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Ultrasound technology has transformed the practice of regional
anaesthesia. Anaesthesiologists routinely use real-time images to
guide needle and local anaesthetic placement adjacent to nerves. It

safety S .
education is widely accepted that the era of ultrasonography has improved
bioimpedance peripheral nerve block success rates and lessened the dose of local
pressure anaesthetic required to achieve success. Contemporary reports of

harm in relation to nerve injury or local anaesthetic systemic
toxicity are reassuring. The safety and efficacy of regional anaes-
thesia have thus been enhanced.
Ultrasound guidance is, however, not a panacea. Ultrasound
guidance requires the development of complex psychomotor skills.
Harm may still occur where the needle or local anaesthetic is
misplaced, resulting in nerve injury, vascular injury or local
anaesthetic systemic toxicity. Advances in both imaging and nee-
dle technology may further enhance the safety and efficacy of
ultrasound-guided regional anaesthesia. This review will focus on
peer review literature to characterise the clinical challenges and
explore the potential solutions.

© 2019 Elsevier Ltd. All rights reserved.

* Corresponding author. Department of Anaesthesiology, BreastCheck & Cork University Hospital, Wilton Road, Cork, Ireland.
Fax: +021 4546434.
E-mail addresses: briodnl@gmail.com (B.D. O'Donnell), frankloughnane@gmail.com (F. Loughnane).
T Fax: +021 4546434.

https://doi.org/10.1016/j.bpa.2019.02.001
1521-6896/© 2019 Elsevier Ltd. All rights reserved.


mailto:briodnl@gmail.com
mailto:frankloughnane@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bpa.2019.02.001&domain=pdf
www.sciencedirect.com/science/journal/15216896
http://www.elsevier.com/locate/bean
https://doi.org/10.1016/j.bpa.2019.02.001
https://doi.org/10.1016/j.bpa.2019.02.001
https://doi.org/10.1016/j.bpa.2019.02.001

24 B.D. O'Donnell, E. Loughnane / Best Practice & Research Clinical Anaesthesiology 33 (2019) 23—35

“Sooner or later someone will make a sufficiently close examination of the anatomy involved, so that
exact techniques will be developed.” Alon P. Winnie [1].

Introduction

Regional anaesthesia, or more specifically peripheral nerve block (PNB), is a simple concept. By
placing a sodium channel blocking agent (local anaesthetic) adjacent to a sensory nerve, action po-
tentials do not occur upon nociceptive stimulation. Signal transmission from the nociceptor to the
dorsal root ganglion, dorsal column, spinothalamic tract and ultimately the sensory cortex is disrupted.
The person is rendered insensate in the distribution of the target nerve(s). It is therefore possible to
interrupt the nociceptive pain pathway and facilitate painful surgery without obtunding consciousness.

PNB anaesthesia is in a process of continuous evolution. Techniques and technologies have slowly
evolved over the past 130 years from the first reports of topical ocular anaesthesia [2] and infiltrative
techniques using paraesthesia [3]. The use of insulated hypodermic needles and electrical stimulation
in regional anaesthesia was reported in the 1950s and1960s, respectively [4,5]. The earliest report of
ultrasound technology to guide needle placement during regional anaesthesia came in 1978 when Le
Grange et al. first described the use of Doppler ultrasound to locate the subclavian artery during
supraclavicular brachial plexus block [6]. By the mid-1990s, authors were reporting the use of real-time
grey scale two-dimensional (2D) ultrasound images to guide needle placement during coeliac plexus
and brachial plexus blocks [7,8].

To paraphrase the late Alon P. Winnie mentioned above, an in-depth knowledge of neuroanatomy is
required to facilitate successful PNB. Although PNB is a simple concept, a number of important vari-
ables contribute to the challenge of successfully performing PNB. Individualised anatomical knowledge
is perhaps the most important variable. It is widely accepted that human anatomy is not uniform.
Differences in neuroanatomy exist both between individuals and also between the right and left sides
of the same individual [9,10]. The introduction of ultrasonography to PNB has allowed a sufficiently
detailed examination of anatomy at an individual basis, which permits the performance of accurate
local anaesthetic deposition adjacent to nerves.

‘Regional anaesthesia always works—provided you put the right dose of the right drug in the right place’
[11]. Contemporary point-of-care ultrasound devices are capable of producing high-resolution images
at real-time frame rates, which enables the anaesthesiologist to both identify relevant anatomical
structures and guide needle and local anaesthetic placement. For those trained and proficient in
ultrasound-guided PNB techniques, the greatest challenge currently faced relates to the identification
of the needle tip location, and its relationship to the surface of the target nerve, immediately prior to
local anaesthetic injection. This challenge may be thought of as two separate components: first, the
epineurium is not well-visualised on ultrasound devices in clinical use; and second, ultrasound im-
aging renders a 2D image of 3D structures. Thanks to ultrasound and direct image guidance, the PNB
needle has become a precision instrument that can accurately target nerves. Knowing when to stop
forward needle advancement, however, is currently poorly understood.

The safety and success of PNB are determined principally by the location of the needle tip. Injection
too far from the nerve risks block failure [12], and injection within the nerve risks nerve injury [13].
Axonal injury can be caused by both mechanical forces and cytotoxic effects of local anaesthetic
injectate. It is known that intrafascicular injection causes significant histological abnormalities [14,15].
Contemporaneous estimates suggest that nerve injury following PNB occurs in 4—6 per 10,000 blocks
[16,17]. latrogenic nerve injury can result in permanent sensory and motor dysfunction with neuro-
pathic pain, resulting in catastrophic physical, psychological, social and economic consequences.

Technologies have been developed that may assist the clinician in clearly identifying the needle-to-
nerve relationship prior to, and during, local anaesthetic injection. The following paragraphs will
outline advances in technologies including ultrasound imaging, needle guidance assistance, needle
design and needle tip sensing that may further refine PNB techniques and lead to improvements in the
safety and efficacy of PNB.
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Developments in ultrasound

‘...ifexperience in other technological fields is to be used as a yardstick of the pace of development, the next
15 years will see an exponential increase in the quality of both 2D images and 3D ultrasound images’[18].

Ultrasound displays

The quality of the ultrasound image has improved significantly over the recent past. Highly pixe-
lated ultrasound images with poor feature discrimination have been replaced by high-quality images
with clear boundary demarcation. Similar to the evolution in television from analogue to high defi-
nition (HD) images, a number of technical advances have facilitated this improvement. The resolution
of ultrasound displays, as measured in the number of pixels displayed on the screen, has significantly
changed. For example, common SVGA screens in the late 1990s were capable of displaying 800 x 600
pixels, while modern HD screens display 3840 x 2160 pixels and above. Contemporary displays,
therefore, present more information per unit area and enhance the information presented to the
clinician. HD tablet displays (in particular the Apple iPad(®) (Apple, Cupertino, CA) have been
demonstrated to function equally as well as primary and secondary HD radiology displays without
affecting diagnostic accuracy [19]. Modern displays are, therefore, capable of presenting image data
with greater resolution than previously possible.

Ultrasound signal optimisation

The grey scale ultrasound image is generated when reflected sound waves return to the ultrasound
probe and cause the piezoelectric elements to vibrate. This, in turn, generates an electrical signal,
which is processed to form the image. Image quality is compromised by a number of variables such as
speckle, noise and refractive shadows. Improvements in signal processing have resulted in better image
quality [20]. Tissue harmonic imaging (THI) is one such commonplace advance in signal processing. By
using the second (or higher) harmonic of the return ultrasound pulse frequency, THI can improve
image quality by reducing signal artefact and clutter from superficial tissue [20]. THI is an important
advance in musculoskeletal and neural imaging, given that most structures of interest to the regional
anaesthesiologist exist in the first 2—3 cm beneath the skin. Harmonics can be adjusted manually to
optimise the image on many devices including the GE's LOGIQ e (GE Healthcare, Wauwatosa, Wis-
consin) as illustrated in Fig. 1.

Spatial compound imaging involves electronic steering of ultrasound beams from an array trans-
ducer. The same tissue is imaged multiple times using parallel beams oriented along different di-
rections. The return signal from these parallel beams can be averaged together into a composite image.
Spatial compound images have reduced levels of speckle, noise and acoustic artefacts with improved
contrast and margin definition [21].

Speckle results in a granular interference with the grey scale image. It occurs as a result of the
relative roughness of the reflector surface in relation to the sound wavelength. Reflected waves interact
from independent scatters which generate noise that degrades image quality [22]. Upstream signal
algorithmic filters have been developed, which lessen the impact of speckle on image quality. The
advantages of such filters include clear reflector margins and artefact reduction, occasionally at the cost
of losing image detail [20]. Adaptive speckle filters are often hidden behind the hardware of the ul-
trasound machine and invisible to the clinician. Clarity mode imaging on the SonixTouch GPS Ultra-
sound System (Ultrasonix Analogic Ultrasound, Richmond BC, Canada) is one example of an adaptive
speckle filter, which can be manually selected during use (Fig. 2).

Ultrasound resolution
The resolution of the pulsed ultrasound signal is a further variable in the evolution of better ul-

trasound images. Axial resolution, defined as minimum distance between two reflectors lying parallel
to ultrasound beam direction, is a function of the frequency of the ultrasound signal. Higher frequency
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Fig. 1. Image of the control panel and keyboard of a GE's LOGIQ e (GE Healthcare, Wauwatosa, Wisconsin), with the Tissue Harmonic

Imaging and Time Gain Compensation image optimisation functions highlighted.
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Fig. 2. Image of the touch screen control panel of a SonixTouch GPS Ultrasound System (Ultrasonix Analogic Ultrasound, Richmond

BC, Canada) with the speckle filter ‘Clarity’ function highlighted.
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ultrasound signals have greater two point discrimination than lower frequency signals. Lateral reso-
lution, defined as minimum distance between reflectors lying perpendicular to ultrasound beam di-
rection, is a function of ultrasound beam width.

Beam width is, in turn, determined by high frequency, low wavelength ultrasound beams produced
across a wide probe aperture [23].

Therefore, probes capable of producing high-frequency ultrasound >10 MHz, with a wide beam
width, produce better images of reflectors, which lie in close proximity to one another. Information
from modern high-frequency, high-resolution probes displayed on contemporary ultrasound displays
has certainly improved the image quality [Fig. 3]. Note the somewhat hazy, heavily pixelated
appearance of the ultrasound image, Fig. 3(a), in stark contrast to the sharp, well-defined tissue
boundaries presented, in Fig. 3(b). These images were obtained using SonoSite Titan (Fig. 3) and
SonoSite S-Nerve (Fig. 3) devices in 2006 and 2013, respectively (see Fig. 3).

Many commercially available point-of-care ultrasound devices incorporate sufficiently high-
resolution probes (10—15 MHz) to identify reflectors with a small cross sectional area. This is impor-
tant, given that the cross sectional area of superficial nerves is small. The normal median nerve at the
wrist measures between 0.17 and 0.23 cm in diameter, with a cross sectional area between 9 and
11 mm? [24]. Individual fascial layers investing small peripheral nerves may measure only 1 mm or less
in thickness. The challenge of accurately identifying the boundary between the outer surface of the
target nerve(s) and their investing fascia remains problematic. Fig. 1(b) is an ultrasound image of the
brachial plexus in the axilla. While the location of each nerve is clearly demarcated and annotated on
the image; it is unclear as to where investing fascia ends and nerve begins.

Ultra-high frequency (UHF) ultrasound probes might provide a solution to this problem. UHF ul-
trasound produces ultrasound frequencies of up to 70 MHz and is capable of spatial resolution of up to
30 um. Investigators have reported the ability to image superficial nerves (median nerve) and quantify
fascicle number and size [25]. Investigators have also reported the potential utility of UHF ultrasound
as a point-of-care diagnostic tool in hand trauma [26]. The image quality obtained using this tech-
nology allows clinicians to assess the integrity of nerve fascicles and vessel intima, and is likely to
inform clinical decision making. UHF ultrasound certainly seems capable of producing high-resolution
images with excellent two-point discrimination. Whether UHF ultrasound is feasible to guide para-
neural needle and local anaesthetic placement is unknown.

3D/4D ultrasound

Three-dimensional ultrasound imaging may provide addition information to inform needle-to-
nerve relationship during PNB performance. Multiplanar ultrasound probes acquire and process ul-
trasound data to produce a 3D representation of the target structure. The transformation of multi-
planar 2D images into a 3D image requires some post-imaging computational processing. The term 4D
imaging has been coined to represent real-time 3D ultrasound imaging [27]. Three-dimensional ul-
trasound guidance has been reported in continuous popliteal fossa sciatic block [28], axillary brachial
plexus block [29] and radial nerve block [30]. Recently, Sala-Blanch et al. used 3D imaging to quantify
the spread of paraneural local anaesthetic during popliteal fossa sciatic block, suggesting as little as
7 ml of local anaesthetic injectate may be sufficient to provide successful block [31].

Whether multiplanar probes and real-time 3D images will confer additional advantages to
ultrasound-guided PNB is unknown. The appearance of 3D ultrasound images is very different to
conventional 2D ultrasound. A new interpretive skillset is required to use 3D images in the perfor-
mance of PNB. Clendenen et al. proposed a standardised approach to PNB and catheter placement using
real-time 3D ultrasound guidance [32]. Further studies are required to determine whether 3D/4D US
imaging can better identify the outer boundary of the nerve and help prevent inadvertent nerve
puncture and intraneural injection.

Tissue elastography

Elastography in ultrasound is a measure of tissue elasticity and stiffness. A principal application of
this feature to date has been in diagnostic ultrasound for cancer. Ultrasound is commonly used both as
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Fig. 3. (a) Ultrasound image of the musculocutaneous nerve following injection of local anaesthetic obtained using a SonoSite Titan
unit (SonoSite®, Bothwell, WA, USA) with a 38 mm high-frequency (7—10 MHz) linear array transducer (L38). Image taken by the
author in 2006. MCN = Musculocutaneous Nerve; N = Needle; LA = Local Anaesthetic. (b) Ultrasound image of the axillary brachial
plexus obtained using a SonoSite S-Nerve unit (SonoSite®, Bothwell, WA, USA) with a 38 mm high-frequency (10—13 MHz) linear
array transducer (L38). Image taken by the author in 2013. MCN = Musculocutaneous Nerve; MN = Median Nerve Complex;
UN = Ulnar Nerve; AA = Axillary Artery; AV = Axillary Vein.

a diagnostic imaging tool and a modality to guide lesion biopsy in women with breast lesions. The
stiffness of breast cancer and nodal disease differs from that of normal breast stroma. Elastography has
been used as a supplemental tool to aid clinical decision making in the context of breast cancer [33,34].
Recently, investigators reported the use of elastography in regional anaesthesia. Munirama et al. used a
combination of B-mode ultrasound and elastography to detect intraneural injection in soft-fix Thiel
cadavers [35]. When compared with B-mode imaging alone, the ‘fusion image’ improved the ability of
trainee anaesthesiologists to detect intraneural injection. Elastography may indeed have a role in
detecting intraneural injection. The detection of intraneural injection may however not protect the
vulnerable nerve from iatrogenic injury. Although identifying the misplaced needle tip and injectate is
essential, the old adage of prevention being better than cure holds true.
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Developments in needle technology

Needle in plane techniques requires the anaesthesiologist to carefully align the ultrasound probe
and needle. Once aligned, the needle can be advanced visualising the needle tip and shaft at all times.
This process is challenging and requires deliberate practice to master. Forward needle advancement
without needle tip visualisation is one of the commonest errors performed by novices at ultrasound-
guided PNB [36,37]. Should the needle migrate as little as 1 mm away from the centre of the ultrasound
probe, it will fail to reflect the ultrasound beam and not be visualised. Industry has developed tech-
nology to both assist in visualisation of the needle and to replace needle visualisation with augmented
guidance systems.

Ultrasound optimised needles have been in existence for some time. Various techniques have been
employed by competing manufacturers to alter the surface characteristics of the needle, thereby
creating nonlinear ultrasound reflectors that enhance needle tip and shaft visibility. Pajunk for instance
has designed a needle surface with embossed pyramidal reflectors on the SonoPlex Nanoline needle
(Pajunk, Geisingen, Germany), while the B-Braun Stimuplex Ultra 360 (B. Braun Melsungen, Melsun-
gen, Germany) has X-shaped reflectors arranged on the tip and shaft (Fig. 4). Other needle manufac-
turers have altered the composition of the passivation layer of needle insulation to render similar
ultrasound effects. Non-linear reflectors on the needle surface produce characteristic signals that
facilitate visual identification of the needle. When compared to standard PNB needles, echogenic
needles have superior visibility irrespective of operator experience or needle insertion angle [38].

Needle guidance
Better needle visibility still requires the needle to be correctly aligned with the ultrasound beam.

Articulated needle guides have been described and validated that correctly orientate the needle to
probe [39,40]. These guides maintain the needle in the plane of the ultrasound beam and improve
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Fig. 4. (A) Image of Pajunk SonoLong NanoLine 19G ultrasound optimised needle (Pajunk, Geisingen, Germany) above an ultrasound
image obtained in a water bath. Note the embossed ‘Cornerstone ® pattern on the needle and the resultant ultrasonographic
enhancement of needle shaft. (B) Image of B. Braun's Stimuplex Ultra 360 A50 (B. Braun Melsungen, Melsungen, Germany) above an
ultrasound image obtained in a water bath. Note the X-shaped grooves on the needle shaft and the resultant ultrasonographic
enhancement of the needle shaft.
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needle visualisation. They are however a little bulky and cumbersome, and may restrict the freehand
movement of the block needle. The role of needle guides in PNB requires additional evaluation.
Needle guidance systems have been developed, which provide user feedback as to needle tip po-
sition without the need to directly visualise the needle. Magnetic ultrasound guidance creates an
augmented reality with live needle tracking and prediction of needle trajectory. Several systems have
been evaluated for both regional anaesthesia and vascular access. The SonixGPS system (Ultrasonix
Analogic Ultrasound, Richmond BC, Canada) uses a magnetic field generator and sensors on the needle
and ultrasound probe (Fig. 5). A real-time overlay of needle trajectory and needle tip location is dis-
played on the ultrasound image [41]. A prototype device, Venue 50 Ultrasound prototype with L12n-SC
transducer (GE Healthcare, Wauwatosa, Wisconsin), has similar needle tracking functionality with the
magnetic tracking technology embedded in the ultrasound probe and needle. In comparative studies,
needle guidance technology has improved first pass success in both simulated regional anaesthesia and
vascular access techniques [42—44]. Although magnetic guidance systems may assist in moving the
needle towards a target, this technology fails to image the needle through its path from skin to target.
The user may misinterpret the technology as a safe means to guide a needle from skin surface to target
nerve. Needles advanced without visualisation of needle tip and shaft may inadvertently injure
structures (vessels, nerves, pleura etc) that are outside the beam of the ultrasound and not visualised. It
is unknown if magnetic guidance will ultimately improve the accuracy of needle placement during
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Fig. 5. SonixTouch GPS system, utrasonix analogic ultrasound, richmond BC, Canada.
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PNB. Whether needle guidance systems will enhance the safety of ultrasound guided PNB is of even
greater uncertainty.

Robotic assistant devices are now commonplace during minimal access surgery. Robotic assistance
has been reported in hysterectomy, prostatectomy, nephrectomy colon resection, liver resection and
lung resection surgery. Robotic assistance is thought to improve patient outcome, particularly in terms
of pain, postoperative recovery and blood transfusion requirements, when compared to standard
laparoscopic and open surgery. The evidence to support this assertion is somewhat in doubt, partic-
ularly in prostatectomy [45]. Robotic assistance has been reported in bench models of ultrasound-
guided PNB in which robots advanced the needle towards a target [46,47]. These manuscripts report
the feasibility of needle advancement in a bench simulation of ultrasound guided PNB. There are no
data to validate the use of robotics within the context of clinical PNB performance, and none to suggest
better definition of needle nerve relationship. Given the prohibitive costs associated with robotic
assistance, it is unlikely that regional anaesthesiologists will be replaced by robotic devices in the near
future.

Sensing needles

Injectate pressure monitoring

The intraneural space consists of neural tissue embedded with connective tissue. This is a variably
distensible space. Intraneural, but especially intrafascicular administration of local anaesthetic solu-
tion, will result in a rise in pressure within the nerve [48]. Injection pressures >20 psi have been shown
to cause neurological injury in animals [49]. Injection pressures of 15 psi have been associated with
needle to nerve contact during interscalene block [50]. Anaesthesiologists are poorly able to appreciate
injection pressures thought to be unsafe [51]. For some time, in-line pressure manometers such as B-
smart (B-Smart, B. Braun Medical, Bethlehem, PA, USA) have been used to determine the pressure of
injectate leaving the syringe. Recently, a novel optical pressure transducer has been integrated into the
needle tip and has questioned the validity of inline pressure monitoring [52]. Using this novel tech-
nology, investigators have validated the ability the sensorised needle to detect intraneural injection
[53]. Furthermore, the effects of injection rate on both inline pressure monitoring and needle tip
pressure monitoring have been characterised and compared. Investigators suggest that inline pressure
monitoring does not accurately reflect pressure and flow dynamics at the needle tip [54]. If injectate
pressure is to be used as a reliable means to detect, and more importantly prevent intraneural injection,
perhaps optical needle tip pressure monitoring will provide more accurate, real-time user feedback. It
must be remembered however that high injectate pressure may be related to other factors such as
needle outlet obstruction, tissue compression and injection into poorly distensible structures such as
tendon. The non-specificity of injectate pressure might negatively influence operator behaviour and
impact block performance. Additional validation is warranted to accurately define the role of pressure
monitoring in PNB.

Bioimpedance

Ohms law dictates that the current in a circuit measured in amperes (A) is equal to the voltage
measured in volts (V) divided by the resistance measured in ohms (R) giving the formula A =V/R. Every
material will impede (resist) electrical current to a greater or lesser extent. When alternating current is
applied across two or more electrodes to biological tissue, the resistance to current flow between
cathode and anode is referred to as bioimpedance. The conductivity of biological materials is elec-
trolytic and principally based on Sodium (Na™) and Chloride (Cl7) ions. Changes in ion concentration
lead to changes in bioimpedance. Cell membranes separate intracellular from extracellular fluid, which
creates two electrolytic systems. This separation of intracellular from extracellular fluid confers
capacitor (energy storing) characteristics on living cells [55]. Cell membranes have low conductivity;
therefore, cellular density (number per unit area) influences bioimpedance [56,57]. Cell size, orien-
tation and membrane thickness also influence bioimpedance, thus enhancing the ability to discrimi-
nate between tissues using bioimpedance [58]. Some tissues are very good conductors of electricity,
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while others are poor conductors. Bone has a measured resistivity of >40 Q and muscle has a resistivity
of 2—4 Q at 10 kHz [59].

Kalvoy et al. successfully designed and validated an invasive dual electrode array mounted on a
hypodermic needle to confirm needle position within tissues such as muscle, fat, liver etc. [60].
Furthering this logic, Tsui et al. evaluated the role of impedance measurement in detecting intraneural
needle placement in a porcine model of ultrasound-guided PNB. Using the impedance output on the
Stimuplex HNS 12 (B. Braun Medical, Bethlehem, PA), a difference in bioimpedance between extra-
neural and intraneural needle placement was noted [61]. Kalvoy and co-investigators have since
validated their technology to identify both intraneural needle placement and CSF during ultrasound-
guided PNB and lumbar puncture, respectively [62,63].

Optical reflectance spectroscopy

Optical fibres have been used to augment needles and differentiate between tissue types encoun-
tered at the needle tip. Light of varying wavelength can be transmitted along optical fibres while
sensing fibres in the device detect reflected and scattered light. The optical properties of the tissue(s)
can be quantified, forming the basis of tissue identification [64,65]. The optical properties of biological
tissues are determined by chromophores such as haemoglobin; myoglobin, lipid and water of different
composition (fat, muscle and nerve) absorb and reflect light differently [64]. To date, applications of
this technology focussed on cancer diagnostics in breast, prostate and ovary [66—68]. Recently,
Balthazar et al. reported the use of optical spectroscopy to identify both vascular puncture and nerve
detection during nerve blocks [69,70].

Sensorised needles may provide additional user information and help detect the needle to nerve
contact and intraneural needle placement. Each of the technologies outlined in the above paragraphs is
in very early phase development. Whether any technological advance is sufficiently sensitive and
specific to truly characterise the needle—nerve relationship prior to local anaesthetic injection remains
to be seen.

Conclusion

PNB techniques have evolved beyond recognition. Our understanding of individualised human
anatomy has been significantly advanced by modern point of care ultrasound devices. Multiple tech-
nologies have been developed to enhance needle visibility, guide the needle towards the nerve(s) and
detect inadvertent intraneural needle placement. It is likely that many of the technologies outlined in
the above chapters will further enhance the safety and efficacy of PNB into the 21st century.

Practice points

e The interaction between the needle and the nerve at the moment of injection is critical to both
block success and safety;

e Technology has advanced to permit the acquisition of high-resolution and HD ultrasound
images;

e UHF and 3D/4D ultrasound may have a role to play in improving block safety and efficacy;

e Needles optimised for ultrasound guidance perform better at steep angles and usually have
visible markings to aid in needle tip identification; they are equally invisible to standard
needles if not placed within the confines of the ultrasound beam;

e Needle guidance systems may assist the anaesthesiologist in moving the needle from skin

towards the target, with some caveats about adopting out of plane techniques;

Sensorised needles using pressure monitoring, bioimpedance or optical spectroscopy may

help detect needle to nerve contact and avoid intraneural local anaesthetic injection;
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Research agenda

e Nerve injury is rare. Given the complexity and expense of clinical research, it is unlikely that
any developed technology will ever be shown to lessen the occurrence of nerve injury;

e Technologies that focus on better defining the nerve surface using imaging or image
enhancement media may better define the epineurium;

e The integration of needle guidance systems into clinical practice must be accompanied by

e Sensorised needle technology is exciting but requires additional validation.

robust training and measures of proficiency in their use;
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