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Advancing the techniques of deep regional blocks mainly
relies on enhancing ergonomics and patient safety. As for
ergonomics, efforts should bemade to aid in decision-making
process (cognitive ergonomics), to work with efficiency (e.g.,
shorter performance or onset time) and comfort (physical
ergonomics), and to facilitate the operating room turnover
by optimizing multidisciplinary cooperation (organizational
ergonomics). Featured in this special issue is the updated
reviews of several deep regional blocks on anatomy and tech-
niques. Decision-making process (cognitive ergonomics) will
be improved by the unified nomenclature system based on
integrated applied anatomy and recommendation of suitable
techniques for specific situations in these reviews. In the
article reviewing obturator nerve block for this special issue,
proximal approaches are recommended whenever possible,
and the best patient position (supine or lithotomy) is yet to
be determined. Although the authors worried about difficult
alignment of the needle with the transducer in the supine
position, needle visualization can be greatly facilitated by
a true echogenic needle and meanwhile maintaining the
eye, hand, needle, transducer, and ultrasound machine all in
the same plane [1] according to recent advances in physical
ergonomics [2, 3]. Furthermore, the supine position naturally
keeps the leg straight and slightly externally rotated, which
yields the best imaging on the obturator nerve [4]. To increase
operating room efficiency (organizational ergonomics) for
transurethral resection of bladder tumor, obturator nerve
block is generally performed with the patient in the supine
position immediately following spinal anesthesia, because
preparation of lithotomy position (and subsequent surgical
asepsis) following obturator nerve block could be viewed as a

part of the interval for the deposited local anesthetic to take
effect.

As for patient safety, ultrasound guidance for deep
regional blocks is associated with significant limitations
despite its popularity, which can be attributed to either
the ultrasound machine (decreased ability to insonate deep
neural structures) or the operator (errors in perception
or interpretation in needle-nerve proximity during deep
regional blocks) [5]. The inability of ultrasound to reliably
insonate and locate deep neural structures could be circum-
vented with adjunctive neurostimulation. However, for some
deep regional blocks (such as distal infraclavicular block
[6, 7]), neurostimulation unnecessarily increases procedural
time when there exist both a visible sonographic target and
an identifiable sonographic endpoint. Thus, on the basis
of ultrasound guidance as the gold standard, an important
question has been raised regarding the definition of so-called
“dual guidance” when choosing among ultrasound guidance,
neurostimulation, and pressure monitoring for peripheral
nerve blocks. Although ultrasound guidance indisputably
leads to fewer needle passes for single-injection blocks, it
seems to encourage small readjustment of needle tip posi-
tion and multiple injections of local anesthetics [8, 9]. The
ability of neurostimulation to predict relative needle-nerve
proximity is not only limited by low sensitivity [10], but also
attenuated by previous local anesthetic spread nearby [9, 11,
12]. Furthermore, current ultrasound technology may lack
the resolution to differentiate epineurium from perineurium,
and clinicians cannot always delineate cervical nerve roots
clearly [12], let alone much deeper neural targets. These
might explain, at least in part, the reason why the risk
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of neurological complications remains unchanged despite
increased use of ultrasound guidance [13]. A 2015 consensus
statement from the American Society of Regional Anesthesia
and Pain Medicine expanded the recommendations to apply
injection pressure monitoring for earlier detection of needle-
nerve contact and avoidance of intrafascicular injection dur-
ing peripheral nerve blocks [14]. Detection of needle-nerve
contact on both oligofascicular [12] and multifascicular [11]
neural targets can be greatly enhanced by monitoring open-
ing injection pressure, which is the pressure level that must
be overcome to initiate injection into the target place [15]. As
for prevention of intrafascicular spread, pressure monitoring
may prove to be most useful for its negative predictive value
as no cases have been reported to suffer from functional
neuropathy with low injection pressures [10, 16]. Because
opening injection pressure of more than 20 psi is associated
with intrafascicular spread, 15 psi has been chosen as the cut-
off pressure to keep 5 psi lower than the lowest reported value
that resulted in neurological injury [11, 12]. Clinically at this
cut-off point, high opening injection pressure (>15 psi) can
consistently detect needle-nerve contact [12], indicating that
a typical perineural injection requires low opening pressure
(<15 psi) [10].This cut-off point (15 psi) was further supported
by a fresh human cadaver model, where opening injection
pressure for intraneural injection was ranging from 21.5 ±

4.9 psi to 25.8 ± 4.3 psi for common ultrasound-guided lower
extremity blocks [17]. A volume of 5mL injection into the
brachial plexus root within 15 sec results in a much higher
opening injection pressure (>30 psi) in 100% fresh cadavers
[18]. A human study demonstrated cessation of injection
when opening pressure more than 20 psi for popliteal sciatic
block does not result in neurological dysfunction [19].

Although several means of monitoring injection pressure
have been recommended [20, 21], its popularization is limited
by the facilities required (e.g., the pump or the commercial
kits) until the advent of a convenient alternative utilizing
the half-the-air setting [9]. The half-the-air setting consists
of a central stopcock with its male luer lock connecting an
extension tube to the patient, a side female luer lock to
the 5% dextrose water (D5W) syringe, and an end female
luer lock to the local anesthetic syringe [9]. The concept of
“half-the-air” to keep injection pressure below 15 psi derives
from the reliability of compressed air injection technique
[22, 23], and the facility-independent half-the-air setting
helps popularize injection pressure monitoring in clinical
practice by the advantages of low cost, easy assembling,
and incorporating a test syringe (ensuring the total mass
of local anesthetic to be delivered) and a long (200 cm)
extension tube (facilitating the operation for the assistant,
thus physical ergonomics) with a low dead space (1.4mL) [9].
Thereafter, another improvised pressure gauge was proposed
using the fluid meniscus level in the 1ml syringe in place of
D5W syringe as the passive indirect in-line manometer [24].
However, as with the drawback of the commercial in-line
manometer, this improvised pressure gauge lacks a pop-off
valve to limit the injection pressure and/or eliminate the
initial high peak pressure [20, 24]. In other words, with the
in-line manometer only as a monitor, “syringe feel” is still
performed at the very beginning of injection. It would be safer

to limit the initial pressure inherent to the act of half-the-
air [9, 23] rather than only an in-line pressure gauge without
a physical pressure limit. Theories behind the half-the-air
setting are based on simple rules of physics. According to
Pascal’s law, pressure within the syringe, tubing, and needle
is equal throughout the system until the opening pressure is
reached (and flow begins to occur), regardless of the speed of
injection, the lumen size, or the size of fluid passage [11, 12].
Consequently, the syringe pressure could accurately reflect
the needle tip pressure in the closed system [15]. The flow
through the needle tip will start upon reaching the opening
pressure of the target tissue. In this dynamic phase, the
needle tip pressure will be kept below the original exerted
pressure within the syringe because of two reasons. First, as
the fluid accelerates through a constriction of the needle, the
pressure reduces owing to the Bernoulli effect [20]; second,
according to the fact that, with the needle tip open to the
atmosphere, the speed of the injectate coming out of the
needle tip declines shortly after commencing the injection
by the act of half-the-air, we can confirm that the injection
pressure declines following air compression to a given volume
during the same course of half-the-air technique. If flow stops
during drug administration, it would reliably reflect syringe
pressure in response to accumulated volume of the injectate
within the tissue, because, again by Pascal’s law, the injection
pressure returns to a state in which the pressures transmitted
are equally distributed throughout the closed system [15].
Expert opinion shows that as the evidence for the utility of
injection pressure as a safety monitor continues to accumu-
late, injection pressure monitoring should be incorporated
as the routine during peripheral nerve blocks as long as the
setting is not expensive and easy to apply [25]. From what
was described above, pressure monitoring in combination
with ultrasound guidance should be regarded as what we
called “dual guidance” for deep regional blocks. Otherwise,
hydrodissection by D5W at all times towards deep neural
targets helps push away nerve fibers andminimize discomfort
during ultrasound-guided needle advancement, as proposed
in a research article regarding chronic pain management in
this special issue.

The importance of half-the-air setting in deep regional
blocks needs to be stressed beyond neurological compli-
cations. Ultrasound guidance unequivocally decreases the
incidence of local anesthetic systemic toxicity [26]. However,
it seems that the benefit cannot apply to deep regional blocks
because of the paradox inherent to ultrasound guidance for
deeper targets [5]. A dose-finding study demonstrated that
Shamrock method for lumbar plexus block, the archetype of
deep regional blocks, “might improve but not eliminate all
challenges related to a deep ultrasound-guided nerve block”
[27], and complications encountered in their study include
local anesthetic systemic toxicity and epidural spread. The
authors claimed that systemic toxicity might result from a
needle tip partially placed inside a blood vessel, although
local anesthetic spread was observed during injection [27].
Probably before the spread is visible, significant amounts
of local anesthetic have already been injected into the ves-
sels [28]. This assumption urges, in addition to ultrasound
guidance and neurostimulation, the need for incorporating
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the half-the-air setting to minimize local anesthetic systemic
toxicity during lumbar plexus block [28, 29] because the
volume consumed to hydrolocate the needle tip and to
visualize the hypoechoic spread is D5W instead of local
anesthetic [9]. As for epidural spread during lumbar plexus
block, it is not the injection volume but the injection pressure
that matters [28, 30]. Although the original half-the-air
setting [9] can be used to check the initial pressure prior
to injection of local anesthetic (ensuring opening injection
pressure <15 psi), modification of the setting has been urged
to avoid pressure fluctuation during local anesthetic injection
[31]. In response to the request, performing the samehalf-the-
air technique in the local anesthetic syringe after D5W spread
may keep the injection pressure at (when the liquid level
starts to decrease) or below (while liquid level is descending)
14.7 psi throughout. Our preliminary qualitative analysis
demonstrated that, by using the pressuremanagement system
of Injectomat Agilia� pump (Fresenius Vial, Brezins, France)
as an in-line manometer between the needle (the tip inserted
3 cm into the pork model) and the low-dead space extension
tube, pushing pressure generated by the act of half-the-air
was below 15 psi during injection (experiment was run in
triplicate, and occlusion alarm did not occur after the flow
had commenced in response to half-the-air pressure exerted
in the 20mL local anesthetic syringe with the syringe pump
set to an infusion rate of 0.1ml/h and a pressure limit of
750mmHg). Therefore, to improve all aspects at the same
time for lumbar plexus block [28, 29], the modified half-
the-air setting (additionally adding the act of half-the-air in
the local anesthetic syringe) might reduce epidural spread
(half-the-air in both the D5W and local anesthetic syringes)
and local anesthetic systemic toxicity (D5W test spread in
response to half-the-air) as well as nerve injury (half-the-air
in the D5W syringe) during lumbar plexus block. Utilizing a
syringe with a larger capacity (such as 25 or 30mL) for the
modified half-the-air setting will increase the drug volume
to be administered in a single syringe if the practitioner
standardizes the air volume compressed (5mL) in the local
anesthetic syringe with 10mL of air introduced above the
fluid. To more easily administer the intended local anesthetic
volume by maintaining a higher but no more than 15 psi
pushing pressure, repeating the act of half-the-air could help
empty the local anesthetic syringe without delay. As with
the original one [28], D5W emptied in the low dead space
(1.4ml) extension tube before local anesthetic injection in the
modified half-the-air setting will not result in a significant
dilutional effect for lumbar plexus block.

Some deep regional blocks require precise hydrodissec-
tion of a specific fascial or interfascial plane. A test spread
other than local anesthetic from the half-the-air setting [9]
helps identify the correct target without consumption of
local anesthetic in the wrong place or the need of adding
total mass (thus toxicity) to achieve the desired effect, as
mentioned in the review articles on transversus abdominis
plane block and obturator nerve block for this special issue.
Furthermore, a retrospective study from the same special
issue indicates that D5W itself is a potential analgesic for
hydrodissection. Compared with normal saline, D5W also
preserves neurostimulation for deep regional blocks when

needed. Therefore, D5W is the test solution of choice in the
half-the-air setting. Compared to pure pressuremonitors, the
half-the-air setting is not onlymultifunctional but also a safer
pressure limiter inherent to the act of half-the-air. In the
absence of other advancedmonitoring techniques, there is no
reason to perform ultrasound-guided deep regional blocks
without incorporating the half-the-air setting, complying
with the recommendations from the review articles in this
special issue.
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Purpose of Review. Transversus abdominis plane (TAP) block is a regional technique for analgesia of the anterolateral abdominal
wall. This review highlights the nomenclature system and recent advances in TAP block techniques and proposes directions for
future research. Recent Findings. Ultrasound guidance is now considered the gold standard in TAP blocks. It is easy to acquire
ultrasound images; it can be used inmany surgeries involving the anterolateral abdominal wall. However, the efficacy of ultrasound-
guided TAP blocks is not consistent, which might be due to the use of different approaches. The choice of technique influences the
involved area and block duration. To investigate the actual analgesic effects of TAP blocks, we unified the nomenclature system
and clarified the definition of each technique. Although a single-shot TAP block is limited in duration, it is still the candidate
of the analgesic standard for abdominal wall surgery because the use of the catheter technique and liposomal bupivacaine may
overcome this limitation. Summary. Ultrasound-guided TAP blocks are commonly used. With the unified nomenclature and the
development of catheter technique and/or liposomal local anesthetics, TAP blocks can be applied more appropriately to achieve
better pain control.

1. Introduction

The transversus abdominis plane (TAP) block was first intro-
duced by Rafi [1] in 2001 as a landmark-guided technique via
the triangle of Petit to achieve a field block. It involves the
injection of a local anesthetic solution into a plane between
the internal oblique muscle and transversus abdominis mus-
cle. Since the thoracolumbar nerves originating from the T6
to L1 spinal roots run into this plane and supply sensory
nerves to the anterolateral abdominal wall [2], the local

anesthetic spread in this plane can block the neural afferents
and provide analgesia to the anterolateral abdominal wall.

With the advancement of ultrasound technology, TAP
blocks become technically easier and safer to perform. Thus,
there was a surge of interest in TAP blocks as therapeutic
adjuncts for analgesia after abdominal surgeries. In the past
decade, there has been growing evidence supporting the
effectiveness of TAP blocks for a variety of abdominal sur-
geries, such as cesarean section, hysterectomy, cholecystec-
tomy, colectomy, prostatectomy, and hernia repair [1, 3–9].
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Although its analgesic effect covers only somatic pain with
short duration [10], single-shot TAP block plays a valuable
role in multimodal analgesia. With continuous infusion [11–
17] or prolonged-release liposomal local anesthetics [18–22],
TAP blocks could overcome the problem of short duration.

In this review, we will describe the relevant anatomy, for-
mulate a nomenclature system to include various approaches,
discuss recent advancements in techniques, and detail the
possible complications.

2. Applied Anatomy

Therelevant anatomy is shown in Figure 1. A thorough under-
standing of the anatomymay help clinicians to determine the
site of injection, improve the success rate, and prevent
complications.

2.1. The Sensory Nerves Innervating the Anterolateral Abdomi-
nal Wall. The thoracolumbar nerves are responsible for the
segmental cutaneous supply of the abdominal wall. They
divide into the anterior primary ramus and posterior pri-
mary ramus shortly after exiting from the intervertebral
foramen. The posterior ramus travels backward, while the
anterior ramus branches into lateral and anterior cutaneous
nerves (Figure 1(b)). The anterolateral abdominal wall is
mainly innervated by the anterior rami of the thoracolumbar
spinal nerves (T6-L1), which become the intercostal (T6-
T11), subcostal (T12), and ilioinguinal/iliohypogastric nerves
(L1) (Figure 1(a)). These branches further communicate at
multiple locations, including large branch communications
on the anterolateral abdominal wall (intercostal/upper TAP
plexus) and plexuses that run with the deep circumflex iliac
artery (DCIA) (lower TAP plexus) and the deep inferior epi-
gastric artery (DIEA) (rectus sheath plexus) [2]. Since these
segmental nerves communicate just above the transversus
abdominis muscle, the subfascial spread of local anesthetic
can provide anterolateral abdominal wall analgesia [23].

2.2. Clinical Correlation of Cutaneous Branches. The anterior
primary rami of T7-T12 spinal nerves pass between internal
oblique and transversus abdominis and then perforate rectus
abdominis and end as the anterior cutaneous branches, which
innervate the anterior abdomen (from midline to midclav-
icular line). Among these anterior rami, the T12 crosses
quadratus lumborum before entering the TAP, as shown in
Figure 1(b) [24]. The lateral cutaneous branches depart near
the angle of the rib posteriorly [15]. The lateral cutaneous
branches of T7-T11 then divide into anterior and posterior
branches: the anterior branches supply the abdominal wall
toward the lateral margin of rectus abdominis; the posterior
branches pass backward to supply the skin over latissimus
dorsi. However, the lateral cutaneous branch of T12 does
not further divide into anterior and posterior branches
(Figure 1(b)). It supplies a part of the gluteal region, and
some of its filaments extend as low as the greater trochanter
(Figure 1(c)).The L1 spinal nerve divides into the iliohypogas-
tric and ilioinguinal nerves, which innervate the skin of the
gluteal region behind the lateral cutaneous branches of T12,

the hypogastric region, the upper medial part of the thigh,
and the genital area [25].

Since the lateral cutaneous branches leave the TAP
posterior to the midaxillary line, posterior injection of local
anesthetics is suggested if analgesia for both the anterior and
lateral abdominal wall is required [26]. However, most of
the lateral cutaneous branches arise before the main nerves
enter the TAP, and only those of T11 and T12 have a short
coursewithin or through theTAP [15]. For the blockade of the
lateral cutaneous branches, a TAP block can only cover the
T11 and T12 lateral cutaneous branches even with a more
posterior injection. Based on the distribution of the T9-T12
branches, the lateral approach performed at the midaxillary
line between the costal margin and iliac crest could provide
mainly periumbilical and infraumbilical analgesia, while the
posterior approach performed posterior to the midaxillary
line has the potential to provide some degree of lateral
abdominal wall analgesia [10]. Paravertebral spread from T5
to L1 has been reported only with posterior TAP blocks [27].
The L1 branches, which become the ilioinguinal and iliohy-
pogastric nerves, pass into the TAP near the anterior part of
the iliac crest [15]. Thus, a TAP block at this level is similar
to ilioinguinal and iliohypogastric nerve blocks. Direct ilioin-
guinal/iliohypogastric nerve block is a better choice thanTAP
block if only L1 analgesia is needed [28, 29].

The spread of injectate in TAP might be affected by
anatomical variation [30], injected volume [31], and choice
of approach [32–35]. To achieve the best quality of analgesia
without increasing the volume and associated systemic toxic-
ity, it is important to choose the most appropriate method by
considering the distribution of segmental nerves.

2.3. The TAP Block-Related Muscles. There are four paired
muscles in the anterolateral abdominal wall: rectus abdo-
minis, transversus abdominis, internal oblique, and external
oblique. Rectus abdominis runs parallel in the midline and
is separated by the linea alba. The other three are laterally
locatedmuscles, transversus abdominis, internal oblique, and
external oblique, sequentially from deep to superficial, and
are mainly related to TAP blocks. The three muscles overlie
one another in the lateral abdomen and terminatemedially as
an aponeurosis called the linea semilunaris, which is lateral to
rectus abdominis [15] (Figure 2). The TAP plexuses lie on
transversus abdominis. Therefore, intramuscular injection of
local anesthetics might also have some analgesic effects [36].

3. New Nomenclature

The TAP is a potential anatomical space between transversus
abdominis and internal oblique (or rectus abdominis) [37],
and the field block by TAP infiltration is referred to as a TAP
block. There are several different approaches for ultrasound-
guided TAP block, such as lateral, posterior, and subcostal
approaches. Unlike specific peripheral nerve blocks, TAP
block is a nondermatomal “field block.” This has led to a
debate on whether there is a need for standardization of
techniques or technique nomenclature [33]. Even with the
same ultrasound-guided technique, the extent of spread of
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Figure 1:The thoracolumbar spinal nerves (T6∼L1) innervating the anterolateral abdominal wall. (a) Distribution of neurovascular structure
in the anterolateral abdominal wall. (b) The pathway of the thoracolumbar spinal nerves (T12). This is the cross-sectional view of the left
abdomen. The anterior primary ramus of the segmental nerves divides into anterior and lateral cutaneous branches, which supply the
anterolateral abdominal wall. (c) The segmental distribution of cutaneous nerve on the anterolateral trunk.
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Table 1: The classification of ultrasound-guided TAP blocks and the corresponding supplied areas.

Approach The main segmental thoracolumbar nerves [15] Supplied area [15]

Subcostal [39–41] T6-9 Anterior cutaneous branches Upper abdomen just below the xiphoid and
parallel to the costal margin

Lateral [10, 26] T10-12 Anterior cutaneous branches
Anterior abdominal wall at the
infraumbilical area, from midline to
midclavicular line

Posterior [10, 42] T9-12 Anterior cutaneous branches (possibly
lateral cutaneous branches)

Anterior abdominal wall at the
infraumbilical area and possibly lateral
abdominal wall between costal margin and
iliac crest

Oblique subcostal
[11, 13, 15, 17, 43] T6-L1 Anterior cutaneous branches Upper and lower abdomen

TAP: transversus abdominis plane.

External oblique muscle (EO)
Internal oblique muscle (IO)
Transverse abdominis (TA)

Linea semilunaris (LS)
Rectus abdominis (RA)

Figure 2: The muscular structure of the anterolateral abdominal
wall. RA: rectus abdominis; TA: transversus abdominis; IO: internal
oblique; EO: external oblique; LS: linea semilunaris. The red dotted
line: the lateral border of rectus abdominis.

local anesthetics can be variable due to individual anatom-
ical variations [30, 33]. However, there has been evidence
supporting the idea that the nuances of various techniques
can also affect the analgesic outcomes. For example, a meta-
analysis showed that posterior approach appears to produce
longer analgesia compared to that of the lateral approach [10].
Furthermore, based on cadaveric and radiologic evaluations,
dye injected via different approaches demonstrated different
nerve involvement [23, 32, 34, 38]. Therefore, it is important
to classify the “TAP block” group according to a reasonable
nomenclature system before comparing the analgesic effects
among different approaches.

The nomenclature regarding TAP block is confusing, and
there is still no consensus about its terminology after an
explosive growth in numbers of studies about it. Therefore,
we provided a nomenclature system to categorize the various
approaches into four groups comprising subcostal, oblique
subcostal, lateral, and posterior TAP blocks.The classification
is based on the involved spinal nerves rather than the probe
positions only. Although all anterior branches communicate
on TAP, each segmental nerve supplies different areas (Fig-
ure 1(a)). The T6-8 supply the area below the xiphoid and
parallel to the costal margin; T9-12 supply the periumbilical
area and the lateral abdominal wall between the costalmargin
and iliac crest; L1 supplies the anterior abdomen near the
inguinal area and thigh [15].

Classification of TAP blocks based on a unified nomen-
clature system is shown in Table 1. Many approaches have
been suggested to provide analgesia over the upper abdomen,
such as oblique subcostal, subcostal, or upper subcostal
approaches [11, 13, 15, 17, 39, 40, 43]. However, they are quite
similar in the area where local anesthetics deposit except for
the oblique subcostal approach, which covers both the upper
and lower abdomen using the hydrodissection technique.We
suggest categorizing similar approaches as “subcostal” since it
is easier to remember it by probe position and associated
blocked plexus.

A midaxillary or lateral TAP block is performed by plac-
ing the probe at or anterior to themidaxillary line between the
costal margin and iliac crest. It can provide lower abdominal
wall analgesia from the midline to the midclavicular line [10,
26]. Compared to a lateral TAP block, a posterior TAP block
approximates the double-pop TAP technique at the lumbar
triangle of Petit [44] by injecting local anesthetic superficial to
the transversus abdominis aponeurosis [45] and offers better
and more prolonged analgesia than the lateral approach
[10, 42]. While subcostal and lateral TAP injections do not
always cover the lateral cutaneous branches of the segmental
nerves [35], the posterior approach deposits the injectate
posterior to the midaxillary line and may provide better
analgesia to the lateral abdominal wall [26].

Dual TAP block, which technically combines subcostal
with lateral/posterior TAP block, provides a wider coverage
for both the upper and lower abdominal walls. By anesthetiz-
ing both the upper TAP plexus (the intercostal plexus, which
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Figure 3: Four approaches of ultrasound-guided transversus abdominis plane (TAP) blocks. Red dashed line indicates the oblique subcostal
line, from the xiphoid to the anterior part of the iliac crest.

consists of large branch communications anterolaterally) and
the lower TAP plexus (the deep circumflex iliac artery plexus)
(Figure 1(a)), a lateral-to-medial long-needle approach can
cover T7/8 to L1. [35, 46]. If the dual TAP block is performed
bilaterally, it is called bilateral dual TAP block, which was
introduced by Borglum et al. [47, 48]. It is similar to the four-
quadrant TAP block by Niraj et al. [12, 16]. As Borglum et
al. described previously, “dual” stands for two extent areas of
the anatomical TAP and expresses the anterior abdominal
wall correctly rather than “four-quadrant” one [46]. A TAP
block can be performed unilaterally or bilaterally. Therefore,
“dual TAP block, unilateral or bilateral,” is more precise and
suitable for clinical communication.

As mentioned earlier, the oblique subcostal TAP block is
a modified subcostal TAP block, which was first introduced
by Hebbard et al. [15]. By hydrodissecting the TAP along the
oblique subcostal line (from the xiphoid toward the anterior
part of the iliac crest), the anesthetic solution spreads across
the location of T6-L1 nerves and thus potentially covers both
the upper and lower abdominal walls. Since it requires only a
single penetration through the subcostal approach but covers
both the upper and lower TAP plexuses like a dual TAP block,
it cannot be classified into either one of these two groups
appropriately. Thus, the oblique subcostal TAP block should
be categorized as an independent, specific technique for TAP
block (Table 1). This nomenclature is slightly different from
the one proposed by Hebbard [49], which divided the sub-
costal TAP block to upper subcostal and lower subcostal TAP
blocks. Since a lower subcostal TAP block covers the same
area as a lateral TAP block and does not provide analgesia
over the T7-8 dermatomes, we suggest categorizing the lower
subcostal TAP block as a lateral TAP block to simplify the
nomenclature. Furthermore, the upper and lower TAP blocks
suggested by Borglum et al. correspond exactly to subcostal
and lateral approaches, respectively [46].

In addition to the above dichotomy, a posterior TAP
block has different manifestations compared to a lateral TAP
block, including analgesic effectiveness and duration [10, 42].
Neither a lateral nor subcostal approach results in dye spread

posterior to the midaxillary line and thus spares the lateral
cutaneous nerve branches, which could possibly be circum-
vented by the posterior approach [35].The L1 branches divide
into the ilioinguinal and iliohypogastric nerves. If analgesia
over the L1 dermatome is the major concern, it is recom-
mended to target the L1 branches specifically.The ilioinguinal
and iliohypogastric nerve block can provide more specific
and better analgesia than a TAP block [28, 29]. The anterior
quadratus lumborum block is also a promising alternative to
block the L1 branches coursing over the surface of quadratus
lumborum [45]. Ultrasound-guided transversalis fascia plane
block also provides analgesia over the L1 dermatome [50];
however, the injection is deeper than TAP blocks and is at
risk for unanticipated motor weakness due to central and
proximal spread toward psoas major [51].

As described above, classification based on the logic of
this nomenclature system is reasonable and clinically useful
and can aid in discussion among clinicians. The detailed
definition of different approaches will be described in the
Techniques of TAP Block.

4. Techniques of TAP Block

In this review, we described the original landmark-guided
technique in brief and four ultrasound-guided TAP blocks
according to the unified nomenclature system: lateral, poste-
rior, subcostal, and oblique subcostal TAP blocks (Table 1 and
Figure 3). Furthermore, current advancement in continuous
techniques to overcome the limitation of one-shot TAP
blocks was discussed. The patient is placed in a supine posi-
tion for all these approaches, except for slight lateralization
for the posterior approach in some cases.

4.1. Landmark-Guided TAP Block. The blunt landmark-
guided technique applies loss of resistance as the needle is
advanced through the fascia layers of external oblique and
internal oblique [1]. After locating the triangle of Petit, the
TAP is identified using the subjective double-pop loss of resis-
tance technique. McDonnell et al. suggested that the first pop
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Figure 4: Ultrasound identification of the transversus abdominis plane. RA: rectus abdominis; TA: transversus abdominis; IO: internal
oblique muscle; EO: external oblique muscle; QL: quadratus lumborum; L. alba: linea alba; L. semilunaris: linea semilunaris.

indicates penetration of the fascia of the external oblique
muscle, and the second indicates piercing of the fascia of
internal oblique and entry of the needle into the TAP [23, 33].
However, Rafi et al. suggested that the first pop indicates
the needle has reached the plane between internal oblique
and transversus abdominis, and the second pop indicates the
needle has passed through transversus abdominis and thus
the needle went too far [1, 37]. Debates continue regarding the
adequacy of “single-pop” [1], “double-pop” [23], and the
structures responsible for the “pop.”

Currently, landmark-guided technique is no longer rec-
ommended because of ambiguity of the standard procedure
sequence, small size and large variation of the lumbar triangle
of Petit, and the risk of peritoneal perforation during the blind
technique [37, 52].

4.2. Ultrasound-Guided TAP Blocks. Ultrasound guidance is
now considered the gold standard for peripheral nerve block
[53]. Usually, a linear probe is adequate for most TAP blocks.
However, a convex probe is preferable for TAP blocks in
markedly obese patients [54, 55].

4.2.1. Ultrasound Identification of TAP. To perform an
ultrasound-guided TAP block, identification of the TAP is a
priority. We suggest the scanning steps as follows: (1) Put the
transducer transversely just below the xiphoid process and
locate the paired rectus abdominis and the linea alba. (2)
Rotate the transducer obliquely and move laterally, parallel
to the costal margin. At this level, the TAP is between rectus
abdominis and transversus abdominis, or the TAP is absent
here because transversus abdominis ends at the lateral end of
rectus abdominis in some patients. (3) Move the transducer
along the costalmarginmore laterally until the aponeurosis of
the linea semilunaris, which is lateral to the rectus abdominis,
appears. Internal oblique and external oblique are located

lateral to the linea semilunaris. We can start to identify the
three muscle layers: transversus abdominis, internal oblique,
and external oblique (from deep to superficial). The TAP is
located just above transversus abdominis. (4) Move the
transducer more laterally to the midaxillary line, and scan up
and down between the costalmargin and iliac crest. Typically,
three muscle layers can be seen. The TAP is between internal
oblique and transversus abdominis. (5) If the transducer is
placed posteriorly, we find that internal oblique and transver-
sus abdominis taper off into a common aponeurosis, also
called the thoracolumbar fascia, which is connected to the lat-
eral border of the quadratus lumborum. The TAP is between
internal oblique and transversus abdominis and continuous
with the aponeurosis [40, 56]. The probe position of each
ultrasound-guided TAP block is shown in Figure 3, and the
corresponding ultrasound images are shown in Figure 4.

4.2.2. Subcostal TAP Block. As shown in Figure 5(a) and
described in steps (1) and (2), transversus abdominis is iden-
tified as themore hypoechoicmuscle layer just beneath rectus
abdominis. Deposition of the local anesthetic starts between
transversus abdominis and rectus abdominis, medial to the
linea semilunaris (Figure 5(b)). If transversus abdominis ends
at the lateral end of rectus abdominis, the local anesthetic
can be deposited between transversus abdominis and internal
oblique lateral to the linea semilunaris, but it might be better
to include the injection from beneath rectus abdominis
toward the lateral side to achieve a higher success rate.

Shibata et al. suggested that only lower abdominal surgery
should be an indication for lateral TAP block because of
the limited level of sensory block [57]. Hebbard et al. also
demonstrated that the lateral TAPblock is suitable for surgery
below the umbilicus, while the subcostal TAP block is more
suitable for supraumbilical and periumbilical analgesia [15].
Lee et al. further proved that there was a difference in the
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Figure 5: Subcostal approach of transversus abdominis plane (TAP) block. (a)The probe position and needle direction.The probe is parallel
to the costal margin near the xiphoid. The needle is inserted in plane. (b) The corresponding ultrasound images. The TAP is between rectus
abdominis and transversus abdominis, and the local anesthetic is deposited in this plane to cover the upper TAP plexus. White dashed line:
the needle trajectory. Light blue area: the deposition sites of local anesthetic. RA: rectus abdominis; TA: transversus abdominis.
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Figure 6: Lateral approach of transversus abdominis plane (TAP) block. (a)The probe position and needle trajectory.The probe is near or at
the midaxillary line between the costal margin and the iliac crest. The needle is inserted in plane. (b) Corresponding ultrasound images. The
TAP is between internal oblique and transversus abdominis. The local anesthetic is deposited in this plane to cover the lower TAP plexus.
White dashed line: needle trajectory. Light blue area: the deposition site of local anesthetic. TA: transversus abdominis; IO: internal oblique;
EO: external oblique.

dermatomal spread between lateral and subcostal approaches
[41]. The pattern of spread differs depending on the site of
injection and it has important implications for the extent of
analgesia produced with each approach [27]. Therefore, the
subcostal approach should be considered for upper abdomi-
nal analgesia.

4.2.3. Lateral TAP Block. In step (4), we can identify the
typical three muscles layers at the midaxillary line between
the costal margin and iliac crest. After measuring the depth
of the TAP, a needle is inserted away from the trans-
ducer at the same distance according to the principle to
make the needle in plane for deep regional blocks [58]
(Figure 6(a)). The needle is advanced into the transver-
sus abdominis and pulled back incrementally with regular
aspiration and then the plane is hydrodissected until the
eye sign, an elliptical, hypoechoic spread of local anes-
thetic, is seen. Otherwise, it is also logical to deposit local

anesthetic underneath the fascial layer to ensure optimal
analgesia because the nerves are bound to the transversus
abdominis [33]. If a patchy opacity appears within the
internal oblique, indicating intramuscular injection, or the
local anesthetic does not separate the fascia well, the needle
tip should be repositioned. However, intramuscular injection
of the transversus abdominis might still provide some anal-
gesic effects [36]. Half-the-air setting can also help identify
the correct fascial plane using test volume injection and pre-
vent incidental neurologic injury [59, 60]. Figure 6(b) shows
the ultrasound image of a lateral TAP block.

4.2.4. Posterior TAP Block. The posterior approach is similar
to the lateral approach, but the ultrasound transducer is
moved more posteriorly as shown in Figure 7(a). This is to
view the point where transversus abdominis ends, as de-
scribed in step (5). When scanning posteriorly, transversus
abdominis tails off and turns into the aponeurosis. Quadratus
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Figure 7: Posterior approach of transversus abdominis plane (TAP) block. (a) The probe position and needle trajectory. The probe is placed
posterior to the midaxillary line between the costal margin and the iliac crest. The needle is inserted in plane. (b) Corresponding ultrasound
images. Posteriorly, transversus abdominis tails off and turns into the aponeurosis. The quadratus lumborum can be seen posteromedial to
the aponeurosis. The injection site is at the TAP between internal oblique and transversus abdominis posterior to the midaxillary line and
near the aponeurosis. White dashed line: needle trajectory. Light blue area: the deposition site of local anesthetic. TA: transversus abdominis;
IO: internal oblique; EO: external oblique; QL: quadratus lumborum.

lumborum can be seen posteromedial to the aponeurosis
(Figure 7(b)). The injection site is superficial to the aponeu-
rosis near quadratus lumborum [27, 45]. There have been
studies suggesting that a posterior TAP block provides more
effective and prolonged analgesia than the lateral approach
[10, 42]. Evidence showed the absence of posterior spread in
the lateral approach [26] and a wider expansion of local
anesthetics in the posterior approach [27].

4.2.5. Oblique Subcostal TAP Block. The oblique subcostal
TAP block is modified from the subcostal TAP block, which
was first introduced by Hebbard et al. [15]. Unlike other
approaches, a much longer needle (15–20 cm) and a larger
volume of anesthetics (40–80ml) are required. The oblique
subcostal line extends from the xiphoid toward the anterior
part of the iliac crest and potentially covers the T6-L1 nerves
in the TAP (Figure 3). Thus, local anesthetic injected in
the TAP along this line provides both upper and lower
abdominalwall analgesia, like a dual TAPblock. Compared to
a dual TAP block, the oblique subcostal TAP block more
consistently covers L1 dermatome. Only single penetration is
required for the oblique subcostal approach. A large volume
of local anesthetics is required to hydrodissect the TAP along
the whole ipsilateral oblique subcostal line. It can provide
promising analgesia for abdominal surgeries [61–63] and
might be better compared to the lateral approach [64]. How-
ever, the oblique subcostal TAP block is much more difficult.
Bending the needle initially and then reinserting during the
advancement of the needle might be helpful in performing
the block [15].

5. Other Considerations

5.1. Dual TAP Block. If analgesia is needed for both the
supraumbilical and infraumbilical abdomen, the dual TAP

block could also be considered. Dual TAP block is the com-
bination of the subcostal and the lateral/posterior TAP block.
Compared to the oblique subcostal TAP block, the dual TAP
block technically ensures more easily that local anesthetic is
deposited throughout the plane and provides analgesia for
both the upper (T6-T9) and lower (T10-T12) abdomen. The
bilateral dual TAPblockwas first introduced byBorglumet al.
as the four-point approach [47]. Niraj et al. once called it the
“four-quadrant” TAP block [12]. After making the skin asep-
tic, we suggest performing the lateral/posterior approach first
and then the subcostal approach, to keep the probe aseptic. In
otherwords, the probe is placed in the gravity-dependent part
as a general rule below the needle insertion site for single-
shot peripheral nerve blocks [65, 66]. Jelly introduction into
the central part of the body should be avoided whenever
possible, even if it is aseptic [67], and ultrasound gel itself near
peripheral nerves may cause inflammation [68]. Performing
the dual TAP block in this sequence keeps the needle away
from gravity-dependent gel contamination.

5.2. Continuous TAP Block. Petersen et al. [69] reported
that anesthetized dermatomes produced by a continuous
TAP block employing the lateral approach comprised only
two segments (T10 and T11) in healthy volunteers. Never-
theless, two previous randomized controlled trials [11, 17]
have reported that adding continuous TAP blocks to single-
injection TAP blocks improves analgesia after laparotomy for
gynecological cancer. Both studies employed an oblique
subcostal approach for a continuous TAP block [15]. After
incremental hydrodissection of the TAP along the oblique
subcostal line, a catheter is threaded through the needle into
the TAP. Yoshida et al. [17] proposed that this thorough
hydrodissection of the TAP and the catheter passage might
facilitate a wider spread of sensory block by providing a
track for the local anesthetics along the catheter within the
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TAP. However, this hypothesis should be validated in a future
study. In the two above-mentioned studies regarding contin-
uous oblique subcostal TAP blocks [11, 17], a point-source
catheter, such as an epidural catheter, was used for providing
a continuous TAP block. A continuous TAP block using a
catheter with more extensive holes may produce a wider
spread of sensory block and superior analgesia [13], although
there has been no research evaluating the effectiveness of the
multihole catheter compared to the point-source catheter.

6. Complications

Visceral damage due to inadvertent peritoneal puncture
while performing blind TAP block has been reported [70].
Although the risk can be minimized with ultrasound guid-
ance, the potential of iatrogenic injury still exists due to a
failure to image the entire needle during its advancement [71].
Other reported complications of TAP block include seizure,
ventricular arrhythmia, and transient femoral nerve palsy
[72–75]. To limit local systemic toxicity, a low concentration
of local anesthetic should be chosenwhen a high-volume reg-
imen (e.g., 20ml bilaterally) is necessary for a successful block
[76]. Good communication between anesthesiologists and
surgeons also helps prevent overdose by incidental repeated
local anesthetics injection after a TAP block. The immediate
availability of lipid emulsion along with other emergency
therapeutics is recommended for TAP block [77]. Transient
femoral palsy after TAP block is induced by incorrect local
anesthetic deposition between transversus abdominis and the
transversalis fascia [75]. Since the femoral nerve lies in the
same tissue plane, as little as 1ml of injectate flowing postero-
medially can surround the femoral nerve [78]. This compli-
cation is usually self-limited but will delay patient discharge
especially in day-case surgeries. Using a test solution to
locate the needle tip under ultrasound guidance will help
identify the TAP and avoid spread of the anesthetic toward
the femoral nerve [78].

Since the role of a nerve stimulator during TAP block is
elusive and the nervous structures might be too small to be
identified by ultrasound, “half-the-air” setting should be con-
sidered to avoid intrafascicular spread by keeping the injec-
tion pressure below 15 psi [60]. Intrafascicular needle place-
ment associated with high injection pressure can result in
neurologic injury in animal models [79, 80]. Monitoring and
limiting injection pressure to 15 psi reliably detects needle-
nerve contact [81]. Since the TAP belongs to a vessel-rich
plane [37], the test solution instead of local anesthetic should
be injected first. By using the test solution to hydrolocate
the needle tip and visualize the hypoechoic spread, the
surrounding tissues, not only vessels but also nerves, are
usually pushed away from the needle tip by the test spread
[59].

In brief, half-the-air setting takes advantage of the test
solution and pressure monitoring at the same time [59].
To avoid all complications mentioned above, it is recom-
mended to inject the least volume of local anesthetic required
under dual guidance with ultrasound and half-the-air
setting.

7. Conclusion

With the advancement in ultrasound technology, the success
rate and safety of TAP blocks have markedly improved.There
are several different approaches for ultrasound-guided TAP
block, and the nuances of various techniques can affect the
analgesic outcomes. It is important to classify the “TAPblock”
group according to a reasonable nomenclature system before
comparing the analgesic effects among different approaches.
In this review, we provided a nomenclature system to cat-
egorize the various approaches into four groups compris-
ing subcostal, lateral, posterior, and oblique subcostal TAP
blocks. This new nomenclature system based on the involved
spinal nerves is clinically useful and can aid in discussion
among clinicians. A posterior TAP block offers a longer
duration of analgesia than does a lateral TAP block for the
infraumbilical abdominal wall. If analgesia over the supraum-
bilical wall is required, subcostal, oblique subcostal, or dual
TAP blocks are recommended. Adding continuous TAP
block to single-injection TAP block can further improve and
prolong its analgesic effect. Based on the accumulating evi-
dence, dual guidance with ultrasound and half-the-air setting
should be considered for TAP blocks.
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Deep nerve hydrodissection uses fluid injection under pressure to purposely separate nerves from areas of suspected fascial
compression, which are increasingly viewed as potential perpetuating factors in recalcitrant neuropathic pain/complex regional
pain.The usage of 5% dextrose water (D5W) as a primary injectate for hydrodissection, with or without low dose anesthetic, could
limit anesthetic-related toxicity. An analgesic effect of 5% dextrose water (D5W) upon perineural injection in patients with chronic
neuropathic pain has recently been described. Here we describe ultrasound-guided methods for hydrodissection of deep nerve
structures in the upper torso, including the stellate ganglion, brachial plexus, cervical nerve roots, and paravertebral spaces. We
retrospectively reviewed the outcomes of 100 hydrodissection treatments in 26 consecutive cases with a neuropathic pain duration
of 16±12.2months and the mean Numeric Pain Rating Scale (NPRS) 0–10 pain level of 8.3±1.3. Themean percentage of analgesia
during each treatment session involving D5W injection without anesthetic was 88.1% ± 9.8%. The pretreatment Numeric Pain
Rating Scale score of 8.3 ± 1.3 improved to 1.9 ± 0.9 at 2 months after the last treatment. Patients received 3.8 ± 2.6 treatments over
9.7 ± 7.8 months from the first treatment to the 2-month posttreatment follow-up. Pain improvement exceeded 50% in all cases
and 75% in half. Our results confirm the analgesic effect of D5W injection and suggest that hydrodissection using D5W provides
cumulative pain reduction.

1. Introduction

Deep regional blocks have been used for years to provide
perioperative anesthesia for surgery and postoperative pain
control [1]. In the management of patients with chronic
pain, such as those with complex regional pain syndrome
(CRPS) and postherpetic neuralgia, deep regional blocks,
for example, stellate ganglion blocks (SGBs), serve as an

alternative to other medical treatments. The mechanism of
action of deep regional blocks or repeated peripheral focal
nerve blocks for neuropathic pain remains unclear [2]. A
benefit from repeated depolarization by a local anesthetic was
originally proposed; however, the effects of this method with
regard to the normalization of nerve physiology have not
been confirmed [2]. More recently, the concept has emerged
that fascial compression of nerves can occur in multiple
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locations and that part of the benefit of deep regional blocks
may be through partial amelioration of fascial compression
[3]. Nerve hydrodissection is a technique involving the use
of fluid injection under pressure to purposely and more
completely separate nerves from their surrounding tissue [4].
Ultrasound is used to guide the needles and fluid (hydro)
is used to separate and release (dissect) the nerves from the
surrounding soft tissue/fascia.

Potential safety concerns with any perineural injection
method using an anesthetic include temporary muscular
weakness and loss of protective sensation [5]. The rate of
inadvertent intraneural injection under ultrasound guidance
approximates 16%-17% [6, 7], although long-term sequelae
appear to be quite rare [6, 7]. Furthermore, inadvertent
intravascular injection may occur because of the frequent
close proximity of nerves and vessels. Injection of a high
volume of anesthetic for hydrodissection is associated with
an increased risk of both dose-related systemic anesthetic
toxicity and inadvertent intravascular injection. The use
of 5% dextrose water (D5W) as the primary injectate for
perineural injection during hydrodissection in the presence
of chronic pain, particularly neuropathic pain, is receiving
increasing attention [8–12]. D5W is also considered for use as
a coadministration injectate along with noxious agents such
as chemotherapeutics [13, 14] and microbiospheres [15] to
decrease pain, as well as a means to separate nerves from
fascia while decreasing the risk of anesthetic toxicity [16]. An
independent-of-anesthetic analgesic potential of D5W has
been demonstrated in a recent randomized controlled trial
of epidural D5W injection versus saline injection for patients
with back pain accompanied by either buttock or leg pain
[17], with potential long-term efficacy suggested by long-term
follow-up data in those patients [18].

2. Objectives

Although low-level studies have demonstrated the effective-
ness of nerve hydrodissection, no high-level studies have
been reported [4]. Performance of high-level studies will
be facilitated by procedural methods that are reproducibly
performed, consistent in clinical effect and safe. The objec-
tives of this study were to illustrate reproducible methods of
hydrodissection for deep nerve structures in the upper torso,
including the stellate ganglion, brachial plexus, cervical nerve
roots, and paravertebral spaces and gather preliminary data
related to the analgesic effect and efficacy of D5W without
lidocaine as the primary injectate during hydrodissection for
patients with chronic neuropathic pain.

3. Materials and Methods

A formal letter of exemption allowing retrospective chart
review was obtained from the International Cellular
Medicine Society Institutional Review Board (ICMS-IRB).
We reviewed consecutive outpatient charts for patients who
underwent hydrodissection of the stellate ganglion, brachial
plexus, cervical nerve roots, or paravertebral spaces for
the management of pain with neuropathic characteristics.
Videos and still photographs of these patients were all

deidentified for use. Charts were consecutively reviewed
to identify participants who received hydrodissection
exclusively with D5W, with the use of lidocaine only for the
placement of skin blebs. Chart selection continued until data
from 100 treatments was available for analysis. Methods of
hydrodissection utilized for these consecutively recruited
patients were illustrated with the use of both anatomical
diagrams and ultrasound images.

Neuropathic pain, for the purpose of this write-up, was
defined in standard fashion as pain arising as a direct con-
sequence of a lesion or disease affecting the somatosensory
system either at the peripheral or at central level [19, 20].
Neuropathic pain is commonly characterized by allodynia,
hyperalgesia, and/or changes in temperature sensation (e.g.,
burning or cold pain); the extent of the pain does not typically
correspond to the extent of the nervous structure damage.

Ultrasound findings were not useful for the diagnosis
of neuropathic pain unless the cervical nerve roots and
brachial plexus were scanned. In case of unilateral lesions, a
comparison of the cross-sectional area and echotextures of
cervical nerve roots or the brachial plexus on the painful side
with those on the contralateral side without pain generally
showed that the painful side was larger in cross-sectional area
[21].

The decision to hydrodissect was based on the following
factors.

(1) A clinical diagnosis indicating that a neurogenic pain
source is likely and knowledge of the corresponding involved
deep nerve structures in patients with neuropathic pain, for
example, dermatomes of the nerves involved in patients with
postherpetic neuralgia

(2) Awareness of the effects of compression on the
function of peripheral nerves

(3) Knowledge of all potential sites of compression of
peripheral nerves, for example, the radial nerve at entry to
and exit from the radial tunnel

(4) Experience regarding the appearance of peripheral
nerves when they are encased in fascia, obtained by observing
the “plumping up” of nerves upon freeing them from the
surrounding fascial encasement

(5) Confidence to proceed with a higher volume of
perineural injection in the absence of a risk of lidocaine
toxicity, considering the lidocaine component is absent or
negligible

Hydrodissection involved consistent fluid injection at all
times during needle advancement, ostensibly to push away
any small nerve fibers and avoid pain during advancement.
This eliminated the need for anesthetic injection. Because
fluid always leads needle advancement during hydrodissec-
tion and pushes away nerve structures, vessels, and other
soft tissues, this technique, if performed properly, prevents
soft tissue damage by the needle. Without inclusion of
a local anesthetic, typical signs of motor blockade, such
as Horner’s syndrome, were not expected during stellate
ganglion infiltration. Accordingly, the primary endpoint was
pain reduction. Typically, 20–30ml of fluid was utilized for
each area of hydrodissection.

Adequacy of a particular hydrodissection procedure was
based on patient symptoms, because visualization of fluid
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surrounding the nerve is only directly observable during
hydrodissection of the brachial plexus and cervical nerve
roots. In our experience, the analgesic effect of dextrose
occurs within 5min after deep regional hydrodissection for a
variety of chronic neuropathic pain conditions. Accordingly,
5min after completion of the initial procedure, the pain was
rated on a 0–10 Numeric Pain Rating Scale (NPRS) using
the question “how much pain do you have?” A score of
0 represented “no pain” and a score of 10 represented the
“most severe pain imaginable.” If the pain was rated as 3/10
or less, the reported score was considered to represent the
postprocedural pain level. If residual pain was rated as 4/10
or more, another regional procedure that was reasonably
expected to affect the region of pain was performed, and pain
was rated again at 5min after the procedure. This process
was repeated for up to three pertinent procedures, and the
final pain level was that following the last hydrodissection
procedure.The same sequence was performed during follow-
up visits.

The primary measure for a potential intraprocedural
analgesic effect of D5W hydrodissection was the mean differ-
ence between pretreatment and immediate (5min) posttreat-
ment NPRS scores.

Routine follow-up procedure in the primary investigator’s
office was to contact patients at 2 months after treatment to
inquire about any further need for treatment and verbally
obtain a final NPRS score to monitor the treatment efficacy.
Data were analyzed using PASW 18 (Predictive Analytics
180 Software 18.0.0, IBM Corporation, 1 New Orchard Road,
Armonk,NewYork 10504-1722).Descriptive statistics (means
± standard deviations) were reported at baseline and at each
time point for NPRS scores.

The cumulative improvement in pain levels over time
was determined by calculating the mean difference between
pretreatment NPRS scores and those obtained at 2 months
after the last treatment visit. The proportion of patients who
achieved more than 50% and more than 75% pain reduction
was calculated.

3.1. Description of Hydrodissection Procedures by Area

3.1.1. Stellate Ganglion Hydrodissection

Applications. The stellate ganglion is part of the sympathetic
network formed by the inferior cervical and first thoracic
ganglia. It lies anterolateral to the C7 vertebral body (Fig-
ure 1), receives input from the paravertebral sympathetic
chain, and provides sympathetic efferents to the upper
extremities, head, neck, and heart. During pain management
for CRPSs, particularly type I reflex sympathetic dystrophy
(RSD) [22, 23], postherpetic neuralgia [24, 25], and chronic
pain of the head and neck [26, 27] or thorax, a local anesthetic
solution is injected as a local block for the stellate ganglion.
Posttraumatic stress disorder [28, 29] may also be seen in
these patients [30, 31]. Accordingly, its presence or absence
was recorded, although the symptomatologywas not assessed
in the present study. Other applications of SGBs, such as
vascular insufficiency and hyperhidrosis, were not within the
scope of this study.

C6 vertebral body

Le� stellate ganglion

Figure 1: Longitudinal location of the stellate ganglion. The stellate
ganglion is located at the level of the C7 vertebral body.

Le� longus capitis

C6 vertebral body

Le� longus coli

Le� stellate ganglion

Figure 2: Relationship of the stellate ganglion to the longus colli.
The stellate ganglion lies anterolateral to the C7 vertebral body and
in the prevertebral fascia on the surface of the longus colli.

Nonhydrodissection Methods. A consecutive patient study
described the efficacy and safety of using ultrasound to guide
needles for SGB without the use of a high-volume technique
[32]. Ultrasound guidance helps in the visualization of soft
tissues to prevent complications and the subfascial deposition
of the drug under direct vision [32, 33].

Primary Ultrasound Landmarks for Hydrodissection. The
anterior tubercle of the C6 vertebral body, known as the
Chassaignac tubercle or carotid tubercle, is an important
landmark located superior to the stellate ganglion. C7 does
not have an anterior tubercle, while the anterior tubercle of
C5 is less prominent. Therefore, the anterior tubercle of C6
can be easily found. Identification of the longus colli is also
key (Figure 2), as a cadaveric study using dye and clinical
validation has shown adequate spread of the anesthetic
solution to the stellate ganglion using a technique in which
the needle tip is deep to the prevertebral fascia to avoid spread
along the carotid sheath and superficial to the fascia investing
the longus colli to avoid injection into the muscle substance
[34].

Patient Position. The patient is supine, with a rolled towel
underneath the neck for slight extension and another thin
pillow or rolled towel beneath the ipsilateral shoulder for
slight rotation of the head to the side contralateral to the point
of needle entry (Figure 3).
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Figure 3: Procedure for stellate ganglion hydrodissection: patient
positioning. Neck support, ipsilateral shoulder elevation, and probe
and needle positions for stellate ganglion hydrodissection.
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Figure 4: Procedure for stellate ganglion hydrodissection: sonoa-
natomy. The figure shows labeled structures, with the needle just
past the anterior tubercle of C6. AS: anterior scalene, CA: carotid
artery, IJV: internal jugular vein, LCa: Longus Capitis, LCo: longus
colli, MS: middle scalene, PVF: prevertebral fascia, SCM: sternoclei-
domastoid, VN: vagus nerve, and VA: vertebral artery.

Probe Position. Probe placement is transverse to the neck. A
lateral to medial in-plane approach is used, with the needle
orientation slightly posterior to anterior (Figure 3).

Sonoanatomy. Figure 4 shows a dual sonographic image (left,
B-mode; right, power Doppler) depicting the sonoanatomy
and a sonographic view of the needle just past the anterior
tubercle of the C6 vertebra (superior to the C6 nerve root and
inferior to the C5 nerve root).

Needle Advancement/Injection. Visualize the hypoechoic
nerve roots situated between the anterior and posterior
tubercles of the transverse processes of the cervical vertebrae.
Locate the longus colli and the anterior tubercle of C6 and
the C6 nerve root. It is essential to follow the basic principle
of hydrodissection; that is, the fluid opens the channel or
space in front of the needle tip, and the needle just follows.
Advance the needle (Figure 5(a)) and stop advancing when
the tip reaches the prevertebral fascia superficial to the longus
colli (Figure 5(b)). After reaching the prevertebral fascia, turn
the bevel of the needle down so that the injectate will push
down the soft tissues in front of and beneath the needle. The
idea is to use the force of the injectate to open a potential

space between the prevertebral fascia and the longus colli.The
tracking of the fluid beneath the prevertebral fascial can be
further observed by turning the probe 90 degrees to show a
sagittal image. Upon continued hydrodissection the fluid will
be seen tracking caudally to reach the stellate ganglion (Fig-
ure 5(c)). Video 1 (in SupplementaryMaterial available online
at https://doi.org/10.1155/2017/7920438) shows the procedure
for stellate ganglion hydrodissection.

Treatment Frequency. The effects may last from one to a few
weeks depending on the severity of the symptoms. Typically,
after 3–6 repeated treatments at 4–6-week intervals, the
patient’s pain will be relieved to a satisfactory level.

3.1.2. Brachial Plexus Hydrodissection

Applications. Brachial plexus block is used for regional
anesthesia during upper extremity surgery (arm, elbow,
forearm, wrist, and hand) [35]. In chronic pain management,
ultrasound-guided hydrodissection of the brachial plexus has
been used to treat severe neck sprains (brachial plexus injury
without rupture; it is only used to treat neuropraxia with or
without axonotmesis) with radiating pain to the ipsilateral
upper limb [36], CRPS [37] involving the ipsilateral upper
limb, and thoracic outlet syndrome or other double/triple
crush syndromes involving the ipsilateral upper limb [38].

General Approaches and Selection of the Right Approach.
There are four different approaches/sites to perform brachial
plexus hydrodissection: interscalene, supraclavicular [39],
infraclavicular, and axillary [40]. Each approach has its own
unique advantages and indications. Interscalene blocks are
themost effective for anesthesia of the shoulder and proximal
upper limb, while supraclavicular blocks are best suited for
anesthesia from the mid-humerus to the fingers. Infraclav-
icular blocks are useful for procedures requiring continuous
anesthesia, and axillary blocks provide effective anesthesia
distal to the elbow. During brachial plexus hydrodissection
for chronic pain management, the interscalene or supraclav-
icular approaches are typically used because these are two
very common entrapment points for the brachial plexus [41].
The choice of approach depends on how proximal the cause
of the neuropathic pain is. If the entrapment/neurological
injuries are at the cervical root levels, interscalene brachial
plexus hydrodissection is recommended. If the cause of the
neuropathic pain is at the trunk or division level of the
brachial plexus or if there is an excessive upward movement
of the shaft of the first rib due to excessive pulling of the
anterior and middle scalene, supraclavicular brachial plexus
hydrodissection may provide better relief.

3.2. Interscalene Approach

Muscular Landmarks. The anterior, middle, and posterior
scalenes are identified (Figure 6). The interscalene brachial
plexus is generally formed by the C5, C6, C7, and C8 nerve
roots. The needle is inserted in a direction posterior to
anterior and lateral to medial, and it passes through the
middle scalene to reach the interscalene brachial plexus.

https://doi.org/10.1155/2017/7920438
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Figure 5: (a) Procedure for stellate ganglion hydrodissection: nearing the tip of the C6 anterior tubercle. Once the longus colli, anterior
tubercle ofC6, and theC6nerve root are identified, advance the needle, with the bevel downwards, just ventral to the tip of the anterior tubercle
of C6. AS: anterior scalene, CA: carotid artery, IJV: internal jugular vein, LCa: Longus Capitis, LCo: longus colli, MS: middle scalene, PVF:
prevertebral fascia, SCM: sternocleidomastoid, VN: vagus nerve, andVA: vertebral artery. (b) Procedure for stellate ganglion hydrodissection:
in the prevertebral fascia, superficial to the longus colli. Continue injecting (hydrodissecting) while advancing the needle to allow the fluid
to open a channel for the needle when it is approaching in a direction from lateral to medial and posterior to anterior and passing through
the middle scalene and in the space between the C5 and C6 nerve roots to approach the prevertebral fascia superficial to the longus colli.
Stop advancing when the needle tip reaches the fascia, usually just anterior to the anterior tubercle of C6. (c) Procedure for stellate ganglion
hydrodissection: observation of fluid tracking using sagittal images.The image shows the probe turned 90∘ to observe a sagittal image through
the needle tip, which is next to the anterior tubercle of C6 at the insertion of the longus colli, for observation of fluid tracking in the prevertebral
fascia superficial to the longus colli. The fluid will track down anterolaterally to the C7 vertebral body and reach the stellate ganglion.
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Figure 6: Procedure for interscalene brachial plexus hydrodissec-
tion: gross anatomy. Muscular landmarks, probe position, and nee-
dle orientation during interscalene brachial plexus hydrodissection.

Patient andProbe Positions.Thepatient is supine, with a rolled
towel underneath the neck for slight extension and the head
is straight up or slightly rotated to the side contralateral to the
point of needle entry (Figure 7).The probe is transverse to the
neck.

Sonoanatomy. Visualize the scalenes and the hypoechoic oval
nerve roots of C5–C8,which are situated between the anterior

Figure 7: Procedure for interscalene brachial plexus hydrodis-
section: patient positioning. Neck support, ipsilateral shoulder
elevation, and probe and needle positions for interscalene brachial
plexus hydrodissection.

and middle scalenes.The pertinent sonoanatomy is shown in
Figure 8.

Needle Advancement/Injection (Figures 9(a)–9(c)). An in-
plane approach is used, with the needle advancing in a
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Figure 8: Procedure for interscalene brachial plexus hydrodissec-
tion: sonoanatomy. The image shows needle penetration through
the middle scalene, with hydrodissection and fluid injection in the
interscalene brachial plexus. AS: anterior scalene, CA: carotid artery,
IJV: internal jugular vein, LCo: longus colli, MS: middle scalene, PS:
posterior scalene, SCM: sternocleidomastoid, VA: vertebral artery,
and VN: vagus nerve.

direction from posterior to anterior and lateral to medial
(Figures 6 and 7). At the interscalene level, the cervical nerve
roots start to form the superior trunk (C5/6), middle trunk
(C7), and inferior trunk (C8/T1). The fascial sheath for these
trunks is formed from the fascia of the surrounding scalenes.
To perform interscalene brachial plexus hydrodissection, one
needle entry point is typically used, and the needle should
hydrodissect its way into the fascial sheath of each trunk.
Once inside the fascial sheath, the injectate will surround
the trunk effectively, although occasionally, hydrodissection
above and below becomes necessary to separate the fascia
from the trunk. Figure 9(d) shows visualization of the injec-
tate during hydrodissection, and video 2 shows the procedure
for interscalene brachial plexus hydrodissection.

3.3. Supraclavicular Approach. The anterior and middle
scalenes may be traced to their insertions on the first rib, and
the entire brachial plexus will gather on top of the first rib as
the supraclavicular brachial plexus, lateral to the subclavian
artery (Figures 10 and 11).

Patient and Probe Positions. The patient is supine, with a
rolled towel underneath the neck for slight extension and
another thin pillow or layers of towel beneath the ipsilateral
shoulder for slight rotation of the entire trunk and neck to
the side contralateral to the point of needle entry (Figure 11).
The probe is transverse to the trunk and nearly parallel to
the clavicle. An in-plane approach is used, with the needle
advancing in a direction fromposterior to anterior and lateral
to medial.

Sonoanatomy. Visualize the brachial plexus gathered on top
of the first rib, with the subclavian artery on the medial side
(Figure 12).

Needle Advancement and Hydrodissection. Visualize the
brachial plexus gathered on top of the first rib, with the
subclavian artery on the medial side. Figures 13(a)–13(c)
show sequential needle placement for hydrodissection below,
above, and between portions of the supraclavicular brachial
plexus. If the patient achieves good pain relief with hydrodis-
section below and above the brachial plexus, a third-needle
placement does not appear to be necessary. Figure 13(d)

shows the anechoic injectate during hydrodissection, and
video 3 shows the procedure for supraclavicular brachial
plexus hydrodissection.

3.3.1. Cervical Nerve Root Hydrodissection

Indications. Selective cervical nerve root blocks play an
important role in the conservative treatment of patients with
cervical radicular pain [42]. In chronic pain management,
hydrodissection of selective cervical nerve roots has been
used to treat patients with postherpetic neuropathic pain
involving the dermatome of specific cervical nerve roots,
patients with postradiation neuritis, and patients with nerve
compression from fibrosis of the neck muscles.

Bony Landmarks. Bony landmarks include the hyperechoic
anterior and posterior tubercles of the cervical vertebra,
noting that C7 has no anterior tubercle andC8has no anterior
or posterior tubercle. Figure 14 shows the cross-sectional
anatomy at the C6 level for C6 root hydrodissection.

Patient and Probe Positions. The patient is supine, with the
neck straight or slightly tilted to the contralateral side. The
probe is transverse to the neck (Figures 15 and 16). An
in-plane approach is used, with the needle advancing in a
direction from posterior to anterior and lateral to medial.

Sonoanatomy. Figure 17 is a snapshot showing the needle
passing between the middle and posterior scalenes or, in
some cases, only through the middle scalene. The needle tip
is almost touching the posterior tubercle of the C6 transverse
process.

Needle Advancement and Hydrodissection. Visualize the
hypoechoic nerve roots situated between the anterior and
posterior tubercles of the transverse processes of the cervical
vertebrae. As illustrated in the representative image of C6
nerve root hydrodissection (Figure 18), the needle tip stops at
the posterior tubercle to hydrodissect the soft tissue around
the C6 nerve roots to the point where the injectate surrounds
the entire nerve root. Typically, 20–30ml of D5W is used
to achieve satisfactory pain relief with fluid surrounding
the nerve root. Exercise caution during C7 cervical nerve
root hydrodissection, because C7 does not have an anterior
tubercle. Ensure that power Doppler view is switched on to
avoid mistaking the vertebral artery for the C7 nerve root.
Figure 18(d) shows the anechoic injectate after hydrodissec-
tion of the C6 nerve root, and video 4 shows the procedure
for C6 nerve root hydrodissection.

3.3.2. Paravertebral Hydrodissection

General Indications. Paravertebral block involves injection of
a local anesthetic in a space immediately lateral to the point
of emergence of the spinal nerves from the intervertebral
foramina. This technique is increasingly being used for both
intra- and postoperative analgesia and as a sole anesthetic
technique for various procedures. Its popularity is mainly
attributed to the ease of performance and lower complication
rate when compared with techniques using catheters.
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Figure 9: (a) Procedure for interscalene brachial plexus hydrodissection: upper trunk. Needle positioning for hydrodissection of the C5
and C6 nerve roots/upper trunk. (b) Procedure for interscalene brachial plexus hydrodissection: middle trunk. Needle positioning for
hydrodissection of the C7 nerve root/middle trunk. (c) Procedure for interscalene brachial plexus hydrodissection: lower trunk. Needle
positioning for hydrodissection of the C8/T1 nerve root/lower trunk. (d) Procedure for interscalene brachial plexus hydrodissection:
visualization of the injectate. Visualization of the injectate during hydrodissection of the middle trunk.
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Figure 10: Procedure for supraclavicular brachial plexus hydrodis-
section: gross anatomy. Gross anatomy and needle direction for
supraclavicular brachial plexus hydrodissection.

Hydrodissection Applications. In our experience, paraverte-
bral hydrodissection has been observed to result in analgesia
in patients who present with acute herpes zoster, prevent the
development of postherpetic neuralgia, and benefit patients
with established postherpetic neuralgia. This analgesic effect
is consistently noted within 5min of procedure completion
and is often noted within seconds. It peaks within 30min,
maintains its peak for 2–4 h, and declines over 48 h, with a
common residual effect of 10%–20% at 4 weeks.

Figure 11: Procedure for supraclavicular brachial plexus hydrodis-
section: patient positioning. Neck support, ipsilateral shoulder ele-
vation, and probe and needle positions for supraclavicular brachial
plexus hydrodissection.

Pictorial Anatomy. The target of this technique has been
postulated to be the wedge-shaped paravertebral space whose
boundaries were defined by Klein et al. [43] using a small
(2.3mm) fiber optic scope. These boundaries include the
parietal pleura ventrolaterally; heads of the ribs, transverse
process, and superior costotransverse ligament dorsally; and
vertebra, intervertebral discs, and intervertebral foramina
medially. There is a lateral extension in continuity with the
intercostal space (Figure 19). A single injection into this
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Figure 12: Procedure for supraclavicular brachial plexus hydrodis-
section: sonoanatomy. Sonographic view of the needle approaching
the supraclavicular brachial plexus. AS: anterior scalene, EJV: exter-
nal jugular vein, MS: middle scalene, OMH: omohyoid, SA: serratus
anterior, SCA: subclavian artery, SCBP: supraclavicular brachial
plexus, SCN: supraclavicular nerve, TCA: transverse cervical artery,
and UT: upper trapezius.

space accesses not only the ventral and dorsal rami but also
the sympathetic chain and gray rami communicantes. The
advantage of using ultrasound guidance for injection into the
paravertebral space has been described by Batra et al. [44].

Patient and Probe Positions. The patient is prone, with a
rolled towel or pillow underneath the chest to increase the
degree of thoracic kyphosis (Figure 20).The probe position is
transverse to the trunk, parallel to the ribs above, and below
the transverse process.

Pertinent Sonoanatomy. Figure 21(a) shows the surrounding
structures when the transducer is placed immediately caudal
to the costotransverse joint. Because the probe has a width
and all the three-dimensional information scanned beneath
the probe will be processed by the computer to be presented
as a two-dimensional image on the monitor, the tip of the
transverse process, which is not in the same plane of the
needle and injection, will often appear as if it is in the
same plane, providing additional information to confirm the
costotransverse ligament position through visualization of its
superomedial origin on the transverse process.

Needle Advancement and Hydrodissection. Hydrodissect
while advancing the needle through the external and internal
intercostals (Figure 21(a)). A 22-gauge needle is preferable to
a 25-gauge needle, because a 22-gauge needle may provide
a feeling of penetration. Stop advancing when penetration is
felt or when the needle tip is observed to just pass through
the costotransverse ligament (Figure 21(b)). With the needle
tip beneath the lateral tip of the transverse process, further
hydrodissection should be accompanied by visualization of
the parietal pleura pushing away to confirm paravertebral
space injection (Figure 21(c)). The fluid should then be able
to access the nerve root and dorsal root ganglion, which are
the targets for chronic pain control, considering the pleura
forms the floor of the paravertebral space. Video 5 shows the
procedure for paravertebral space hydrodissection.

Treatment of two to three levels of the paravertebral
nerve roots is generally necessary for complete pain relief.
To determine the thoracic spinal level by ultrasound, a
paramedian sagittal view with the transducer in cross section
to the transverse processes of the thoracic vertebrae and ribs
is utilized to count down from the first rib or up from the

twelfth rib. Video 6 explains how to use ultrasound to count
the levels of the thoracic spinal nerves.

Empirically, one to two treatments are required for acute
pain relief, with the second administered after rash subsi-
dence to prevent the development of postherpetic neuralgia.
In patients with established postherpetic neuralgia, pain
scores will drop to 0–3/10 or to a tolerable level immediately
after each injection and gradually increase thereafter, albeit
with some cumulative effect. Four to six injections typically
result in pain scores of 1-2/10.

4. Results

4.1. Retrospective Data Collection. Figure 22 depicts the flow
chart for data selection in this retrospective study. In total,
30 consecutive patients who received D5W as the primary
injectate during hydrodissection for neuropathic pain in the
upper body were included. Of these, five patients requested
the use of lidocaine in the injectate at some point during
their treatment course because of injection discomfort. The
remaining 25 patients (26 cases after considering two treat-
ment sides in the patient with bilateral treatment) received
lidocaine only for the placement of subcutaneous anesthetic
blebs to numb the needle entry point. Data for 100 consec-
utive hydrodissection sessions performed in these 26 cases
was collected by telephonic follow-up at 2 months after the
last treatment session. Data capture was 100% up to the 2-
month follow-up time point. All procedures were performed
in Hong Kong at the office of the primary author between
March 31, 2015, and December 29, 2016.

4.2. Demographics. Baseline demographics for the 26 cases
are shown in Table 1. The sex distribution was even and
the patients were middle-aged. The pain duration was 6
months or more except three with acute zoster pain (3 days, 3
days, and 1 week, resp.) and two with acute thoracic outlet
symptoms (1 month each). Baseline pain was moderately
severe to severe in this group. Only 1 patient rated their pain
as less than 8.0.

4.3. Selection of Treatment Method according to the Primary
Diagnosis and Area of Pain. Table 2 lists the number of
cases with each primary diagnosis. Multiple diagnoses were
frequent; diagnoses other than the primary diagnosis are
mentioned in parentheses in the column titled “neuropathic
pain areas.”The hydrodissection method was selected on the
basis of the area of neuropathic pain and the other diagnoses.

4.4. Intrasession Effects of D5W. The consistency of postpro-
cedural analgesia was strong. The minimum degree of pain
reduction for the 100 procedureswas 69%,with 35 procedures
resulting in 100% pain reduction. The mean degree of pain
reduction at 5min after the last injection was administered
across all 100 treatment sessions for the 26 cases was 88.1 ±
9.8%.

4.5. Cumulative Effects of D5W. From baseline to the 2-
month posttreatment follow-up, a total of 3.8±2.6 treatments
were performed over 9.7 ± 7.8 months. Figure 23 is a graph
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Figure 13: (a) Procedure for supraclavicular brachial plexus hydrodissection: first position. Needle positioning for hydrodissection of
the bottom of the supraclavicular brachial plexus. (b) Procedure for supraclavicular brachial plexus hydrodissection: second position.
Needle positioning for hydrodissection of the top of the supraclavicular brachial plexus. (c) Procedure for supraclavicular brachial plexus
hydrodissection: third position. Needle positioning for hydrodissection of the middle of the supraclavicular brachial plexus. (d) Procedure
for supraclavicular brachial plexus hydrodissection: visualization of the injectate. The image shows the anechoic injectate.
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Figure 14: Procedure for cervical nerve root hydrodissection: cross-
sectional anatomy. Cross-sectional anatomy at the C6 level.

showing changes in pain levels over time for all 26 cases.
Each line represents the changes in themeanNPRS over time
for cases that received the same number of treatments. For
example, themiddle line shows the findings for two cases that
received four treatments. When all 26 cases were combined
for analysis, the mean NPRS improved from 8.3 ± 1.3 before
treatment to 1.9 ± 09 after treatment, with an improvement
of 6.4±1.7 points.The degree of pain improvement exceeded
50% in all cases and 75% in 50% (13/26).

Needle direction
and probe position

Posterior tubercle of C6
C6 nerve root

Anterior tubercle of C6

Figure 15: Procedure for cervical nerve root hydrodissection: gross
anatomy. Gross anatomy and probe and needle directions for
supraclavicular brachial plexus hydrodissection.The probe position
is indicated by the white rectangle.

Table 1: Baseline demographics. These 26 cases (25 patients,
with one receiving treatment bilaterally) represent 100 consecutive
hydrodissection procedures.

Baseline demographics (𝑛 = 26)
Female, 𝑛 (% of procedures) 13 (50%)
Age years, mean (SD) 51 ± 14.7
Pain duration months, mean (SD) 16 ± 12.2
NRS pain prior to 1st injection, mean (SD) 8.3 ± 1.3

4.6. Effects of D5W Hydrodissection on Patients with Acute
Pain. Of the 26 cases, 21 had pain for more than 6 months
and five had pain for less than 2 months. Cases of acute
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Figure 16: Procedure for cervical nerve root hydrodissection:
patient positioning.Neck support, ipsilateral shoulder elevation, and
probe and needle positions for cervical nerve root hydrodissection.
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Figure 17: Procedure for cervical nerve root hydrodissection:
sonoanatomy. Ant: anterior, Post: posterior, AS: anterior scalene,
MS: middle scalene, PS: posterior scalene, CA: carotid artery, IJV:
internal jugular vein, EJV: external jugular vein, VA: vertebral artery,
SCM: sternocleidomastoid, VN: vagus nerve, LCa: Longus Capitis,
and LCo: longus colli. The left side shows a B-mode image and the
right side shows a power Doppler view.

pain received only one treatment, and the degree of pain
reduction 5 minutes after the last injection was 97.0% ± 6.9%
in cases of acute pain and 87.7% ± 9.8% in cases of chronic
pain (𝑝 = .04). The mean improvement in NPRS at the 2-
month posttreatment follow-up was 5.8 ± 1.9 points for cases
of acute pain (8.0 ± 1.3 to 2.2 ± 0.7) and 6.5 ± 1.7 points for
cases of chronic pain (𝑝 = .385).

5. Discussion

In the present study, we proposed and illustrated potentially
reproducible methods of hydrodissection of the stellate gan-
glion, brachial plexus, cervical nerve roots, and paravertebral
spaces. Salient methods common to all approaches included
the following.

(1) One method is use of a skin bleb to eliminate pain at
the point of needle entry.

(2) Another method is use of a 22- to 25-gauge needle,
with minimization of the probe to needle angle and an
emphasis on a needle in-plane approach to maximize needle
visibility.

(3) Another one is constant hydrodissection, withmarked
reduction of any discomfort through dissection of soft tissue

in front of the needle to lead the needle, rather than splitting
of the soft tissue by the needle itself, as well as further
improvement of needle tip visualization.

(4) Another method is an emphasis on D5W use without
lidocaine to eliminate any possibility of intravascular anes-
thetic injection during the hydrodissection procedure.

If an anesthetic is preferred by a patient because of
discomfort, a mixture of D5W and a low dose anesthetic,
for example, 0.1%–0.2% lidocaine, can be injected along the
needle track before the target area is reached, followed by a
switch to D5W alone so that a higher volume can be instilled
for the bulk of the hydrodissection procedure for the target
nerve structures. However, although small doses of lidocaine
may help in increasing patient comfort, the physician is
advised to limit lidocaine application during stellate ganglion
hydrodissection because of potential changes in vagal mod-
ulation and baroreceptor sensitivity [45] and during deep
cervical plexus hydrodissection because of potential effects
on the recurrent laryngeal nerve, particularly if the patient
has an unrecognized baseline dysfunction of the contralateral
recurrent laryngeal nerve or if bilateral hydrodissection is
required [46].

(5) One of them is slow needle advancement, which
allows the injectate to dissect the tissue layer by layer
until the nerve/plexus is reached, with emphasis on precise
visualization of the needle tip when the needle is approaching
nerves and blood vessels.

(6) Another one is fluid delivery above and below the
nerve for more complete hydrodissection.

This should preferably start just below the nerve, because
if there is any air in the injectate, the acoustic shadow of the
air will not block the view.

This retrospective data collection provides preliminary
data which supports a consistent analgesic effect of D5W
across a variety of neuropathic pain conditions and a cumula-
tive benefit of repeated D5W hydrodissection. An important
observation was that the onset speed of analgesia was fast
enough that pain relief could be used to determine whether
the procedure was sufficiently complete. The effect of D5W
injection in patients with chronic neuropathic pain in the
present study was similar, in both the speed of onset and
magnitude of analgesic effect, to that in a recent randomized
controlled trial of D5W versus saline injection in the epidural
space of patients with chronic low back pain with various
etiologies [17]. In that study, saline exhibited no analgesic
effects. Moreover, the cumulative effect of repeated D5W
hydrodissection was consistent with that in a prospective
trial of epidural D5W injection [18]. However, the follow-up
period in the present study was only 2months after treatment
completion. A prospective study with a long-term follow-up
period and preferably including a control group is necessary
to confirm our findings.The study should be of sufficient size
to effectively compare treatment outcomes between patients
with acute pain and those with chronic pain.

The mechanism of action of dextrose-induced analgesia
is not clear, although research supports several hypotheses.
First, dextrose may act at the level of pain receptors. Chronic
neuropathic pain is associated with persistent upregulation of
the transient receptor potential vanilloid receptor-1 (TRPV1)
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Figure 18: (a) Procedure for C6 nerve root hydrodissection: position one. Hydrodissection while approaching the C6 nerve root. (b)
Procedure for C6 nerve root hydrodissection: position two. Needle positioning for hydrodissection dorsal to the C6 nerve root. (c) Procedure
for C6 nerve root hydrodissection: position three. Needle positioning for hydrodissection ventral to the C6 nerve root. (d) Procedure for C6
nerve root hydrodissection: visualization of the injectate. The image shows the anechoic injectate after C6 nerve root hydrodissection.

Le� side of the body

Needle

Right side of the body

Probe

Skin
Internal intercostal membrane
(continuous with
superior costotransverse
ligament medially)

External intercostal muscle
Internal intercostal

membrane
Innermost

intercostal muscle

Dorsal root
ganglion

Transverse
process

Dorsal ramus

Visceral
pleura

Ventral
ramus

Sympathetic chainVertebral
bodyAlveoli of lungEndothoracic fascia

Parietal
pleura

Figure 19: Procedure for paravertebral hydrodissection: cross-
sectional anatomy. The red dashed triangle is an approximation of
the paravertebral space.

ion channel [47], which is upregulated by capsaicin.Mannitol
(an analog of dextrose) application to the lip reduced the
burning pain associated with capsaicin application in a lip
painmodel [48], and in our experience, dextrose has a similar
effect. A class effect of sugars to indirectly reduce the effects
of TRPV1 receptor activation is proposed, because neither
dextrose nor mannitol has a known binding point to the
TRPV1 receptor [49].

Second, extracellular dextrose elevation may hyperpolar-
ize normoglycemic C fibers, lowering their firing rate. Dex-
trose elevation to 0.5% (from the normal blood level of 0.1)

Rolled towel/pillow
underneath chest

to increase the
thoracic kyphosis

Figure 20: Procedure for paravertebral hydrodissection: patient
positioning. Rounded back and needle and probe positions for
thoracic paravertebral hydrodissection.

in the intestinal lumen rapidly results in hyperpolarization
of enterocytic cell membranes to facilitate transport across
the cell membrane by sodium glucose cotransporter (SGLT1)
[50]. In peripheral nerves, the primary glucose transport is
via glucose transporter one, not SGLT1 [51]. However, SGLT1
is still present on neuronal cell membranes [51]. The effect of
a 50-fold increase in extracellular dextrose (D5W) on SGLT
activity in normoglycemic C fibers has not been directly
studied. However, recent reports on the coadministration of
D5W to decrease the pain from infusion of chemotherapeutic
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Figure 21: (a) Procedure for paravertebral hydrodissection: needle approaching the paravertebral space. CTL: costotransverse ligament, I:
iliocostalis, IM: intercostal muscles, L: longissimus, P: pleura, R: rhomboid, S: spinalis, T: trapezius, SPS: serratus posterior superior, and TP:
inferior edge of the transverse process as observed by volume averaging. The yellow band is centered over the costotransverse ligament. The
yellow solid arrows show the needle. (b) Procedure for paravertebral hydrodissection: needle tip through the costotransverse ligament. Stop
advancing the needle just as the tip passes the costotransverse ligament. (c) Procedure for paravertebral hydrodissection: visualization of the
pleura. Pleura being pushed away by fluid.

Consecutive outpatient charts reviewed for patients with
neuropathic pain features who received hydrodissection of stellate
ganglion, brachial plexus, cervical or thoracic nerve roots, and/or

paravertebral spaces.

Charts reviewed for anesthetic use other than skin blebs.

Lidocaine used only for skin blebs
(n = 26)

Measure of pain level using a 0–10 NPRS before and 5 minutes a�er
procedure
(n = 26)

2-month posttreatment contact for cumulative pain reduction
(n = 26)

Excluded
Other lidocaine use (n = 5)

(n = 31)

Figure 22: Flowchart for data collection. Retrospective data collection diagram.

agents [13, 14] or microspheres [15] point to a potential
analgesic effect in normoglycemic subjects, although the
mechanism remains to be confirmed.

Third, dextrose may reverse a proposed energy-deficient
state of neuropathic nerves. A decrease in blood dextrose
of only 25% (1.5mM) from the normal fasting range in
rats is reported to initiate histopathological changes in the

peripheral nervous system [52] long before blood levels that
will initiate brain damage in the rat [53] or brain dysfunction
in humans [54] are reached. We propose that pain is an
alarm signal produced by nociceptive C fibers which begins
promptly upon development of intraneural hypoglycemia,
prior to onset of histopathologic changes in the C fiber.
Maclver and Tanelian [55] studied action potential changes
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Table 2: Diagnoses, neuropathic pain regions, and hydrodissection performed for 26 cases in 25 patients.

𝑛a Primary diagnosis Neuropathic pain areas
(other diagnoses)

Regional hydrodissectiona

PVb SGc SCBPd ISBPe CRf

3 Cervical root compression Neck and arm 2 3 3
2 Cervical root compression Neck 2
1 Postherpetic neuralgia Neck 1
3 Postherpetic neuralgia Chest 3
3 Acute herpes zoster Neck 1
3 Acute herpes zoster Chest 2
2 Thoracic outlet syndrome Arm 2

1 Thoracic outlet syndrome Arm
(panic attacks)g 1 1

1 Thoracic outlet syndrome Arm
(triple crush syndrome) 1

1 Thoracic outlet syndrome
Neck and arm

(double crush syndrome)
(cervical radiculopathy)

1 1

1 Neuropathic pain in the head and neck region Head and neck
(PTSD)h 1

1 Neuropathic pain in the head and neck region
Head and neck

(PTSD)
(panic attacks)

1

1 Cervicogenic headache
Head and neck

(PTSD)
(panic attacks)

1

1 Stretch injury to the brachial plexus
Arm and hand

(PTSD)
(CRPS)

1 1

1 Chronic regional pain syndrome (CRPS) Arm and hand
(double crush syndrome) 1 1

1 Neuropathic pain in the thoracic region Thorax
(after rib fracture) 1

1 Neuropathic pain in the thoracic region Thorax
(after electric shock) 1

1 Neuropathic pain in the arm Neck, arm, and hand 1 1 1
1 Cervical sprain Neck and arm 1 1
a
𝑛 = number of cases with the same combination of diagnoses. Not all cases with the same diagnoses underwent hydrodissection in the same region. The
number of cases receiving a given hydrodissection type is listed in each column under the main column titled “Regional hydrodissection.” bPV = paravertebral
hydrodissection, typically performed for neuropathic pain in the thoracic region. cSG = stellate ganglion hydrodissection, typically performed for CRPS and
other chronic neuropathic pain conditions involving the head and neck region. dSCBP = supraclavicular brachial plexus hydrodissection, typically performed
for CRPS, other chronic neuropathic pain conditions involving the ipsilateral upper limb, and double crush syndrome involving the ipsilateral upper limb.
eISCP = interscalene brachial plexus hydrodissection, typically performed for CRPS and other chronic neuropathic pain conditions involving the ipsilateral
upper limb, particularly areas closer to the nerve roots. fCR = cervical root hydrodissection, typically performed for nerve root compression of any kind
and neuropathic pain involving specific nerve roots. gAlthough panic attacks were not a primary diagnosis, they were recorded because of their frequent
exacerbation by chronic pain and treatment by stellate ganglion hydrodissection. hPTSD = posttraumatic stress disorder, which was not the primary diagnosis
but was recorded because of its frequent association with chronic pain and treatment by stellate ganglion hydrodissection.

in response to hypoglycemia in C fibers of the New Zealand
White rabbit cornea in vitro and noted an increase in the
C fiber discharge frequency of 653% ± 28% relative to that
in a normoglycemic control within 15min of hypoglycemia
onset, followed by rapid return to normal firing levels after
the administration of dextrose.

The theoretical basis for the clinical benefits of hydrodis-
section is compelling. Bennett and Wie developed an animal

model of neuropathic pain caused by chronic constriction
injury, which is widely utilized and involves the application
of a ligature that is barely snug around the sciatic nerve [56].
Specific recommendations for the induction of neuropathic
pain are as follows: use a high-power objective lens to observe
the flow of red blood cells in the epineural vasculature
and tie the ligature just tight enough for the flow to slow
down without stopping or tighten the ligature so that it will
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Figure 23: Graph showing the time course of changes in pain caused by hydrodissection with 5% dextrose water for chronic neuropathic
pain. Time course of changes in 0–10 NPRS for all 26 cases (25 patients; one underwent bilateral treatment) grouped according to the number
of treatment sessions. The last dot on each line represents the final pain score obtained by telephonic interview at 2 months after the last
treatment session. The other dots at the beginning and along each line represent the mean pain scores for that group at each point during
treatment.
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Figure 24: Illustration of a swollen nerve. The left image shows
the left common fibular (peroneal) nerve at the level of the biceps
femoris (knee).The larger right common fibular nerve is seen on the
right side. The area was calculated using ultrasound measurement
tools.

slide along the nerve, but not smoothly. The result is the
development of a neural swelling, typically within 24 h, on
both sides of the ligature, accompanied by classic findings
of neuropathic pain such as hyperalgesia, allodynia, and,
frequently, dysesthesia [56]. A similar swelling of nerves,
accompanied by a graded compromise in the vascular nerve
supply, is notable on high-resolution ultrasound examina-
tions and is strongly associated with nerve compression,
such as that occurring in carpal tunnel syndrome [57].
Ultrasound examination of peripheral nerves in the presence
of neuropathic pain commonly demonstrates an increase in
individual nerve fascicle size, an increase in neural volume,
or, typically, both [21]. An example is shown in Figure 24,
which depicts the smaller left and larger right commonfibular
(peroneal) nerve at the level of the knee in the same patient
(symptomatic on the right side). Studies with large or formal
data collection procedures showing changes in fascicular

swelling in response to D5W injection have not yet been
reported.

Future studies, particularly prospective studies are nec-
essary to evaluate the frequency of intraneural edema in
various neuropathic pain syndromes, long-term efficacy of
hydrodissection in comparison to that of standard-volume
anesthetic blocks, and use of injectates other than D5W,
such as platelet-rich plasma, which may have a favorable
effect on dysfunctional nerves by itself [58]. In addition,
because the amount of compression necessary to create a
chronic constriction effect appears to be minimal [56], it is
important to consider all possible points of constriction on
these predominantly small-fiber sympathetic nerves between
their peripheral origin and central process entry into the
neural foramina, without restriction to the classic entrapment
locations.

The potential importance of the analgesic effect of dex-
trose in the absence of anesthetic should not be overlooked
in clinical applications and research. Compared with a nerve
block with anesthetic, injection of dextrose for diagnostic
purposes may provide a more precise method for identify-
ing which branch or portion of a peripheral nerve is the
nociceptive source within the nerve tree because it does not
depolarize the nerve [57].

6. Conclusions

In conclusion, we described and illustrated potentially repro-
ducible methods of hydrodissection of the stellate gan-
glion, brachial plexus, cervical nerve roots, and paraverte-
bral spaces, provided data supporting a consistent analgesic
effect of D5W used as the primary injectate, and suggested
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a potentially sustainable clinical benefit in patients with
chronic upper back/thoracic pain of neuropathic origin.
The mechanism of analgesia may be related to an indirect
(allosteric) effect on the TRPV1 cation channel, hyperpo-
larization of normoglycemic C fibers, correction of local
neural hypoglycemia, or undiscovered, probably multiple,
mechanisms.The well-developed chronic constriction injury
model, which results in neuropathic pain and neural swelling,
is the primary rationale behind hydrodissection to release the
nerve from suspected local neural compression, particularly
those nerves with fascicular swelling or an increase in the
overall volume. The frequency of neural edema and the
long-term efficacy for nerve hydrodissection in patients
with neuropathic pain, as opposed to those for low-volume
anesthetic nerve blocks, are important foci for future research
on neuropathic pain conditions.
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Fused real-time ultrasound and magnetic resonance imaging (MRI) may be used to improve the accuracy of advanced image
guided procedures. However, its use in regional anesthesia is practically nonexistent. In this randomized controlled crossover trial,
we aim to explore effectiveness, procedure-related outcomes, injectate spread analyzed by MRI, and safety of ultrasound/MRI
fusion versus ultrasound guided Suprasacral Parallel Shift (SSPS) technique for lumbosacral plexus blockade. Twenty-six healthy
subjects aged 21–36 years received two SSPS blocks (20mL 2% lidocaine-epinephrine [1 : 200,000] added 1mL diluted contrast)
guided by ultrasound/MRI fusion versus ultrasound. Number (proportion) of subjects with motor blockade of the femoral and
obturator nerves and the lumbosacral trunk was equal (ultrasound/MRI, 23/26 [88%]; ultrasound, 23/26 [88%]; 𝑝 = 1.00).
Median (interquartile range) preparation and procedure times (s) were longer for the ultrasound/MRI fusion guided technique
(686 [552–1023] versus 196 [167–228], 𝑝 < 0.001 and 333 [254–439] versus 216 [176–294], 𝑝 = 0.001). Both techniques produced
perineural spread and corresponding sensory analgesia fromL2 to S1. Epidural spread and lidocaine pharmacokinetics were similar.
Different compartmentalized patterns of injectate spread were observed. Ultrasound/MRI fusion guided SSPS was equally effective
and safe but required prolonged time, compared to ultrasound guided SSPS.This trial is registered with EudraCT (2013-004013-41)
and ClinicalTrials.gov (NCT02593370).

1. Introduction

An effective, safe, and easy-to-perform peripheral nerve
block technique for surgical anesthesia of the hip joint and

concurrent postoperative analgesia would be advantageous,
because many of the patients admitted for hip fracture are
elderly, fragile, and sometimes impaired by severe cardiovas-
cular comorbidity [1].
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General and spinal anesthesia is associatedwith increased
hemodynamic instability, anesthesia related mortality, and
complications in old and multimorbid patients [2].

Compared to general and spinal anesthesia, more stable
hemodynamics, fewer complications, and superior postop-
erative pain relief are achieved with peripheral regional
anesthesia with a minimal use of opioids [3–6].

The femoral and obturator nerves are the terminal nerves
of the lumbar plexus that innervate the hip joint together with
the lumbosacral trunk of the sacral plexus. All these nerves
can be anesthetized with a single injection paravertebrally
between the transverse process of the fifth lumbar (L5) verte-
bra and the cranial border of the sacral ala [7, 8]. However, the
accuracy of targeting the nerves with an ultrasound guided
injection may be impaired due to the deep location of the
target nerves as well as the lumbosacral bony structures
generating acoustic shadows impeding the visibility of the
needle trajectory [9], especially in old, fragile, comorbid, or
obese patients [10–13]. Consequently, the efficiency and safety
of the blockade may be undesirably affected and epidural
spread of the injectate [9] as well as vascular, neural, or
muscular injury may occur.

The accuracy of image guided procedures may be
improved by fusing real-time ultrasound withmagnetic reso-
nance imaging (MRI) thus defeating the limitations of ultra-
sonography as a stand-alone technique [14, 15]. Furthermore,
the image fusion technology includes electromagnetic needle
tip tracking, which allows the operator to continuously assess
the best needle insertion point, the needle trajectory, and
the target of the injection. Finally, image fusion can be used
to better the understanding of (ultrasonographic) anatomy
and needle guidance and to refine existing ultrasound guided
needle techniques [16]. Fusion of real-time ultrasound and
computer tomography (CT) or MRI has been used success-
fully especially in interventional radiology [14, 15]. In regional
anesthesia, an application of fused ultrasound/CT or MRI of
the lumbar spine has been briefly described in a phantom and
in volunteers, respectively, but no injections were performed
[17]. In chronic pain therapy, only a few cadaver and case
reports have assessed ultrasound/CT or MRI fusion guided
injections primarily of the sacroiliac joint, hand, and wrist
[18–21].

In this exploratory randomized controlled crossover trial,
we aim to investigate real-time ultrasound/MRI fusion versus
ultrasound guidance applied on the Suprasacral Parallel
Shift (SSPS) technique for lumbosacral plexus blockade [22].
Primary outcome is the proportion of study subjects with
motor blockade of the femoral and obturator nerves as well as
the lumbosacral trunk. Secondary outcomes are procedure-
related, perineural spread of injectate analyzed by MRI,
epidural spread, sensory blockade, lidocaine pharmacokinet-
ics, and cost-effectiveness. In addition, we aim to explore
compartmentalized patterns of injectate spread by MRI.

2. Methods and Materials

2.1. Ethics. The Regional Research Ethics Committee (MJ:
1-10-72-179-13), the Danish Medicines Agency (2013-004013-
13), and the Danish Data Protection Agency (1-16-02-160-14)

approved this randomized controlled crossover trial. The
study was registered in EudraCT (2013-004013-41) and in
ClinicalTrials.gov (NCT02593370), monitored by the Good
Clinical Practice unit at Aalborg and Aarhus University
Hospitals, and complied with the Helsinki Declaration.
Written informed consent was obtained from all subjects.

2.2. Recruitment. ASA I subjects aged ≥18 years were
recruited through a Danish website for research volunteers.
Subjects who were non-Danish speakers or unable to coop-
erate, had a history of allergy to local anesthetics or contrast
agents, daily consumption of analgesics, abuse of medicine or
alcohol, contraindication toMRI or infection or prior surgery
of the paravertebral lumbosacral region, or who were legally
incompetent were excluded.

The studywas conducted at theDepartment of Radiology,
Aarhus University Hospital, in Denmark during two three-
day sessions with a one-week interim period in October
to November 2015. The volunteers received payment for
participation.

2.3. MRI for Fusion with Ultrasound. An experienced radio-
grapher recorded supine MRI scans of all subjects with
a 1.5 T Philips Ingenia MRI scanner (Koninklijke Philips
Electronics NV, Eindhoven, Netherlands) upon arrival on
the first session. The subjects were scanned with a pillow
under their knees to minimise lumbar lordosis and a dS flex
coverage anterior coil for signal reception. The recordings of
the lumbar spine were coronal 3D T2-TSE sequences with an
scanning resolution of 1.00 × 1.00 × 2.00mm3 (overlapping
2.40mm slices, 1.20 spacing), TE 60ms, and TR 1200ms. A
feet-head phase encoding was applied to minimise artifacts
due to respiration and peristalsis. All sequences were recon-
structed to 0.78 × 0.78 × 1.00mm3 resolution and converted
to axial orientation usingOsiriX v6.5.2 64-bit (Pixmeo SARL,
Bernex, Switzerland) prior to upload to the ultrasound system
with image fusion software (Epiq 7 1.4; Koninklijke Philips
ElectronicsNV, Eindhoven,Netherlands), because the system
only accepts axially oriented datasets for fusion.

2.4. Lumbosacral Plexus Block Procedure. The subjects were
monitored with three-lead ECG, noninvasive blood pressure
measurement, and pulse oximetry. Peripheral intravenous
access was established for blood sampling and safety.

All blocks were performed with the Epiq 7 1.4 ultrasound
system. The regional anesthetist (TFB) who performed all
blocks has extensive clinical experience with ultrasound
and electrical nerve stimulation guided nerve blocks and
experimental experience with ultrasound/MRI fusion guided
lumbosacral procedures.

While performing all blocks, the field generator (Konin-
klijke Philips Electronics NV, Eindhoven, Netherlands) was
positioned over the lumbosacral region to generate the
electromagnetic field necessary for fusion or to strengthen
blinding of the subjects. After prescanning and any coregis-
tration of ultrasound and MRI, the skin was swapped with
chlorhexidine in isopropyl alcohol and covered with a sterile
fenestrated drape. The curved array ultrasound probe (C5-1;
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Figure 1: The ultrasonographic (a) and MR (b) images are fused and displayed side-by-side. The blue line in the top is the projection of the
block needle and the large green circle marks the anticipated intersection of the block needle tip and the ultrasound beam, here coinciding
with the rami of spinal nerve L5 (yellow arrow) displayed on the MR image. The line of small blue and yellow dots marks the anticipated
trajectory of the block needle prior to and after the intersection with the ultrasound beam, respectively. PMM, major psoas muscle; S, sacral
ala; TP L4-5, transverse processes of the fourth and fifth lumbar vertebral bodies.

Koninklijke Philips ElectronicsNV, Eindhoven,Netherlands)
with the attached sensor was draped with a sterile cover.
The skin and subcutaneous tissue were infiltrated with 2mL
2% lidocaine prior to insertion of a 22 Gauge, 100mm
nerve block needle (Stimuplex Ultra; B. Braun, Melsungen,
Germany). The injectate of each nerve block was 20mL 2%
lidocaine-epinephrine [1 : 200,000] with 1mL diluted MRI
contrast (0.13mL 27.9% gadoterate meglumine [Dotarem�;
Guerbet, Roissy CdG Cedex, France] and 0.87mL 0.9%
isotonic saline) added.

Ultrasound/MRI Fusion Guided SSPS. The subject was placed
supine. The patient tracker, serving as a reference for the
sensors mounted on the probe and the block needle, was
affixed to the subject’s iliac crest with adhesive tape on the
side to be anesthetized. The probe was oriented axially on
the abdomen. An identical reference point in the axial plane
at the bifurcation of the common iliac arteries was used
for coregistration of the real-time ultrasound and the MRI
dataset. After coregistration, the ultrasonographic and MR
images moved synchronically with any movement of the
probe. The images were aligned using the iliac arteries, the
aortic bifurcation, and the anterior margin of the lumbar
vertebral body at the same level. Next, the subject was
turned to the lateral decubitus position with the side to be
anesthetized facing upwards. In order to take account for any
misalignment due to the position change, the alignment of
the fused datasets was fine adjusted using the borders of the
L5 transverse process and vertebral body as well as the posi-
tions of the psoas major, quadratus lumborum, and erector
spinae muscles. The probe was placed in the sagittal plane
across the caudal border of the transverse process of L5 and
the cranial border of the sacral ala, visualizing the interspace

(osteofibrotic tunnel) in-between the bony structures on
both images. Based on ultrasound/MRI visualization of the
intertransverse ligament (posteriorly) and the lumbosacral
ligament (anteriorly) marking out the osteofibrotic tunnel,
the tip of the block needle was placed in the anticipated
position for needle insertion caudad to the intercristal line.
Using needle navigation, the position and angle of the
insertion were adjusted until the anticipated intersection of
the needle tip and the ultrasound beam coincided with the
target compartment posterior to the psoasmajormuscle [8, 9]
displayed on the MR image (Figure 1). Guided by real-time
ultrasound/MRI fusion and needle navigation, the needle
was advanced with an out-of-plane technique until a “loss of
resistance” confirmed the visualized penetration through the
lumbosacral ligament and the needle tip position anterior to
the ligament on MRI.

Ultrasound Guided SSPS. This technique was performed in
the lateral decubitus position and has been described in-
depth previously [9]. The endpoint of injection was “loss of
resistance” confirming the needle penetration of the lumbo-
sacral ligament, sonographically visualized if possible.

An electrical nerve stimulator (0.1ms, 2Hz, 0.2mA) was
connected to the block needle during both procedures in
order to decrease the risk of intraneural injection of local
anesthetics. Prior to injection, any response to electrical
nerve stimulation with 0.3 to 0.5mA was registered [23]. The
electrical nerve stimulationwas use for safety only, not needle
guidance.The local anesthetic with contrast was injectedwith
intermittent aspiration.

Time zero (𝑇0) min was the time of withdrawal of the
block needle from the skin after completed injection. All
subjects were followed up until 𝑇90 for data sampling and
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were observed for adverse effects until the sensorimotor
blockade had worn off.

2.5. Outcomes and Assessment. Theprimary outcomewas the
proportion of subjects with motor blockade of the femoral
and obturator nerves as well as the lumbosacral trunk. Motor
blockade was defined as ≥1 N reduction in muscle force (N)
of the knee extensors, hip adductors, and hip abductors,
respectively, at 𝑇40 compared to baseline. Muscle force was
estimated in the supine position with a dynamometer (Com-
mander Muscle Testing; JTECH Medical, Midvale, USA)
maintained immobile by a steady grip of an observer. The
observer instructed the subject to exert maximal pressure
against the dynamometer during knee extension (with 90∘
flexion of the hip and knee joints), hip adduction (with
extended and 45∘ abducted lower limb), and hip abduction
(with extended lower limb). The highest value of three tests
with 20 s intermittent intervals was recorded for eachmotion.

The secondary outcomes were (a) preparation time (s)
from positioning of the subject on the bed until end of
prescanning and coregistration, if any; (b) block procedure
time (s) from placement of the probe on the skin until
withdrawal of the block needle after completed injection;
(c) number of needle insertions defined as each withdrawal
of the needle followed by an advancement regardless the
number of skin penetrations; (d) needle insertion point
defined as the horizontal distance (cm) from the median
to the skin penetration; (e) depth of needle tip gauged
by reading the distance (cm) marked on the needle shaft
at the endpoint of the injection; (f) minimal electrical
nerve stimulation (mA) required to trigger any sensorimotor
response immediately prior to injection; (g) type of response
to electrical nerve stimulation (“Quadriceps,” “Adductor,”
“Other motor,” “Paresthesia,” and “None”); (h) maximum
procedural discomfort assessed by the subject on a numeric
rating scale (NRS, 0 = “no discomfort”, 10 = “worst possible
discomfort”) at 𝑇0; (i) change in mean arterial blood pressure
(ΔMAP) from baseline to 𝑇5; (j) perineural injectate spread;
(k) epidural injectate spread; (l) sensory blockade; (m) maxi-
mumplasma concentration of lidocaine (𝐶max of p-lidocaine,
𝜇g/mL); (n) time to 𝐶max (𝑇omc) of p-lidocaine (min); (o) p-
lidocaine concentration-time area under the curve; and (p)
cost-effectiveness.

Injectate spread was analyzed on axial 3D T1-weighted
MRI sequences (mDixonAll generating in-phase, out-of-
phase, water and fat images as well as diffusion weighted
images) sampled with a Philips Achieva 3.0 T dstream scan-
ner (Koninklijke Philips Electronics, Eindhoven, Nether-
lands) at 𝑇15. Perineural spread was assessed for the anterior
rami of spinal nerves L2-S1, the femoral, obturator, and
lateral femoral cutaneous nerves as well as the lumbosacral
trunk. Perineural spread was considered “present” when
direct contact between the injectate and the target nerve was
visualized.

As an exploratory analysis, we observed different patterns
of confinement of injectate inside the fascial compartments
medial, posterior, and lateral to the psoas major muscle,
respectively, as well as associated spread of injectate around
compartment-specific nerves.

Epidural spreadwas considered “present” when there was
circumferential epidural distribution of the injectate on any
axial MRI level and concomitant bilateral blockade of cold in
at least one pair of dermatomes.

Sensory blockade of cold, warmth, touch, and pain of
the dermatomes Th12-S3 [24] and the skin innervated by the
lateral femoral cutaneous nerve was tested with standardized
stimuli (25∘ and 40∘ thermo test [Rolltemp II; Somedic,
Hörby, Sweden], brush [SENSELab� Brush-05; Somedic
AB, Hörby, Sweden], and punctuated pin prick [PinPrick
512mN; MRC Systems GmbH, Heidelberg, Germany]) at
𝑇50. Sensation for each stimulus was assessed as “present” or
“reduced/absent,” where “reduced/absent” was considered a
successful sensory blockade. The dermatomes Th12, L1, S2,
and S3 were included in order to assess the effect of any
epidural spread.

For the analysis of p-lidocaine, blood samples were
collected at 𝑇0,5,10,20,40,60, and 90 and centrifuged at 1, 800𝑔 for
9min. The plasma was transferred to 1.5mL cryotubes and
stored at −80∘C until analysis with liquid chromatography
tandem mass spectrometry [25].

The difference in mean marginal cost of the inter-
ventions was calculated as a measure of cost-effectiveness
(extra price per patient) [26]. Unit costs were collected in
Danish Kroner (DKK) in July 2016 and converted into US
dollars (GBP/euros) in October 2016 (100DKK = $14.86
[m12.08/€13.44]). Average annual total wages were used to
calculate unit costs for time spent by medical staff. Because
of the complexity of calculating the expense for the 1.5 TMRI
scanner use, this cost is given as a time unit.

2.6. Randomization and Blinding. JMCS enrolled all subjects.
Two study-independent assistants randomly allocated 26
consecutive subject identification numbers to sequences of
interventions (Ultrasound/MRI fusion guided SSPS on day
one and ultrasound guided SSPS on day two or vice versa)
and side (right on day one and left on day two or vice versa).
Twenty-six sheets with the sequences preprinted were put in
26 identical opaque and sealed envelopes marked 1 to 26.
TFB and SB double-checked the allocated intervention and
side immediately prior to each procedure without revealing
it to others. The sheet was reenveloped and resealed. The
procedure was repeated prior to the second intervention.

All sampling and analyses of data were blinded to the
intervention. All interventionswere performedwith identical
trial setup and equipment in order to blind the subjects.
The MRI records of injectate spread were anonymised by a
radiographer and hereafter analyzed in a random order by
TFB.

2.7. Statistics. The primary outcome was proportion of sub-
jectswithmotor blockade of the femoral and obturator nerves
aswell as the lumbosacral trunk.Wehypothesized an increase
in the proportion from 75% with ultrasound guidance to
100% with ultrasound/MRI fusion guidance. Detection of a
25% increase with 80% power (1 − 𝛽) and 𝛼 = 0.05 would
require a sample size of 24 subjects in a two-sided crossover
analysis [27]. To avoid decreased power due to dropouts, we
included 26 subjects.
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Allocated to US guided SSPS (n = 13)
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Discontinued intervention (n = 0)
Analysed (n = 13)

(i) Primary outcome (n = 13) 
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Discontinued intervention (n = 1)
Analysed (n = 13)
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Allocated to US/MRI guided SSPS (n = 13)
(i) Received allocated intervention (n = 13)
(ii) Did not receive allocated intervention (n = 0) 

Allocated to US/MRI guided SSPS (n = 13)

(i) Received allocated intervention (n = 13)
(ii) Did not receive allocated intervention (n = 0) 

Discontinued intervention (n = 0)
Analysed (n = 13)

(i) Primary outcome (n = 13)
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Discontinued intervention (n = 0)
Analysed (n = 13)

(i) Primary outcome (n = 13)
(ii) Secondary outcomes (n = 13)

See text for details.

(ii) Secondary outcomes (n = 13)

Figure 2:Modified CONSORT 2010 flow diagram of the study subjects receiving ultrasound (US)/magnetic resonance imaging (MRI) fusion
versus US guided lumbosacral plexus blockade with the Suprasacral Parallel Shift (SSPS) technique.

Statistics were analyzed with Stata IC 14 (StataCorp LP,
College Station,USA).Normality of distributionwas assessed
visually with the normal Q-Q-plot. Normally distributed
differences between paired continuous variables were ana-
lyzed with one-sample Student’s 𝑡-test. Nonnormally dis-
tributed differences between paired continuous variables and
differences between paired ordinal variables were analyzed
with Wilcoxon matched-pairs signed rank test. Differences
between paired categorical variables were analyzed with
McNemar’s test. The level of significance was 0.05. Data are
presented as mean (standard deviation [SD]) for continuous
variables with normal distribution, as median (interquartile
range [IQR] [range]) for continuous variables with non-
normal distribution and ordinal variables, and as number
(proportion) for categorical variables.

3. Results

Twenty-six subjects (14/26 [54%] males) were enrolled dur-
ing October 3 to 24, 2015 (Figure 2). Twenty-five subjects
completed both interventions and follow-up per protocol.

One ultrasound guided SSPS intervention was aborted due to
aspiration of blood, but the subject completed the follow-up
and contributed with his data per protocol.

The median (IQR [range]) age for all 26 subjects was 22
(22–24 [21–36]) years, mean (SD) weight was 73.2 (11.7) kg,
mean (SD) height was 178 (8.1) cm, and mean (SD) BMI was
23.4 (2.7) kg⋅m−2.

The number (proportion) of subjects with motor block-
ade of the femoral and obturator nerves as well as the
lumbosacral trunk was equal (ultrasound/MRI, 23/26 [88%];
ultrasound, 23/26 [88%]; 𝑝 = 1.00). Table 1 displays the
underlying data on muscle force and the number (propor-
tion) ofmotor blockade of the femoral nerve, obturator nerve,
and lumbosacral trunk, respectively.

Table 2 displays the values of the procedure-related
outcomes.

There was no evidence for any difference in perineural
spread to the anterior rami of spinal nerves L2 (ultra-
sound/MRI, 14/26 [54%]; ultrasound, 11/26 [42%]; 𝑝 =
0.58), L3 (ultrasound/MRI, 21/26 [81%]; ultrasound, 21/26
[81%]; 𝑝 = 1.00), L4 (ultrasound/MRI, 22/26 [85%];
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Table 1: Baseline and postblock muscle force as well as number of subjects with motor blockade of the femoral nerve, obturator nerve, and
the lumbosacral trunk for ultrasound/MRI fusion guided versus ultrasound guided lumbosacral plexus blockade with the Suprasacral Parallel
Shift technique. Values are displayed as median (IQR [range]) or number (proportion).

US∗/MRI† US†

(𝑛 = 26) (𝑛 = 26)
Femoral nerve (knee extension)

Baseline muscle force; N 244 (204–266 [176–343]) 229 (215–253 [136–374])
Postblock muscle force; N 75 (0–121 [0–244]) 72 (0–134 [0–255])
Motor blockade 25 (96%) 24 (92%)

Obturator nerve (hip adduction)
Baseline muscle force; N 138 (114–176 [105–255]) 134 (114–176 [101–237])
Postblock muscle force; N 0 (0–70 [0–149]) 0 (0–31 [0–209])
Motor blockade 25 (96%) 24 (92%)

Lumbosacral trunk (hip abduction)
Baseline muscle force; N 147 (114–160 [79-204]) 144 (114–167 [79–233])
Postblock muscle force; N 79 (35–105 [0–173]) 54 (41–79 [0–169])
Motor blockade 24 (92%) 24 (92%)

Motor blockade was defined as a decrease in postblock muscle force compared to baseline.
∗US: ultrasound.
†MRI: magnetic resonance imaging.

Table 2: Procedure-related outcomes for ultrasound/MRI fusion guided versus ultrasound guided lumbosacral plexus blockade with the
Suprasacral Parallel Shift technique. Values are displayed as median (IQR [range]), number (proportion), or mean (SD).

US∗/MRI† US
𝑝

(𝑛 = 26) (𝑛 = 26)

Preparation time; s 686 (552–1023 [393–2501]) 196 (167–228 [105–351]) <0.001
Block procedure time; s 333 (254–439 [201–1421]) 216 (176–294 [117–458]) 0.001
Number of needle insertions 4.5 (3.0–7.0 [2.0–24.0]) 5.0 (3.0–7.0 [2.0–15.0]) 0.87
Needle insertion point from midline; cm 4.0 (4.0–5.0 [2.0–6.0]) 6.0 (5.0–6.0 [4.0–8.0]) <0.001
Needle depth; cm 8.0 (7.0–9.0 [5.0–10.0]) 8.0 (7.0–8.5 [4.0–10.0]) 0.37
Minimal nerve stimulation; mA 0.50 (0.50–0.50 [0.20–0.60]) 0.50 (0.40–0.50 [0.30–0.50]) 0.075
Electrical nerve stimulation response 0.37

1 Quadriceps femoris 4 (15%) 4 (15%) 1.00
2 Adductor 0 (0%) 1 (4%) 1.00
3 Other motor 0 (0%) 0 (0%) 1.00
4 Paresthesia 2 (8%) 0 (0%) 0.50
0 None 20 (77%) 21 (81%) 1.00

Procedural discomfort; NRS 0–10‡ 2 (1–3 [0–7]) 3 (2–4 [0–5]) 0.036
ΔMAP; mmHg§ 0.23 (12.77) −4.50 (10.44) 0.070
∗US: ultrasound.
†MRI: magnetic resonance imaging.
‡NRS: numeric rating scale.
§
ΔMAP: change in mean arterial pressure from baseline to 5 min after completed injection of local anesthetic.

ultrasound, 25/26 [96%]; 𝑝 = 0.38), L5 (ultrasound/MRI,
10/26 [38%]; ultrasound, 18/26 [69%]; 𝑝 = 0.057), and S1
(ultrasound/MRI, 5/26 [19%]; ultrasound, 8/26 [31%]; 𝑝 =
0.55), the femoral (ultrasound/MRI, 16/26 [62%]; ultrasound,
13/26 [50%]; 𝑝 = 0.61), obturator (ultrasound/MRI, 14/26
[73%]; ultrasound, 11/26 [85%]; 𝑝 = 0.58), and lateral femoral
cutaneous (ultrasound/MRI, 16/26 [62%]; ultrasound, 11/26
[42%]; 𝑝 = 0.58) nerves, or the lumbosacral trunk (ultra-
sound/MRI, 10/26 [38%]; ultrasound, 15/26 [58%]; 𝑝 = 0.58).

We identified characteristic patterns of compartmental-
ized injectate spread inside three compartments (Figures 3, 4
and 5).

No difference in compartmentalized spread of injectate
was observed between the two study groups.The frequencies
of compartmentalized spread of injectate in the entire popu-
lation of volunteerswere 27% into the parapsoas compartment
(PPC) and retropsoas subcompartment (RPSC), 27% into the
PPC, 37% into the RPSC, and 9% into the retroperitoneal
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Figure 3: MRI of one subject visualizing spread of lidocaine-epinephrine added diluted contrast (magenta arrow) primarily medial to the
psoas major muscle (PMM), that is, in the parapsoas compartment. (a) Sagittal plane. (b) Axial plane. (c) Coronal plane. Line (blue), position
of coronal plane; Line (orange), position of sagittal plane; Line (purple), position of axial plane; S, sacral ala; VB L5, fifth lumbar vertebral
body.
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Figure 4: MRI of one subject visualizing spread of lidocaine-epinephrine added diluted contrast (magenta arrow) primarily posterior to the
psoas major muscle (PPM), that is, in the retropsoas subcompartment, with minor seeping into the fascial plane between the anterior and
posterior (red arrow) lamina of the PMM that contains the lumbar plexus. (a) Sagittal plane. (b) Axial plane. (c) Coronal plane. L5, fifth
lumbar vertebral body; Line (blue), position of coronal plane; Line (orange), position of sagittal plane; Line (purple), position of axial plane;
S, sacral ala.
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Figure 5: MRI of one subject visualizing spread of lidocaine-epinephrine added diluted contrast (magenta arrow) primarily lateral to the
psoas major muscle (PMM), that is, in the retroperitoneal compartment, with minor seeping into the retropsoas subcompartment. (a) Sagittal
plane. (b) Axial plane. (c) Coronal plane. Line (blue), position of coronal plane; Line (orange), position of sagittal plane; Line (purple), position
of axial plane; S, sacral ala; VB L5, fifth lumbar vertebral body.
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Table 3: Number of subjects with sensory blockade of the dermatomesTh12-S3 and the skin area innervated by the lateral femoral cutaneous
nerve after ultrasound/MRI fusion guided (𝑛 = 26) versus ultrasound guided (𝑛 = 26) lumbosacral plexus blockade with the Suprasacral
Parallel Shift technique. Values are displayed as number (proportion).

Cold Warmth Touch Pain
US∗/MRI† US 𝑝 US/MRI US 𝑝 US/MRI US 𝑝 US/MRI US 𝑝

Th12 2 (8%) 0 (0%) 0.50 1 (4%) 1 (4%) 1.00 4 (15%) 1 (4%) 0.38 7 (8%) 2 (8%) 1.00
L1 4 (15%) 3 (12%) 1.00 2 (12%) 4 (15%) 1.00 9 (35%) 6 (23%) 0.55 7 (27%) 4 (15%) 0.51
L2 8 (31%) 10 (38%) 0.79 9 (35%) 10 (38%) 1.00 9 (35%) 11 (42%) 0.80 12 (46%) 11 (42%) 1.00
L3 18 (69%) 16 (62%) 0.75 13 (50%) 16 (42%) 0.58 7 (27%) 9 (35%) 0.75 15 (58%) 9 (35%) 0.18
L4 18 (69%) 15 (58%) 0.61 17 (65%) 14 (54%) 0.61 13 (50%) 13 (50%) 1.00 13 (50%) 14 (54%) 1.00
L5 10 (38%) 11 (42%) 1.00 9 (35%) 12 (46%) 0.55 8 (31%) 10 (38%) 0.75 8 (31%) 10 (38%) 0.75
S1 16 (62%) 14 (54%) 0.63 16 (52%) 18 (69%) 0.69 3 (12%) 10 (38%) 0.016 8 (31%) 12 (46%) 0.39
S2 5 (19%) 7 (27%) 0.75 7 (27%) 10 (38%) 0.55 8 (31%) 7 (27%) 1.00 7 (27%) 6 (23%) 1.00
S3 5 (19%) 8 (27%) 0.75 5 (19%) 7 (27%) 0.75 7 (27%) 9 (25%) 0.77 7 (27%) 8 (31%) 1.00
LFCN‡ 13 (50%) 9 (35%) 0.39 14 (54%) 10 (38%) 0.34 16 (62%) 10 (38%) 0.18 17 (65%) 10 (38%) 0.092
∗US: ultrasound.
†MRI: magnetic resonance imaging.
‡LFCN: lateral femoral cutaneous nerve.

compartment (RC). Seeping of injectate into the intrapsoas
compartment, that is, the compartment between the anterior
and posterior lamina of the psoas major muscle, and to the
L2–L4 part of the lumbar plexus occurred in 89% of RPSC
injection, 50% of PPC injection, and 40% of RC injection.

Table 3 displays the values of sensory blockade of the
dermatomesTh12-S3 and the lateral femoral cutaneous nerve.

There was no evidence for any difference in epidural
spread (ultrasound/MRI 3/26 (12%) subjects; ultrasound,
5/26 (19%) subjects; 𝑝 = 0.73). The sensory effect was
observed in the dermatomes L1 to S3 with individual varia-
tion.

Figure 6 illustrates the mean (SD) 𝐶max of p-lidocaine.
There was no evidence for any difference in mean (SD) 𝐶max,
median (IQR [range]) 𝑇omc, or mean (SD) concentration-
time area under the curve (Figure 6). One subject in the
ultrasound group was excluded from the analysis due to
insufficient blood sampling.

The mean marginal cost of a SSPS block was Δ/$28.19
(m22.91/€23.60) and 6min and 34 s in the 1.5 T MRI scanner
for the ultrasound/MRI fusion guided procedure compared
to the ultrasound guided.

No serious adverse events were observed. One subject
experienced a transitory hot flush prior to the intervention
due to vasovagal needle phobia. Four subjects had two inci-
dents of vasovagal syncope and three incidents of dizziness;
two were related to reinsertion of an intravenous catheter or
blood sampling during the follow-up; and one was related to
previously diagnosed orthostatic hypotension.

4. Discussion

This is the first randomized controlled trial investigating
ultrasound/MRI fusion guided lumbosacral plexus blockade.
We found that the ultrasound/MRI fusion guided technique
was equally effective and safe, but required longer preparation
and block procedure time compared to the ultrasound guided
technique.
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Figure 6: Plasma concentration of lidocaine 0 to 90min after
injection with the ultrasound/MRI fusion guided (US/MRI) versus
the ultrasound guided (US) Suprasacral Parallel Shift technique for
lumbosacral plexus blockade (𝑛 = 25). Values are presented asmean
(SD).

4.1. Block Success. The initial hypothesis of a higher pro-
portion of subjects with motor blockade of the femoral
and obturator nerves as well as the lumbosacral trunk with
ultrasound/MRI fusion guidance compared to ultrasound
guidance was falsified. This may be explained by the demo-
graphics of the study subjects. That is, the target clinical
group would be elderly and fragile patients, in whom the
ultrasonoanatomical image quality may be impaired and in
whom additional MRI visualization and needle navigation
with fusion might improve the efficiency of needle guidance.
In young healthy normal-weighted volunteers, however, ade-
quate ultrasonographic quality is achieved with a higher fre-
quency thus making the MRI scan, image fusion, and needle
navigation redundant. Nonetheless, we assessed the fusion
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guided technique in healthy volunteers instead of clinical
patients, because only ultrasound/MRI fusion of the lumbar
spine, and not fusion guided lumbar needle insertions, has
been briefly described in phantoms and volunteers before
[17]. Furthermore, the body position of the subjects was
different during the MRI sampling and the ultrasound/MRI
fusion guided needle procedure. This may have affected
the topography and dimensional stability of the anatomical
structures under study, and hence the accuracy of the ultra-
sound/MRI fusion guided injection [15, 19]. However, we
sampled the MRI dataset supine because this is technically
and clinically most optimal. Moreover, anymisalignment can
be manually adjusted and a pilot study revealed no evidence
that the target nerves, situated paravertebral to the rigid lum-
bar spine, moved significantly during change from supine to
lateral decubitus. Yet, we cannot fully rule out such an effect.

4.2. Block Procedure-Related Outcomes. The prolonged time
for the ultrasound/MRI fusion guided technique is in keeping
with previous studies concerning real-time fusion [14]. It
is explained by the extra time spent on coregistration and
alignment of the datasets and on needle navigation. It is also
reflected by the higher mean marginal cost and prolonged
1.5 T MRI time use of the fusion guided technique. Notably,
both success rate and procedure time of a new technique
follow a learning curve and technical perfection requires
practice [14].

4.3. MRI Analysis of Injectate Spread versus Sensorimotor
Blockade. Weobserved spread of injectate inside three fascial
compartments. The first compartment is medial to the psoas
major muscle and the iliopsoas compartment [28] (Figure 3).
We therefore suggest referring to this as the parapsoas
compartment (PPC). We observed that the PPC extends from
the level of the neural foramen of vertebra L4 cranially to
the neural foramen of S1 caudally. Caudal to the transverse
process of L5, the iliopsoas fascia is tied down to the sacral ala
and separates the PPC from the iliopsoas compartment [28].
The PPC contains the anterior rami of spinal nerves L4-S1,
the lumbosacral trunk, and the obturator nerve. The second
compartment is a triangular groove that extends from the
transverse process of L5 and the iliolumbar ligament cranially
and between the psoas major and iliac muscles until they
become fused as the iliopsoas muscle caudally (Figure 4).
The compartment is bounded by the iliopsoas fascia, which
medially separates it from the PPC and laterally covers the
groove between the psoas major and iliacus muscles. It has
been described previously [29], however, as it is a subcom-
partment of the iliopsoas compartment, we suggest referring
to this as the retropsoas subcompartment (RPSC). The RPSC
contains the femoral and lateral femoral cutaneous nerves, as
they emerge from the posterolateral border of the psoasmajor
muscle caudal to the level of the iliac crest.The third compart-
ment is the retroperitoneal fat-pad compartment between
the peritoneum and the transversalis fascia and lateral to the
iliopsoas compartment (Figure 5). We suggest referring to
this as the retroperitoneal compartment (RC).TheRC contains
none of the major terminal lumbar plexus nerves.

In all subjects, the injectate spread primarily into one or
two of the three identified compartments. Hence the injectate
primarily spread perineurally around the anterior rami of
spinal nerves L4-S1, the lumbosacral trunk and the obturator
nerve inside the PPC, around the femoral and lateral femoral
cutaneous nerves inside the RPSC, or around no nerves
inside the RC. Injectate spread inside the PPC therefore
resulted in increased sensorimotor blockade of primarily
the anterior rami of spinal nerves L4-S1, the lumbosacral
trunk (superior gluteal nerves), and the obturator nerve,
while injectate spread inside the RPSC resulted in increased
sensorimotor blockade of primarily the femoral and lateral
femoral cutaneous nerves. Injectate spread inside the RC had
no sensorimotor effect since the compartment contains no
major terminal nerves of the lumbosacral plexus.

Few previous studies have compared ultrasonography
and MRI of the lumbosacral anatomy [30] and analyzed
injectate spread with MRI [9, 31, 32]. The sensory mapping
demonstrated segmental anesthesia from L2 to S1 in accor-
dance with the perineural spread analyzed byMRI. A cadaver
study on lumbosacral plexus blockade guided by anatomical
landmarks showed weak staining of spinal nerve S1 in only
3/20 (15%) cadavers [7]. In contrast, our study demonstrates
that an injection at the neuraxial level of L5/S1 may indeed
block the cranial part of the sacral plexus.

Nonetheless, sensory mapping of dermatomes should be
interpreted with caution because it may be unreliable due
to anatomical variation and overlapping of innervation of
adjacent cutaneous segments and terminal nerves territories
[33]. We used motor blockade as a surrogate of sensory
blockade of the femoral nerve, obturator nerve, and the
lumbosacral trunk. However, the motor blockade definition
does not take account for bi- and triple nerve innervation of
specific muscle groups or measurement error of the method
to estimate muscle force. Because knowledge concerning
the correlation between reduced muscle force in healthy
volunteers and sufficient motor blockade in clinical patients
is sparse, the values of block success should be considered as
a measure of comparison of the techniques, not as a clinically
applicable measure. Due to this complexity, we recommend
inclusion of an objective analysis such as MRI recordings of
injectate spread when validating new techniques in healthy
volunteers.

4.4. Compartmentalized Injectate Spread and a Theoretical
Ultrasound/MRI Fusion Guided Anterior Approach. TheMRI
recordings allow analysis of patterns of injectate spread,
which together with high-resolution MRI for fusion with
real-time ultrasound offer the potential of improved under-
standing of the (ultrasonographic) anatomy [16]. In the
present study, we identified characteristic patterns of injectate
spread in the different fascial compartments. The observed
patterns of spread imply that local anesthetic has to be
injected into the PPC as well as the RPSC for sufficient spread
to all target nerves relevant for anesthesia of the hip joint
with a high clinical success rate. However, the visualization
of the PPC and RPSC is impeded by bony structures when
the ultrasound guided SSPS technique is employed. Further-
more, in the lateral decubitus position with the side to be
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Figure 7: Axial diffusion weighted MRI at the level of the cranial
border of the sacral ala, demonstrating a possible anterior approach
to the lumbosacral plexus in the supine position. A needle (white
arrow) can be inserted close to the anterior superior iliac spine
and advanced between the psoas major and iliacus muscles. A first
injection of local anesthetic into the retropsoas subcompartment will
spread to the femoral nerve (red arrow) and the lateral femoral cuta-
neous nerve (green arrow). A second injection of local anesthetic
into the parapsoas compartment will spread to the anterior rami of
spinal nerves L4 and L5, the lumbosacral trunk (yellow arrow) and
the obturator nerve (pink arrow).

anesthetized facing upwards, gravity may facilitate medial
spread of the local anesthetic to the epidural space [34].
An ultrasound/MRI fusion guided anterior technique in the
supine position may overcome these limitations and supply a
safe, efficient, and easy needle path from the skin surface to
the target nerves inside the PPC as well as the RPSC (Figures
7 and 8).

4.5. Pharmacokinetics of p-Lidocaine. The mean 𝐶max of p-
lidocaine was similar for the techniques and peaked approx-
imately one hour after injection. This is in keeping with
previous studies investigating plasma concentration of local
anesthetics in regional anesthesia [9, 32, 35]. No dose-finding
studies have been conducted for the SSPS technique, but the
minimal effective anesthetic volume of 0.5% ropivacaine to
accomplish a successful Shamrock lumbar plexus blockade in
95% of patients (ED95) is 36.0mL (95% CI 19.7 to 52.2) [36].
Because the aim of this study was to compare two techniques
in a standardized setting, and not to achieve maximum block
success, and the subjects were discharged on the same day,
we chose a comparatively low dose of 20mL 2% lidocaine-
epinephrine corresponding approximately to the ED50 of
0.5% ropivacaine [36] and allowing fast discharge. However,
injection of more clinical relevant local anesthetic volumes
in excess of 20mL would result in increased 𝐶max. Also,
pharmacokinetics of local anesthetic changes with age [37].
The present results might therefore not be directly applicable
in elderly patients.

4.6. Limitations. Apart from the external limitations above,
the expert anesthetist performing all blocks could not be
blinded, as is the case with all procedure-related studies. In
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Figure 8: The anterior lumbosacral plexus approach guided by
real-time ultrasound/MRI fusion in an anticipated experimental
setting. (a) The probe is axially oriented, slightly rotated clock-
wise, and medial to the anterior superior iliac spine where the
phantom needle is oriented in-plane with the US/MR image planes.
(b) Fused real-time ultrasound (b1) and MRI (b2) depicting the
needle trajectory into the retropsoas subcompartment. (c) Fused real-
time ultrasound (c1) and MRI (c2) depicting the needle trajectory
through the psoas major muscle (PMM) into the parapsoas com-
partment. Guided by real-time ultrasound/MRI fusion and needle
navigation, the “insertion point” and angulation of the phantom
needle are adjusted until the anticipated intersection between the
needle tip and the ultrasound beam (green circle) coincides with
the target lumbosacral plexus nerves in the retropsoas compartment
(b) and in the parapsoas subcompartment (c) anterior to the border
of the sacral ala (S). The line of small blue and yellow dots marks
the anticipated trajectory of the block needle prior to and after the
intersection with the ultrasound beam, respectively.
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order to limit this source of bias, we adhered to a strict
double-controlled protocol.

4.7. Perspectives. Ultrasound/MRI fusion for needle guidance
in the lumbosacral region is an evolving technique and
is proven to be neither more inaccurate nor more unsafe
compared to ultrasound guidance. Future studies of real-
time ultrasound/MRI needle guidance may include auto-
matic coregistration based on image recognition or MRI-
compatible external fiducials, or techniques thatminimise the
effect of position change and thereby improving the accuracy,
time-efficiency, and ease-of-performance.

4.8. Conclusion. The ultrasound/MRI fusion guided SSPS
technique was equally effective and safe but required longer
time, compared to the ultrasound guided SSPS technique.
Three patterns of compartmentalized injectate spread indi-
cate that local anesthetic has to be injected into the parapsoas
compartment as well as the retropsoas subcompartment to
block the lumbosacral nerves innervating the hip joint.
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Caudal epidural block is a commonly used technique for surgical anesthesia in children and chronic pain management in adults.
It is performed by inserting a needle through the sacral hiatus to gain entrance into the sacral epidural space. Using conventional
blind technique, the failure rate of caudal epidural block in adults is high even in experienced hands.This high failure rate could be
attributed to anatomic variations thatmake locating sacral hiatus difficult.With the advent of fluoroscopy and ultrasound in guiding
needle placement, the success rate of caudal epidural block has been markedly improved. Although fluoroscopy is still considered
the gold standard when performing caudal epidural injection, ultrasonography has been demonstrated to be highly effective in
accurately guiding the needle entering the caudal epidural space andproduce comparative treatment outcome as fluoroscopy. Except
intravascular and intrathecal injection, ultrasonography could be as effective as fluoroscopy in preventing complications during
caudal epidural injection.The relevant anatomy and techniques in performing the caudal epidural block will be briefly reviewed in
this article.

1. Introduction

The caudal epidural block involves placing a needle through
the sacral hiatus to deliver medications into the epidural
space. This approach to the epidural space is not only
widely used for surgical anesthesia and analgesia in pediatric
patients but also popular in managing a wide variety of
chronic pain conditions in adults.

The caudal epidural block was first introduced as a
landmark-based, blind technique. In children, the successful
rate with the blind technique is above 96% [1, 2]. In adults,
however, it was only 68–75% even in the experienced hands
[3–5]. With the advent of imaging technology, fluoroscopy
and ultrasonography have been increasingly used to guide
caudal epidural block. In this review, we will overview recent
advancement in our understanding of relevant anatomy and
development of imaging guided techniques in adults.

2. Anatomy

The anatomic features and variations relevant to caudal
epidural block were the focuses of several recent reports. A

thorough knowledge of the relevant anatomy (Figures 1 and
2) may improve the success rate of caudal epidural needle
placement while minimize the risks of complications.

2.1. Sacral Cornua. The sacral cornua are vestigial remnants
of the inferior articular processes of the 5th sacral vertebra
and presented as two bony prominences at the caudal end of
sacrum. Palpating the bilateral sacral cornua is essential to
locate the sacral hiatus in the conventional landmark-based
technique. However, the sacral cornua are not always palpa-
ble. Defining a height of at least 3mm as palpable, Sekiguchi
and colleagues reported that sacral cornua were bilaterally
palpable in only 19%, unilaterally palpable in 25%, and bilat-
erally impalpable in 54% of isolated adult sacral bone [6].
Using the same definition, Aggarwal and colleagues reported
that the sacral cornua were bilaterally palpable in 55%,
unilaterally palpable in 24%, and bilaterally impalpable in 21%
of adult sacral bone [7]. In another report, sacral cornua were
not palpable bilaterally in 14.3% and palpable unilaterally in
24.5% of cadavers [8]. In a clinical report, sacral cornua were
only palpable in 59% of individuals [4]. This high percentage
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Figure 1: Posterior view of sacrum.
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Figure 2: Sagittal view of sacrum. SH: sacral hiatus; red double-
ended arrow: anterior-posterior diameter of sacral hiatus at its apex.

of impalpable sacral cornua may be partially accountable for
the high failure rate of the blind technique.

2.2. Sacral Hiatus. The sacral hiatus, resulting from failure of
fusion of lamina and spinous process of lower sacral verte-
brae, is the caudal termination of the sacral canal. The sacral
hiatus is bordered laterally by two sacral cornua and could be
palpable as a dimple in between. Posteriorly, the sacral hiatus
is covered by the skin, subcutaneous fat, and sacrococcygeal
ligament (SCL). During caudal epidural block, inserting a
needle into the sacral hiatus is essential to access the sacral
canal. However, certain anatomic features and variations of
sacral hiatus may make it difficult or impossible to insert
a needle into the caudal epidural space or predispose this
procedure to complications such as dual puncture.

The mean anterior-posterior (AP) diameter of sacral
hiatus at its apex ranges from 4.6 ± 2mm to 6.1 ± 2.1mm [6, 7,
9–14] and decreased with age [14]. In clinical settings, an AP
diameter of sacral hiatus at the apex of less than 3.7mm was
associated with difficulty in inserting a needle into the caudal
epidural space by blind technique [13]. When ultrasound is

used to guide needle insertion, Chen and colleagues reported
that difficulty was encountered in patients with the AP diam-
eter of sacral hiatus at apex of less than 1.6mm [11]. Similar
result has been reported in another study using ultrasound
guidance. In that study, the average AP diameter of sacral
hiatus at apex in patients with failed caudal epidural needle
insertion was 1.61 ± 0.1mm, significantly shorter than that
(4.7 ± 1.7mm, 𝑃 < 0.001) in patients with successful needle
insertion [12]. The incidences of short AP diameter of sacral
hiatus at its apex have been reported with different defini-
tions. In studies using dry sacral bone, the sacral AP diameter
was less than 3mm in 8.77% [7] and less than 2mm in
1%–6.25% of cases [6, 10]. In the extreme, the sacral hiatus
is completely closed, precluding inserting a needle into the
caudal epidural space via the sacral hiatus. The incidence
of closed sacral hiatus was 2-3% from reports studying dry
human sacral bone [6, 10].

2.3. Location of the Apex of the Sacral Hiatus. The apex of
sacral hiatus is most commonly located at the S4 level (65–
68%), followed by the S3 and S5 level (around 15% at each
level) and the S1 to S2 level in 3–5% of cases [6, 8]. Complete
agenesis of posterior wall of sacral canal (failure of fusion
of sacral laminae) was noted in 1% of cases [6]. The higher
the apex of sacral hiatus is located, the shorter the distance
between it and the dural sac termination could be. Accidental
dural puncture might occur if the needle is inserted near
the apex of the sacral hiatus that is located at a high level of
sacrum.On the other hand, the lower the apex of sacral hiatus
is located, the shorter the length of the SCL could be. A length
of the SCL of less than 17.6mm was associated with difficult
caudal epidural block by blind technique [13].

2.4. Dural Sac. The dural sac usually terminates between S1
and S2 vertebra, with the majority at S2 [8, 9, 15, 16]. In 1 to
5% of patients, the dural sac terminates at S3 or below [15, 16].
In addition, 1 to 5% of patients with low back pain or sciatica
have a sacral Tarlov cyst [15–17], a perineural cyst that com-
municates with the dural sac and is filled with cerebrospinal
fluid (CSF). More than 40% of the sacral Tarlov cysts are
located at or below the S3 level [15, 16].The lower the dural sac
termination or the Tarlov cyst is located, themore likely dural
puncture or intrathecal injection might occur during caudal
epidural block.

2.5. Distance between the Dural Sac Termination and the
Apex of the Sacral Hiatus. The distance between the dural
sac termination and the apex of the sacral hiatus was the
interest of several studies, because the risk of dural puncture
is perceived to increase as this distance decreases.The average
distance varies markedly from studies conducted in different
ethnics. In an Indian cadaver study, the average distance was
32 ± 12mm, ranging from 5.8 to 60.0mm [8]. Usingmagnetic
resonance imaging (MRI) formeasurement, this distance was
60.3 ± 13.1mm, ranging from 34 to 80mm in a British study
[9], and 44.6 ± 11.8mm, ranging from 10 to 80mm in a
Turkish study [16]. As shown by these reports, the distance
between the dural sac termination and the apex of the sacral
hiatus could be as short as less than 6mm in some individuals.
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3. Techniques of Caudal Epidural Block

3.1. Blind Caudal Epidural Block. Thepatient can be placed in
prone or lateral decubitus position for blind caudal epidural
block. A line is draw to connect the bilateral posterior supe-
rior iliac crests and used as one side of an equilateral triangle;
then the location of the sacral hiatus should be approximated.
By palpating the sacral cornua as 2 bony prominences, the
sacral hiatus could be identified as a dimple in between.
A needle is inserted at 45 degrees to the sacrum and redi-
rected if the posterior surface of sacral bone is contacted. A
subjective feeling of “give” or loss of resistance suggests
piercing the SCL [18] but is associated with a miss rate up
to 26% even in experienced hands [5]. The “whoosh test,”
performed by auscultation at the thoracolumbar region with
a stethoscope while injecting 2mL of air [19], has a sensitivity
of 80% and a specificity of 60% in adults [20]. Palpating for
subcutaneous bulging on rapid injection of 5mL air or saline
had a positive predictive value of 83% and a negative predic-
tive value of 44% [4].The inaccuracy of using blind technique
for caudal epidural injection in adults, even confirmed by
various tests, is clearly evident.

3.2. Fluoroscopy-Guided Caudal Epidural Block. Because of
the inaccuracy of blind technique, some authors have rec-
ommended that caudal epidural injection is performed under
fluoroscopic guidance [3, 5]. The patient is usually placed in
prone position for fluoroscopy-guided caudal epidural block.
In lateral view of fluoroscopy, the sacral hiatus could be iden-
tified as an abrupt drop off at the end of S4 lamina [21]. The
block needle trajectory can be visualized and navigated
accordingly into the sacral canal. By injecting contrast med-
ium under fluoroscopy, the placement of needle tip within
the sacral epidural space can be verified (Figure 3), and
intravascular or intrathecal needle tip placement can be
detected. During caudal epidural injection, intravascular
injectionwas reported in 3–14%of cases by conventional fluo-
roscopy even after negative aspiration [3, 22, 23]. Fluoroscopy
guidance hasmarkedly improved the successful rate of caudal
epidural block [3–5, 23] and is now considered as the gold
standard in performing caudal block. However, routine use of
fluoroscopy for caudal epidural block is limited by radiation
exposure, cost, and special space requirement.

3.3. Ultrasound-Guided Caudal Epidural Block. The ultra-
sound-guided caudal block was first described by Klocke and
colleagues in 2003 [24] and has, since then, gained increasing
popularity. Several studies from various ethnic populations
have repeatedly reported very high successful rates (96.9–
100%) of ultrasound-guided caudal injection [11, 12, 25–
27]. The patient can be placed in prone or lateral decubitus
position. Usually, a 7–13MHz, liner transducer will suffice for
most caudal epidural injection; however, a 2–5MHz, curved
transducer may be needed in obese patients. The ultrasound
transducer was first placed transversely at the midline to
obtain the transverse view of sacral hiatus (Figure 4).The two
sacral cornua appear as two hyperechoic structures. Between
the sacral cornua are two band-like hyperechoic structures;

Figure 3: Fluoroscopy-guided caudal epidural block. Proper needle
tip placement was verified by observing spread of contrast medium
within the epidural space without intravascular uptake. Arrows:
needle.

SCSC SCL

SH BS

Figure 4: Transverse ultrasound view of the sacral hiatus. The inset
shows the position of the ultrasound transducer. BS: base of sacrum;
SC: sacral cornua; SCL: sacrococcygeal ligament; SH: sacral hiatus.

the superficial one is the SCL, and the deep one is the dorsal
surface of sacral bone. The sacral hiatus was the hypoechoic
region between the 2 band-like hyperechoic structures [25].
At this level, the ultrasound transducer is rotated 90 degrees
to obtain the longitudinal view of sacral hiatus (Figure 5).
Under longitudinal view, the block needle is inserted using
the “in-plane” technique. The block needle can be visualized
in real time, piercing the SCL, entering the sacral hiatus,
but cannot be visualized beyond the apex of sacral hiatus.
Therefore, without knowledge of dural sac termination from
image study in advance, it is suggested that advancement of
needle tip beyond the apex of sacral hiatus be limited to 5mm
to avoid dural puncture because the distance between the
apex of sacral hiatus and dural sac termination can be as short
as less than 6mm [7].

Although ultrasonography cannot provide information
regarding injectate spreading during caudal epidural injec-
tion as fluoroscopy, the presence of unidirectional flow,
defined as one dominant color on color Doppler image, in the
longitudinal view of sacral hiatus during injection (Figure 6)
was reported to be predictive of successful caudal epidu-
ral injection [27, 28] and comparable treatment outcome
as fluoroscopy-guided caudal epidural injection [28]. The
ultrasonography could also provide information regarding
the cephalad spreading of injectate during caudal epidural
injection. Using a curved-array, low frequency (2–5MHz)
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Figure 5: Longitudinal ultrasound view of sacral hiatus. The inset
shows the position of the ultrasound transducer. BS: base of sacrum;
SCL: sacrococcygeal ligament; SH: sacral hiatus; arrows: needle.
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Figure 6: Color Doppler ultrasonography in longitudinal view of
sacral hiatus. A predominantly one-color spectrum is observed in
the sacral hiatus during caudal epidural injection. The inset shows
the position of the ultrasound transducer. BS: base of sacrum; SCL:
sacrococcygeal ligament; SH: sacral hiatus.

ultrasound transducer, the lumbar spinal canal could be visu-
alized by the paramedian sagittal oblique view described by
Chin and colleagues [29]. Observing color Doppler signal in
the lumbar spinal canal during caudal epidural injection may
indicate that the injectate has reached the lumbar epidural
space (Figure 7), although this hypothesis needs to be con-
firmed in further studies.

While fluoroscopy with contrast medium injection is
still considered the gold standard in preventing intravascular
and intrathecal injection, ultrasonography could be, at least,
as useful as fluoroscopy in preventing other complications
during caudal epidural injection. For example, with the
needle tip visualized real time going into the sacral hiatus by
ultrasonography, advertently advancing the needle anteriorly
into the rectum [30, 31] or a fetal skull in the birth canal [30]
can be prevented.The practice of injecting air to verify needle
tip position could be abandoned, because the injected air has
been reported to cause portal vein air embolism [32] and
motor weakness [33] after caudal epidural injection. In addi-
tion, ultrasound has some advantages over the fluoroscopy in
guiding caudal epidural injection because it is easy to learn
and radiation-free and can be virtually used in any clinical
settings [25].

DS L5L L4L L3L

Spinal canal

26.90

26.90

Figure 7: Color Doppler ultrasonography in paramedian sagittal
oblique view of the sacral and lumbar spine. The observed color
spectrum suggests the flow of injectate reaching L4-5 level.The inset
shows the position of the ultrasound transducer. L3L: L3 lamina;
L4L: L4 lamina; L5L: L5 lamina; DS: dorsal surface of sacrum.

4. Conclusion

There are considerable anatomic variations relevant to caudal
epidural block, which may contribute to failed block by
landmark-based blind technique. The advent of fluoroscopy
and ultrasound hasmarkedly improved the successful rates of
caudal epidural injection. Although fluoroscopy remains the
gold standard in guiding caudal epidural injection, it is not
always available and radiation exposure is a concern. In addi-
tion, routine use of fluoroscopy for caudal epidural injection
seems impractical in the busy operating theater and office-
based clinics. Given accumulating evidence has suggested
that ultrasonography is excellent in guiding caudal epidural
injection with similar treatment outcome as compared with
fluoroscopy-guided caudal epidural injection, ultrasound
should be the preferred alternative when fluoroscopy is not
available.
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This review outlines the anatomy of the obturator nerve and the indications for obturator nerve block (ONB). Ultrasound-guided
ONB techniques and unresolved issues regarding these procedures are also discussed. An ONB is performed to prevent thigh
adductor jerk during transurethral resection of bladder tumor, provide analgesia for knee surgery, treat hip pain, and improve
persistent hip adductor spasticity. Various ultrasound-guided ONB techniques can be used and can be classified according to
whether the approach is distal or proximal. In the distal approach, a transducer is placed at the inguinal crease; the anterior and
posterior branches of the nerve are then blocked by two injections of local anesthetic directed toward the interfascial planes where
each branch lies. The proximal approach comprises a single injection of local anesthetic into the interfascial plane between the
pectineus and obturator externus muscles. Several proximal approaches involving different patient and transducer positions are
reported.The proximal approachmay be superior for reducing the dose of local anesthetic and providing successful blockade of the
obturator nerve, including the hip articular branch, when compared with the distal approach. This hypothesis and any differences
between the proximal ONB techniques need to be explored in future studies.

1. Introduction

Obturator nerve block (ONB) is commonly performed to
prevent sudden thigh adduction during transurethral resec-
tion of bladder tumor (TURBT) [1–3], to provide optimal
analgesia for knee surgery [4–6], to treat chronic hip pain
[7–9], and to improve persistent hip adductor spasticity in
patients with paraplegia, multiple sclerosis, or cerebral palsy
[10–12]. Labat first described an ONB technique based on
surface landmarks in 1922 [13]. Since then, several ONB
approaches using surface landmarks with or without nerve
stimulation to localize the nerve have been reported [14–16].
During the last decade, ultrasound-guided ONB techniques
have gained immense popularity, as have other types of
peripheral nerve block. In this review, we describe the
anatomy of the obturator nerve, illustrate the ultrasound-
guided ONB techniques reported thus far, and identify issues
that need to be addressed in the future.

2. Anatomy of the Obturator Nerve

The obturator nerve arises from the anterior rami of the
second, third, and fourth lumbar nerves. The nerve descends
through psoas major and emerges from the medial border of
this muscle. The obturator nerve then runs along the lateral
wall of the lesser pelvis and extends to the anterior thigh after
passing through the obturator canal. During its course, the
obturator nerve divides into anterior and posterior branches.
In a cadaveric study, bifurcation of these two main branches
of the obturator nerve was determined to be intrapelvic
(23.22%), within the obturator canal (51.78%), or in the
medial thigh (25%) [17]. The anterior and posterior branches
of the obturator nerve, or the common obturator nerve, run
between the pectineus and obturator externusmuscles imme-
diately after the nerve emerges from the obturator canal (Fig-
ure 1(a)). Beyond this point, the two branches are usually sep-
arated by some of the fibers of the obturator externus muscle.
The anterior obturator nerve branch initially passes through
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Figure 1: (a) Illustration showing the right-sided adductor muscles and the course of the obturator nerve. (b) Illustration of the positional
relationship between the adductor muscles, the obturator nerve, and the transducer during each ultrasound-guided obturator nerve block
technique. Large green squares with the letter A or B indicate the foot print position of the transducer. A small green square with the letter
C indicates the side position of the transducer. In the distal approach, the transducer is placed at position A. In the proximal approaches
reported by Anagnostopoulou et al. [17], Taha [23], and Lin et al. [42], the transducer is tilted cranially at position A to allow visualization
of the plane between the pectineus and obturator externus muscles. In the approach used by Akkaya et al. [35], the transducer is placed at
position B to allow visualization of the same plane in the sagittal view. Using the approach described by Yoshida et al. [31], the transducer is
placed at positionC in the lithotomy position to see the plane between the pectineus and obturator externusmuscles. ON, obturator nerve; AL,
adductor longus muscle; AB, adductor brevis muscle; AM, adductor magnus muscle; PE, pectineus muscle; OE, obturator externus muscle;
SPR, superior pubic ramus; GR, gracilis muscle.

the interfascial plane between the pectineus and adductor
brevis muscles. Further caudad, it runs between the adductor
longus and adductor brevis muscles, innervating the adduc-
tor longus, adductor brevis, and gracilismuscles (Figure 1(a)).
The anterior branch rarely innervates the pectineus muscle
[17]. The posterior obturator nerve branch travels in the
fascia between the adductor brevis and adductor magnus
muscles (Figure 1(a)). Throughout its course, the nerve
usually supplies multiple branches to the adductor magnus
and adductor brevis muscles and occasionally innervates the
obturator externus and adductor longus muscles as well [17].
The obturator nerve also provides articular branches for the
hip and knee joints [17, 18]. The articular branch supplying
the hip joint is derived from the common obturator nerve
or its branches at different levels in conjunction with the
obturator canal [17]. The posterior branch of the obturator
nerve supplies terminal branches to the capsule of the knee
joint in some individuals [17, 19, 20]. The typical cutaneous
distribution of the obturator nerve is described in most text-
books to be the medial side of the thigh and above the medial
side of the knee. However, the obturator nerve provides no
cutaneous innervation in more than 50% of cases [21].

3. Indications

3.1. ONB for TURBT. The obturator nerve is situated directly
adjacent to the lateral wall of the bladder during TURBT
when the irrigation fluid used in this procedure fills the
bladder. Any electrical stimulation caused by tumor resection
involving the bladder may induce sudden adductor muscle
contraction, which may lead to perforation of the bladder
accompanied by extravesical spread of the tumor and even
injury to the obturator artery [1–3, 22]. Sudden thigh move-
ment and bladder perforation were reported to occur in 40%
and 5.7% of patients, respectively, during TURBT involving
the lateral wall of the bladder in the absence of ONB [3]. One
retrospective study comparing recurrence rates in patients
with a bladder tumor on the lateral wall and receivingTURBT
with or without ONB demonstrated that an ONB could
prolong themean time to recurrence of the bladder tumor (7.8
months versus 15months, resp.) [2].This finding suggests that
an ONB can facilitate complete resection of a tumor situated
on the lateral wall of the bladder by immobilizing the surgical
field. An ONB is essential for performing TURBT safely and
effectively.
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3.2. ONB for Knee Surgery. The knee joint capsule is partially
innervated by the obturator nerve [17, 20]. In addition, an
ONB is crucial for painless harvesting of the gracilis tendon
in anterior cruciate ligament reconstruction because the
anterior branch of the obturator nerve innervates the gracilis
muscle [17, 23]. Addition of ONB to a femoral nerve block
improves analgesia following both total knee replacement
[4, 5] and anterior cruciate ligament reconstruction [6, 23].

3.3. ONB for Hip Surgery. The hip joint receives sensory
innervation frombranches of the femoral, obturator, superior
gluteal, and sciatic nerves, as well as the nerve to quadratus
femoris [18]. Among these, the articular branch of the obtu-
rator nerve innervates the anteromedial hip joint capsule.
It remains unclear whether an ONB alone can significantly
improve the management of acute pain after hip surgery,
although one randomized controlled trial demonstrated that
a combination of obturator and lateral femoral cutaneous
nerve blockade was effective in controlling acute pain after
surgery for hip fracture [24].

3.4. ONB for PainTherapy andHipAdductor Spasticity. Groin
and thigh pain frequently arises from the articular branch of
the obturator nerve, whereas trochanteric pain arises from
the articular branch of the femoral nerve [8]. The nerve
responsible for hip joint pain can be detected by a diagnostic
nerve block using a local anesthetic. Two case series reports
have suggested that percutaneous radiofrequency lesioning
or pulsed radiofrequency treatment of the articular branch of
the obturator nerve, performed under fluoroscopy guidance,
can be an effective alternative treatment in patients with hip
joint pain if a diagnostic ONB provides transient pain relief
at the hip joint [8, 9].

Persistent hip adductor spasticity is a major complication
of spinal cord injury, traumatic brain injury, cerebral palsy,
and multiple sclerosis. Hip adductor spasticity causes hip
joint deformity, pain, and scissoring of the hips, which pre-
vents maintenance of perineal hygiene, leading to breakdown
and infection of the skin in patients requiring long-term care.
Some case series have reported that ONB using a neurolytic
agent is effective for treatment of hip adductor spasticity
in both adult and pediatric patients [10, 11, 25]. Recently,
one randomized controlled trial has demonstrated that ONB
guided by both ultrasound and electrical simulation using
phenol as a treatment for severe hip adductor spasticity in
patients requiring long-term care decreases the severity of hip
adductor spasticity, improves the hygiene score, and increases
the distance between the knees during passive hip abduction
[12].

4. Evaluation of ONB

As described above, the obturator nerve provides no cuta-
neous innervation inmore than half of individuals; therefore,
successful ONB can be achieved despite a lack of sensory
block at the medial thigh and/or knee. The success of ONB
is evaluated by confirming a decrease in adductor muscle
strength using a sphygmomanometer as described by Lang et
al. [26]. Using this measurement method, patients are asked

to extend both knees fully, dorsiflex both ankles in the supine
position, and squeeze a blood pressure cuff (preinflated to
40mmHg) between their knees by adducting the blocked hip
while the nonblocked leg is restrained.Themaximal pressure
sustained is defined as adductor muscle strength.The adduc-
tormagnusmuscle is innervated by both the posterior branch
of the obturator nerve and the sciatic nerve [27]. Similarly,
the femoral nerve also innervates the pectineus muscle [28].
Further, the pectineus muscle is occasionally (in 10%–30%
of cases) innervated by the accessory obturator nerve, which
arises from the anterior rami of the third and fourth lumbar
nerves, descends along the medial border of the psoas major
muscle, and passes above the superior pubic ramus [28, 29].
Thus, patients may adduct the hip joint to some extent even
if ONB is successful. According to previous studies [30, 31], a
decrease in adductormuscle strength of more than 40%–50%
has been defined as successful ONB.

5. Ultrasound-Guided ONB Techniques

In recent times, ultrasound guidance has been used to
improve the success rate and safety profile of peripheral nerve
blocks, including ONB. The success rate of landmark-based
nerve stimulation-guided ONB in prevention of adductor
muscle contraction during TURBT has been reported to
be between 84% and 96% [32, 33]. A number of studies
have reported that ultrasound-guidedONB is associated with
higher success rates of 93%–100% [23, 30, 31, 34–37], although
there has been no direct comparison between ultrasound-
guided ONB and other techniques. Inadvertent vessel punc-
ture and nerve injury during nerve block procedures would
be decreased by correct ultrasound guidance, although unin-
tended obturator vein puncture has been reported even
during an ultrasound-guided proximal level ONB [35].

Many ultrasound-guided ONB approaches have been
reported and can be classified as distal or proximal.

5.1. Distal ONB Approach. The distal approach is defined as
one in which the anterior and posterior branches of the obtu-
rator nerve are blocked separately by two injections of local
anesthetic directed toward the interfascial planes where each
branch lies. Patients are placed in the supine positionwith the
thigh slightly abducted and externally rotated. An ultrasound
transducer is placed at the inguinal crease and perpendicular
to the skin (Figures 1(b) and 2(a)) to identify the pectineus,
adductor longus, adductor brevis, and adductormagnusmus-
cles (Figure 3(a)). Local anesthetics are injected into the fascia
between the pectineus and adductor brevis muscles [30] or
between the adductor longus and adductor brevis muscles
[38, 39] using in-plane ultrasound guidance to block the ante-
rior branch of the obturator nerve. Subsequently, local anes-
thetic is injected in the fascia between the adductor brevis and
adductormagnusmuscles to block the posterior branch of the
obturator nerve [30, 38]. Concomitant use of nerve stimula-
tion guidance is recommended when performing ONB using
the distal approach because the anatomic variability in the
path of the branches of the obturator nerve would be greater
at the more distal thigh [30]. The interfascial plane between
the adductor brevis and magnus muscles is located relatively
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Figure 2: Patient and transducer positions for performance of each ultrasound-guided right-sided obturator nerve block technique. The
dotted lines indicate the inguinal crease. (a)The patient is placed in the supine position with his hip slightly abducted and externally rotated.
In the distal approach for obturator nerve block, the transducer is placedmedial to the femoral vein, along the inguinal crease, perpendicularly
to the skin. A needle is inserted from the point indicated by the red circle, in-plane with the transducer, in a medial-to-lateral direction. (b)
The transducer is tilted cranially from the position shown in Figure 2(a) to obtain an ultrasound image similar to that in Figure 3(b). A needle
is inserted from the point indicated by the yellow circle in an anterior-to-posterior direction using out-of-plane ultrasound guidance in the
approach devised by Taha [23]. In the approach used by Lin et al. [42], a needle is inserted from the point indicated by the red circle, in a
lateral-to-medial direction, using in-plane ultrasound guidance. (c)The technique described by Akkaya et al. [35] can be performed with the
patient in a supine position and his/her leg straight. The transducer is placed in the sagittal plane on the inguinal crease between the femoral
vein and the pubic tubercle. A needle is inserted from the point indicated by the red circle, in-plane with the transducer, in an inferior-to-
superior direction. (d) In the approach devised by Yoshida et al. [31], the patient is placed in the lithotomy position. The transducer is placed
immediately lateral to the perineum on the medial aspect of the thigh along the extended line of the inguinal crease and orientated cephalad.
A needle is inserted 2-3 cm cephalad from the anterior side of the transducer (red circle) and advanced in-plane with the transducer in an
anterior-to-posterior direction. ASIS, anterior superior iliac spine.

deeper. Thus, blockade of the posterior branch requires
a steeper angle of needle insertion, which compromises
visibility of the needle under ultrasound [40, 41]. ONB at the
distal level requires at least two interfascial injections of local
anesthetic, so it involves use of a larger volume of local anes-
thetic than that provided by the single interfascial injection
used in the proximal approach, although there has been no
research comparing the two approaches in this respect.

Sudden adductor muscle contraction during TURBT
might occur even if an ONB using the distal approach is cor-
rectly performed because of various patterns of ramification
of the obturator nerve when it terminates in the adductor
muscles [17]. In other words, an obturator nerve branch,
which diverges proximal to the inguinal crease, might not
be blocked by the distal ONB approach. Using the distal

approach, the local anesthetic injection points are also further
away from the bifurcation of the hip joint branch of the
obturator nerve when compared with the proximal approach,
resulting in less possibility of blockade of the hip joint branch.

5.2. ProximalONBApproach. Taha reported that ultrasound-
guided injection of local anesthetic into the interfascial plane
between the pectineus and obturator externus muscles suc-
cessfully produces blockade of both the anterior andposterior
branches of the obturator nerve [23]. Yoshida et al. reported
that a dye injected into the plane between the pectineus and
obturator externusmuscles of a cadaver spread into the pelvic
cavity through the obturator canal, staining the anterior and
posterior branches of the obturator nerve and the common
obturator nerve within the obturator canal [31]. Both the
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Figure 3: Ultrasound images obtained during obturator nerve block. (a) A preprocedure view of the distal approach, which is obtained with
the transducer located as in Figure 2(a). The anterior branch of the obturator nerve is located at the hyperechoic thick fascia between the
adductor brevis muscle and the pectineus (arrows) or adductor longus (open triangles) muscles. The posterior branch of the obturator nerve
lies within the fascia between the adductor brevis and adductor magnus muscles (closed triangles). A needle is introduced into these fasciae
in a medial-to-lateral (red dotted lines) or lateral-to-medial direction under in-plane ultrasound guidance. (b) A preprocedure view obtained
with the transducer located as in Figure 2(b). A hyperechoic structure with an acoustic shadow (arrows) represents the superior pubic ramus.
The target for injection of local anesthetic is the fascia, which is seen as contiguous with the superior pubic ramus and located between the
pectineus and obturator externusmuscles (open triangles). In the approach used byTaha [23], a needle is introduced into this plane under out-
of-plane ultrasound guidance (yellow dotted line). In the approach used by Lin et al. [42], a needle is inserted into this plane under in-plane
ultrasound guidance in a lateral-to-medial direction (red dotted line). (c) A preprocedure view obtained with the transducer located as in
Figure 2(c). Hyperechoic thick fascia between the pectineus and obturator externus muscles (open triangles) is seen inferior to a hyperechoic
structure with an acoustic shadow, which represents the superior pubic ramus (arrows). A needle is inserted into this fascia under in-plane
ultrasound guidance in an inferior-to-superior direction (red dotted line). (d) A preprocedure view obtained with the transducer located as in
Figure 2(d). The obturator externus muscle is seen superficial to the superior pubic ramus (arrows) and the pectineus muscle is seen anterior
to the obturator externus muscle. A hyperechoic thick fascia between the pectineus and obturator externus muscles (open triangles) is the
target plane. As a needle is inserted 3 cm cephalad from the anterior side of the transducer and advanced in-plane with the transducer toward
this fascia in this case (red dotted line), the needle-ultrasound beam angles come to be almost perpendicular. AL, adductor longus muscle;
AB, adductor brevis muscle; AM, adductormagnusmuscle; PE, pectineusmuscle; OE, obturator externusmuscle; SPR, superior pubic ramus;
GR, gracilis muscle.

anterior and posterior branches of the obturator nerve may
run over the obturator externusmuscle whereas the posterior
branch passes through some fibers of the obturator externus
muscle immediately after its emergence from the obturator
canal in some cases [17]. Even in these cases, local anesthetics
injected into the plane between the pectineus and obturator

externus muscles can block both the anterior and posterior
branches of the obturator nerve by spreading around these
branches and/or the common obturator nerve along the
obturator canal, as reported by Yoshida et al. [31]. This
retrograde spread of liquid through the obturator canal is
key to understanding why the ultrasound-guided proximal
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Figure 4: Observation of the obturator artery. (a) Long axis view of a luminal structure (open triangles) is seen at the plane between the
pectineus and obturator externus muscles during preprocedure observation using the approach described by Akkaya et al. [35]. (b) The
luminal structure was confirmed to be the obturator artery using color flow Doppler. PE, pectineus muscle; OE, obturator externus muscle;
SPR, superior pubic ramus.

approach for ONB, which is provided by a single interfascial
injection of local anesthetic, works successfully. Several prox-
imal approaches for ONB have been reported [17, 23, 31, 35,
42], all of which target the plane between the pectineus and
obturator externus muscles as the site for injection of local
anesthetic but use different patient positions (i.e., supine or
lithotomy), transducer locations (i.e., the inguinal crease or
medial thigh), modes of needle insertion (i.e., out-of-plane or
in-plane), and needle trajectories (i.e., anterior-to-posterior,
inferior-to-superior, or lateral-to-medial).

The same patient and transducer positions were used in
the reports published by Anagnostopoulou et al. [17], Taha
[23], and Lin et al. [42]. These proximal approaches are
performed with the patient in the supine position and the
hip slightly abducted and externally rotated.The lack of need
to change the position of the patient would be the greatest
advantage of these techniques when the surgery is also per-
formed in the supine position. A linear ultrasound transducer
is first placed at the inguinal crease perpendicular to the skin.
Subsequently, the transducer is tilted 40–50 degrees cranially
(Figures 1(b) and 2(b)) until a hyperechoic structure deep and
lateral to the pectineus muscle, which represents the inferior
margin of the superior pubic ramus, is seen (Figure 3(b)). In
this view, the target interfascial plane is seen deep in relation
to the pectineus muscle separating it from the obturator
externus muscle (Figure 3(b)). Using the approach described
by Anagnostopoulou et al. [17] and Taha [23], the needle
is inserted using out-of-plane ultrasound guidance without
nerve stimulation. Out-of-plane ultrasound-guided needle
insertion is essentially inferior to an in-plane technique in
terms of being able to observe the position of the needle
tip in real time [43], although Taha reported a 100% success
rate without complication using his approach in 60 patients
[23]. The approach devised by Lin et al. [42] entails in-plane
lateral-to-medial needle insertion with the same transducer
position. In-plane ultrasound guidance allows visualization
of the needle tip in real time, which may help to decrease the
risk of inadvertent vessel or nerve injury. On the other hand,

if the transducer is tilted to a significant degree, it can be dif-
ficult to align the needle insertion point with the transducer
position and see the needle and target simultaneously under
in-plane ultrasound guidance [40].

Akkaya et al. evaluated a further proximal approach in
both cadaveric and clinical studies [35]. Using that approach,
the patient is placed in the supine position and an ultrasound
transducer is introduced in the sagittal plane at the pubic
region between the femoral vein and the pubic tubercle
(Figures 1(b) and 2(c)) to visualize the superior pubic ramus,
the pectineusmuscle, and the obturator externusmuscle (Fig-
ure 3(c)). A block needle is inserted in an inferior-to-superior
direction toward the plane between the pectineus and obtu-
rator externus muscles under in-plane ultrasound guidance
using peripheral nerve stimulation. This approach has a
potential advantage contributed by in-plane ultrasound guid-
ance, that is, real-time visualization of the needle tip. How-
ever, the relatively steep angle of needle insertion required
because of the deep location of the target did not allow
good visualization of the needle under in-plane ultrasound
guidance. Further, obturator vein puncture occurred in one
patient during the clinical application portion of this study
[35]. The obturator artery and vein usually descend through
the obturator canal from the pelvic cavity; thus, using the
approach of Akkaya et al., the long axis of the transducer can
be placed parallel to these vessels just as they emerge from the
obturator canal [44, 45] (Figure 4). Even slight sliding or
tilting of transducer may result in failure to capture an object
that exists parallel to the long axis of the transducer under in-
plane ultrasound guidance because the width of ultrasound
beam is less than 1mm. We speculate that the inadvertent
puncture of an obturator vein in this study occurred because
of the positional relationship between the transducer and
vessels when this approach is used.

Most recently, Yoshida et al. have described a new
approach for proximal level ONB [31]. This approach differs
from other ultrasound-guided proximal level approaches
in that the interfascial plane between the pectineus and
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Table 1: Technical differences in ultrasound-guided obturator nerve block techniques.

Soong et al. [38]
Fujiwara et al. [39]
Sinha et al. [30]

Akkaya et al. [35] Anagnostopoulou et al. [17]
Taha [23] Lin et al. [42] Yoshida et al. [31]

Ultrasound probe orientation In-plane In-plane Out-of-plane In-plane In-plane

Transducer position Inguinal crease Pubic region Inguinal crease Inguinal
crease Medial thigh

Transducer tilt Not required Not required Required Required Not required
Needle-ultrasound beam angle Small (posterior branch) Small NA Small Large
Nerve stimulation guidance Recommended Recommended Not needed Not needed Not needed
Patient position Supine Supine Supine Supine Lithotomy
NA, not applicable.

obturator externusmuscles is seen from themedial side of the
proximal thigh (Figure 1(b)).The transducer cannot be placed
at the medial side of the proximal thigh when the patient is in
the supine positionwith the leg straight, so patients are placed
either in the lithotomy position or in the supine position
with the hip fully flexed and externally rotated. A linear
transducer is placed immediately lateral to the perineum on
the medial aspect of the thigh along the extended line of the
inguinal crease and orientated cephalad (Figure 2(d)). The
superior pubic ramus should be identified first, after which
the obturator externus muscle can be seen lying superficial
to the superior pubic ramus (Figure 3(d)). The pectineus
muscle is identified anterior (i.e., on the right hand side of an
ultrasound monitor screen) to the obturator externus muscle
and the superior pubic ramus (Figure 3(d)). A hyperechoic
thick fascia between the pectineus and obturator externus
muscles contains the obturator nerve. A needle is inserted
a few centimeters (depending on the depth of the target
fascia) cephalad from the anterior side of the transducer and
advanced in-plane with the transducer toward this fascia.
With the patient and transducer positions used in this
approach, the needle can be directed almost perpendicularly
to the ultrasound beam.Hence, this techniquewould be theo-
retically superior for achieving real-time needle visualization
when compared with other proximal approaches. A potential
disadvantage of this technique is the requirement for the
lithotomy position. However, this is not a concern in TURBT
because the surgery is performed in the same position.

Nerve stimulation guidance is not always used to perform
proximal level ONB procedures because injection of local
anesthetic into the interfascial plane between the pectineus
and obturator externus muscles, which can be easily identi-
fied using ultrasound, provides successful ONB. This inter-
fascial plane is seen as a hyperechoic thick fascia under ultra-
sound guidance, while the obturator nerve itself can also be
seen as a hyperechoic thick structurewithin this fascia.There-
fore, itmay be difficult to distinguish the nerve from the inter-
fascial plane under ultrasound guidance alone in some cases.
Because an intraneural injection within the perineurium
requires a higher injection force than one outside the per-
ineurium, it would be helpful to monitor the injection pres-
sure duringONB, especially in caseswithout peripheral nerve

stimulation, to avoid intrafascicular injection of local anes-
thetic and the concomitant risk of neurologic complications
[46–48].

Technical differences between the above-mentioned
ultrasound-guided ONB approaches are summarized in
Table 1. Potential advantages and disadvantages of these
techniques should be validated in comparative studies in the
future.

6. Issues to Be Addressed

The superiority of ultrasound-guided ONB techniques over
landmark-based ONB techniques has not yet been validated
by a prospective comparative trial, although theoretically
ultrasound guidance would improve the success rates and
safety profiles of peripheral nerve blocks. Various approaches
for ultrasound-guided ONB have been reported; however,
there has been no study comparing the advantages or dis-
advantages of these approaches in any respect (e.g., block
performance time, success rates, needle visibility under
ultrasound, and incidence of complications). The proximal
approaches for ONB would be superior to a distal approach
for reducing the minimum local anesthetic dose required to
achieve blockade and for providing successful blockade of the
hip articular branch of the obturator nerve. Nevertheless, this
is still a hypothesis that needs to be tested. Further study in
a large population would be required to assess the safety of
these techniques.

Fluoroscopy guidance was used to perform percutaneous
radiofrequency lesioning and pulsed radiofrequency treat-
ment of the obturator nerve for hip joint pain in previous
case series reports [8, 9]. These interventions could be per-
formed under ultrasound guidance using amore recent high-
performance ultrasound machine with a high-frequency
linear transducer, thereby avoiding exposure to radiation.

7. Conclusions

Various ultrasound-guided ONB techniques have been
reported and can be classified according to whether the
approach is distal or proximal. The proximal approach,
which comprises a single injection of local anesthetic into
the interfascial plane between the pectineus and obturator
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externus muscles, would be superior for reducing the min-
imum dose of local anesthetic required and for achieving
successful blockade of the obturator nerve, including the hip
articular branch, when compared with the distal approach.
Nevertheless, this hypothesis should be validated in future
studies. The pros and cons of each proximal ONB technique
also need to be evaluated in a randomized controlled trial.
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Purpose of Review. Since the original publication on the quadratus lumborum (QL) block, the technique has evolved significantly
during the last decade. This review highlights recent advances in various approaches for administering the QL block and proposes
directions for future research. Recent Findings. The QL block findings continue to become clearer. We now understand that the
QL block has several approach methods (anterior, lateral, posterior, and intramuscular) and the spread of local anesthetic varies
with each approach. In particular, dye injected using the anterior QL block approach spread to the L1, L2, and L3 nerve roots and
within psoas major and QLmuscles. Summary.TheQL block is an effective analgesic tool for abdominal surgery. However, the best
approach is yet to be determined. Therefore, the anesthetic spread of the several QL blocks must be made clear.

1. Introduction

The quadratus lumborum (QL) block was first described
by Blanco [1]. Currently, the QL block is performed as
one of the perioperative pain management procedures for
all generations (pediatrics, pregnant, and adult) undergoing
abdominal surgery [2–4]. However, disagreement regard-
ing the best approach for administering the block prevails
because of unclearmechanisms responsible for the effects and
complicated nomenclature system.

2. Ultrasound Identification of QL

After recognizing three layers of abdominal wall muscles,
transversus abdominis is traced more posteriorly until the
transversus aponeurosis appears. At this region, usually we
can find the peritoneum curves away from the muscles
from anterior to posterior and the retroperitoneal fat lies
behind the peritoneum and deep to the transversalis fascia.
The retroperitoneal fat is generally scanty above the iliac
crest and more prominent closer to the iliac crest. Tilting
the probe slightly caudal into the pelvis thus improves

the view of the retroperitoneal fat and the tapered end of
transversus aponeurosis. QL is usually identified medial to
the aponeurosis of transversus abdominis muscle [5].

3. Nomenclature (Figure 1)

Current literature on the QL block reports 4 different
approaches, with authors using varying nomenclature for
describing each block. The QL block was first described as
an ultrasound-guide “posterior” transversus abdominis plane
(TAP) block by Blanco in 2007, approximating the double-
pop TAP technique at the lumbar triangle of Petit [1, 6].
However, QL and TAP blocks are essentially different because
a posterior TAP block is, by definition, superficial to the
TAP and its aponeurosis. In a recent open forum discussion
by Blanco, the QL1 block is actually deep to the transversus
abdominis aponeurosis [7]. For QL2 block, the injection
is posterior to the QL muscle. Furthermore, the QL block
described by Børglum et al. was a transmuscular QL block
[8], where the local anesthetic is injected anteriorly between
the psoas major (PM) muscle and the QL muscle. Finally, for
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Figure 1: Anatomic view of quadratus lumborum (QL) block
(anterior, lateral, and posterior). The lateral QL block injects the
local anesthetic at the lateral to the QL muscle. The posterior QL
block injects the local anesthetic at the posterior to the QL muscle.
The anterior QL block injected the local anesthetic between the PM
muscle and the QL muscle. QL: quadratus lumborum muscle, PM:
psoas major muscle, and gray line: transversalis fascia.

(1)

(2)

(3)

Figure 2: Anatomic view of the thoracolumbar fascia (TLF). The
TLF is divided into 3 layers (anterior (1), middle (2), and posterior
(3)). QL: quadratus lumborum, ES: erector spinae, LD: latissimus
dorsi, and PM: psoas major.

the intramuscular QL block, the local anesthetic is injected
directly into the QL muscle [9, 10].

We need to know the anatomy of the tissue layers
surrounding the QL muscle, particularly the thoracolumbar
fascia (TLF, Figure 2), to understand these QL blocks [11].
The TLF is a sheet of fused aponeuroses and fascial layers
that encases the muscles of the back extending from the
thoracic to the lumbar spine and affects the spread of local
anesthetic [12]. The TLF is divided into 3 layers (anterior,
middle, and posterior) around the muscles of the back. The
anterior layer is anterior to the QL muscle. The middle layer

CranialCaudal

Iliac crest

Figure 3: Probe position for anterior QLB. The convex probe was
vertically attached above the iliac crest.

is located between the erector spinae and the QL muscle. The
posterior layer of thoracolumbar fascia encloses the erector
spinae instead of the QL muscle. The anterior layer also
blends medially with the fascia of the PM and blends laterally
with the transversalis fascia. Injection between the anterior
layer and QL can spread cranially under the lateral arcuate
ligament to the endothoracic fascia and reach the lower
thoracic paravertebral space posterior to the endothoracic
fascia [13]. As for QL2 block, recently it was disclosed that in
the areawhere themiddle lumbar fascia joins the deep lamina
of the posterior layer (paraspinal retinacular sheath) on the
lateral border of the erector spinae, a triangular structure
named the lumbar interfascial triangle (LIFT) was targeted
as the optimal point of injection for QL2 block [14]. Not only
serving as the conduit for local anesthetic spread into the
thoracic paravertebral space, TLF per se with a high-density
network of sympathetic fibers as well as mechanoreceptors
was also believed to be another main component responsible
for the effects of QL block.

It is logically and communicationally easier to name
QL blocks based on the needle tip position in relation to
QL than the publication sequence or needle trajectory [12].
Accordingly, the QL 1 block is referred to as the lateral QL
block because it involves injecting local anesthetic lateral to
the QL muscle with the spread at the junction of QL with
transversalis fascia, similar to the pattern of transversalis
fascia plane block [5]. By the same rule, the QL 2 block
is considered a posterior QL block. The transmuscular QL
block is named the anterior QL block because it involves
injecting the local anesthetic at the anterior aspect of the QL
muscle. Finally, the intramuscular QL block is referred to as
the intramuscular QL block.

4. Techniques of QL Block

4.1. Anterior QL Block. Thepatient was in the lateral position.
A low-frequency convex probe was vertically attached above
the iliac crest (Figure 3), and a needle was inserted in the
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Figure 4: Ultrasound images of anterior QLB. (a) Preinjection and (b) postinjection. QL: quadratus lumborum, PM: psoas muscle, white
arrow: needle trajectory, and white dotted line: spread of local anesthetic.

Cranial Caudal

L4L3L2

Figure 5: Probe position for subcostal QL block. A low-frequency
convex probe is placed with a transverse, oblique, and paramedian
orientation approximately 3 cm lateral to the L2 spinous process.

plane from the posterior edge of the convex probe through
theQL in an anteromedial direction (Figure 4(a)).The needle
tip was placed between the PM muscle and the QL muscle
and the local anesthetic was injected into the fascial plane.We
confirmed that the local anesthetic appeared to press down
the PM in the ultrasound image (Figure 4(b)).

Also, there is an another anterior QL block with para-
median sagittal oblique (subcostal) approach (subcostal QL
block) [13]. The patient was in the lateral position. A low-
frequency convex probe is placed with a transverse, oblique,
and paramedian orientation approximately 3 cm lateral to the
L2 spinous process (Figure 5). The needle is then inserted in-
plane from the medial side of the transducer and advanced
laterally to enter the interfascial plane between the quadratus
lumborum and psoas major muscles (Figure 6). With this
approach, we think that the psoas major muscle provides a
better protective barrier against accidental needle entry into
the peritoneal cavity than the thin transversalis fascial layer.

4.2. Lateral QL Block. The patient was in the supine position.
A high-frequency linear probe was attached in the area of

the triangle of Petit (Figure 7) until the QL was confirmed
(Figure 8(a)). The needle tip was placed at the anterolateral
border of the QL at its junction of QL with transversalis
fascia, and the local anesthetic was injected.We confirmed via
ultrasound that the local anesthetic is deep to the transversus
abdominis aponeurosis (Figure 8(b)).

4.3. Posterior QL Block. The patient was in the same supine
position as the lateral QL block (Figure 7). The patient was
occasionally supported on a pillow to create space under
the patient’s back to be able to move a low-frequency
convex probe freely. The posterior aspect of the QL muscle
was confirmed, and the needle tip was inserted into this
aspect of the QL muscle (Figure 9(a)). The local anesthetic
was then injected into the LIFT behind the QL muscle
(Figure 9(b)).

4.4. Intramuscular QL Block. Thepatient was also in the same
supine position as the lateral QL block (Figure 7), and a high-
frequency linear probe was placed slightly cephalad to the
iliac crest. The needle tip was advanced until it penetrated
the fascia and was inserted into the QLmuscle (Figure 10(a)).
Test injection was initially administered to verify that the
local anesthetic spreads within the QL muscle (Figure 10(b)).
Finally, the local anesthetic spread reaching any area between
the fascia and the muscle will predict a successful block [10]
(Figure 10(c)).

We also recommend adding pressure monitors to avoid
possible intrafascicular spread during administration of these
blocks [15]. This is especially important for anterior and
lateral QL blocks, because nerves are located anterior to the
QL where the needle tip will be placed (Figure 1). Another
reason for adding the half-the-air pressure monitor is to
reduce the risk of local anesthetic systemic toxicity (LAST)
and at the same time save the local anesthetic when the
block site is deep with rich vascularity [16] and needs test
injection to confirm the correct spread in the interfascial
plane [17], such as the deep anterior QL block involving the
thoracolumbar fascia through which vessels exit from the
paravertebral space [14].



4 BioMed Research International

QL

Anterior Posterior

PMK

(a)

QL

Anterior Posterior

K
PM

(b)

Figure 6: Ultrasound images of subcostal QL block. (a) Preinjection and (b) postinjection. QL: quadratus lumborum, PM: psoas muscle,
white arrow: needle trajectory, and white dotted line: spread of local anesthetic.
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Figure 7: Lateral QL block. A high-frequency linear probe was
attached in the area of the triangle of Petit. EO: external abdominal
oblique; LD: latissimus dorsi; black arrow: the triangle of Petit.

5. Spread of QL Block

A MRI investigation comparing the posterior QL block and
the lateral QL block showed that the posterior QL block
had spread more than the lateral QL block. Further, the
posterior QL block provided a more predictable spread of
the local anesthetic into the paravertebral space [3]. However,
the calculated volume reaching the paravertebral space was
still too small for QL2 block; thus the role of spread into
the thoracolumbar plane was considered another synergistic
pathway to achieve the effect [14].

Carline et al. investigated the spread of the dye and
nerve involvement after 4 anterior, 3 lateral, and 3 posterior
QL blocks using an ultrasound-guided technique in soft
embalmed cadavers [18]. They injected 20ml of dye solution

for each QL block. The anterior QL block consistently dyed
lumbar nerve roots and sometimes nerves within the TAP.
The posterior and lateral QL blocks nearly dyed within the
TAP, the subcutaneous tissue surrounding the abdominal
flank, and into the deep muscles of the back. However the
results (especially from the posterior and lateral QL blocks)
lack credibility because they were only performed on a few
soft embalmed cadavers.

There is no study reporting the dye spread in the intra-
muscular QL block. Because the injection is intramuscular,
the local anestheticmay stay within theQLmuscle.Watanabe
et al. reported a case undergoing the intramuscular QL block
where the spread of the local anesthetic was confirmed by
using a fluoroscopy. According to this case, 15mL of the total
radiocontrast injected into the QL muscle remained within
the QL muscle [19].

To better assess the mechanism of the several QL blocks,
we must simultaneously perform the dye spread study of the
4 different approaches in many soft embalmed cadavers.

6. Analgesia (Table 1)

Both the needle trajectory and needle tip position are deemed
relevant regarding the spread of local anesthetic after different
approaches of QL blocks [12]; thus it is of paramount
importance to compare and analyze their analgesic levels,
respectively.

The lateral and posterior QL blocks may play a role in
conventional perioperative pain management for abdominal
surgery [3, 18]. Because the local anesthetic injected via
the approach of the posterior QL block can more easily
extend beyond the TAP to the thoracic paravertebral space
or the thoracolumbar plane [3, 14], the posterior QL block
entails a broader sensory-level analgesic than the lateral QL
block. Some clinical case studies of patients with caesarean
section, gastrostomy, laparoscopy, colostomy, pyeloplasty,
and myocutaneous flap surgery showed that the lateral and
posterior QL blocks may generate analgesia fromT7 to L1 [2–
4, 9, 10, 19–22].
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Figure 8: Ultrasound images of lateral QLB. (a) Preinjection and (b) postinjection. EO: external oblique muscle, IO: internal oblique muscle,
TA: transversus abdominis, QL: quadratus lumborum, white arrow: needle trajectory, and white dotted line: spread of local anesthetic.
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Figure 9: Ultrasound images of posterior QLB. (a) Preinjection and (b) postinjection. EO: external oblique muscle, IO: internal oblique
muscle, TA: transversus abdominis, QL: quadratus lumborum,white arrow: needle trajectory, andwhite dotted line: spread of local anesthetic.
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Figure 10: Ultrasound images of intramuscular QLB. (a) Preinjection, (b) test injection, and (c) postinjection. EO: external oblique muscle,
QL: quadratus lumborum, white arrow: needle trajectory, and white dotted line: spread of local anesthetic within (b) or in between (c).

Table 1: Multidimensional comparison regarding different approaches.

Approach Analgesia Technique Safety Reference
Anterior
(subcostal)

T10 to L4
(T6-7 to L1-2) Difficult Not dangerous Børglum et al. [8]

(Elsharkawy [13])
Posterior T7 to L1 Not easy Safe Blanco et al. [3]
Lateral T7 to L1 Not easy Not dangerous Blanco et al. [3]
Intramuscular T7 to T12 Easy Safe Murouchi et al. [8, 9]
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For the anterior QL block, the local anesthetic is injected
between the PM muscle and the QL muscle. Considering
the branches of lumbar plexus nerves run between the PM
and the QL, the anterior QLB may play a role in analgesia
not only for the trunk but for the lower extremities as well
[23]. A dye injection study showed that the anterior QL
block consistently dyed lumbar nerve roots and sometimes
nerves within the TAP. Therefore, the anterior QL block may
generate analgesia from T10 to L4 [18]. For the subcostal QL
block (subtype of anterior QL block), the local anesthetic
injected anterior to the QL between the QL muscle and
the anterior layer of the thoracolumbar fascia observed the
spread in cephalad direction close to the T12 rib with anterior
displacement of the anterior layer of thoracolumbar fascia.
This produces reliable dermatomal coverage from T6-T7 to
L1-2 [13].

The intramuscular QL block [9, 10], which involves
injection of the local anesthetic directly into the QL muscle,
has recently been disclosed. Murouchi et al. reported that,
after the lateral QL block, the sensory effects evaluated using
a cold test may demonstrate analgesia from T7 to T12 [9].
We consider that the intramuscular QL block is an effective
block for lower abdominal surgery such as laparoscopy and
femoral-femoral bypass [19].

7. Discussion

Since the first description of the QL block about 10 years ago
[1], several QL blocks have been reported [1, 7–10, 13, 14].
The QL block cannot generate anesthesia without additional
procedures. We do not know whether each QL block relieves
complete somatic and visceral pain; hence we recommended
QL block as an add-on block to reduce the requirement of
general anesthetic intraoperatively or it could be used as the
main component of multimodal analgesia postoperatively.
Though the anterior and posterior QL blocks may spread the
local anesthetic into the paravertebral space, the full scope of
spread from each of the four blocks is not clear [3, 18]. To
further understand the mechanisms of the several QL blocks,
we must perform dye injection study simultaneously using
each approach in many soft embalmed cadavers and assess
the spread using multiple modalities.

Variable volumes of local anesthetic in regard to each QL
block were reported. We are unsure regarding the adequate
volume needed to accomplish the block. However, consid-
ering previous reports [9, 18], at least 20mL of the local
anesthetic at one site may be required. Because of the large
volume, it is important to confirm the safety of the block to
avoid LAST. Murouchi et al. measured the local anesthetic
concentration after the intramuscular QL block [9]. A total
of 150mg of ropivacaine (0.375%, 20mL per side) was
administered bilaterally. After administration, arterial ropi-
vacaine levels were measured using high-performance liquid
chromatography with carbamazepine [9]. The ropivacaine
concentration was less than 2.2 𝜇g/mL, which represented
the arterial and venous threshold values of systemic toxicity
[24]. Therefore, the injection of the QL block with 150mg
of ropivacaine may be safe. However, immediate transfer
to the ward after QL block should be avoided, because the

ropivacaine peak was observed around 30 to 60 minutes after
the QL block [9].

There were a few randomized trials for the QL block.
Murouchi et al. compared the intramuscular QL block with
the lateral TAP block for laparoscopic surgery. Compared
with the TAP block, QL block resulted in a widespread
and long-lasting analgesic effect after laparoscopic ovarian
surgery [9]. Blanco et al. compared the spinal anesthesia
in addition to either the anterior or posterior QL block
versus using only spinal anesthesia for caesarean sections
[3]. The QL block after caesarean section was effective and
provided satisfactory analgesia in combination with a typical
postoperative analgesic regimen. In addition, Blanco et al.
also compared the posterior QL block with the TAP block,
where the posterior QL block was found more effective in
reducing morphine consumption and demands than TAP
block up to 48 hours postoperatively [14]. The QL block
needs to be compared with other modalities to further prove
its superiority and safety against others, such as epidural
analgesia or the rectus sheath block.

In the present circumstances, the posterior, lateral, and
intramuscularQLblocks are an effective analgesicmethod for
abdominal surgery, particularly effective for lower abdominal
surgery [3, 18]. From the viewpoint of safety and technique
(Table 1), the intramuscular QL block may be an easier
QL block for novice. Compared with these QL blocks, the
anterior QL block may be an effective analgesia for the lower
extremity surgery as well as the abdominal surgery.

There were no studies reporting complications after the
QL block. Compared with the TAP block, some QL blocks
are deep nerve blocks. Therefore, we must watch sites for
infection, blood hematoma, and organ injuries [25, 26]. In
particular, the anterior QL block is a deeper nerve block
compared with the lateral and posterior QL block. From
described above, consensus for the indications regarding each
QL block should be achieved as soon as possible and our
review could provide a comprehensive suggestion ready on
the way.

8. Conclusion

The QL block is an effective analgesic tool for abdominal
surgery and perhaps lower extremity. However, the best
approach needs further validation and should be tailored to
fit specific surgery whenever possible. Therefore, this review
aims to make clear criteria to assess the performance of each
QL block in comprehensive aspects, which facilitates future
study design, provides the most updated knowledge, and
contributes to the advances of techniques in deep regional
blocks.
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