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Introduction

Sedation and general anaesthesia are commonly 
provided as part of dental surgery, particularly 
with patients who may require special care 
dentistry. In the UK, the utilisation of sedation 
has increased since the recommendation that 
general anaesthesia in dental surgery should 
be restricted to a hospital setting.1,2

Internationally, there is also a move towards 
greater emphasis on promoting the safety of 
pain and anxiety control in dental surgery. 
The USA have recently recognised ‘dental 
anaesthesiology’ as a dental speciality3 and 
in the UK it is recommended that dedicated 
sedationists (as opposed to operator-
sedationists) provide sedation to more complex 
special care patients, such as those who are 

medically compromised, older, physically 
disabled or emotionally challenging.4 As 
the numbers of complex patients requiring 
sedation increases, it is likely that dedicated 
sedationists will become more common.

While inhalation sedation is an effective 
method of sedation, its use is often limited to 
paediatric patients and simple treatments, such 
as restorations or simple extractions. Intravenous 
dental sedation provides the advantages of more 
profound sedation with anterograde amnesia and 
is more likely to be accepted by adults or special 
care patients.5 Intravenous dental sedation, 
however, has more risk involved compared to 
inhalation sedation, which includes respiratory 
depression. Furthermore, intravenous dental 
sedation (and general anaesthesia) has a higher 
risk of falls, and contemporary pre-operative 
sedation assessments should consider potential 
post-falls risk.6 In addition, intravenous dental 
sedation requires cannulation in order to 
administer the sedative drug; it is also common 
practice to place a cannula during oral/
transmucosal sedation.

Cannulation carries its own risks, which 
include: pain, haematoma, extravasation, 
thrombus, phlebitis and air-embolism and 
nerve injury.7 Although short-term peripheral 

venous catheter-related bloodstream infections 
are unlikely in intravenous dental sedation due 
to the short duration of treatment, repeated 
cannulations increase the risk of introduction 
of infection and, therefore, bacteraemia or 
sepsis,8 which can be particularly dangerous in 
systemically compromised special care patients.

Several techniques have been described to 
try and improve the success of cannulation or 
promote venodilatation, including: the use of 
surface anatomy, warmth, inhalation sedation, 
blood pressure cuffs, near infrared imaging and 
glyceryl trinitrate patches. Oral/transmucosal 
sedation has been used with special care patients 
to aid cooperation for cannulation, but this has 
the disadvantage of unpredictable response 
and recovery. Moreover, clinical holding 
can also be used with special care patients to 
ameliorate cooperation for cannulation, but this 
is restricted to certain patient groups and can 
be associated with adverse outcomes, including 
musculoskeletal injuries, cardiorespiratory 
restriction or psychological distress.9

Previous authors have also suggested pre-
operative scales10,11 to help predict the difficulty 
of intravenous access. Despite this, cannulation 
can still be challenging, with success being 
reported at 33–69%.12
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Successful cannulation can reduce anxiety; 
improve the patient’s experience and quality 
of sedation; increase future compliance; and 
prevent delays in treatment/referral and 
potential complaints.

Ultrasound can be used to guide peripheral 
intravenous cannulation and therefore be 
applied to intravenous dental sedation. This 
paper outlines the method for ultrasound-
guided peripheral intravenous cannulation 
(USG-PIVC) and its possible indications, 
contraindications and current barriers to its 
implementation in dental surgery.

Ultrasound-guided peripheral 
intravenous cannulation

Ultrasound is a non-invasive and painless real 
time special investigation, that can be used 
to visualise internal organs and blood vessels 
within the body using high frequency sound 
waves (greater than 2 MHz). Ultrasound does 
not use radiation and there are no special 
pre or post instructions (for cannulation) 
or side effects, making it suitable for most 
patients. Ultrasound has many uses in 
medicine, including in radiology, cardiology, 
dermatology, gynaecology and emergency 
medicine. In dental surgery, ultrasound 
has been used for caries detection, dental 
and maxillofacial trauma, periapical and 
periodontal disease, temporomandibular 
joint disorders and implantology.13

USG-PIVC is a relatively novel technique 
which has been used in radiology, emergency 
medicine14 and anaesthesia15 and can be applied 
to intravenous dental sedation. It has been 

shown to improve the success of cannulation 
in patients with difficult intravenous access 
(DIVA) and reduce the number of attempts 
required.16,17,18,19 USG-PIVC may also enable 
dental surgeons to use alternative sites, such 
as distal to the antecubital fossa or mid-arm 
basilic or cephalic veins,20 or deeper veins 
for intravenous dental sedation, therefore 
reducing the chance of failed cannulations 
and a delay in treatment. USG-PIVC 
is increasingly being taught to medical 
students,21 foundation doctors22 and nurses.23

One study into the success of USG-PIVC 
in medical students showed that USG-PIVC 
had a success rate of 100% versus 56% for 
surface landmark cannulation and required 
fewer attempts.24 The European Federation 
of Societies for Ultrasound in Medicine and 
Biology (EFSUMB) also recommends USG-
PIVC for patients with DIVA.25

Special care dentistry, in particular, 
involves providing intravenous dental 
sedation for a range of complex patients 
who may have DIVA. Musculoskeletal, 
dermatological, or other systemic pathologies 
such as Dupuytren’s contracture, rheumatoid 
arthritis, clonus/spasticity of the hands (eg 
cerebral palsy), and skin cancer may affect 
cannulation. Drugs or treatment may also 
complicate cannulation. Bleomycin can cause 
vein wall hypertrophy26 and radiotherapy 
can be associated with peripheral venous 
stenosis.27 Women who have had breast cancer 
treatment (mastectomy or radiotherapy) 
with lymph node removal are at higher risk 
of lymphoedema; therefore, cannulation 
and blood pressure measurements may be 

safer on the untreated side.28 In addition, 
hypercoagulable patients are at higher risk 
of thromboembolic complications, and 
repeated cannulations should be avoided.29 
USG-PIVC may therefore be more suitable for 
certain special care patient groups requiring 
intravenous dental sedation in comparison to 
other cannulation techniques.

Table  1 shows suggested indications 
and contraindications for USG-PIVC for 
intravenous dental sedation.

USG-PIVC is clearly beneficial for dental 
surgeons involved in the ‘sedation specialities’ 
but may also be beneficial for other common 
procedures that involve cannulation, such 
as in oral surgery for platelet-rich growth 
factor extraction or in oral medicine where 
blood tests are commonly required as part 
of the diagnostic process. In acute situations, 
USG-PIVC may be beneficial during medical 
emergencies in the dental practice, providing 
the dental surgeon is happy to obtain 
intravenous access.

Box 1  RCR training guidance for 
non-radiologists in USG-PIVC  

Knowledge base33

• Physics and technology, ultrasound 

techniques and administration

• Sectional and ultrasonic anatomy, including 

difference between veins and arteries and 

nerves

• Pathology, including thrombus, patency and 

occlusion

• Basic knowledge of Doppler ultrasound.

Indications Contraindications

• Non-ultrasound-guided techniques failed on more than two occasions
• History of difficult cannulation, for example: obese patients; IV drug abusers; those with altered/

extraordinary surface anatomy; frail, older patients; arthritic patients; and hypotensive patients
• Reduce needlestick injuries in hypercoagulable patients,29 such as patients with Factor V Leiden, cancer, 

myeloproliferative disorders, chronic renal disease and COVID-19 disease
• Patients with bleeding disorders, for example, haemophilia, Von Willebrand disease, liver disease, and 

anticoagulated patients 
• Patients with multiple previous cannulations, for example, chemotherapy patients30

• Renal patients31 who have regular haemodialysis and an arteriovenous fistula; where cephalic or veins in the 
antecubital fossa are vital, therefore there is less opportunity to repeat cannulation or there is difficulty with 
cannulation. The dorsum of the hand may be the safest site for cannulation in this group of patients

• Patients who have blood-borne diseases (for example, Hepatitis B or HIV) and a history of difficult 
cannulation or potential difficulty with cannulation by non-ultrasound-guided cannulation to reduce the 
chance of needlestick injuries

• Patients with movement disorders (for example, Huntington’s disease) where cannulation is difficult (may 
require dual operator technique [see below] or clinical holding to complete)

• Patients with rare skin disorders, where minor trauma can be serious, and there is limited skin surface suitable 
for cannulation or there is fragile vasculature (eg epidermolysis bullosa or Ehlers-Danlos syndrome).

• Special care (or paediatric)32 patients where cooperation is likely to be limited for multiple cannulation 
attempts (and USG-PIVC is possible)

• Needle-phobic patients (that accept cannulation), who may not allow repeated attempts at cannulation

• The same contraindications for other cannulation 
techniques; for example, inflammation/pathology 
at site

• Vein pathology identified on ultrasound, for 
example, thrombus

• Untrained in ultrasound or intravenous dental 
sedation/cannulation

Table 1  Suggested indications and contraindications for using USG-PIVC for intravenous dental sedation
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Training in USG-PIVC
The Royal College of Radiologists (RCR) suggests 
that clinicians who undertake ultrasound 
investigations should undergo annual training 
and have guidance for USG-PIVC, which may be 
provided by wards, outpatient clinics or general 
practice surgeries (non-radiologists). This 
guidance can be used to determine the possible 
requirements for training of dental surgeons in 
USG-PIVC (Box 1).33

The RCR suggests the observation of 20 USG-
PIVCs, then performing 20 ultrasound scans 
under supervision, and then finally performing 
20 USG-PIVCs under supervision before 
independent practice.33

Technique for intravenous dental 
sedation using USG-PIVC

Relevant ultrasound anatomy
It is very important that any clinician who 
performs ultrasound has a sound knowledge 
of ultrasound anatomy and USG-PIVC, which 
is not possible to fully cover in this paper. The 
main structures which need differentiation 
during cannulation on ultrasound include 
veins and arteries (see Table 2).34,35

Nerves may be distinguished from arteries 
and veins as they are generally smaller, less 
compressible, and appear with hyperechoic 
(fascicles) with internal hypoechoic 

(epineurium) circles – a ‘honeycomb’ 
appearance on ultrasound.36 In addition, 
nerves are mainly elliptical in shape (but 
can be round or triangular depending on 
the position in the nerve path) in transverse 
view or present as long, slim structures with 
parallel hypoechoic and hyperechoic lines in 
longitudinal view.36 Nerves also have no pulse 
and display no signal on colour Doppler.36

Materials and equipment
See Figures  1 and 2 for materials and 
equipment, which include:
• Standard intravenous dental sedation 

setup (cannula [22 Birmingham gauge], 
tourniquet, plasters, syringes, topical 
anaesthetic, skin disinfectant, cotton 
wool rolls/buds, intravenous dressing, 
sterile saline, midazolam, and flumazenil 
[rescue]).

• An ultrasound machine or a wireless 
ultrasound probe with a smart device.

• Linear ultrasound probe (5-8 MHz) 
and ultrasound gel. Lower frequency 
curvilinear probes (2-5 MHz) may be 
more suitable for obese patients due to 
their deeper veins37

• Ultrasound probe/transducer cover.

Characteristic Veins Arteries

Walls Thin (may also be able to see valves on longitudinal view) Thick

Compressibility with 
ultrasound probe Compresses on slight pressure Less compressible

Shape Oval (transverse view) Round (transverse view)

Echogenicity Anechoic Anechoic

Pulse No pulse Pulse

Doppler assessment Low velocity High velocity

Table 2  Difference between veins and arteries on ultrasound34,35   

Fig. 1  Materials and equipment for USG-PIVC. a) Ultrasound machine. b) Standard intravenous sedation setup. c) Linear probe. d) Curvilinear 
probe (for obese patients)
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Ultrasound settings
Ultrasound settings are:
• Vascular access configuration
• Ultrasound B Mode (2D-brightness 

modulation) and, if available, colour 
Doppler

• Setting at 5–10 MHz linear probe
• Depth of 3–4 cm.

Procedure using an ultrasound machine
The ultrasound aspects of the procedure were 
adapted38 (see Figure 3).
Follow universal cross infection procedures:
1. Obtain consent for USG-PIVC (see online 

Supplementary Information). Assess the 
arm or hand for a potential cannulation 
site; if there is significant pathology, 
avoid this area and consider referral (if 
serious pathology is found, eg melanoma) 
or advise the patient to seek care from a 
medical professional

2. Place a tourniquet about 10 cm away from 
the potential cannulation site

3. Apply ultrasound gel to the potential 
cannulation site

4. Using the ultrasound machine and linear 
probe, scan the antecubital fossa or 
dorsum of the hand for potential veins 
using the ultrasound probe transversely. 
USG-PIVC is generally used for the 
cannulation of larger superficial veins 
found in the antecubital fossa rather than 
smaller veins often found in the dorsum 
of the hand

5. Determine the ultrasound anatomy
6. Identify veins on ultrasound; wide veins 

which are not close to arteries or nerves 
should be used. The median basilic vein 
is normally good for intravenous access 
at the antecubital fossa

7. Rotate the linear probe longitudinally 
once a suitable vein is found

8. Remove ultrasound gel from the potential 
cannulation site and clean site using 
disinfectant wipe

9. Prepare cannula and ensure it is bevel up
10. Insert cannula at the midline of the 

linear probe at 35–45 degrees to ensure 
sufficient feedback from ultrasound.34 
You should be able to observe the cannula 
entering the vein (the needle appears as a 
hyperechoic structure) on the ultrasound 
machine

11. You should observe primary flashback. 
Now, level the cannula and advance a few 
millimetres into the vein, again observing 
this on the ultrasound machine

12. Withdraw the needle for the second 
flashback and insert the catheter into the 
vein, observing it on ultrasound (it should 
appear as two parallel hyperechoic lines)

13. Release the tourniquet and apply pressure 
to the vein near the tip of the catheter. 
Remove the cap from the needle and place 
the cap at the end of the cannula. Dispose 
of the needle in the sharps bin

14. Secure site with intravenous dressing
15. Rotate the linear probe transversely and 

flush the catheter with sterile saline. 
Observe on the ultrasound machine

16. Administer midazolam or a drug for 
intravenous dental sedation and check 
for entry into vein with ultrasound.

A single or dual operator technique may 
be used, where one operator carries out the 
ultrasound and the other completes the 
cannulation.34 Alternatively, ultrasound can 
be used to identify the vein for cannulation 
and then this area of the skin is marked 
and cannulation is performed without any 
ultrasound guidance.34 Ultrasound could 

also be utilised at the pre-assessment 
appointment to more accurately document 
the favourable veins for cannulation in 
patients with expected difficulty, as images 
can be stored or videos kept in patient 
records for other clinicians to view.

Another technique, known as the ‘dynamic 
needle tip positioning’39 (see Figure 4), can 
also be used for USG-PIVC. This approach 
is less technique sensitive, requiring less 
stability and can be an easier technique for 
the cannulation of smaller veins.39

Current barriers to the 
implementation of USG-PIVC in 
dental surgery

USG-PIVC has many advantages for dental 
surgeons; however, at present, there are 
barriers to its introduction in dental surgery. 
Due to expense, ultrasound may be more 
accessible in general or dental hospitals. In 
addition, equipment requirements, training/
continuing professional development (CPD), 
time, medico-legal implications and patient 

Fig. 2  Ultrasound scan of the antecubital fossa to identify basilic vein. a) Ultrasound scan of the 
antecubital fossa using a linear probe. b) Ultrasound image of the antecubital fossa (transverse 
view). c, d) Colour Doppler views of the basilic vein in the antecubital fossa (transverse view)
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Fig. 3  Stages of intravenous dental sedation using USG-PIVC
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Fig. 4  Dynamic needle tip positioning technique for USG-PIVC
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selection need consideration (see Table 3).
Dental radiologists are well trained in 

ultrasound and can help in difficult cases, 
but they can also teach USG-PIVC to help 
dental surgeons gain competency in this skill. 
The relevant dental sedation societies should 
consider providing training in USG-PIVC to 
increase access for dental surgeons involved 
in sedation/special care dentistry.

Point of care ultrasound (POCUS)/
wireless ultrasound probes that work with 
your smartphone or tablet are now available 
and cheaper, smaller, and more practical,40 
which will help to improve the accessibility 
of ultrasound for healthcare professionals. 
Pocket ultrasound probes that use web-based 
operation and internet connectivity should 
allow for remote learning and assessment 
of competency.41 They are also easier to 
disinfect post-COVID dental practice.42 
POCUS disadvantages include reduced image 
quality and working time, inability to use 
Doppler view, and a higher risk of losing the 
ultrasound probe.41

Most recently, robotics in combination with 
ultrasound imaging has been developed to 
produce hand-held automated venepuncture 
devices that exclude the need for human 
involvement in cannulation,43 but this is 
unlikely to become clinically practicable 
or financially viable in medicine or dental 
surgery for some time.

Conclusions

USG-PIVC provides both a significant 
advantage for patients requiring intravenous 
dental sedation and an evidence-based 
approach to cannulation, potentially avoiding 
the need to repeat cannulation. It can also be 
used to confirm entry of sedative drugs into 
veins and therefore prevent complications. In 
addition, it may also be more beneficial for 
certain special care patients.USG-PIVC should 
be considered as part of the pre-assessment/
case conference for special care patients or 
patients with DIVA who require intravenous 
dental sedation. USG-PIVC can also help in 
the management of patients requiring oral 
surgery and oral medicine.

Portable devices may make ultrasound 
more accessible to general dental surgeons 
and the community dental services in the 
future, instead of being restricted to dental 
and general hospitals. Dental students should 
be exposed to the advantages of USG-PIVC 
during their undergraduate training in special 

care dentistry and opportunities should 
become available for dental surgeons to learn 
this skill after graduation.
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Possible barrier Comment

Cost
Initial and maintenance (equipment)
Extra materials required for example, ultrasound gel
CPD training/courses

Training
Annual CPD required (RCR guidance)
No current postgraduate courses for dental surgeons
Not covered in undergraduate dental training

Equipment Space requirements (non-portable)
Several systems available

Time

Set up may prolong appointment time, however, may be time-saving in 
comparison to other techniques in difficult patient groups
Consider the potential need for USG-PIVC at the pre-assessment appointment to 
avoid time lost at the treatment appointment

Medico-legal
Should be able to report all findings (including pathology, for example, thrombus 
or nerve pathology) on ultrasound and refer if necessary
May need to make dental indemnity aware

Patient acceptance There may be some difficulty with special care and paediatric patients

Table 3  Challenges to implementing ultrasound-guided peripheral intravenous 
cannulation in dental surgery
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