 3-way tap and turn the tap back to neutral position 
 

 Observe and assess the CVP trace 
 

 Repeat this procedure at the start of each shift or where there is doubt regarding CVP value 
 

 Re-level the transducer each time the patient changes position or the bed is raised or lowered  
 
 

 

Complications associated with CVC placement  

 

Incidence – numerous complications are associated with central venous catheter placement and are listed 

below.  The rate of mechanical complications is largely operator dependent and most e.g. pneumothorax 

are detected at the time of catheter insertion.  Infectious and thrombotic complications usually occur later 

than mechanical complications  

 

Immediate 

 Bleeding 
 

 Arterial puncture 
 

 Arrhythmia 
 

 Air embolism 
 

 Thoracic duct injury with left SC or left IJ approach 
 

 Catheter malposition 
 

 Pneumothorax or haemothorax 

 

Delayed  

 Infection  
 

 Venous thrombosis, pulmonary emboli 
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 Venous stenosis 
 

 Catheter malfunction 
 

 Catheter migration  
 

 Catheter embolisation 
 

 Myocardial perforation 
 

 Nerve injury  

 

Preventing complications 

Central venous catheters should be performed with the patient properly positioned, using sterile 

conditions and topical analgesia.  An experienced operator, ultrasound guidance, and the involvement of 

nursing staff during catheter placement reduces complications 

 Appropriate operator experience 
 

 Limiting attempts 
 

 Limiting wire/catheter length -  jucidious guide wire control can help avoid arrhythmias during 

catheter placement, and appropriate catheter length can help avoid subsequent arrhythmia 
 

 Ultrasound guidance -  2-D ultrasound guidance is superior to blind, landmark-guided techniques 
 

 Confirm catheter positioning by CXR 
 

 Preventing air embolism - trendelenburg positioning, prompt needle/catheter occlusion and tight 

intravenous connections help avoid this complication  

 

Infection control measures 

 Hand hygiene – strict adherence to hand hygiene recommendations and the use of aseptic 

techniques during dressing changes remain the most important measures for the prevention of 

catheter-associated infections.  CVC dressings are changed at least every 7 days or when no longer 

intact or if it becomes wet/soiled or moisture collects under the dressing 
 

 The CVC insertion site should be visually inspected at least daily for signs of infection.  The 

observation should be recorded in the nursing notes/relevant documentation/CVC bundle.  Report 

any abnormal findings e.g. pyrexia or inflammation to medical staff 
 

 Chlorhexidine skin antisepsis – a chlorhexidine solution should be applied by back-and-forth 

rubbing for at least 30 seconds.  The solution should be allowed to air dry for at least 2 minutes and 

should not be wiped or blotted   
 

 Maximal barrier precautions – all operators should wear a mask, cap, sterile gown and sterile 

gloves.  In addition, a sterile full-body drape should be placed on the patient 
 

 Avoid insertion into the femoral vein – insertion of a CVC into the subclavian vein is associated with 

the lowest risk of infection compared with insertion into the internal jugular or femoral vein 
 

 Remove unnecessary CVCs – a daily review of the CVC should be performed, with prompt removal 

of unnecessary CVCs 



15 
 

Procedure for changing the dressing on a central venous catheter 

 

 

Equipment required 
 

 Dressing trolley 
 

 Sterile dressing pack 
 

 Chloraprep 2% 
 

 Semi-permeable dressing 
 

 Sterile gloves 
 
 

 

Action 
 

Rationale 
 

 

Explain procedure to the patient  
 

 

To ensure patient understands procedure 
 

Perform the dressing using aseptic technique 
 

 

To prevent infection 
 

Wash hands as per infection control guidelines  
 

 

To reduce the risk of cross infection  
 

Open sterile dressing pack 
 

 

Open the other sterile accessories and tip gently onto the 
centre of the sterile field  

To reduce contamination of contents  

 

Decontaminate hands with alcohol gel  
 

Hands may have been contaminated by 
handling outer packs  

 

Loosen old dressing  
 

 

So that dressing can be removed easily 
 

Apply alcohol gel to hands and put on clean gloves 
 

 

To prevent contact with patient’s blood  
 

 

Remove dressing  
 

 

 
 

Obtain swab if site is red or discharging  
 

 

Identification of pathogens 

 

Remove gloves, use alcohol gel and put on sterile gloves  
 

To minimise the risk of infection  
 

Clean the site with chloraprep as per unit policy 
  

 

To minimise the risk of infection spread 
 

Apply dressing and mould into place to avoid folds 
 

To minimise skin irritation and reduce the risk 
of the dressing peeling  

 

Remove gloves  
 

 

 

Dispose of waste as per hospital policy  
 

 

To prevent environmental contamination  
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Procedure for removing a central venous catheter 

Central venous catheters are removed if complications develop or when no longer required.   

If the patient is sitting up in a chair → the patient must be returned to bed and be placed supine so that 

the CVC can be removed safely.  Always check that the patient has a peripheral cannula sited before 

removing the central line.  

 

Equipment required 

 Dressing trolley 

 Dressing pack 

 Sterile gloves  

 Chloraprep 2% 

 Stitch cutter  

 Semi-permeable dressing 

 Sterile scissors and universal container (if tip requires to be sent to microbiology department) 

 

Procedure  

 Explain procedure to the patient  

 Place the patient supine and flat → to reduce risk of air embolism 

 Turn off all infusions and disconnect all infusions from the CVC  

 Wash hands and put on clean gloves 

 Remove and discard the old dressing and change to sterile gloves  

 Clean the site with chloraprep 2%  

 Inspect site for signs of exudates or inflammation  

 Cut and remove any skin sutures securing the catheter & ensure all of the suture has been removed 

 Cover the insertion site with a gauze swab  

 The CVC should be removed during exhalation when intrathoracic pressure is greater than 

atmospheric pressure  

 Hold the catheter with one hand near the point of insertion and pull firmly and gently.  If resistance 

is felt seek help from medical staff 

 As the catheter begins to move, press firmly on the site with the gauze swab.  Maintain pressure on 

the swab for about 5 minutes after the CVC has been removed 

 If the CVC is removed because of infection, carefully cut off the tip (approximately 5cm) using 

sterile scissors and place in a universal container for microbiological examination  

 When the bleeding has stopped (approximately 5 minutes) cover the site with a transparent semi-

permeable dressing.  This dressing should remain in situ for at least 24 hours 

 At the end of the procedure return the patient to a comfortable position  

 Dispose of all the used equipment in the appropriate container as per hospital policy 

 Remove gloves and wash hands 

 Document the date and time of removal in the CVC bundle or other relevant documentation  

Remove the central line when the patient is in supine flat position  


