Is there a place for ultrasound in
neuraxial anesthesia?

This article addresses how ultrasonography, which is commonly used by anesthesia providers for regional
anesthesia as well as for vascular access, may be useful for neuraxial anesthesia. It begins with an overview
of the uses of ultrasonography by anesthesiologists and the evolution of equipment, followed by its uses
in preprocedural and real-time ultrasonography for neuraxial anesthesia. It includes a critical review of
the limitations of this technology and describes future trends regarding its use. The aim of this article is
to discuss the introduction and the place of ultrasonography in neuraxial anesthesia for day-to-day practice
as well as for complex cases. This will focus on two main topics: preprocedural ultrasound scanning as well
as real-time ultrasound scanning. It will also provide an overview of the evolving technology in this area
and a critical appraisal of the current and future use of ultrasonography in neuraxial anesthesia. It will
hopefully help the reader appreciate both the shortcomings and potential benefits of this technology for

use in neuraxial anesthesia.
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ultrasonography ultrasound

The clinical use of ultrasound has gained
increased popularity among anesthesia pro-
viders in the last decade. Its use has become
commonplace to facilitate central venous cath-
eterization, arterial line placement and diffi-
cult venous access [1]. It is now the preferred
technique in some centers for the establish-
ment of central venous access [2] and an inte-
gral part of anesthetic training and practice
(3]. It has also revived the popularity and use
of peripheral nerve blockade [4-7]. La Grange
et al. first described an ultrasound-facilitated
brachial plexus block in 1978 using a Dop-
pler ultrasound to facilitate a supraclavicular
block [8]. The first direct use of ultrasound for
a regional block appears later in the literature,
in 1994, when Kapral ez al. described their use
of ultrasound again for a supraclavicular bra-
chial plexus block [9]. Since that time, the ultra-
sound image quality has greatly improved and
the machines have become portable, relatively
inexpensive and simple to use. Ultrasound
machines are now an integral part of modern
anesthesia practice.

Ultrasonography has been shown to increase
the overall success rate of peripheral nerve
blocks when compared with other methods
of nerve localization [10] and to decrease the
procedural time required to achieve anesthesia
(11.12]. In addition, because ultrasound guid-
ance increases the ability to place the needle
close to the nerve, it has permitted a significant
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reduction in volumes and doses of local anes-
thetics [13]. Use of ultrasound has been shown
in comparative studies to produce faster onset
times and longer duration of regional blocks
when compared with other nerve localization
techniques [7.14]. A recent study has even dem-
onstrated the cost—effectiveness of ultrasound-
guided regional anesthesia in daily clinical
practice [15].

Ultrasonography permits the anesthesia
provider to visualize the neural target, the sur-
rounding structures, needle advancement and
the spread of local anesthetic. However, there is
still debate as to whether this reduces the com-
plications associated with regional anesthesia
such as inadvertent intravascular injection and
pleural or neurological injury [16-19]. The advent
of ultrasound guidance has helped the prolifera-
tion of regional anesthetic techniques as well as
increased its use among anesthesiologists.

Conversely, ultrasonography has been rela-
tively underutilized in neuraxial anesthesia,
mainly due to the fact that the conventional
surface landmark-based techniques are mastered
by the vast majority of anesthesiologists, with
success rates approaching 96% for spinal anes-
thesia [20]. In addition, there is less familiarity
and greater perceived difficulty of spinal sono-
anatomy compared with other blocks [21]. Con-
sequently, the adoption of ultrasound for neur-
axial anesthesia will certainly be slower and not
likely as widespread as with peripheral blocks.
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This article will briefly review the literature
on the use of ultrasonography in neuraxial
anesthesia for determining landmarks and more
recently, its use in real-time ultrasound-guided
techniques [22.23].

Indications for ultrasound-assisted
neuraxial blockade

Central neuraxial blocks are widely performed
for anesthesia and analgesia, and success relies
upon the ability to direct a needle to the epidural
or subarachnoid space. The standard technique
of spinal anesthesia that is currently practiced is
essentially a ‘blind’ technique based on palpable
landmarks. The spinal needle is advanced
towards the dura with reliance on tactile
feedback, pops, clicks and bony resistance. If the
initial needle pass fails, success with subsequent
passes relies on the ability to appropriately
redirect the needle based on the operator’s
anatomical knowledge and experience. This
technique has a long track record of reliability
and safety, and most anesthesiologists are able
to become experts in spinal anesthesia.

Traditional techniques can be challenging in
patients with poorly palpable surface landmarks,
age-related changes or abnormal spinal anatomy.
Although a higher BMI is not an independent
indicator of difficult neuraxial anesthesia,
those with poorly palpable bony landmarks are
predictive of multiple needle passes and longer
procedural times [24-26]. In addition, neuraxial
anesthesia in elderly patients may be challenging
owing to the presence of osteophytes and
narrowing of the disc spaces [27].

Early evidence suggests that ultrasound-assisted
spinals may be particularly beneficial in patients
with poor bony landmarks [28]. In addition, ultra-
sonography in patients with normal anatomy [29,30]
or abnormal anatomy [31] allows for a more accu-
rate determination of the level of needle insertion
than palpation of surface landmarks alone, and
enables the prediction of depth with a high degree
of accuracy [32,33]. Preprocedural ultrasonography
has also been shown to facilitate needle insertion
in a number of populations including obstetric
patients [34-36], older orthopedic patients [37) and
patients with complex anatomy (3839]. Recently,
ultrasonography has also been used to estimate
intrathecal volume and dural sac length; in the
future this information may assist in determin-
ing the optimal dosage for spinal anesthesia [40].
However, further research is needed to clearly
establish the impact of ultrasound on procedure
success and safety profile, particularly in the adult
nonobstetric population [32].
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A reduction in needle passes in neuraxial
anesthesia with ultrasonography may have
some putative benefits and in actuality [28.41],
practitioners often underestimate the number of
needle passes performed [42]. The risk of epidural
hematoma is rare in all patient populations,
but the risk of this devastating complication
does increase with the number of needle passes
required for neuraxial blockade [43.44]. Multiple
needle passes are also a risk factor for minor
or major hemorrhagic complications [43-45)
and the development of postdural puncture
headaches [46], and may cause unnecessary
patient discomfort. Multiple needle passes
can also theoretically increase the risk for
paresthesias and Horlocker ez a/. have shown
that paresthesias during needle placement
significantly increases the risk of persistent
paresthesias [47].

Fortunately, the risk of all major complications
with spinal anesthesia is extremely low and we
expect this would be the case for ultrasound-
guided spinals as well. For this reason, it may
be impossible to demonstrate increased safety
with the use of ultrasound for neuraxial block,
as the sample size required in such a study would
be prohibitive.

In patients with abnormal spinal anatomy,
surface landmarks may be difficult to interpret. In
a retrospective review on ankylosing spondylitis
patients and neuraxial anesthesia, Schelew et al.
found that spinal anesthesia was only possible in
76.2% of cases (ten out of 13 attempts) and that
epidural anesthesia was unsuccessful in each
actempt (three out of three) 48]. In addition,
patients with congenital abnormalities of the
spine [39], scoliosis [49] or previous spinal surgery
[31,38,50-54], with or without instrumentation,
may have challenging anatomy for neuraxial
techniques. With ankylosing spondylitis and
significant scoliosis, ultrasonography may allow
for the visualization of the spinal anatomy to
determine if spinal anesthesia is feasible and
if so, potentially predict the optimal needle
trajectory to achieve success. However, there
is no evidence that ultrasound would actually
improve quality or success of neuraxial block
in this specific population.

There is increasing interest in the use of
ultrasonography to improve precision, accuracy
and safety in the performance of neuraxial
blocks by trainees. Spinal ultrasonography is
also a relatively new topic of interest among
anesthesiologists and the teaching of this
technique is only now starting to enter residency
training curriculums. A preliminary study by
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Grau et al. shows promising results on the
utilization of ultrasound imaging for teaching
epidural anesthesia in obstetric patients, as they
found a higher rate of success with its use in
new anesthesia residents [35]. Vallejo ez a/. also
found that ultrasonography decreased the rate
of epidural catheter replacement for failed labor
analgesia and reduced the number of epidural
attempts when performed by first year residents
compared with traditional techniques [ss].

Equipment

The resolution of most modern ultrasound units
is capable of imaging the key structures of the
spine and boundaries of the neuraxial space,
although current ultrasound fidelity cannot
clearly identify nerves and other structures
within the neuraxial space (the space appears
dark or hypoechoic) [s¢]. Unlike most anesthesia-
related uses of ultrasound for peripheral nerve
blockade and vascular access, the actual target
structure for neuraxial blockade is largely
hidden by the bony structures of the laminae,
spinous processes and facet joints. With real-
time ultrasound-guided needle insertion, there
is also poor needle tip visibility owing to narrow
interlaminar spaces with bony shadows and the
need for steep needle insertion angles. Despite
these limitations, researchers using standard
and novel equipment have described a number
of feasible ultrasound-assisted techniques for
neuraxial blockade.

High-frequency linear transducers may be
used to assist in imaging the spinous processes
and identifying the midline. However, a low-
frequency curvilinear transducer is required to
image deeper structures such as the laminae,
transverse processes and the dura (1. Low-
frequency curvilinear transducers yield a
slightly reduced image quality for nerves and
vessels compared with high-frequency linear
transducers, but provide a greater field of view,
which is necessary to determine the ideal needle
trajectory.

When preparing for preprocedural ultrasound
scanning, the needle entry point may be
marked with indelible ink prior to performing
a sterile preparation of the area. For real-time
ultrasound-guided neuraxial techniques, a sterile
sheath for the transducer and sterile ultrasound
conductive gel is necessary. Care must also be
taken to ensure the needle entry point is free of
gel, as there may be tracking into the neuraxial
space [57] with unclear clinical consequences [58].
Mixing with chlorhexidine preparation solution
should also be strictly avoided [59].
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One limitation for real-time ultrasound-
guided neuraxial blocks is the ability to visually
track the needle due to bony shadows and steep
angles. Use of fixed needle guides attached to the
transducer have been described to maintain the
needle within the ultrasound plane (60}, as well
as a novel split array transducer to accommodate
a needle [101].

Recently, several other technologies have
been investigated in various ex vivo and in vivo
studies to improve needle localization and
provide additional anatomical information.
These include echogenic Tuohy needles that
have a textured needle surface in order to
improve ultrasound beam reflectivity [23.615;
Tuohy needles with an embedded high-
frequency ultrasound transducer [62]; 3D/4D
ultrasound systems that provide more detailed
anatomical information [63,64]; and piezoelectric
needle and catheter designs that permit distal
tip visualization using color flow Doppler
(65]. Most recently, a novel needle tracking
system that uses an electromagnetic emitter
and sensors in the needle and transducer, has
been shown to allow for real-time tracking of
the needle position relative to the ultrasound
plane for neuraxial blockade [66.67]. Predicted
trajectory and location of the needle tip are
displayed digitally in real-time and overlaid on
the ultrasound image.

Preprocedural ultrasound scanning
Preprocedural ultrasound scanning involves
identification of the spinous processes, laminae
and dura and provides useful information on
the depth and optimal angle from the skin to
the neuraxial space. The two standard views are
the transverse (Ficurs 1) and parasagittal (Ficure 2)
views that would allow for identification of an
ideal trajectory to the dura. Once the target is
centered on the image, the skin is marked at the
estimated center of the transducer. The needle
is then inserted at this point with a trajectory
similar to the transducer angle in the transverse
and sagittal planes.

Although preprocedural ultrasound imaging
of the lumbar spine can help by providing
additional anatomical information, the actual
needle insertion remains a ‘blind’ technique.
This approach requires the operator to accurately
determine the center of the transducer head for
the point of needle entry. In addition, the needle
trajectory must accurately replicate the transducer
angle in two planes and requires excellent
visuospatial skills. If there is patient movement
between the time of ultrasonography and needle
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Figure 1. Ultrasound transverse view of a 2-5 MHz curvilinear transducer
placed midline in the transverse plane at L3-L4. (A) Based on the transducer
position, the patient’s skin was marked to indicate the center of the transducer for
the point of needle entry. (B) The lamina, TP, PD/LF and PLL/VB are visible by

ultrasonography.

LF: Ligamentum flavum; PD: Posterior dura; PLL: Posterior longitudinal ligament;
TP: Transverse process; VB: Vertebral body.
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insertion, the skin markings may be less useful;
however, commercially available positioning
systems may help limit this movement. Several
investigative groups are now pursuing techniques
that may make real-time ultrasound-guided
neuraxial blocks feasible.

Real-time ultrasound scanning

With recent improvements in ultrasound
technology, there is significant momentum to
develop and apply clinically viable real-time
ultrasound-guided neuraxial techniques. Case
reports [50] and a limited number of studies
[22,23,60,68,69] have described real-time ultrasound
guidance for neuraxial blocks; however, these
techniques have not yet been widely adopted for
a number of reasons.

The neuraxial space is deep and access is
limited by narrow interlaminar spaces. Therefore,
there is limited space in the area around the
spinous processes and laminae to accommodate
a bulky ultrasound transducer and needle. With
exception to the described technique where the
patient is in the prone position [22], most real-
time techniques have the patient in the sitting
or lateral position. This requires the transducer
to be precisely maintained on a vertical
surface while manipulating a needle, which is
challenging. In addition, needle visibility is poor
due to steep insertion angles and bony acoustic
shadows. To overcome some of these constraints,
many described real-time techniques have
required two operators [68], complex needle-
guide brackets [60], specialized loss of resistance
devices [23.70] or the patient in a prone position
(22]. Although these techniques may be useful
in some difficult patients, they are not practical
enough to be easily applied in everyday practice.

Imaging Med. (2013) 5(2)

Unlike preprocedural scanning, which is
often done in the midline for spinals, a midline
ultrasound-guided approach to real-time
neuraxial blockade has not been described.
Although many anesthesiologists may favor
the midline approach, particularly at lumbar
levels, real-time techniques are best done via
a paramedian approach with the transducer
placed parasagittally. This is because the
interlaminar window is larger from this angle
compared with the midline, therefore, providing
space to accommodate a transducer and needle.
Longitudinal views along the midline tend to be
of poor quality owing to shadowing caused by
the spinous processes and poor contact with the
skin over the spinous processes in slim patients.

Recent work with an ultrasound-based
electromagnetic needle tracking system has
demonstrated that real-time neuraxial blocks
are feasible using this technology [66]. This
system was found to be successful in performing
simulated spinal blocks in cadavers [66] and in a
patient with previous spinal surgery [67]. Using
the needle-guidance system, a proprietary
introducer needle containing a sensor filament
could be accurately placed along a trajectory
towards the dura to the level of the lamina
(Ficure 3). After removing the sensor from the
needle, a spinal needle could be inserted using
a needle-through-needle technique towards the
intrathecal space. This was performed using an
out-of-plane technique in the cadaver study, with
the transducer held in a parasagittal plane and
the needle introduced immediately medial to
the transducer [66]. An in-plane technique using
the same system was described in a recently
published case report [67].

A novel real-time in-plane technique has
recently been described in 100 orthopedic
patients with a 97% success rate [69]. The
authors used an oblique view of the spine which
maximized the interlaminar window to allow
space for manipulating the needle to the dura,
and they predominantly used 22-gauge spinal
needles to improve needle visibility.

Echogenic needles have allowed for increased
visibility in peripheral nerve blocks, and the
use of an echogenic Tuohy has been described
for neuraxial blocks [23,61]. In the future, this
needle may be useful for the placement of
epidural catheters under real-time ultrasound
guidance; however, this needle is not ideal for
spinal anesthesia. Needles for spinal anesthesia
are limited by the need for a small gauge and
it will be interesting to see if the technology
of echogenic needles can be applied to such
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needles. Other technologies to enhance needle
visibility, such as piezoelectric needles, which
emit vibrations from the needle tip that can
be detected by Doppler ultrasound, are still in
developmental stages [65].

With the standard technique of epidural
placement, two hands are required, as one is
required to manipulate the needle and the other
to test for a loss of resistance. Owing to this, a
real-time ultrasound technique requires another
operator to hold the transducer. One described
method to overcome this problem is the use of
automated loss of resistance devices affixed to the
needle, which indicates a change in the resistance
that would allow a single operator [23.70].

Limitations of ultrasound for
neuraxial techniques

B Learning curve

Training in advanced ultrasonography is
required and access to appropriate programs that
utilize cadavers, animal models and volunteers,
as well as live video demonstration are helpful
in acquiring these skills. A study on skill
acquisition for the performance of ultrasound-
guided peripheral nerve blocks by Barrington
et al. demonstrated the need for 28 supervised
blocks before a trainee becomes competent
(71]. Similar numbers of neuraxial blocks may
be required for proceduralists to learn image
optimization and recognition of normal and
abnormal sonographic anatomy.

Despite the advantage previously stated of
the use of ultrasound for teaching obstetrical
epidural to residents, a study by Margarido
et al. demonstrated that ultrasound-guided
spinal anesthesia might be a skill more difficult
to teach and learn than was previously thought
and special attention should be given to the
meticulous measurement of landmarks and
distances [72]. This group also concluded that, in
addition to the educational material, achieving
competence in spinal ultrasound assessment
requires a lecture, a demonstration workshop
and more than 20 supervised trials.

B Neuraxial ultrasonography

Appreciation of the problems that are unique to
imaging the neuraxial region is critical to the
safe and effective performance of ultrasound-
guided spinal anesthesia. Acoustic shadowing
occurs when superficial structures with a larger
attenuation coefficient than deeper structures
cause the latter to appear less echogenic than
normal. This phenomenon is commonly
encountered when the target area lies deep
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to the bone. Therfore, the spinous processes
and laminae in adults impede penetration of
ultrasound waves and results in decrement of
signal from the ligamentum flavum and reduced
ability to visualize it clearly.

Bony structures, such as the spinous processes
and laminae, act as strong specular reflectors
and create a ‘drop-out’ hypoechoic acoustic
shadow deep to the bone that impairs the
ability to visualize the neuraxial space clearly
(73]. However, ultrasonography can help identify
acoustic shadows from the spinous processes
and, therefore, the midline in patients with
challenging anatomy. This would at least offer
the operator a starting point for needle entry, as
well as the expected depth that the dura and any
bony structures can be encountered.

B Single-operator techniques

Since traditional neuraxial techniques only require
one operator, a feasible real-time ultrasound
approach should only require a single operator for
it to be widely adopted in daily anesthesia practice.
Several described techniques for spinal anesthesia
only require one operator [22,23,60,69.70]; however,
this may be difficult in epidural placement
because the loss of resistance technique whilst
holding the transducer seemingly requires a third
hand. Described real-time epidural techniques
have necessitated a second operator [68], needle
guide brackets [60] or specialised loss-of-resistance
devices that allow the Tuohy to be inserted with
one hand [2370].

W Transducer design

Current neuraxial sonography requires the
use of large curvilinear transducers to achieve
adequate depth and field of view. The size of

these transducers make them cumbersome

Figure 2. Ultrasound parasagittal view of a 2-5 MHz curvilinear transducer
placed on the left parasagittal plane. (A) The curvilinear transducer is angled
medially to obtain a view of (B) the laminae, PD/LF and PLL/VB at L3-L4. Based on

the probe position, the needle entry point and trajectory may be determined.
LF: Ligamentum flavum; PD: Posterior dura; PLL: Posterior longitudinal ligament;

VB: Vertebral body.
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Freq H5.0M
Depth 8.0cm
Sector 100%
Gain 45%
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FPS 30Hz
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Map 6
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Figure 3. Ultrasound image using the electromagnetic-based
needle-guidance system. A 2-5 MHz curvilinear transducer was placed in the left
parasagittal plane and angled medially at L3—4. An 80-mm 19-G needle was
inserted immediately medial to the transducer in an out-of-plane fashion and
directed to the level of the lamina by the needle-guidance system. Needle trajectory
is indicated on the screen by the green dotted line. The red outline indicates the
actual needle location. The X indicates where the needle will intersect the
ultrasound plane based on the needle trajectory.
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to use in real-time procedures and difficult to
maintain in one position on the back of a sitting
patient. In addition, the size of the transducer
limits the potential needle entry points to outside
the transducer head. Unfortunately, with current
technology, the reduction in transducer size is
limited by the physics of ultrasonography.

B Needle design & needle-tracking
technology

The introduction of echogenic needles [23,61] and
the electromagnetic needle-tracking technology
[66,67] appears to show promise towards the
development of single operator techniques that
are real-time. In addition, it will be interesting
to review the results of the clinical trial on the
novel split array transducer, which appears to
have a smaller profile and may accommodate a
needle [101].

B Cost & development of new
technology

Although the costs of ultrasound equipment have
decreased, the initial and maintenance costs, as
well as technical support, may restrict some centers
from its use. In addition, use of specialized novel
equipment, such as the electromagnetic-based
needle-guidance system, 3D/4D ultrasound
systems, or ultrasound transducers embedded
within the needle may be limited at this time.

Imaging Med. (2013) 5(2)

Future of ultrasonography in
neuraxial anesthesia

Ultrasonography has become an invaluable
tool in anesthesia for the performance of
procedures. Not long ago, there was little
interest in performing peripheral nerve blocks
because of the difficulty of locating nerves
with traditional landmark-based techniques,
the length of time required to perform the
techniques and the relatively low success
rates, except when done by experts. With the
introduction and dissemination of ultrasound-
guided techniques, there has been a significant
increase in the interest in regional anesthesia,
as evidenced by the relative increase in the
size of regional anesthesia groups and growth
in the membership of American Society of
Regional Anesthesia, which is now the largest
subspecialty anesthesia society.

The cost of acquiring high-quality ultrasound
technology has decreased dramatically and
ultrasound machines have become commonplace
in operating rooms in most countries.
Ultrasonography skills are being taught earlier in
anesthesia training programs and these skills are
a prerequisite for regional anesthesia fellowship
programs [74].

However, this is not yet the case with
ultrasound-guided neuraxial techniques,
where almost all spinals and epidurals are still
performed with traditional landmark-based
techniques. In order for an ultrasound-based
technique to be widely adopted, it must be
shown either to improve safety or improve
efficiency. Demonstrating an improvement in
safety for neuraxial anesthesia is not feasible;
however, there is now evidence to support the
use of preprocedural ultrasonography to assist
in patients with difficult anatomy.

In the future, a more widespread single-operator
real-time technique may be developed, but this
is contingent on several technical improvements.
This will rely on modifications of the current
transducer and needle design. The transducer shape
and size needs to be reduced in order to improve
ergonomics. Needles appropriate for neuraxial
blockade with better shaft and tip visualization
at acute angles need to be developed. Ridges in
the needle design have improved visualization of
peripheral nerve block needles and Tuohy needles
(23.61]. However, the need for small gauge needles
for spinal anesthesia may limit the applicability of
this technology. With the electromagnetic needle-
tracking system [66,67] and with the embedded
high-frequency ultrasound transducer [62], the
needle size is also limited by the need for a filament
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sensor or ultrasound crystal within the needle.
However, these technologies may be applied to a
Tuohy type needle for real-time ultrasound-guided
placement of epidural catheters.

Where do we go from here?
Sonography of the neuraxial space with current
ultrasound techniques yields 2D images in the
transverse or sagittal planes. A coronal high-
resolution image that provides a ‘birds-eye’
view of the target area is not possible with 2D
ultrasound. Preliminary investigations with 3D
and 4D ultrasound of the paravertebral and
neuraxial areas suggest interesting possibilities
with this technology in the future [¢3.64]. High-
resolution images in the transverse, sagittal and
coronal planes provide anatomical information
that is more detailed and not achievable with
2D ultrasound. The future application of
such ‘volumetric’ ultrasound techniques of
the neuraxial region may provide very detailed
information on the relevant anatomy in a
manner similar to CT. This type of detailed
information may be helpful in planning
approaches to spinal anesthesia in patients with
challenging anatomy and in investigation of
postoperative complications of neuraxial blocks.

3D/4D ultrasonography may increase image
quality by overlapping images, but because the
target structures are deep, it still relies on low-
frequency sones that cannot achieve the same
resolution from a high-frequency transducer.
Although one study has shown some promise
for the use of 3D/4D ultrasonography for
epidural catheter insertion [64], for the moment
this technology is limited to retrospective image
acquisition rather than prospective real-time
imaging. One key limitation is the processing
speed of the 3D/4D ultrasound units, which
creates a delay in rendering the image from
multiple slices. With faster processors in the
units, real-time 3D-guided blocks may be
possible in the future.

Conclusion

There have been numerous technological
advancements over the past century that have
made anesthesia safer and more reliable. The
introduction of ultrasound is arguably the sin-
gle biggest advancement in regional anesthesia
after the basic understanding of neural anatomy
and the introduction of local anesthetics. It is
quite possible that in the not too distant future
landmark- and nerve stimulator-based peri-
pheral nerve blocks will be completely replaced
by ultrasound-based techniques.
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The future of ultrasonography in neuraxial
anesthesia is less clear. With our current technology,
ultrasound-based neuraxial anesthesia is limited
to a relatively small number of practitioners, many
of whom have been self-taught. Preprocedural
scanning has been demonstrated to reduce the
number of needle passes required for difficult
spinals, but it is limited by the need to replicate
an estimated needle trajectory after the removal of
the ultrasound transducer. Patient movement may
also limit the success of this technique.

The future research in ultrasound-guided
neuraxial anesthesia may be in improvements
in real-time techniques. The ideal technique
must be practical; easy to learn and use;
improve efficiency; require a single operator;
have a minimal set up time; and offer the same
reliability and safety as conventional spinal and
epidural anesthesia, without greatly increased
cost. In addition, the needle sizes available for
spinal techniques must be similar to the currently
available spinal needles. Currently, none of the
described real-time techniques meet all these
criteria; however, it is an evolving field dependent
on technological improvements. It is not yet clear
which of these technologies will emerge as the

best option for this field.

Future perspective

Having seen the positive effects ultrasonography
has had on improving peripheral nerve blocks,
there is now significant momentum to apply
this technology to neuraxial blocks. We
believe the most significant change in this
area will be in the development of a single-
operator real-time ultrasound-guided approach
that could be widely applied to patients with
normal and abnormal anatomy. The technique
will utilize a paramedian or oblique view of
the spine and enhanced needle visualization
from improvements in needle or needle-
tracking technology. Such a system will allow
for a reduction in needle passes and improve
operating room efficiency.
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Background

The growth and increased popularity of ultrasound-guided peripheral nerve blocks have led to the extension of these acquired skills to

assist in neuraxial anesthesia.

Although the use of ultrasonography in neuraxial anesthesia may not achieve the same level of adoption as peripheral nerve blocks, it
certainly has a place in patients with poor landmarks or abnormal anatomy.
Indications for ultrasound-assisted neuraxial blockade
Ultrasonography provides additional useful anatomical information for neuraxial anesthesia and with this technology being more readily
available, anesthesia providers may no longer need to perform ‘blind’ procedures in the future.
Preprocedural ultrasonography has been demonstrated to improve success in both spinal and epidural placement. However, the future
of this area will be in developing a practical real-time technique.
Future of ultrasonography in neuraxial anesthesia
For widespread adoption, a real-time ultrasound-guided neuraxial technique needs to be safe, fast, cost effective and able to be

performed by a single operator.

Currently, there are multiple described real-time techniques, all with some limitations. Modifications in transducer and needle design and
technological advances in 3D/4D ultrasonography and needle guidance systems may overcome these limitations in the future.
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