
1Kowa C- Y, et al. BMJ Surg Interv Health Technologies 2024;6:e000264. doi:10.1136/bmjsit-2024-000264

Open access 

Prospective randomized evaluation of 
the sustained impact of assistive 
artificial intelligence on anesthetists’ 
ultrasound scanning for regional  
anesthesia

Chao- Ying Kowa,1 Megan Morecroft,2 Alan J R Macfarlane,3,4 
David Burckett- St Laurent,5 Amit Pawa,6,7 Simeon West,8 Steve Margetts,9 
Nat Haslam,10 Toby Ashken,8 Maria Paz Sebastian,11 Athmaja Thottungal,12 
Jono Womack,13 Julia Alison Noble,14 Helen Higham,15,16 James S Bowness    8,17

To cite: Kowa C- Y, Morecroft M, 
Macfarlane AJR, et al.  
Prospective randomized 
evaluation of the sustained 
impact of assistive artificial 
intelligence on anesthetists’ 
ultrasound scanning for regional  
anesthesia. BMJ Surg 
Interv Health Technologies 
2024;6:e000264. doi:10.1136/
bmjsit-2024-000264

 ► Additional supplemental 
material is published online only. 
To view, please visit the journal 
online (https:// doi. org/ 10. 1136/ 
bmjsit- 2024- 000264).

Received 30 January 2024
Accepted 10 September 2024

For numbered affiliations see 
end of article.

Correspondence to
Dr James S Bowness;  
 james. bowness1@ nhs. net

Original research

© Author(s) (or their 
employer(s)) 2024. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published by 
BMJ.

ABSTRACT
Objectives Ultrasound- guided regional anesthesia (UGRA) 
relies on acquiring and interpreting an appropriate view of 
sonoanatomy. Artificial intelligence (AI) has the potential to 
aid this by applying a color overlay to key sonoanatomical 
structures.
The primary aim was to determine whether an AI- generated 
color overlay was associated with a difference in participants’ 
ability to identify an appropriate block view over a 2- month 
period after a standardized teaching session (as judged by a 
blinded assessor). Secondary outcomes included the ability 
to identify an appropriate block view (unblinded assessor), 
global rating score and participant confidence scores.
Design Randomized, partially blinded, prospective cross- 
over study.
Setting Simulation scans on healthy volunteers. Initial 
assessments on 29 November 2022 and 30 November 
2022, with follow- up on 25 January 2023 – 27 January 
2023.
Participants 57 junior anesthetists undertook initial 
assessments and 51 (89.47%) returned at 2 months.
Intervention Participants performed ultrasound scans for 
six peripheral nerve blocks, with AI assistance randomized 
to half of the blocks. Cross- over assignment was employed 
for 2 months.
Main outcome measures Blinded experts assessed 
whether the block view acquired was acceptable (yes/
no). Unblinded experts also assessed this parameter and 
provided a global performance rating (0–100). Participants 
reported scan confidence (0–100).
Results AI assistance was associated with a higher rate 
of appropriate block view acquisition in both blinded and 
unblinded assessments (p=0.02 and <0.01, respectively). 
Participant confidence and expert rating scores were 
superior throughout (all p<0.01).
Conclusions Assistive AI was associated with superior 
ultrasound scanning performance 2 months after formal 
teaching. It may aid application of sonoanatomical 
knowledge and skills gained in teaching, to support 
delivery of UGRA beyond the immediate post- teaching 
period.

Trial registration number NCT05583032.

INTRODUCTION
Acquisition of an appropriate ultrasound 
view and the identification of key sonoana-
tomical structures on that view are essential 
skills in ultrasound- guided regional anes-
thesia (UGRA).1–3 This can be challenging,4 
particularly to non- experts, and anatomy 
varies within and between patients.5–7

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Performance of ultrasound- guided regional anes-
thesia (UGRA) relies on the correct identification of 
sonoanatomical structures.

 ⇒ Commercial artificial intelligence (AI) systems for re-
gional anesthesia are available that produce a color 
overlay on real- time ultrasound scans.

WHAT THIS STUDY ADDS
 ⇒ 57 junior UK anesthetic trainees performed ul-
trasound scanning for six plan A peripheral nerve 
blocks at two time points: immediately after teach-
ing and at a 2- month follow- up. Half the scans by 
each participant were randomly allocated to AI as-
sistance, and the other half without, at each time 
point.

 ⇒ Acquisition of an appropriate block view, partici-
pant confidence and expert global rating of partic-
ipants showed improvement when scanning with AI 
assistance.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ Such devices may aid the delivery of UGRA be-
yond the immediate post- teaching period and 
support clinical practice in competent non- expert 
practitioners.
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Several recent studies have investigated the potential 
of using artificial intelligence (AI) to support ultrasound 
image interpretation in UGRA.8–17 Systems have recently 
become commercially available for this purpose, which 
applies an AI- generated color overlay on a real- time ultra-
sound feed, with the intention of highlighting anatomical 
structures of interest to aid identification.

We have previously demonstrated that the use of an 
AI- generated color overlay was associated with improved 
ultrasound scanning performance for six plan A blocks 
when assessed immediately after formal teaching.12 
However, further assessment of such assistive AI is 
needed—both to validate initial findings and to deter-
mine whether these benefits are maintained beyond the 
initial period. The latter is important, as opportunities 
for clinical UGRA performance can be sporadic and 
retention of knowledge following teaching (eg, via course 
attendance) fails with time. The present investigation is 
a randomized, partially blinded prospective study, which 
evaluates peripheral nerve block (PNB) ultrasound scan-
ning performance by a cohort of anesthetists in their first 
3 years of training over a period of 2 months, with and 
without the use of assistive AI. The primary aim was to 
determine whether use of the AI- generated color overlay 
was associated with a difference in participants’ ability 
to identify an appropriate block view in the context of 
a 2 month follow- up period, as determined by a blinded 
assessor. Secondary outcomes similarly included the 
ability to identify an appropriate block view, as deter-
mined by a separate unblinded assessor (in real time). 
The real- time unblinded assessor also provided a global 
rating score of participant scanning performance, and 
participants provided confidence scores (all at time 0 and 
at 2 months).

METHODS
Non-expert participants
57 anesthetists provided written informed consent to 
participate in the study and were compensated for their 
time (attendance at a Regional Anaesthesia UK meeting 
and an incentive to return for the second assessment). All 
were in their first 3 years of UK anaesthesia training (Core 
Anaesthesia and Acute Care Common Stem Training) 
and with limited UGRA experience. Further information 
on participant background and prior UGRA experience 
is contained in online supplemental file 1.

Expert participants
Nine experts in UGRA participated in the study; three 
(AJRM, DB- SL and NH) provided teaching and acted 
as blinded assessors, six (AP, SW, TA, MPS, AT and JW) 
undertook unblinded real- time assessments of the partic-
ipants. To be consistent with our prior study,12 all expert 
assessors had completed advanced training in UGRA 
and/or hold a dedicated qualification in UGRA, regu-
larly delivered direct clinical care using UGRA (including 

for ‘awake’ surgery) and regularly delivered teaching on 
UGRA (including advanced techniques).

Subjects
11 healthy volunteers were recruited for ultrasound scan-
ning and compensated for their time. The only exclusion 
criterion was known pathology of the areas to be scanned.

Equipment
Ultrasound scanning was performed using an L15–4 
linear probe on the PX SonoSite ultrasound machine 
(Fujifilm SonoSite, Bothell, Washington, USA).

The AI color overlays were generated by ScanNav 
Anatomy Peripheral Nerve Block (ScanNav; Intelligent 
Ultrasound, Cardiff, UK); these correspond closely with 
recommendations on structure visualization for the plan 
A and plan BCD blocks in UGRA.18–20 ScanNav (CE V.2.0) 
was connected to the high- definition multimedia inter-
face output of each ultrasound machine, to display the 
same ultrasound image with the superimposed associated 
AI- generated color overlay. Further detail on ScanNav has 
been reported elsewhere.4 9–12 21

Teaching
To minimize the effect of differing scanning techniques on 
the outcome measures, participants attended a standard-
ized 2- hour teaching session (by AJRM, DB- SL and NH) 
which defined a consistent scanning approach for each 
PNB. Six plan A blocks20 were considered: interscalene- 
level and axillary- level brachial plexus, erector spinae 
plane, femoral nerve, adductor canal and popliteal- level 
sciatic nerve blocks. As with the previous study,12 partic-
ipants were taught to identify a recommended series of 
structures for the ‘block view’ of each block (summarized 
in online supplemental file 1). These views are based on 
previously published criteria, endorsed by the UK, Euro-
pean and American specialty societies in regional anes-
thesia and illustrated in educational material endorsed 
by the European Society of Regional Anaesthesia.19 22 
Of note, the axillary vein(s), a strong recommendation 
for identification on the block view in the axillary- level 
brachial plexus block, was not included in this study as 
ScanNav does not identify it. The teaching included famil-
iarization with ScanNav, so participants were familiar with 
the device prior to the first assessment.

Sequence of assessment
Assessments were conducted at two time points: imme-
diately after teaching (time zero) and at a 2- month 
follow- up. The initial assessments (at time zero) were 
conducted over 2 days (29 November 2022 - 30 November 
2022). Participants sequentially performed a scan for 
each of the six PNBs listed above while being assessed by 
an unblinded expert (AP, SW, TA, MPS, AT and JW). Each 
participant, therefore, completed six scans and had one 
opportunity to scan each anatomical area corresponding 
to the relevant PNB. To ensure that half of the six scans 
completed by every participant were performed with the 
aid of AI assistance and half without, participants were 
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randomized (in alternating order based on study enrol-
ment) to performing their first scan either with (AI- as-
sisted) or without (AI- unassisted) ScanNav. Subsequently, 
they alternated between with and without ScanNav for 
the remaining scans.

An unblinded assessor evaluated participants for two 
of the six scans, which were performed on one subject. 
This process was repeated with two other assessor/subject 
pairs, giving a total of six scans, with three assessors and 
three subjects (figure 1). The same assessment process 
was conducted for the 2- month assessment (without 
further teaching), conducted over a period of 3 days (25 
January 2023 – 27 January 2023).

For each participant, scans performed with ScanNav 
at time 0 were performed without at 2 months and vice 
versa. Participants therefore never used AI assistance 
when scanning for the same blocks at the initial and 
follow- up assessments, nor did they scan the same body 
region corresponding to each PNB on the same subject 
more than once.

Assessment: primary outcome endpoint
The primary outcome of this study was the acquisition of 
an appropriate block view (with vs without AI assistance), 

as determined by the blinded assessment. To enable this, 
the participant declared when they had obtained the 
block view when scanning for each PNB, at which point 
an assistant froze the ultrasound image. Recordings of 
these scans (from both time 0 and 2 months) were later 
shown to three blinded assessors (AJRM, DB- SL and NH). 
All three experts viewed every scan; they were shown the 
unmodified ultrasound scans (without AI highlighting) 
and informed of which PNB was being scanned for. 
They were blinded to whether AI assistance was used 
in acquiring the scan, as well as to the results of the 
unblinded expert assessment at the time and the results 
of the other blinded assessments. Each blinded expert, 
therefore, made an independent decision on whether 
the final frozen image represented an appropriate block 
view (yes/no). The block view was deemed appropriate if 
all strong recommendation structures19 demonstrated in 
the prior teaching were in view. In each case, a majority 
opinion was taken (agreement of at least two blinded 
assessors).

Assessment: secondary outcome endpoints
The secondary outcomes included acquisition of an 
appropriate block view, as assessed by the unblinded 

Figure 1 Flow diagram of participants’ progress through the study. ISB, interscalene- level brachial plexus block; AxBP, 
axillary- level brachial plexus block; ESP, erector spinae plane block; FNB, femoral nerve block; ACB, adductor canal block; 
SNB, popliteal- level sciatic nerve block.
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assessor in real time. After determining whether 
the acquired view was appropriate for that PNB, the 
unblinded assessor asked the participant to indicate their 
confidence on a continuous scale from 0 to 100 (0=low 
confidence, 100=totally confident). They then gave the 
participant a global rating score for the overall scan 
performance for that scan on a continuous 0–100 scale 
(0=poor, 100=excellent). To avoid influencing subse-
quent performance, participants were not made aware 
of their results at any point. These assessments were not 
blinded to use of ScanNav as it was adjacent to the ultra-
sound machine during scanning. None of these assessors 
participated in the earlier teaching or contributed to the 
development of ScanNav.

Participants were also asked to identify each strong 
recommendation structure for that PNB.19 Participants 
were allowed to refer to the separate AI colour overlay 
screen if randomized to using ScanNav during the scan 
and assessment but were required to identify individual 
structures on the original unmodified frozen image 
displayed by the ultrasound machine. The unblinded 
assessor recorded whether each structure identified was 
correct (yes/no). These data are described in online 
supplemental file 1.

Sample size, data handling and analysis
Based on our previous study12 and pilot data from a 
limited follow- up of these participants, the investigators 
estimated that at least 33 participants (200 scans) would 
be required for the primary outcome to reach statistical 
significance (see online supplemental file 1). As it was 
difficult to estimate the attrition rate for follow- up assess-
ment, the team aimed to maximize recruitment at the 
initial stage, to allow for drop- out of participants.

Data were recorded digitally on Microsoft Power Apps 
and stored in Microsoft Lists, before being transferred 
to Excel. A small number of data points were lost/not 
acquired during the study (134/4772; 2.81%)—these are 
described in online supplemental file 1. Data are reported 
descriptively and, where appropriate, statistical evaluation 
(using R software V.4.2.0) was used to assess the relation-
ship between variables. Generalized Estimating Equa-
tion analyses were undertaken using Generalized Linear 
Models to account for potential within- subject correla-
tion, given that repeated measures were taken from each 
trainee and subject being scanned. Statistical significance 
was deemed as p<0.05.

Patient and public involvement
As this was an early- stage, exploratory investigation in 
a simulation setting, patients and the public were not 
involved in this study.

Reporting
This study is reported in accordance with the Consoli-
dated Standards of Reporting Trials- AI and DECIDE- AI 
guidelines.23 24

RESULTS
57 participants were recruited for the study, all core 
trainee 1–3 s from hospitals in London, UK. Five subjects 
were scanned during the initial assessments (time 0), 
two male and three female, with a mean age of 43.17 
years (min- max 23–70; SD 21.04) and body mass index 
(BMI) of 24.46 kg/m2 (19.31–30.06; 3.94 kg/m2). Seven 
subjects were scanned during the follow- up assessments 
(at 2 months), three males and four females, with a mean 
age of 44.29 years (23–70; 19.29) and BMI of 24.53 kg/m2 
(19.31–30.06; 3.66 kg/m2). A full breakdown of partici-
pants’ prior UGRA experience, experience acquired 
between the initial and 2- month study assessments, and 
subject demographics are provided in online supple-
mental file 1.

Assessments
Data were collected on 342 assessment ultrasound scans 
performed by 57 participants across 6 PNBs, half with 
ScanNav and half without, for the initial assessments. 
At 2 months, 306 assessment ultrasound scans were 
performed by 51 participants across the same six PNBs, 
again half with ScanNav and half without (with cross- over 
assignment of AI assistance).

Primary outcome
AI assistance was associated with a statistically significant 
improvement in acquisition of an appropriate block view, 
as determined by the blinded assessors (p=0.02) (table 1).

Secondary outcomes
Scans performed with ScanNav were associated with a 
statistically significant improved performance in all other 
secondary outcome measures; unblinded expert assess-
ment of block view identification, assessor global rating 
score and participant confidence score (all p<0.01) 
(table 2).

Blinded reviewers
Of note, the blinded reviewer majority opinion agreed 
with the in- person unblinded assessment in 493/612 
(80.29%) of scans. Further data are available in online 
supplemental file 1.

Table 1 Blinded reviewer assessments (648 scans 
performed; loss of recording/file corruption (26) and removal 
of scans without real- time unblinded expert assessment (10) 
resulting in 612 blinded assessments)

Time of 
assessment With ScanNav Without ScanNav

Appropriate block view

  Initial 
assessment

125/154 (81.17%) 126/167 (75.45%)

  Follow- up 
assessment

94/147 (65.31%) 77/144 (53.47%)

Details of statistical analysis are found in online supplemental file 
1.
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Trend over time
Overall performance declined for all endpoints, both 
with and without ScanNav. When potential within- 
subject correlation was accounted for, statistical analysis 
confirmed the 2- month follow- up period had a signifi-
cant negative impact on scanning performance (p<0.01, 
coef=−0.925).

Supplementary data
Data on individual blocks and a subjective utility ques-
tionnaire taken by participants are presented in online 
supplemental file 1.

DISCUSSION
This investigation is intended to validate findings from 
our previous study12 and extends the assessment to eval-
uate utility over a longer follow- up period. ScanNav was 
associated with a statistically significant superior rate of 
acquisition of an appropriate block view by both blinded 
and unblinded expert assessors during the 2- month study 
follow- up period. Scanner confidence and expert global 
assessment were all improved with ScanNav.

The data show variable differences in acquisition of an 
appropriate block view and identification of structures 
on that view. Some participants acquired an appropriate 
block view, as per the primary outcome, many had diffi-
culty identifying the correct sonoanatomical structures 
without the AI color overlay. Furthermore, the investi-
gators at the follow- up assessment reported that some 
participants had retained very little knowledge of the 
scanning required and appeared to benefit little from the 
color overlay. For example, some participants forgot basic 
elements such as whether the probe should be placed 
in the axial/transverse or sagittal orientation, and high-
lighting was not beneficial when the probe was inappro-
priately orientated. We propose that the highlighting may 
be most beneficial if some baseline knowledge is retained, 
or minor prompts are provided (eg, schematic/video 
clip) to guide initial probe placement. The scanner can 
then use the highlighting to confirm acquisition of the 
block view and sonoanatomical structure identification. It 

may be an inadvertent advantage of the AI color overlay 
that highlighting will appear unclear if the user does not 
have an appropriate view, as this may deter inexperienced 
practitioners from undertaking a procedure at an inap-
propriate site for the intended target.

Scanner confidence and expert global rating were 
improved throughout, which the authors postulate may 
support the transfer of scanning and sonoanatomy recog-
nition skills learnt in formal teaching into subsequent 
clinical practice. Anecdotal evidence suggests that non- 
experts may attend teaching and feel increased confi-
dence and competence immediately afterwards. However, 
these features diminish with time—such that, without the 
support of a more senior/expert clinician, UGRA tech-
niques may not be employed the next time the individual 
is presented with a suitable case. These data demon-
strate this drop- off in performance, but levels of initial 
unassisted performance are similar to later scans when 
assistive AI is employed. In addition, subjective feedback 
from study participants strongly implied that participants 
would find the AI highlighting helpful in their training 
and clinical practice. This study, therefore, demonstrates 
that assistive AI may be one method to support ultra-
sound scanning performance over time (with respect to 
acquisition of an appropriate block view and recognition 
of sonoanatomy). The increased confidence associated 
with such technology may also potentially support non- 
experts to increase their UGRA delivery, which is an aim 
of the Regional Anaesthesia UK Plan A Blocks concept 
and the Royal College of Anaesthetists 2021 training 
curriculum.20 25

Several AI systems, which aim to support ultrasound 
scanning in UGRA, are commercially available. These 
include ScanNav, cNerve (GE Healthcare, Chicago, USA), 
Smart Nerve (Mindray, Shenzhen, China), Nerveblox 
(Ankara, Turkey) and NerveTrack (Samsung, Suwon, 
South Korea). However, few studies have robustly evalu-
ated these systems for ultrasound scanning in UGRA, and 
there is no consistent format through which they should 
be evaluated. These systems may soon become estab-
lished in mainstream clinical practice and hence must be 

Table 2 Unblinded reviewer assessments (648 scans performed; loss of data affecting 19 scans, resulting in 629 unblinded 
assessments)

Outcome measure With ScanNav Without ScanNav

Initial assessment (342 scans performed; partial data loss affecting 10 scans)

  Appropriate block view 150/162 (92.59%) 143/170 (84.12%)

  Mean confidence (min- max; SD) 65.62 (0–100; 20.40) 54.74 (0–100; 24.92)

  Mean Global Score (min- man; SD) 63.83 (0–100; 23.69) 53.56 (0–98; 23.93)

Follow- up assessment (306 scans performed; partial data loss affecting 9 scans)

  Appropriate block view 125/153 (81.70%) 114/153 (74.51%)

  Mean confidence (min- max; SD) 56.63 (0–100; 25.16) 44.03 (0–100; 29.44)

  Mean Global Score (min- man; SD) 59.44 (0–100; 27.54) 46.75 (0–100; 27.55)

Details of statistical analysis are found in online supplemental file 1.
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robustly and consistently assessed. To the authors’ knowl-
edge, highlighting by ScanNav is most closely aligned to 
recommendations for anatomical structures to identify 
on ultrasound in UGRA (endorsed by Regional Anaes-
thesia UK, the American Society of Regional Anesthesia 
and Pain Medicine and the European Society of Regional 
Anaesthesia & Pain Therapy).18 19 Individual manufac-
turers can elect which structures to identify, though 
current variations in highlighting may impede standard-
ized evaluation and clinical adoption. Consistent struc-
ture highlighting, guided by the recommendations of 
learnt bodies,18 19 alongside a standardized evaluation of 
highlighting accuracy9 10 and methods through which the 
potential benefit is assessed,11 12 could serve as a frame-
work for this process.

The investigators note limitations to this study. First, 
along with the randomization in the availability of ScanNav 
for scans performed over the 2- month follow- up, the 
subjects being scanned were different. However, our use 
of regression analysis aims to account for these changes, 
along with potential correlation due to repeated measures 
taken from the same participant. A second limitation of 
this study is the lack of evidence to support what consti-
tutes a validated and reliable assessment of an appro-
priate block view in the context of academic research 
(eg, blinding of assessors, optimum number of assessors 
and acceptable agreement levels) and emerging evidence 
indicates that interobserver variation exists even among 
experienced personnel.17 More evidence is required to 
validate this. Third, while the data demonstrate statis-
tically significant differences in ultrasound scanning 
performance, rigorous clinical studies are required to 
investigate the impact on patient outcomes. Addition-
ally, scanning ability and recognition of sonoanatomy 
are two requirements of successful UGRA performance, 
with other parameters such as needling ability, manual 
dexterity and non- technical skills also being of signifi-
cance. The choice of a 2- month follow- up period may be 
another limitation of this study, as it may not represent 
an ideal ‘washout’ period from the initial standardized 
teaching and additional participant experience of UGRA 
was not controlled during this period. However, there is 
a paucity of data on what constitutes an appropriate time 
interval for follow- up assessment to evaluate the impact 
of AI on scanning ability beyond an immediate teaching 
session. Therefore, 2 months was a pragmatic choice 
based on consensus among the UGRA expert authors. 
In addition, it is reasonable to anticipate and accept that 
junior anesthetists will encounter UGRA within 2 months 
of attending formal teaching while not gaining extensive 
experience or seniority. The lack of control over expo-
sure to UGRA in the interval period is pragmatic and 
reflects real- life practice. Furthermore, the use of the 
same participant cohort, with crossover methodology, was 
chosen rather than a second group of similar learners as 
this reflects real- world clinical practice—whereby trainees 
are exposed to training and equipment, but do not neces-
sarily employ them regularly in their work (and so the 

impact of such learning drops off). In our study, most 
participants still had little UGRA experience. Future 
investigations could better characterize UGRA experi-
ence gained during the study (eg, data on individual 
participants for each block, stricter inclusion/exclusion 
criteria to help control for ability level at the 2- month 
period). Our methods and randomization strategy also 
aimed to reduce the impact of participant heterogeneity 
and account for potential correlation involving multiple 
assessments of the same participants, although we note 
that alternative analyses and a robust assessment of partic-
ipants’ performance change over time (such as cumula-
tive sum learning curves and paired repeat measures 
analysis) may be avenues for future study. Finally, several 
study authors (JSB, MM, DB- SL and SM) are affiliated 
with the manufacturer of ScanNav. The investigators have 
intentionally involved several experienced and promi-
nent UGRA experts to provide an impartial viewpoint and 
support a fundamentally sound assessment of the tech-
nology in question. No unblinded assessors have direct 
affiliation with the manufacturer.

CONCLUSION
The use of ScanNav was associated with a statistically 
significant superior acquisition of an appropriate block 
view, scanner confidence and expert rating of scanner 
performance during a 2- month follow- up. This suggests 
that assistive AI may support the application of knowl-
edge and skills gained in teaching to the subsequent clin-
ical setting, though all systems and approaches should 
be thoroughly evaluated through the same framework to 
allow a consistent assessment and best inform clinicians 
of the potential advantages.
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