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Abstract

Artificial intelligence (AI), defined by John McCarthy as the science and engineering of making intelligent
machines, has evolved to encompass systems capable of performing complex cognitive tasks. In regional
anaesthesia (RA), Al has shown promise in enhancing ultrasound (US) image interpretation, improving
accuracy through convolutional neural networks (CNNs) and computer vision. Current evidence suggests
that Al-assisted systems can increase first-attempt success rates, reduce procedural duration, and improve
postoperative outcomes by accurately identifying sonoanatomical structures. Moreover, Al-based
educational tools offer standardized, scalable training models for novice medical learners. However,
current limitations include difficulty in object tracking due to low tissue contrast, variable accuracy across
anatomical regions, and inadequate validation of patient-centred outcomes. Ethical, legal, and data privacy
concerns further hinder widespread clinical adoption. While Al holds potential to augment, but not replace,
clinical expertise in US-guided RA, further large-scale studies and regulatory frameworks are essential
beforeit canbe reliablyintegrated into routine anaesthetic practice.
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Introduction:

John McCarthy originally defined artificial intelligence
(AI) as the science and engineering of making
intelligent machines [1]. Over the last few years, this
concept has evolved to describe non-human programs
or models capable of performing intricated tasks. One
such application is now used in newer ultrasound (US)
machines to identify the sonoanatomy structures while
performing central neuraxial blocks (CNBs) and
peripheral nerve blocks (PNBs). Al utilizes
convolutional neural networks (CNN) to extract both
spatial and temporal features from pooled US images
and videos (Fig. 1) [2]. These CNNs form the
foundation of machine learning (ML) and deep
learning (DL). Computervision isa subfield of Al where
these sequential images are systematically processed,

filtered, and analysed to develop algorithms that can aid
in the automatic object identification pertaining to the
region of interest ona USimage [2,3].

The success of regional anaesthesia (RA) relies on
accurate interpretation of real-time US images which
can sometimes be challenging even for experienced
anaesthesiologists either due to anatomical variations or
due to distorted anatomy. Furthermore, accurate
interpretation of sonoanatomy structures may be
difficult in a subset of patients (e.g., obese patients) or
while performing deeper level of PNBs (e.g,, subgluteal
sciatic nerve block) [3, 4]. Al holds promise in
addressing these challenges by enhancing image
interpretation.

Current evidence suggests that Al demonstrates higher
accuracy in nerve detection, potentially improving
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HOW DOES IT WORK?

Each neural structure is constituted
by artificial neurons or processing
elements (PE).

" y | They are connected with weights.
1 r PE has inputs, transfer function &
output

Detects the patterns in data &
learn through experience

Hidden layers: Bias etc

Figure 1: Working schema of convolutional neural network

Figure 2: Colour overlay in ultrasound while scanning for the sciatic nerve in popliteal region (A: Without overlay; B: With overlay)

procedural success rates and reducing the incidence of
complications (Fig. 2). In a retrospective analysis of 92
patients undergoing total knee arthroplasty under CNB,
Tong SX et al. reported that the use of Al in administering
CNB was associated with prolonged duration of sensory and
motor blockade, lower postoperative pain scores, improved
postoperative range of mobility, and a reduced incidence of
complications [S]. Similarly, BownessJS et al. evaluated the
effectiveness of ScanNav™, a Food and Drug Administration
(FDA) approved Al tool, in assisting non-expert
anaesthesiologists with PNB administration. Their findings
indicated that Al assistance improves technical performance
among non-experts, particularly in acquiring the correct
block view and accurately identifying anatomical structures
by augmentation and colour overlays, thereby allowing the
clinicians to focus more efficiently on clinically important

structures [6]. This capability is believed to reduce the time
required for administering both CNB and PNB and to
improve their overall success rate. Supporting this, Oh TT et
al. reported a higher first-attempt success rate and shorter
procedure times for spinal anaesthesia when using an
automated image processing system capable of identifying
spinal landmarks on US [7]. Furthermore, the integration of
predictive algorithms into RA practice can enhance patient
safety [8]. There is also accumulating evidence to show that
Al can enhance US based medical education by a model
which depends onlearner’s feedback, and hence offera more
standardised and better scalable training compared to
traditional teaching [9]. Even though initial results are
promising and encouraging, Al still remains an emerging
technology trying to make its wayinto the field of RA.

However, there are several limitations of using Al in RA.
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Object tracking in US guided RA procedures is particularly
challenging. This arises due to similar acoustic impedance
between nerves and surrounding tissues, which reduce the
contrast, making differentiation difficult. This is further
compounded by noise, imaging artefacts, and deformity of
the target structure. These issues are more frequently seen in
obese individuals and patients at extremes of age [2, 10].
Furthermore, significant variability has been documented
when Al tool was used to perform PNBs and fascial plane
blocks across different anatomical regions. Performing
adductor canal and axillary approach to brachial plexus block
(BPB) have shown better outcomes, but rectus sheath,
interscalene, and supraclavicular approach to BPB have
yielded the poorest results [11]. The highest accuracy was
observed in detecting the structures such as bone and blood
vessels, where visual differentiation is inherently easier due
to their distinct characteristics on US, whereas nerves and
plexus showed intermediate accuracy. This marked disparity
in outcomes underscores the present limitations of using Al
in RA. Moreover, patient centric outcome parameters such
as scanning duration, incidence of nerve injury or local
anaesthetic systemic toxicity were either not included or
showed no significant differences. These results suggest that
while AT assistance in RA holds promise for enhancing skill
acquisition in non-experts, its broader validation must
extend beyond core block regions to include patient-related
parameters [12,13].

Moreover, concerns regarding data safety and patient
privacy remain largely unaddressed. The use of Al involves
collecting, storing, and processing of sensitive patient data,
which may increase the risk of cybersecurity breaches or
misuse if not properly regulated. Additionally, with the
globally growing enthusiasm for adopting Al in healthcare,
there remains a lack of clear legal and ethical regulations to
address accountability. In an event of a complication
resulting from an Al error, the burden of liability may

unjustly fall on the anaesthesiologist, even when such event
is attributable to the AI system. This area requires urgent
exploration to ensure that legal, ethical, and data protection
standards evolve parallelly with technological
advancements. Similarly, AT powered simulators such as
augmented reality (AR) and virtual reality (VR) seem to
offer a greater opportunity for learning, but this may lead to
superficial learning, thus crippling the advantage of clinical
teaching system and potentially undermine the time tested
training methods such as hands-on workshops. Although AI
and robotics are often promoted for their potential to
enhance outcomesin US guided RA, we should be aware that
such technologies should be complementing, rather than
replacing the clinical acumen and learned skills [2, 14].
Hence, until Al systems deliver consistent and reliable
results across the full spectrum of clinically relevant CNBs
and PNBs, it cannot be considered a reliable or dependable
tool [11].

Conclusion:

In conclusion, AThas an emerging role in RA. Its applications
include improved structure recognition, enhanced guidance
for needling, real-time feedback, and predictive modelling.
These can increase accuracy, efficiency, and safety,
particularly in the hands of novice trainees and
anaesthesiologists who do not routinely perform US guided
PNBs. However, the advantages come with clear drawbacks.
As has been rightly said, two of the greatest problems the
present world is facing are ‘Natural stupidity and Artificial
intelligence’. The performance of Al technology depends
heavily on the quality of inputs provided by the operator.
Moreover, Al tools are expensive and often impractical to
useinresource-limited settings [ 15, 16]. Hence, more robust
datasets and large-scale studies are needed before Al can be
includedin the armamentarium of RA.
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