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Short title: Central venous access device (CVAD) mechanical safety BP 
 

1. Reasons for document development 

 

Central venous access devices (CVADs) are a form of venous access that is required to deliver medications, 

fluids and parenteral nutrition, to facilitate haemodialysis, and to augment haemodynamic monitoring. The 

insertion, maintenance and removal of CVADs are all associated with potential adverse events that can 

cause morbidity and mortality.1 2 

For major procedures, anaesthetists place CVADs electively or emergently. Additionally, anaesthetists may 

be requested to place CVADs on behalf of other craft groups.  

The safety of CVAD insertion has improved with the introduction of new evidence and associated practice 

change in three key areas: the widespread use of dynamic (real-time) ultrasound to facilitate placement of 

lines 1, 3-5; bundles of care designed to minimise the incidence of CLABSI 6, 7 including the use of ultrasound 8; 

and education and accreditation pathways packages including the use of simulation.9  

Unfortunately, despite efforts to improve complications associated with CVADs, large contemporary studies, 

audits, and critical incident reports (including WebAIRS) demonstrate that CVAD management is associated 

with ongoing morbidity and mortality.10  A 2022 prospective multicentre cohort study suggested a rate of 

mechanical complications of 7.7% of which 0.4% were major complications, and in a 2024 systematic review 

3% of CVAD insertions were associated with major complications.1, 2, 11 In Australia and New Zealand, a 

WebAIRS report on this topic in 2026 yielded 163 episodes of complications associated with CVADs of which 

69% were determined to be preventable. This report noted 29 cases of arterial injury, 10 cases where the tip 

of a catheter was incorrectly positioned, 12 incidents involving guidewires and 8 episodes of pneumothorax. 

Ultrasound was used in 19 of the cases of arterial injury. 

The literature suggests there are practice changes that could be incorporated into the bundle of care 

surrounding CVAD insertion, maintenance and removal, that will decrease mechanical complications. Noting 

that the primary role of the anaesthetist is insertion and maintenance during anaesthesia, and that the 

majority of major complications were associated with placement and verification, this was the focus of this 

professional document. 

2. Scope of this document 

 

This professional document describes strategies to minimise mechanical complications associated with the 

insertion, maintenance and removal of CVADs. It is directed to anaesthetists, as CVAD insertion and 

maintenance is considered a core skill.12 The recommendations of PG21 may be considered where CVAD 

insertion is undertaken by practitioners elsewhere such as in emergency and critical care medicine.  

 

Radiologists have access to sophisticated real-time imaging, a thorough understanding of radiological 

anatomy, and the opportunity to use contrast media to confirm correct placement of CVA devices. Hence the 

use of confirmatory techniques such as manometry, blood gases etc. are not necessarily applicable to their 

practice. This may also apply in other areas where advanced radiological imaging techniques or direct 

exposure are used (eg vascular and cardiac surgery, and cardiology). 
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It is recognised that placement of CVADs in paediatric patients, especially neonates, requires specialised 

knowledge and skills. Scope of paediatric clinical practice for anaesthesia provider is outlined in PG29 and 

the principles outlined in this document (PG21) should also apply. 

Prevention of infectious complications are considered in PG28 Infection prevention and control. 13 

Recognition of the risk of allergic complications related to chlorhexidine use or impregnation of CVADs are 

covered in PG69 Hypersensitivity reactions. 

3. Process of development 

The document development followed the process outlined by ANZCA professional document CP24 Policy for 
the development and review of professional documents. Relevant literature and resources were identified 
using: 

1. A literature review conducted through the ANZCA library on Medline from 2010 onwards using the search 

strategy detailed in Appendix 1. The abstracts were reviewed by two members of the DDG and full-text 

was accessed for those considered relevant. 

2. Further relevant references were obtained from the citations in reviewed articles. 

3. Additional references were contributed by members of the DDG during the review process. 

4. Web-based guidelines published by relevant organisations were also considered. 

 

The DDG members met virtually on three occasions, with ongoing document review and discussion 

conducted using a collaborative platform (Microsoft SharePoint). 

4. Discussion 

4.1 Planning  

Appropriate planning before CVAD insertion is essential, including the choice of insertion site and choice 

of CVAD. This is especially the case for ‘referred’ insertions (eg from a renal unit) where a particular 

catheter type and site of insertion may be required. 

4.2 Evidence for training and competence (See also 6.0 Training and assessment of 

competence) 

It is likely that appropriate training and credentialing would decrease the incidence of arterial puncture 

and mechanical complications associated with needle malposition, although there is currently no high-

level evidence to support this claim.  A 2021 trial demonstrated that trainees who had undergone 

simulation training were non-inferior to more experienced traditionally trained colleagues.14 The key 

principles of an education program have been outlined by Soffler et al.15  A Japanese program 9 that 

introduced simulation-based training claimed a mechanical complication rate of 1.2% which decreased 

from 2.2% prior to the training program and was lower than the 2.3% mechanical complication rate 

claimed in a comparable meta-analysis.1 

 

The use of ultrasound for CVAD placement by experienced operators has been found to decrease the 

incidence of CLABSI, whereas no difference was found with inexperienced operators, suggesting 

benefits may be achieved with training.8  

 

Anaesthesia departments should have formal training programs describing the safe insertion of CVADs, 

these programs should outline a bundle of care that minimises CLABSI and minimises mechanical 

complications of insertion. This would ideally include focused ultrasound skills for confirmation of safe 

intravenous wire placement. Training programs could progress from didactic learning to simulated 

practice, to supervised practice and assessment of competency. 
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4.3 Procedural components  

An appropriate procedural area must be used for CVAD insertion. In situations where a guide wire might 

contact the heart, a cardiac protected electrical environment is important (AS/NZS 3003).  The ability to 

monitor a patient is critical not only because patients having CVADs inserted are prone to arrhythmia but 

also because they may be sedated during the procedure.  If sedation is utilised, the principles of PG09 

Procedural sedation should be followed.  Wherever possible the CVAD insertion should occur on a 

trolley, bed or procedural table that can be placed in the Trendelenburg (head down) position.  An 

ultrasound machine and the equipment to use the machine within a sterile field should be available, 

noting that emergency situations may require adapting to specific circumstances. 

4.4 Central venous access 

4.4.1 Ultrasound (US) 

An understanding of surface anatomy is an important component of CVAD insertion, however 

complete reliance on surface anatomy has been replaced with the use of ultrasound.16  The use of 

dynamic ultrasound has been demonstrated to decrease the incidence of arterial puncture by a 

factor of 5, it is also associated with increased success rate, less bleeding and a lower incidence 

of pneumothorax 1 and may be associated with lower rates of CLABSI. 17 8 The careful use of 

dynamic US during IJV cannulation may prevent the vessel being transfixed and potential damage 

to underlying vessels of the thyrocervical trunk. Its use alone has not eliminated the risk of arterial 

dilation and cannulation. 18  

 

Ultrasound has distinct roles throughout the insertion of a CVAD.   

• Whilst assessing the patient and making decisions about line placement, a systematic 

assessment of relevant venous anatomy such as Rapid Central Vein Assessment (RACEVA) 

can be performed. 19 If a specific vessel for CVAD insertion is required, a pre-scan may be 

performed to assess vessel suitability before the sterile field is established, particularly if the 

patient has challenging anatomy, the site has previously been used for cannulation or in 

complex circumstances such as ECMO cannulation.   

• Evidence suggests that use of US to facilitate needle / cannula insertion is safer than 

practicing a landmark approach.  Further using real-time or dynamic US is a safer option than 

using US to assess the vessel before inserting the needle without US guidance which has 

been described as an indirect US technique. 3, 5 

• US may also play a role in assessing that a guidewire has an appropriate venous course 

before a dilator is passed and a CVAD placed (see 4.5.2). 

Each of the modes of US use requires a distinct skill set.  Assessment of wire position has been 

termed 'focussed' as it is an advanced skill with critical consequences where incorrect image 

interpretation can lead to significant morbidity and mortality. In this regard it has parallels to other 

POCUS techniques where image interpretation and subsequent diagnoses can have specific 

clinical consequences.  It would be reasonable to treat training for this application in the same way 

as other POCUS techniques as described in PG47 Diagnostic POCUS. 

4.4.2 Needle v cannula 

A central vein can be accessed with a needle (Seldinger technique) or a cannula (modified 

Seldinger technique). It is recognised that the choice of access technique remains a point of 

personal preference for a proceduralist. Having accessed the vein, it is important that critical 

check steps (see 4.5) occur from a position of stability.  If a needle is used for the critical checks, it 

is conceivable that movement of the needle to an extra-venous position could occur following 

assessment.  A benefit of using a cannula is that manometry, waveform analysis or blood-gas 

sampling can be performed directly through the cannula.  If a needle is used to access a vein, to 

before performing these checks, it is suggested that the wire is used to exchange the needle for a 
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cannula.  Not all CVAD insertion kits contain a cannula, if a cannula is added to the set up, it must 

be of an appropriate length and have an internal diameter sufficient to accommodate the wire. 

There is some evidence that when placing subclavian CVAD there may be a higher success rate 

with the Seldinger technique,20 but these findings are probably not transferrable to other insertion 

sites.  

4.4.3 Avoiding venous air embolism 

Venous air embolism (VAE) can occur during insertion, maintenance and removal of CVADs. 

Anaesthetists may be asked to advise on CVAD removal in some circumstances eg PACU. A 

coroner’s report in Victoria has highlighted the danger of air embolism associated with CVAD 

removal. 

To avoid VAE, practitioners must take steps to ensure there is not a pressure gradient from the 

atmosphere through an open channel to the venous circulation.  This might occur during 

placement if a patient’s breathing was obstructed due to sedation, and there was an open needle 

placed in a central vein.  During removal, the venous pressure can be maintained by using head-

down positioning and asking the patient to hold their breath in inspiration.  Leaving uncovered 

(open) needles, cannulae, needles or CVADs in the vein must be avoided.  

4.4.4 Guidewire management 

A significant complication associated with a guidewire is that it is retained and potentially 

embolises.  This is a rare complication, with significant consequences.  This relates to the 

absence of a formal ‘count’ during CVAD placement, as would be performed in surgery. Noting the 

removal and disposal of any guidewire(s) with the assistant should be part of routine practice.  If a 

dual puncture technique is undertaken (eg CVC + Sheath) or second kit opened the wires should 

be formally counted off the set up. 

4.4.5 Number of attempts 

As for many procedures, seeking assistance from an experienced colleague in difficult or 

challenging circumstances is considered good professional practice. When overseeing trainees, 

clinical judgement is required regarding when to ‘take over’. If a trainee performs an arterial 

puncture, then subsequent attempts should be undertaken by a consultant.   

Studies have recommended no more than three attempts by a single proceduralist and an 

increased risk of mechanical complications with multiple attempts.11, 21 It seems reasonable to 

suggest that after three attempts, where support is available, a proceduralist should seek 

assistance or reconsider their approach or necessity of the line. 

4.4.6 Documentation 

A specific CVAD insertion form can be used to facilitate correct practice and to document steps 

taken to ensure asepsis and procedural safety.  A form can take the role of a checklist, describing 

components of a bundle of care, ensuring wire removal, describing the steps taken to ensure line 

position and safe use (eg 22).  The same form can be regularly used to assess the insertion site 

and need for the line, to ensure it is removed promptly when no longer required.  

4.5 Confirmation of needle / cannula / wire placement before dilatation: “A critical check” 

Arterial puncture was seen in 16.2 out of 1000 CVAD, with progression to arterial dilatation in 2.8 out of 

1000 catheters in a contemporary systemic review and meta-analysis.1  The same meta-analysis noted 

that in cases where ultrasound was used, the rate of arterial puncture and pneumothorax was decreased 

by a factor of a least 5 times.  The American Society of Anesthesiologists “Practice Guidelines for 

Central Venous Access 2020” recommend that real time (dynamic) ultrasound is utilised for vessel 

localisation and needle guidance.23    
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Using US, even well-trained proceduralists will have an incidence of arterial puncture. To avoid the 

progression from arterial puncture to arterial dilatation, confirmatory tests can be used to ensure venous 

placement.   

Traditionally the colour of blood and assessment of pulsatility have been utilised to differentiate between 

arterial and venous placement, but these tests are unreliable especially in critically unwell patients. 

The appropriate method for minimising incorrect wire placement before dilatation was a point of 

discussion in the document development group.  Discussion centred around the need for a minimum of 

two recommended confirmation methods versus ultrasound assessment of the wire alone being 

considered definitive (as possible).  Practically the group concluded that one well performed test 

(Manometry / Waveform analysis / Focused US / Blood gas analysis / Fluoroscopy) should always be 

performed and that promoting this approach would likely help to decrease the rate of arterial injury. It 

was acknowledged by the group that using ultrasound to ensure the wire had a solely transvenous 

course, required advanced focused ultrasound skills, beyond those required for real-time cannulation.  

This skill set would not be held by every anaesthetist.  Wherever possible a combination of 

recommended techniques should be used.   As there are situations where US or manometry / waveform 

analysis are impractical, wherever possible anaesthetists should be familiar with all the recommended 

techniques of wire assessment.  

4.5.1 Manometry / Waveform analysis 

Measurement of the pressure in the vessel before dilatation has been suggested to identify 

inadvertent arterial puncture.  Pressure can be measured with manometry or by transducing a 

waveform.  In the largest study of this technique 24, manometry was utilised in over 9000 

consecutive patients without any instances of dilatation.  In 511 consecutive patients over a year, 

arterial puncture was noted in 5%, in 24 of these cases the puncture was recognised before 

manometry, but in 4 cases manometry prevented arterial dilatation. 24 

 

The 2020 American Association of Anaesthesiologists Guidelines, make the distinction between 

the Seldinger technique (utilising a needle) and the modified Seldinger technique (utilising a 

cannula).  It is important to note that if pressure measurement or waveform analysis occurs 

through a needle, it can be inadvertently moved to an extra venous position following the 

assessment, whereas this will not occur with a cannula.  

There does not appear to be any evidence to date to differentiate between the use of manometry 

(falling column) and waveform analysis to assess positioning, although the working group 

considered that a waveform indicating respiratory pressure variation for internal jugular or 

subclavian approaches is likely to indicate correct venous cannulation. 

Although rare, the passage of the cannula could be trans-arterial (which has been identified with 

femoral placement) with the tip then in a vein – which is a reason for the use of additional 

ultrasound modalities. 

 

4.5.2 Ultrasound modalities 

Using the ultrasound for vein puncture is insufficient to ensure appropriate wire position.  Likewise, 

simply seeing the wire in the internal jugular vein is insufficient as the wire may pass through the 

vein and into an artery more distally.  Bowdle et al were able to visualise the wire in the 

brachiocephalic vein successfully in all but 2 of 200 consecutive patients.25 They reasoned that if 

the guidewire could be visualised in the brachiocephalic vein it could not have entered the carotid 

or subclavian arteries.  During this study simultaneous pressure measurement was also utilised.  

Ultrasound evidence of correct wire position may also be achieved if transoesophageal 

echocardiography is utilised to visualise the wire in the superior vena cava or right atrium.  

 

During the insertion of a CVAD, the DDG defined three distinct modalities of ultrasound usage: 
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4.5.2.1 Static Ultrasound (pre-procedural) can be used to identify and assess the most 

appropriate vein for line insertion or to assess the appropriateness of a specified vein.  As 

an example, the RaCeVA tool follows a series of 7 steps to systematically assess all 

possible venous options for catheter insertion.19 This is distinct from dynamic ultrasound.26 

 

4.5.2.2 Dynamic Ultrasound can be utilised during insertion of the needle or cannula into the 

chosen vein to follow the tip of the needle through the tissues into the vein.  Its use during 

needle insertion shows increased first-pass success (internal jugular, subclavian, and 

femoral vein approaches) and reduction in complications (internal jugular and subclavian 

vein approaches). 3, 5, 27 The dynamic needle tip positioning technique in short-axis is often 

utilised once the vein is entered to advance it along the vessel lumen.26, 28   

 

4.5.2.3 Focused Ultrasound describes the techniques that are used to assess whether a 

guidewire lies entirely within a vein, or particularly to rule out the passage of a wire into an 

artery before dilatation.  This is a high-stakes process as misinterpretation of the 

ultrasound images could lead to arterial damage and serious morbidity and mortality, 

Higher level ultrasound skills are required, scanning in multiple views in short and long 

axis.  The DDG felt there were several imaging approaches that might rule out arterial 

passage of the guidewire as outlined in PG21 which this background paper accompanies. 

Specific to IJV insertions, if the ultrasound probe is placed in the right supraclavicular 

fossa and the beam is tilted down caudally, the wire can be seen to pass from the IJV into 

the brachiocephalic vein, past the subclavian artery.  If the wire is seen in the 

brachiocephalic vein past the subclavian vein, it is unlikely have anything other than a 

venous course.25 

It is also possible to use transthoracic and transoesophageal echocardiography to assess the 

appearance of the wire in the right atrium.  When using transoesophageal echocardiography a 

bicaval view should be obtained.  A subcostal view can be used when using transthoracic 

echocardiography.  

US has a role for the assessment of pneumothorax following line insertion. Given this may be a 

late complication and it is an uncommon occurrence, it probably only needs to occur if there is a 

clinical suspicion of this complication. Like all US techniques Lung US has a learning curve and 

should be undertaken by a trained practitioner. 

4.5.3 Two other methods appropriate for the critical check are discussed.  Arterial blood gas analysis 

and real-time fluoroscopy.  Arterial blood gas analysis may need to be paired with a peripheral 

sample particularly in a critically ill patient.  A specific skill set is required for fluoroscopy and to 

interpret intra-vascular wire position radiologically.  

4.6 Securing and assessing the CVAD 

4.6.1 Assessment of line position 

There are reports of CVADs placed in the OR that are subsequently found to be intra-arterial in 

the ICU or on the ward.  It is strongly recommended that CVADs are assessed as intravenous as 

soon as possible after placement.  Assessment may be through pressure transduction, blood gas 

analysis or radiologically if available. 

4.7 CVAD removal 

4.7.1 Venous air embolism 
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Air embolism can occur during insertion, maintenance or removal of a central venous catheter.  

The mechanism is an open pathway from the atmosphere to the patient’s venous system and a 

negative intra-thoracic pressure.  During insertion the risk of venous air embolism can be 

decreased by maintaining positive venous pressure, avoiding negative intra-thoracic pressure and 

minimising the period where there is open venous access. 

5. Management of complications 

 

5.1 Arterial puncture  

On consultation with vascular surgeons the advice was that arterial puncture from smaller cannulae (less 

than 6 French (16G or smaller (21G in paediatrics)) can usually be managed with prolonged local 

pressure. This advice applies predominantly to femoral access. The advice for internal carotid puncture 

(moderately compressible) and subclavian puncture (difficult to compress) is generally that 16G puncture 

or smaller can be managed conservatively. However, if the patient is to undergo cardiac surgery with full 

anticoagulation, then individual consideration and careful observation of the site should be undertaken. 

In paediatrics, there is no clear published evidence for paediatric cut off in escalation of care with 

carotid/subclavian arterial punctures. In carotid catheterisation for interventional radiology/cardiology 

practice in 47 catheterisations in a sophisticated environment showed limited carotid thrombosis and 

stenosis for 3 or 4 Fr catheter but uncertainty for 5Fr catheters. 29 In paediatric anaesthesia practice, 

21G needle or 22G cannula access is common for initial venepuncture as they are the smallest calibre 

needles that will allow threading 0.018" wire for Seldinger techniques. 

5.2 Arterial dilation / Arterial placement of a CVAD 

The advice received was that vascular surgeons have the broader competencies to assess whether 

conservative management (compression), interventional radiology or open intervention would be 

required. Likewise, advice on anticoagulation while awaiting device removal (especially for carotid or 

subclavian sites), should be individually considered. 

If arterial dilation, or arterial placement of a CVAD occurs, the device should be left in place and a 

vascular surgeon should be consulted as soon as is practical. 

6. Training and maintenance of competence 

 

Central venous cannulation is one of the ANZCA clinical fundamentals and there is an expectation that 

trainees will complete a minimum of 40 procedures throughout their training.  Anatomy relevant to central 

venous cannulation (ANZCA BTGS 1.72) and techniques of insertion are specified learning (BTGS 1.73).  

Knowledge surrounding ANZICS guidelines are specified in BTGS 2.2.  Choice of access site is specified in 

ATGS 1.14. An advanced trainee should be able to place a central line in any of the common positions 

(ATGS 2.4) and should understand factors unique to paediatric patients (SSPA 1.66). 

In a 2013 review of education for central venous access 30, it is suggested that training to undertake central 

venous access pass through a number of stages, to impart cognitive knowledge and technical skills.  First 

there should be a program of knowledge acquisition, this should be followed by simulated practice using 

models, before supervised practice.  Rather than specify a number of procedures to be undertaken it may be 

more appropriate to assess trainees with a global rating scale during each supervised training attempt.  This 

approach has been endorsed in the recent American Society of Echocardiography Guidelines. 26 

Individual institutions will have specific policies and procedures for CVAD insertion, whilst curriculum-based 

training provides fundamental skills.  Familiarisation with institutional requirements will be required for 

anaesthetists and trainees in new working environments.  
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Anaesthesia occurs in a wide variety of practice settings and exposure to CVAD insertion will vary 

dramatically from anaesthetists in regular cardiac practice to those who may only place a CVAD once a year 

or less, possibly under emergency situations.  There is no clear evidence or guidelines on the maintenance of 

clinical knowledge and technical skills.  It is reasonable to expect that the risk associated with CVAD insertion 

will be lower with regular clinical practice.  Institutions could consider providing the opportunity for 

anaesthetists to perform simulated or supervised insertions, particularly to reinforce the key skills around 

asepsis and minimising the risk of arterial dilatation and catheter placement. 

7. High risk situations 

It was acknowledged by the document development group that not all situations are elective, straightforward 

cannulations, or enable the use of critical checks. However, wherever possible steps must be taken to 

minimise the risk of misplacement of a CVAD because the consequences can be significant. 
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Professional documents of the Australian and New Zealand College of Anaesthetists (ANZCA) are 
intended to apply wherever anaesthesia is administered and perioperative medicine practised within 
Australia and New Zealand. It is the responsibility of each practitioner to have express regard to the 
particular circumstances of each case, and the application of these ANZCA documents in each case. 
It is recognised that there may be exceptional situations (for example, some emergencies) in which 
the interests of patients override the requirement for compliance with some or all of these ANZCA 
documents. Each document is prepared in the context of the entire body of the College's 
professional documents, and should be interpreted in this way. 

ANZCA professional documents are reviewed from time to time, and it is the responsibility of each 
practitioner to ensure that he or she has obtained the current version which is available from the 
College website (www.anzca.edu.au). The professional documents have been prepared having 
regard to the information available at the time of their preparation, and practitioners should therefore 
take into account any information that may have been published or has become available 
subsequently. 

Whilst ANZCA endeavours to ensure that its professional documents are as current as possible at 
the time of their preparation, it takes no responsibility for matters arising from changed 
circumstances or information or material which may have become available subsequently. 
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Appendix 1: Mechanical complications of central venous access 

Literature Search Strategy (Medline): 

# Searches Results 

1 exp Catheterization, Central Venous/ 17986 

2 exp Central Venous Catheters/ 4278 

3 central venous access.ti,ab. 2558 

4 central venous catheter*.ti,ab. 15606 

5 central venous cannula*.ti,ab. 581 

6 1 or 2 or 3 or 4 or 5 28202 

7 femoral vein*.ti,ab. 8433 

8 subclavian vein*.ti,ab. 4412 

9 internal jugular vein*.ti,ab. 7638 

10 temp* dialysis catheter*.ti,ab. 59 

11 vascath.ti,ab. 14 

12 catheter sheath*.ti,ab. 128 

13 7 or 8 or 9 or 10 or 11 or 12 19479 

14 mechanical complication*.ti,ab. 3219 

15 exp Pneumothorax/ 19032 

16 exp Thromboembolism/ 67956 

17 exp Embolism/ 68784 

18 exp Embolism, Air/ 6106 

19 exp Arrhythmias, Cardiac/ 251343 

20 "faliure to place".ti,ab. 0 

21 (place adj2 failure*).ti,ab. 145 

22 placement.ti,ab. 175847 

23 insertion.ti,ab. 189110 

24 (wire adj2 retent*).ti,ab. 75 

25 fragment*.ti,ab. 465476 

26 vascular inju*.ti,ab. 16597 

27 nerve* injur*.ti,ab. 31901 

28 pneumothorax*.ti,ab. 27320 

29 thromboembolism*.ti,ab. 52272 

30 embolism*.ti,ab. 76584 
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31 arrhythmia*.ti,ab. 109933 

32 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 1335576 

33 6 and 14 444 

34 limit 33 to yr="2010 -Current" 292 

35 from 34 keep 1-2, 4, 6, 9, 13, 15-16... 86 

36 6 and 32 10384 

37 limit 36 to yr="2010 -Current" 6204 

38 37 not 34 6002 

39 limit 38 to "systematic review" 143 

40 from 39 keep 1-2, 4, 6-7, 13, 42-43, 54... 24 

41 13 and 14 140 

42 limit 41 to yr="2010 -Current" 101 

43 42 not 34 15 

44 43 not 39 15 

45 from 44 keep 5, 11 2 

46 13 and 32 5646 

47 limit 46 to yr="2010 -Current" 2937 

48 47 not 34 2871 

49 48 not 39 2855 

50 49 not 44 2846 

51 limit 50 to "systematic review" 11 

52 35 or 40 or 45 112 

 

Search date: 22 September 2025 

Outcome: 112 Results 

 


