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ABSTRACT

Background and objectives Ultrasonography of the
brachial plexus (BP) has been described but there are
limited data on visualization of the T1 ventral ramus and
the inferior trunk. This prospective observational study
aimed to evaluate a high definition ultrasound imaging
technique to systematically identify the individual
elements of the BP above the clavicle.

Methods Five healthy young volunteers underwent
high definition ultrasound imaging of the BP above

the clavicle. The ultrasound scan sequence (transverse
oblique scan) commenced at the supraclavicular fossa
after which the transducer was slowly swept cranially to
the upper part of the interscalene groove and then in the
reverse direction to the supraclavicular fossa. The unique
sonomorphology of the C7 transverse process was used
as the key anatomic landmark to identify the individual
elements of the BP in the recorded sonograms.

Results The neural elements of the BP that were
identified in all volunteers included the ventral rami of
C5-T1, the three trunks, divisions of the superior trunk,
and formation of the inferior trunk (C8-T1). The C6
ventral ramus exhibited echogenic internal septation with
a split (bifid) appearance in four of the five volunteers.
In three of the four volunteers with a bifid C6 ventral
ramus, the C7 ventral ramus was also bifid.

Conclusion We have demonstrated that it is feasible
to accurately identify majority of the main components
of the BP above the clavicle, including the T1 ventral
ramus and the formation of the inferior trunk, using high
definition ultrasound imaging.

Trial registration number ChiCTR1900021749.

INTRODUCTION

Interscalene brachial plexus block (BPB) is
frequently used for anesthesia or analgesia during
shoulder surgery, and today it is widely performed
using ultrasound guidance." During an ultrasound
guided (USG) interscalene BPB, the neural elements
of the brachial plexus (BP) are imaged in the trans-
verse (axial) oblique plane! and in the upper part of
the “interscalene groove.”' > The neural elements
are visualized as three round to oval hypoechoeic
structure,’™ each surrounded by a thin hypere-
choeic rim® and sandwiched between the scalenus
anterior and scalenus medius muscles.'™ A recent
report’ drew attention to the lack of consensus
on the identity of the hypoechoeic nerves in a
transverse oblique sonogram of the interscalene
groove.* They have been described variably by

different authors as the “roots,”>™® “nerve roots,””

, Jatuporn Pakpirom, Banchobporn Songthamwat,

»10 11 “ventral ramus,”ll 13

“brachial plexus root,

“BP elements or components,” ® “trunks,”* '* or
even as the “nerve roots and trunks”® of the BP
Others have also labeled all five elements of the BP
(C5-T1) in a single sonogram of the neck.®” 1% As
a result, there are several reports highlighting the
possible “mislabeling” or “misidentification” of the
nerves within the interscalene groove in published
images.'® I Moreover, Franco and Williams* have
recently demonstrated in cadavers that the “stop-
light sign,”* that is often used to describe the three
hypoechoeic elements of the BP within the inter-
scalene groove,'™ is made up of only two roots of
the BP (C5 and C6) and there is no contribution
from the C7 root. Franco and Williams’s* finding
may have implication for safety during USG inter-
scalene BPB, particularly inadvertent intraneural
injection of the Cé6 root of the BB, if the operator
is unable to accurately identify the splitting of the
C6 root.* Furthermore, recently selective “anterior
suprascapular nerve block”'® and “superior (upper)
trunk block”"” have been described as alternatives
to interscalene BPB for shoulder surgery. Therefore,
for safety and efficacy, it is desirable that every prac-
titioner of USG interscalene BPB is able to accu-
rately identify the individual elements of the BP
above the clavicle. Currently, there are numerous
reports on ultrasound imaging of the BR*37 7 1112
and how to accurately identify the ventral rami of
C5-C7,2 121819 byt there is a paucity of data on
ultrasound imaging of the ventral rami of C8 and
T1.'° " 1 There are also reports suggesting that
ultrasound imaging of the T1 ventral ramus is not
possible.” * The aim of this study was to evaluate
a high definition ultrasound imaging technique,
using scan planes that are typically used during
USG BPB,'? to systematically identify the individual
elements of the BP above the clavicle including the
ventral rami of C8 and T1 and formation of the
inferior trunk.

METHODS

Five young adult volunteers who gave written
informed consent to undergo unilateral (right sided)
ultrasound examination of the BP were included.
Volunteers who were obese, had a short neck or had
previous surgery on the neck were excluded. All
ultrasound scans were performed by a single inves-
tigator (MKK) using a high definition Philips iU22
ultrasound system (Philips Healthcare, Andover,
Massachusetts) with a high-frequency (L12-5 MHz,
50 mm footprint) linear array transducer. Volun-
teers were positioned supine, with the arm in the
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Figure 1  (A) Transverse oblique sonogram of the brachial plexus at
the supraclavicular fossa. The trunks and division of the brachial plexus
are visualized as a cluster of nerves on the posterolateral aspect of the
subclavian artery. (B) Position of patient and ultrasound transducer
during the scan. IT, inferior (lower) trunk; MT, middle trunk; SA, scalenus
anterior; ScA, subclavian artery; SCM, sternocleidomastoid muscle;ScV,
subclavian vein; ST, superior (upper) trunk.

neutral position, neck slightly extended and the head turned
slightly to the contralateral side, for the ultrasound scan. The
ultrasound image was optimized by selecting the most appro-
priate frequency, depth, focus, gray scale map, gain (time gain
compensation) and dynamic range settings. “Write zoom” was
also used because it produces greater line density, faster screen
refresh rate, and an overall improved resolution of the “area of
interest.” Optimized ultrasound images of the individual ventral
ramus (roots), trunks, and divisions of the BP were captured
digitally, on to the hard disc of the ultrasound system, as a short
video loop (6 s each) for review.

The ultrasound scan sequence

The ultrasound scan was performed sequentially over seven
contiguous sites (figures 1-7) starting from the base of the neck
(supraclavicular fossa) to the upper part of the interscalene
groove and then in the reverse direction to the supraclavicular

Figure 2 (A) Transverse oblique sonogram of the neck at the level of
the C7 transverse process. Note the C7 transverse process has only one
tubercle (ie, the posterior tubercle). The anterior tubercle is either absent
or rudimentary. Note the C6 ventral ramus is split (bifid) and there is a
muscular slip that connects the scalenus anterior and scalenus medius
muscle and separates the C6 and C7 ventral rami. (B) Position of patient
and ultrasound transducer during the scan. CA, carotid artery; 11V,
internal jugular vein; SA, scalenus anterior;SCM, sternocleidomastoid
muscle; SM, scalenus medius muscle; TP, transverse process; VA,
vertebral artery;VR, ventral ramus.

twn: Pason and Tomsdeco

Figure 3  Figure 3(A) Color Doppler sonogram of the neck at the
level of the C7 transverse process. Note the C7 ventral ramus is located
lateral to the vertebral artery and anterior to the C7 transverse process.
(B) Position of patient and ultrasound transducer during the scan. CA,
carotid artery; 1)V, internal jugular vein; SA, scalenus anterior muscle;
SCM, sternocleidomastoid muscle;SM, scalenus medius muscle; TP,
transverse process; VA, vertebral artery; VR, ventral ramus.

fossa. This was done to ensure consistency and to better define
the contiguous anatomy of the BP nerves at the target sites.
Liberal amount of ultrasound gel was applied to the skin for
acoustic coupling and the ultrasound scan was commenced at the
supraclavicular fossa. Once the ultrasound image was optimized,
the transducer was slowly manipulated cranially with a sweeping
motion, following the BP nerves, to the upper part of the inter-
scalene groove and then slowly back down to the supraclavicular
fossa. During the ultrasound scan, the orientation of the ultra-
sound transducer changed from being transverse oblique with a
caudal angulation at the supraclavicular fossa (figure 1) to trans-
verse (axial) oblique at the lateral aspect of the neck (figures 2-7)
and then transverse oblique with a caudal angulation once again
at the supraclavicular fossa (figure 1). The position and orien-
tation of the ultrasound transducer at each location during the
ultrasound scan sequence is illustrated in figures 1-9.
Ultrasound imaging of the BP above the clavicle is an extra-
foraminal examination® ° and after the “cervical spinal nerves”

Figure 4 (A) Transverse oblique sonogram of the neck at the level

of the C6 transverse process (TP). The outlines of the anterior (*) and
posterior (+) tubercles of the TP have been highlighted in the sonogram.
Note the prominent anterior tubercle and the hypoechoeic C6 ventral
ramus emerging between the two tubercles of the C6 TP. The smaller

C5 ventral ramus is visualized cephalad to the C6 ventral ramus.

(B) Position of patient and ultrasound transducer during the scan.

SA, scalenus anterior muscle; SCM, sternocleidomastoid muscle;SM,
scalenus medius muscle; VR, ventral ramus.
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Figure 5 (A) Transverse oblique sonogram of the neck at the level

of the C5 transverse process (TP). The outlines of the anterior (*) and
posterior (+) tubercles of the TP have been highlighted in the sonogram.
Note the hypoechoeic C5 ventral ramus emerging between the two
tubercles of the C5 TP. (B) Position of patient and ultrasound transducer
during the scan. CA, carotid artery; DSN, dorsal scapular nerve; 1}V,
internal jugular vein; LTN, long thoracic nerve; SA, scalenus anterior
muscle; SCM, sternocleidomastoid muscle;SM, scalenus medius muscle;
VR, ventral ramus.

have emerged from the intervertebral foramen.’> Therefore,
ultrasound imaging cannot depict the “cervical nerve roots”
because they are located deep within the spinal canal and not
amenable to ultrasound due to acoustic shadowing by bone.? So
in order to avoid confusion between the terms “root of the BP”
with the “cervical nerve root,” we will henceforth refer to the
“roots of the BP” as the “ventral ramus” in this report.

The ultrasound scan sequence included the following steps:
Step I: the ultrasound transducer was placed directly cranial to
the midpoint of the clavicle with its orientation marker directed
laterally (outward). The aim was to visualize the subclavian
artery on top of the first rib with the BP (trunks and division)
appearing as a “cluster-of-grapes”'* on the posterolateral aspect
of the subclavian artery (Figure 1, online supplementary digital
content 1). In order to obtain the best possible view of the BP,
the ultrasound transducer was also gently tilted caudally as
described above (figure 1).>® Step II: the transducer was then

Figure 6 (A)Transverse oblique sonogram of the neck at the level
where the superior trunk (C5-C6) is formed by fusion of the C5 and C6
ventral rami. Note the relationship of the middle trunk and C8 ventral
ramus (deep and caudal) to the superior trunk. The C8 ventral ramus is
also located on top of the T1 transverse process and first rib complex.
Also note the muscular slip lying deep to the scalenus anterior muscle
and passing between the middle trunk and C8 ventral rami. (B) Position
of patient and ultrasound transducer during the scan. SA, scalenus
anterior; SM, scalenus medius; VR, ventral ramus.
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Figure 7  (A)Transverse oblique sonogram of the neck illustrating the
divisions of the superior trunk. Note the “SPA arrangement” of the three
divisions of the superior trunk, suprascapular nerve, posterior division
and anterior division, from a lateral to medial direction. (B) Position of
patient and ultrasound transducer during the scan. MT, medial trunk; SA,
scalenus anterior muscle; ScA, subclavian artery;SM, scalenus medius
muscle; SSN, suprascapular nerve; STa, anterior division of superior
trunk; STp, posterior division of the superior trunk;VR, ventral ramus.

slowly manipulated cranially with a sweeping motion until the
transverse process (TP) of C7 was identified (Fig. 2, online
supplementary digital content 2). The TP of C7 is typically large,
has a very prominent posterior tubercle, and its anterior tubercle
is either absent or rudimentary.!’ The unique sonomorphology
of the C7 TP was used as the key anatomic landmark,'" to iden-
tify the individual neural elements of the BP in the recorded
sonograms. The ventral ramus of C7 is typically located on the
anterior surface of the C7 TP (figure 2). Color or Power Doppler
ultrasound was also used to visualize the vertebral artery and
to differentiate it from the C7 ventral ramus (Fig. 3, online

Figure 8 lllustration showing how the ultrasound transducer is
angled and sweeped caudally during the transverse oblique scan at the
base of the neck to visualize the C8 and T1 ventral rami and their fusion
to form the inferior trunk. Note how the T1 ventral ramus emerges
from under the first rib and joins the C8 ventral ramus more anteriorly
and on top of the first rib. Also note the position of the C8 ventral
ramus relative to the T1 transverse process and first rib complex. Each
individual colored pane in the figure represents the position of the
ultrasound beam (plane) and the neural elements that are visualized

in the sonogram at each level. IT, inferior trunk; MT, medial trunk;ST,
superior trunk;TP, transverse process; VR, ventral ramus.

346 Karmakar MK, et al. Reg Anesth Pain Med 2020,45:344-350. doi:10.1136/rapm-2019-101089

1ybuAdoo Aq pardalold "Adelayl ured pue eisayisaeuy
reuoifay jo A19100S ueadoing 1e TZog ‘ZT Areniga- uo jwod lwg wdel/:dny wol) papeojumod 020z Arenigad Gz uo 680T0T-6T0Z-Wdel/9eTT 0T Se paysiignd 1siiy :pajn ured yisauy bay


https://dx.doi.org/10.1136/rapm-2019-101089
https://dx.doi.org/10.1136/rapm-2019-101089
https://dx.doi.org/10.1136/rapm-2019-101089
https://dx.doi.org/10.1136/rapm-2019-101089
https://dx.doi.org/10.1136/rapm-2019-101089
http://rapm.bmj.com/

Original research

Figure 9 (A)Transverse oblique sonogram of the base of neck
showing the T1 ventral ramus emerging from under the first rib and
coming to lie next to the C8 ventral ramus. (B) Position of patient and
ultrasound transducer during the scan.MT, middle trunk; SA, scalenus
anterior muscle;ScA, subclavian artery;SCM, sternocleidomastoid
muscle; ScV, subclavian vein;SM, scalenus medius muscle; SSN,
suprascapular nerve; STa, anterior division of superior trunk; STp,
posterior division of superior trunk; VR, ventral ramus.

supplementary digital content 2). Step IIl: the transducer was
then slowly swept further cephalad, but maintaining the same
orientation as in step 2 (transverse oblique), until the large C6
TP with its characteristic prominent anterior (carotid or Chas-
saignac) tubercle was visualized (Fig. 4, online supplementary
digital content 3).!' The C6 ventral ramus is located between
the anterior and posterior tubercles of the C6 TP (figure 4).
The C6 ventral ramus was traced back and forth to identify
any sonographic evidence of intraneural septation or splitting
(Figure 2, online supplementary digital content 4).* ' % Szep IV:
from the above position, the ultrasound transducer was manipu-
lated further cephalad, maintaining the same transverse oblique
orientation, until the much smaller C5 TP with its hyperechoeic
anterior and posterior tubercles were delineated (figure 5). The
much smaller C5 ventral ramus is visualized between the two
tubercles of the C5 TP (Fig. 5, online supplementary digital
content 4). Step V: from the level of the C5 TP the ultrasound
transducer was slowly manipulated in the reverse direction, that
is, caudally towards the C6 TP (figure 4). During this maneuver,
attention was focused on the CS ventral ramus'® and it was
closely tracked caudally until it was seen to fuse with the C6
ventral ramus to form the superior (upper, C5-C6) trunk'®'” '¥
(Fig. 6, online supplementary digital content 5). The two round
to oval hypoechoeic structures located deep and caudal to the
superior trunk, that is, the middle trunk (continuation of the C7
ventral ramus), and the C8 ventral ramus (located on top of the
T1 TP and first rib complex),'* "* were then identified (Fig. 6,
online supplementary digital content §). Thereafter, the trans-
ducer was slowly swept further caudally until the origin of the
suprascapular nerve and the divisions of the superior trunk into
its posterior and anterior divisions were visualized* % (Fig. 7,
online supplementary digital content 5). Step VI: identification
of the branches of the superior trunk was based on the “SPA”
arrangement, of the branches of the superior trunk, described
by Hanna.?® This refers to the sequential arrangement, from
cranial and posterior to caudal and anterior, of the suprascapular
nerve (S), posterior (P), and anterior (A) divisions of the superior
trunk.?® As the orientation of the ultrasound transducer grad-
ually became more tilted caudally, the acoustic shadow of the
neck of the first rib disappeared posteriorly and the C8 ventral
ramus was seen to lie medial to the inner border of the first

Figure 10 A sequence of transverse oblique sonograms, from a single
volunteer, illustrating the formation of the inferior trunk (C8-T1). (A)
T1 ventral ramus as it emerges from under the first rib, (B-E) how the
T1 ventral ramus joins the C8 ventral ramus to form the inferior trunk,
(F) position of the inferior trunk at the “corner pocket.” Once the T1
ventral ramus is identified, the sequence of transducer movement, to
visualize the fusion of the C8 and T1 ventral rami to form the inferior
trunk, involves a slow sliding back and forth sweeping motion while
focusing on the T1 ventral ramus. IT, inferior trunk; MT, middle trunk;
ScA, subclavian artery; SM, scalenus medius; SSN, suprascapular nerve;
ST, superior trunk; STa; anterior division of superior trunk; STp, posterior
division of superior trunk; VR, ventral ramus.

rib and adjacent to the dome of the pleura/lung (Fig. 7, online
supplementary digital content 6). Step VII: from the above posi-
tion, the ultrasound transducer was gently tilted further caudally
with a slow sweeping motion and a gradually increasing angle
(figure 8) until the T1 ventral ramus was seen to emerge from
under the first rib and come to lie next and caudal to the C8
ventral ramus (Fig. 9, online supplementary digital content 6).
From this position, the ultrasound transducer was manipulated
with a gentle sliding back and forth sweeping motion (figure 8)
to visualize the fusion of the C8 and T1 ventral rami to form
the inferior (lower, C8-T1) trunk (Fig. 10, online supplementary
digital content 6) and come to lie lateral to the subclavian artery
on top of the first rib.>

RESULTS

Ultrasound imaging of the BP was successfully performed
above the clavicle in all five volunteers (gender, three male, two
female; age, 36-44 years; weight, 49-60 kg; height, 154-170
cm; body mass index, 19.2-20.8 kg/m?; and ASA, I) using the
technique described above. The neural elements of the BP that
were visualized in all volunteers included the ventral rami of
C5-T1, the three trunks (superior, middle, and inferior), origin
of the suprascapular nerve from the superior trunk, divisions
of the superior trunk, and formation of the inferior trunk (C8-
T1) (figures 1-12, online supplementary digital content 1-8).
We were unable to delineate the divisions of the middle and
inferior trunk in any of our volunteers. At the supraclavicular
fossa, the neural elements were visualized as a cluster of round
to oval hypoechoeic structures located on the posterolateral
aspect of the pulsatile subclavian artery and on top of the first
rib (figure 1). The C7 ventral ramus was visualized as a round
to oval hypoechoeic structure lying anterior to the C7 TP and
lateral to the vertebral artery (figure 2). The C5 (figure 5) and
Cé6 (figure 4) ventral rami were also round to oval hypoechoeic
structures and seen to emerge between the anterior and poste-
rior tubercles of their respective TPs. The C6 ventral ramus
also exhibited echogenic internal septation with a frankly split
(bifid) appearance in four of the five volunteers (Fig. 2, online
supplementary digital content 7). In three of the four volunteers
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Figure 11 lllustration depicting how the elements of the brachial
plexus were visualized during the ultrasound scan in this study. BPS,
brachial plexus sheath; ISG, interscalene groove; IT, inferior trunk; MT,
middle trunk; MTa, anterior division of the middle trunk; MTp, posterior
division of the middle trunk; PN, phrenic nerve; SA, scalenus anterior;
SAM, serratus anterior muscle; ScA, subclavian artery; ScV, subclavian
vein; SM, scalenus medius; SSN, suprascapular nerve; ST, superior
trunk; STa; anterior division of superior trunk; STp, posterior division of
superior trunk; TCA, transverse cervical artery; VR, ventral ramus.

with a bifid C6, the ventral ramus of C7 was also bifid (online
supplementary digital content 7). The C5 and Cé6 ventral rami
fused to form the superior trunk (figure 5) after which it gave
off the suprascapular nerve laterally and split into its posterior
and anterior divisions (figure 7). The middle trunk, which is the
continuation of the C7 ventral ramus, was seen lying deep to the
superior trunk and within the interscalene groove (figure 6). The
C8 ventral ramus was identified deep to the middle trunk and
lying on top of the T1 TP and first rib complex (Fig. 6, supple-
mental digital content 5 and 6). The T1 ventral ramus was seen
to emerge from under the first rib, initially lying inferior to the
C8 ventral ramus posteriorly (figure 9), after which the C8 and
T1 ventral rami fused to form the inferior (lower) trunk more
anteriorly (Fig. 10, online supplementary digital content 6) and
came to lie lateral to the subclavian artery at the “corner pocket”
(figure 10F). We did not observe any internal septation or split-
ting of the C8 and T1 ventral ramus. The interscalene groove
was partitioned by invagination of the scalenus anterior muscle
between the C5 and C6 ventral rami (in two of five volunteers),
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Figure 12 Transverse oblique sonogram at the level of the C7
transverse process demonstrating internal septation and splitting of the
C6 and C7 ventral rami. Also note the thick muscular slip separating

the C6 and C7 ventral rami and connecting the scalenus anterior and
medius muscle. CA, carotid artery;1JV, internal jugular vein; SA, scalenus
anterior muscle; SCM, sternocleidomastoid muscle; SM, scalenus medius
muscle; VA, vertebral artery; VR, ventral ramus;VV, vertebral vein; TP,
transverse process.

or by muscular slips between the scalenus anterior and medius
muscles (online supplementary digital content 8). The later was
also seen to separate the C6 and C7 ventral rami (in four of five
volunteers), or the middle trunk and C8 ventral ramus (in one
of five volunteers).

DISCUSSION

This study aimed to evaluate a high definition ultrasound imaging
technique, using scan planes typically used during USG BPB,*®
to systematically identify the individual elements of the BP above
the clavicle. Using the scan sequence described, we were able
to identify the C5-T1 ventral rami, the three trunks (supe-
rior, middle, and inferior), divisions of the superior trunk and
formation of the inferior trunk (C8-T1) in all five volunteers.
Currently, there are numerous reports of ultrasound imaging of
the BR*?° 77 11218 byt we believe this is the first report to
comprehensively demonstrate majority of the main components
of the BP above the clavicle including the T1 ventral ramus and
formation of the inferior trunk (C8-T1).

Being able to visualize the C5-T1 ventral rami in all volun-
teers is in agreement with published data demonstrating that it
is feasible to sonographically identify the C5-C8 ventral rami
in majority (C5—-C7 in 100% and C8 in 80%-100%)'" 131 of
individuals using a transverse oblique scan,'* ' ¥ but contradicts
assertions that it is not feasible to image the T1 ventral ramus
because of its deep location,’ ? interposition of the neck of the
first rib over the T1 intervertebral foramen,” and limited trans-
ducer access.’ In this study, the T1 ventral ramus was visualized
using a transverse oblique scan with a caudally angled (approxi-
mately 30—40°) transducer (Fig. 9, online supplementary digital
content 6)."" We believe the caudal angulation overcomes the
acoustic shadow of the neck of the first rib by aligning the ultra-
sound beam with the T1 ventral ramus after it has emerged from
underneath the neck of the first rib (figure 8). Accurate identifi-
cation of the individual ventral rami is desirable because it allows
accurate injection of the C5 and Cé6 ventral ramus during an
interscalene BPB, or selectively perform a superior trunk block,'”
for shoulder surgery. Furthermore, targeted injections of the T1
ventral ramus and or the inferior trunk (C8-T1) may circumvent
inferior trunk or ulnar nerve sparing during an interscalene® or
supraclavicular® BPB. Future research to evaluate the safety and
efficacy of such targeted injection of the T1 ventral ramus and or
the inferior trunk is warranted.

The septation and splitting (bifid appearance) of the C6 and
C7 ventral rami that we observed is in agreement with previous
reports’ 1% 12 and confirms the multifascicular (two to seven
fascicles per ventral rami) internal architecture of these nerves.*
Our finding also supports previous claims that all hypoechoeic
nodules within the interscalene groove does not represent a
single ventral ramus.” Therefore, the “stoplight sign”™ may
only represent two nerves (C5-C6-C6).* ' We also concur with
Franco and Williams’s™ that an injection between the two fascic-
ular bundles of the bifid C6 ventral ramus, during an intersca-
lene BPB, may represent an intraneural injection. Furthermore,
if both the C6 and C7 ventral rami are bifid, as in some of our
volunteers (Fig 12, online supplementary digital content 7),
then the five elements of the BP that are stacked one on the
other within the interscalene groove represents only three nerves
(C5-C6-C6-C7-C7) and not all the five ventral rami (C5-T1)
of the BP. Observations like these underscore the clinical impor-
tance of performing a systematic ultrasound examination of the
BP before an interscalene BPB. Since there are potential safety
issues with interscalene BPB in patients with a split C6é ventral
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ramus, it may be prudent to perform the less aggressive “peri-
plexus” injection technique than the more-aggressive “intra-
plexus” injection technique for interscalene BPB** since the
resultant block dynamics are comparable.?*

The most common arrangement of the three trunks within
the interscalene groove in our volunteers, in a cranial to caudal
direction, was the superior trunk-middle trunk-C8 ventral ramus
with the latter lying on top of the T1 TP and first rib complex
(figures 6 and 11).'® The inferior trunk was always identified
distal to the C8 ventral ramus and at the “corner pocket” of
the supraclavicular fossa (figure 10). Accurate identification
of all three trunks of the BP may allow selective injection of
these nerves to produce surgical anesthesia of the entire upper
extremity, except for the intercostobrachial nerve (T2) territory,
which is otherwise not possible with any single BPB technique
in use today. Previous researches have addressed this dilemma
using a combination of BPB techniques® ** but with relatively
large volumes of local anesthetics (40-50 mL). Our preliminary
experience with USG “selective trunk block,” for surgical anes-
thesia of the entire upper extremity, and using smaller volumes
of local anesthetic (25 mL) has been very encouraging and our
results will be reported shortly.

The suprascapular nerve emerged from the lateral aspect
of the superior trunk after which the superior trunk split into
its two divisions. Being able to accurately identify the supe-
rior trunk and the suprascapular nerve is encouraging because
selective “superior trunk block”'” and “anterior suprascapular
nerve block”'® are non-inferior,'® '’ but phrenic nerve sparing,'’
alternatives to interscalene BPB for postoperative analgesia after
shoulder surgery. There is controversy about the anatomical
arrangement of the two divisions of the superior trunk. Most
standard anatomy textbooks and published literature depict the
branches and divisions of the superior trunk in the following
order from cranial to caudal: suprascapular nerve, anterior
division, and posterior division (figure 8).° 7 However, recent
research in cadavers® 2° has shown that they are consistently
arranged as suprascapular nerve, posterior division, and anterior
division*** and hence the acronym “SPA.”*° One may argue that
it is a matter of semantics for anesthesiologists as to which of the
two division of the superior trunk in the sonogram is the ante-
rior or posterior division since we rarely attempt to block them
individually or selectively. However, Hanna?® discusses that it
is imperative for surgeons performing neurotization (nerve
transfer) surgery to correctly identify these divisions since these
three nerves are frequent targets for BP repair.’’ Therefore,
future studies to accurately characterize the trifurcation of the
superior trunk in the clinical setting is warranted.

Partitioning of the interscalene groove by scalene muscle slips
(bridges), as seen in this report, is rarely reported in the anes-
thetic literature.'**” However, a review of the literature indicates
that scalene muscle anomalies, such as the scalenus minimus
muscle”® or interconnecting muscular slips between the scalenus
medius and scalenus anterior muscles” are not uncommon.”®
The muscular slip visualized between the C6 and C7 ventral
rami is most probably one of the interconnecting muscular slips
between the scalenus medius and scalenus anterior muscle.” %
Based on the location of the muscular slip between the middle
trunk and C8 ventral ramus (figure 6), and the anatomy of the
scalenus minimus muscle,”® we believe it is this muscle.?® Parti-
tioning of the lower part of the interscalene groove by scalene
muscle slips may restrict the caudal spread of local anesthetic
after an interscalene BPB and may explain why it fails to anes-
thetize the forearm and hand.*® Future research should charac-
terize in detail the muscular slips between the scalene muscles

and evaluate their effect on block dynamics after an interscalene
BPB.

Our study has several limitations. It was not randomized, had
a small sample size, and subjects were young with low body mass
index. We did not randomize our volunteers because this study
aimed to evaluate a high definition ultrasound imaging tech-
nique to identify the individual elements of the BP above the
clavicle. The body mass index of our volunteers was low but is
consistent with the body habitus of the population at the inves-
tigators institute. We excluded volunteers who were obese or
had a short neck because ultrasound imaging of the BP in these
subjects is challenging.'® Therefore, our results may not apply
to the elderly, obese, and those with a short neck and future
research in these subjects is warranted. No alternate imaging
technique was used to confirm the identify of the neural elements
of the BP in this study but was based on a validated'' and well-
accepted method'* ™ ¥ of using the unique sonomorphology of
the C7 TR'! Future research should evaluate the reliability and
reproducibility of the ultrasound scan technique described in
this report in a larger and more heterogeneous group of subjects.

In conclusion, using high definition ultrasound imaging, we
were able to systematically identify majority of the main compo-
nents of the BP above the clavicle, with the exception of the
divisions of the middle and inferior trunk. Future research
should evaluate how the new information from this study can be
used to refine existing BPB techniques and develop novel upper
extremity blocks.
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