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Background: Ultrasound guided nerve blocks have become a popular tool in the armamentarium
for pain physicians because of its advantages over fluoroscopy by offering portable, radiation-free
and real-time imaging. But ultrasound guided procedures require training and practice to gain the
expertise. There is a scarcity of review articles describing ultrasound guided injections techniques
for nerve blocks of the head and neck.

Objective: To elucidate the anatomy, sonoanatomy, indications, techniques, side effects and
complications for the most frequently utilized nerve blocks of the head and neck in chronic pain
management.

Study Design: Narrative review.
Setting: Academic medical center.

Methods: Literature review of publications in English language of the related topics using Medline
(Ovid) search engine.

Results: Deep cervical plexus block, cervical sympathetic ganglion block, trigeminal nerve and
pterygopalatine ganglion block at the pterygopalatine fossa, greater occipital nerve block, third
occipital nerve and medial branch block, and cervical selective nerve root block are discussed in this
paper. The review begins with in depth discussion about the anatomy of the target nerve, followed
by reviewing the available literature on the indications for the procedures. Detailed description
of the procedure techniques is also presented. The volume and selection of medications is also
discussed if there is available research. The review will conclude with summary of side effects,
complications and precautions.

Limitation: We only review those nerve blocks of the head and neck that would benefit from
ultrasound guided injections in chronic pain management. Other nerve blocks such as transnasal
sphenopalatine ganglion block, the interscalene brachial plexus block, superficial and intermediate
cervical plexus block, anterior suprascapular nerve block, superficial trigeminal nerve block are
not discussed due to either that ultrasound guidance is not warranted or they are rarely utilized
in chronic pain management. This paper is not a systematic review, thus it might not include
all the available evidence. Many of the available evidence is case series and case reports. More
randomized control studies are warranted in the future to validate these techniques.

Conclusion: Ultrasound guided nerve blocks of the head and neck are useful technques for pain
physicians to learn.

Key words: Cervical plexus block, cervical ganglion block, pterygopalatine ganglion block,
trigeminal nerve block, greater occipital nerve block, medial branch block, selective nerve root
block
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arious nerve blocks that have been developed to

treat chronic pain in the head, neck, and upper

extremities. Over the years, the techniques
evolved from landmark-based blind injections to
fluoroscopy-guided procedures, which are not without
limitations. These techniques rely on the bony landmarks
seen on the fluoroscopy without visualization of the
soft tissues, such as spinal cord, nerve, vessels, ligaments,
tendons, and muscles in the area of interest. With the
increased availability and affordability of high resolution
ultrasound machines, it has become a common practice
to use ultrasound guidance in chronic pain management
procedures. With real-time ultrasound guidance, one
can plan the needle trajectory to avoid injury to the
nerve and vasculature, visualize the needle tip, avoid
intravascular injection, and directly visualize the injectate
being deposited at the target structure. Ultrasound
examination is operator dependent and requires training
and practice to gain expertise. At times, it may be limited
by the patient’s body habitus. Under these circumstances,
fluoroscopy and ultrasound can complement each other.
In this article, we describe some of the commonly utilized
ultrasound-guided nerve blocks in the head and neck.

Deep Cervical Plexus Blocks

Anatomy

The cervical plexus, formed by the anterior rami of
the C1-C4 spinal nerves, emerges the vertebral column
from a groove between the longus capitis and the
middle scalene muscles, lying deep to the internal jug-
ular vein. Its 4 cutaneous branches, namely the lesser
occipital nerve (C2), the great auricular nerve (C2, C3),
transverse cervical nerve (C2, C3), and supraclavicular
nerve (C3, C4), emerge near the midpoint of the pos-
terior border of the sternocleidomastoid (SCM) muscle
and supply the cutaneous sensation of the upper neck,
the scalp behind the ear, the skin over the parotid
gland, the anterior triangle of the neck, and the top
of the shoulder and upper chest (1), (Fig. 1). The deep
cervical plexus consists of the ansa cervicalis, with its
motor branches supplying the infrahyoid muscles. It is
thought that the deep cervical plexus also has afferent
components, and the cervical plexus has anastomosis
with cranial nerves X, X, Xll, and sympathetic trunk (2).
The phrenic nerve arises from the ventral rami of the
C3, C4, and C5 spinal nerves and is in close vicinity of
the deep cervical plexus.

The deep cervical fascia is divided into 3 distinctive
layers: the superficial (SLDCF), middle (MLDCF), and

deep (DLDCF), (Fig. 2). The SLDCEF, also known as invest-
ing fascia, encases the sternocleidomastoid and trape-
zius muscles at the neck. Conventionally, the MLDCF,
also known as the visceral fascia or pretracheal fascia,
invests around the infrahyoid muscles, thyroid gland,
trachea, esophagus, and pharynx. DLDCF, also known
as prevertebral fascia, is described as the fascia layer
that encompasses the vertebral column and intrinsic
spinal muscles. The DLDCF attaches to the transverse
and spinous processes of the cervical vertebrae (3).

There are 3 different cervical plexus blocks - super-
ficial, intermediate, and deep. In a superficial cervical
plexus block, the injectate is deposited in the subcuta-
neous tissue superficial to the SLDCF/investing fascia.
In the intermediate cervical plexus block, the injectate
is deposited between investing fascia and the prever-
tebral fascia. In the deep cervical plexus, the injectate
is deposited between the prevertebral fascia and the
cervical transverse process (4).

Indications

Superficial and intermediate cervical plexus blocks
are mainly used for operative and post-operative pain
control. The deep cervical plexus block has been used to
treat cervicogenic headache (5). In addition to cutaneous
blockage, deep cervical plexus block also causes motor
blockade of the infrahyoid muscles, thus is appropriate
for surgeries requiring retraction or involving the infra-
hyoid and SCM muscles, such as carotid endarterectomy
(6) and minimally invasive parathyroidectomy (7).

Technique

With the patient in a supine position, head and
ipsilateral shoulder resting on a pillow or towel roll,
head turning to the opposite side, a linear transducer
is placed in the axial plane at the posterior border
of the SCM at the cricoid cartilage level, which cor-
responds to the C6 vertebral level (Image 1). Move
the transducer rostrally until the bifurcation of the
carotid artery is seen; this is the C3-C4 vertebral level.
Move the probe rostrally and caudally, anteriorly and
posteriorly to optimize the view of the C4 transverse
process, the longus capitis, and scalene muscles.
The transverse process has hyperechoic anterior
and posterior tubercles with posterior shadowing.
The anterior tubercle of the C4 transverse process is
equal to or smaller than its posterior tubercle. This
characteristic helps to differentiate C4 from the C5
and C6, whose anterior tubercles are bigger than the
posterior tubercle. The C4 nerve root will be seen
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Fig. 1. Superficial cervical plexus.

exiting between the tubercles. At this level, the an-
terior scalene, middle scalene, and levator scapulae
lie posterior and deep to the SCM and are wrapped
in the prevertebral fascia (Image 2). Use color Dop-
pler to identify the vessels and the nerve roots,
which should be avoided in the needle trajectory.
With an in-plane approach, a 22-25G block needle is
advanced from posterolateral to anteromedial until
it pierces the prevertebral fascia and is in contact
with the posterior tubercle of C4 transverse process.
Slightly withdraw the needle, deposit 1-2 mL local
anesthetic to confirm proper location, then a total
of 10-15 mL of local anesthetic is administered after
negative aspiration. Up to date, there is no study
that investigates the spread of different volumes of
the injectate used in the deep cervical plexus block;
10-15 mL is the conventional volume.

Side Effects and Complications

Side effects and complications include: epidural
spread; intrathecal injection; blockade of the phrenic
nerve causing diaphragm paresis (8); vocal cord paraly-
sis and airway obstruction due to inadvertent block of
vagus and hypoglossal nerves (9); Horner’s syndrome
due to cervical sympathetic block (10); and risk of intra-
vascular injection. There is widely accepted agreement
that both sides should not be blocked simultaneously,
and proceeding with the block should be cautious in
patients with compromised respiratory capacity.

Cervical Sympathetic Ganglion Block

Anatomy: Cervical sympathetic chain fibers origi-
nate from T1-T6 spinal cord and ascend along the neck
anterior to the longus colli and longus capitis muscles.
They are posteromedial to the carotid artery and under
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Image 2. Deep branches of cervical plexus at C4 vertebral
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Image 1. Cutaneous branches of cervical plexus. C.Plexus: cervical plexus; L.Cap: longus capitis; L.Coli: longus
SCM: sternocleidomastoid muscle; IVF: investing fascia; LS: colli; PT: C4 posterior tubercle; AT: C4 anterior tubercle; C4
levator scapulae muscle; Arrow indicates needle trajectory NR: C4 nerve root; A.Scal: anterior scalene muscle; M.Scal:

middle scalene muscle; IVF: investing fascia; PVF: prevertebral
fascia; Arrow indicates needle trajectory
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the prevertebral fascia. Their cell bodies congregate to
form the superior, middle, and inferior cervical sympa-
thetic ganglion.

The superior cervical sympathetic ganglion is the
most superior ganglion of the sympathetic chain, and
its relation to the vertebral level varies. In one study by
Mistuoka et al, it is at the C2, C3 level, and in another
study by Erdinc et al it is at the C4 level (11,12). The
superior cervical sympathetic ganglion has postgangli-
onic fibers to the dilator pupillae muscle, the internal
and external carotid artery, the cardiac plexus, the
pharyngeal plexus, CN IX, X, and gray rami communi-
cantes of the C1-C4 spinal nerves. The location of the
middle cervical sympathetic ganglion is variable, most
commonly at C6 level, but can be as high as C5 and as
low as C7, and sometimes can be absent. Its postgan-
glionic fibers contribute to the C5, C6 gray rami com-

municantes and the cardiac plexus (11,12). The inferior
cervical ganglion is situated at the C7 level and often
fuses with the first thoracic ganglion to form the stel-
late ganglion (Fig. 3). It sends gray rami communicantes
to the seventh and eighth cervical spinal nerves, and its
postganglionic fibers contribute to the cardiac plexus.

Indications

Complex regional pain syndrome types | and Il of
the upper limb and sympathetic mediated pain of the
head and face. There are also case reports for epileptic
pain (13) and poststroke thalamic mediated pain (14).
Cervical sympathetic ganglion block has gained atten-
tion in treating post traumatic stress disorder (PTSD) in
chronic pain patients. But a randomized, double-blind,
controlled study by Hanling et al (15) failed to show
superiority of stellate ganglion block over sham block.
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Technique

The patient is placed in a supine position with
the neck in slight extension, head turning to the
opposite side. The linear transducer is positioned
posterior to the SCM at the level of the cricoid car-
tilage (C6 vertebral level). Identify the Chassaignac’s
(anterior) tubercle of the C6 transverse process,
which is bigger than its posterior tubercle. It is a
useful sonographic characteristic to differentiate it
from C7 whose transverse process is lack of an ante-
rior tubercle. The inferior cervical/stellate ganglion
situates anterior to the longus colli muscle behind
the wrapping prevertebral fascia. At the C4 level,
the superior ganglion is anterior to the longus capitis
muscle beneath the prevertebral fascia. For stellate
ganglion block, with in-plane approach, a 22-25 G
block needle, from posterolateral to anteromedial,
is directed to the prevertebral fascia between the
carotid artery and the tip of C6 anterior tubercle,
anterior to the longus colli muscle (Image 3). Five to
10 mL of local anesthetic is injected under the prever-
tebral fascia plane. Indications of a successful block
are one or more of the following signs and symp-
toms: patient develops ipsilateral Horner’s syndrome
(ptosis, miosis, and anhidrosis), nasal congestion,
facial flushing, or increase in temperature of the up-
per extremity. The symptoms will appear in about 10
minutes and last for several hours depending on the
local anesthetics used. When treating head and facial

pain and PTSD, some practitioners prefer to block the
cervical ganglions at the C4 (Image 4), and C6 level
with 5 mL injectate at each site. A total 10 mL of in-
jectate is usually used, although one research study
showed that 5 mL of local anesthetics injected at C6
level is enough to distribute from C4 to T3 (16). The
most frequently used injectate is local anesthetic.
Clonidine, ketamine, and buprenorphine (ganglionic
local opioid analgesia [GLOA]) have also been inves-
tigated, but the evidence is limited (17-19).

Side Effects and Complications

Horner's syndrome, hoarseness, subjective feel-
ing of lump in the throat, or subjective shortness of
breath due to blockade of the recurrent laryngeal
nerve. Local spread of anesthetics can cause cervical
and brachial plexus blockade. Respiratory difficulty
can result from phrenic paralysis. There was a report
of patient death due to massive hematoma leading to
airway obstruction (20). Quadriplegia due to cervical
epidural abscess and discitis have been reported (20).
Intravascular injection can result in seizure, hypoten-
sion, and loss of consciousness (21). Intrathecal, subdu-
ral injection and epidural spread can cause respiratory
compromise. One case of locked-in syndrome was also
reported (22). Risk of pneumothorax is also a concern.
Standard monitoring and full resuscitative equipment
should always be available when cervical ganglion
block is performed.

L. Calc
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Image 3. Supertor cervical ganglion at C4 vertebral level.
SCM: sternocleidomastoid muscle; IVF: investing fascia; PVF:
prevertebral fascia; L.Cap: longus capitis muscle; L.Coli: longus
colli muscle; A.Scal: anterior scalene muscle; M.Scal: middle
scalene muscle; CA: carotid artery; AT: C4 anterior tubercle; PT:
C4 posterior tubercle; Arrow indicates needle trajectory

Image 4. Inferior cervical ganglion at C6 vertebral level.
SCM: sternocleidomastoid muscle; PVF: prevertebral fascia;
L.Coli: Longus colli muscle; CA: carotid artery; AT: C6 anterior
tubercle; PT: C6 posterior tubercle; C6 NR: C6 nerve root; Ar-
row indicates needle trajectory
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Trigeminal Nerve and Pterygopalatine
Ganglion Block at the Pterygopalatine Fossa

Anatomy

The trigeminal nerve carries sensory fibers to the
face and motor fibers of mastication. The trigeminal
ganglion (the Gasserian or semilunar ganglion) lies in
Meckel’s cave in the middle cranial fossa. Three of its di-
visions, namely the ophthalmic nerve (V1), the maxillary
nerve (V2), and the mandibular nerve (V3) pass through
the cranium via the superior orbital fissure (V1), foramen
rotundum (V2), and foramen ovale (V3). The maxillary
nerve exits the cranium through the foramen rotundum
and enters the pterygopalatine fossa, which is a small
pyramidal space inferior to the apex of the orbit. Pos-
teriorly, it is bordered by the lateral pterygoid plate of
the sphenoid. Anteriorly, is the posterior aspect of the
maxilla. Its medial wall is the perpendicular plate of the
palatine bone. Laterally, through the pterygomaxillary
fissure, it communicates with the infratemporal fossa,
where the mandibular nerve lies. Posterosuperiorly,
through the foramen rotundum and pterygoid canal, it
communicates with the middle cranial fossa, where the
trigeminal ganglion sits on the Meckel’s cave (Fig. 4). The

pterygopalatine ganglion (also known as sphenopala-
tine ganglion, Meckel's ganglion, nasal ganglion) lies
in the superior part of the pterygopalatine fossa (23).
The lateral pterygoid plate, maxillae, and the maxillary
artery can be identified through the mandibular notch
with ultrasound. Using bony lateral pterygoid plate
and maxillae seen on ultrasonography as landmarks,
the pterygopalatine fossa is easily identifiable and ac-
cessible with ultrasound guidance. Local anesthetics
injected into the pterygopalatine fossa theoretically
can anesthetize the maxillary nerve, mandibular nerve,
the pterygopalatine ganglion, and trigeminal ganglion
through the spread of the injectate to the infratemporal
fossa and the Meckel’s cave (24).

Indications are: trigeminal neuralgia, atypical facial
pain (25), postherpetic neuralgia, and migraine (26).

Technique

The patient is placed in a lateral decubitus posi-
tion with the affected side facing up. A curvilinear
transducer is preferred. The transducer is placed just
below the zygomatic arch in the axial plane, bringing
the coronoid and condylar processes into view, which
are seen as a hyperechoic line and a hyperechoic dot.

Infraorbital —~—__

fissure TERTeea o

Posterior surface of
maxilla

# Pterygopalatine
fossa

Pterygo
maxillary
fissure

Medial pterygoid
plate
Lateral pterygoid
plate

Fig. 4. Pterygopalantine fossa.
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Between them is the mandibular notch, through which
the deeper structures will be seen. The lateral ptery-
goid plate is seen posterior and the maxilla bone is seen
anterior. The space between them is the pterygopala-
tine fossa. The lateral pterygoid muscle is seen on top
of the lateral pterygoid plate and the pulsatile max-
illary artery will be seen just superficial to the lateral
pterygoid muscle. The sphenopalatine artery, which is
a branch of the maxillary artery, can be seen just an-
terior to the lateral pterygoid plate in the pterygoid
palatine fossa (Image 5). Due to the steep trajectory,
the needle is advanced using an out-of-plane approach
targeting the pterygopalatine fossa. The volume of
pterygopalatine fossa is about 1.2 mL on average (27).
In the study by Nader, when 1.8 mL of lohexitol 180 was
injected, the contrast was seen spreading to Meckel’s
cave (24). Approximately 2-3 mL of local anesthetics
or a combination of local anesthetics and steroid are
usually injected, but the optimal injectate volume still
needs to be investigated.

Side Effects and Complications

In the case series by Antoun Nader (25), no side ef-
fects or complications were reported. But due to the close
vicinity of the surrounding neurovascular structures, fa-
cial paralysis, difficulty chewing, diplopia, exophthalmos,
eye edema, persistent numbness of the face, and hema-
toma formation were reported in blind injection using a
greater palatine foramen approach (28).

Latl. Plry. M

Lat P‘t-r;"Hl

Image 5. Pterygopalatine fossa through mandibular notch.
Condylar P: condylar process of mandibulae; Coronoid P: coro-
noid process of mandibulae; M.A: maxillary artery; Lat.Ptry.M:
lateral pterygoid muscle; Lat.Ptry.Plt: lateral pterygoid plate;
Maxillae: maxilla bone

Great Occipital Nerve Block

Anatomy: The greater occipital nerve (GON) is the
medial branch of the dorsal ramus of the C2 spinal
nerve, which lies between the first and second cervi-
cal vertebrae. It emerges from the suboccipital triangle
just beneath the obliquus capitis inferior (OCl), ascends
in the fascia plane between the OCI and semispinalis
capitis, and then pierces the semispinalis capitis and
travels cephalad deep to the trapezius muscle. It be-
comes subcutaneous just inferior to the superior nuchal
line by piercing through the aponeurotic sling formed
by the insertions of the trapezius and sternocleidomas-
toid. At this point, it lies immediately medial to the oc-
cipital artery (Fig. 5). It innervates the scalp at the top
of the head, over the ear, and over the parotid glands.
The complex involvement with the nearby musculature
makes the GON prone to potential compression, en-
trapment, and irritation. In addition to the GON, the
C2 spinal nerve also gives off the sinuvertebral nerve
and has meningeal branches (29). Weatherall et al,
reported successful treatment of idiopathic trigeminal
neuralgia with greater occipital nerve block, proposing
that there may be an anatomical pathway between the
trigeminal nerve and the upper cervical nerve roots in
the trigeminocervical complex (30).

Indications

The GON block is often used to treat occipital neu-
ralgia, cervicogenic headaches, tension headache, and
migraine headache (31,32).

Technique

The patient is placed in a prone or sitting position,
head in neutral and neck slightly flexing forward. A linear
transducer is placed in the axial plane, and can scan from
the inion down until the bifurcate spinal process of the
C2 is seen, or can scan cephalad from the mid posterior
neck, until the OCl appears under the semispinalis capi-
tis. Then turn the lateral edge of the transducer slightly
upward toward the C1 transverse process to align with
the long axis of the OCI. The greater occipital nerve will
be seen lying between the semispinalis capitis and OCl as
a hyperechoic dot (Image 6). With an in-plane approach,
from lateral to medial, aim to position the needle tip
next to the great occipital nerve in the fascia plane be-
tween OCl and semispinalis capitis. Caution should be
taken to avoid the vertebral artery and the C2 dorsal
root ganglion which are lateral to the GON and deep to
the COl. The spinal cord is medial and deep to the OCI.
After negative aspiration, 5 mL of local anesthetics with
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Fig. 5. Greater occipital nerve.

or without steroid can be injected. Study showed no dif-
ference between 5 mL, 10 mL, and 15 mL injectate in
the clinic outcome when treating cervicogenic headache
(33). Currently, there are no reported data in regard to
if the injectate can spread and anesthetize sinuvertebral
nerve or the meningeal branches.

Side Effects and Complications

Although the complications are rare, dizziness,
slurred speech, lightheadedness, extreme numbness
of the head, hypertension, and asterixis were re-
ported (34). The side effects happen more when the
procedure is done bilaterally, in older patients, and
in females (34). Given the proximity to neurovascular
structures such as the vertebral artery and its branch-
es, the epidural space, and spinal cord, it is important
to control the position of the tip of the needle at all
times. The needle tip should never be deep to the OCI.
The procedure should not be performed bilaterally in
one session.

Image 6. Greater occipital nerve.

TRP: trapezius; S.Cap: splenius capitis; S.S.C: semispinalis capi-
tis; GON: greater occipital nerve; OCI: obliquus capitis inferior;
Arrow indicates needle trajectory
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Third Occipital Nerve and Medial Branch
Block

Anatomy

The third occipital nerve (TON) is the superficial me-
dial branch of the dorsal ramus of the C3 spinal nerve. It in-
nervates the semispinalis capitis, the C2-C3 zygapophyseal
joint, and the skin in the suboccipital region. Immediately
after its origin, the third occipital nerve curves around the
lateral and posterior aspects of the C2-C3 zygapophyseal
joint and crosses the joint laterally. As it crosses this joint,
it is embedded in the fascia surrounding the joint capsule,
and supplies articular branches to the joint (29).

C4-C8 medial branches arise from the dorsal rami
of respective spinal nerves. Each medial branch curves
medially and posteriorly around the waist of the articu-
lar pillar under the tendinous slips of the semispinalis
capitis. Most of the cervical dorsal rami give off one
medial branch; however, the higher the vertebral level
of dorsal rami is, the higher the chance that it gives off 2
medial branches, namely the superficial and deep medial
branches. According to cadaveric studies (35,36), at the
C7 and C8 level, the medial branches consistently do not
divide into the superficial and deep branch. The superfi-

cial and deep medial branches run together around the
articular pillar. Cervical medial branches pass through
close to the midpoint of a line between the tips of 2 con-
secutive superior articular processes and the upper one
third of a line between the midpoints of 2 consecutive
facet joints (Fig. 6, Fig. 7). The cervical medial branch is
about 1.0 mm in diameter. The medial branch innervates
the multifidus and interspinales. Its rostral and caudal
articular branches, which usually derive from the deep
medial branch when the medial branch has deep and
superficial branches, innervate the zygapophyseal joint
above and below. Each articular branch crosses the joint
capsule dorsally and passes through under a pericapsu-
lar fibrous tissue deep to the semispinalis capitis (35,36).

Indications are: chronic neck pain from the zyg-
apophyseal joint (37); cervicogenic and suboccipital
headache (38) in combination with GON block for mi-
graine; the procedure is possibly effective for trigemi-
nal neuralgia (39).

Technique

The patient is in the lateral decubitus position with
the affected side facing up, and a linear transducer is
placed in the coronal plane with the cephalic end of
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articular
process

Interior tubercle

Ventral Branch

Lateral Branch
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» Facet joint

Posterior
tubercle

|

Superior
articular
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Fig. 6. Cervical medial branch.
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the transducer contacting the mastoid process. Move
the transducer posteriorly and anteriorly to identify the
inferior articular process of C2, which is shown as a drop-
off. The vertebral artery can be seen pulsating cephalic
to it. Move the transducer caudally to identify the C2-
C3 facet joint which shows as a small hypoechoic cleft.
The TON sometimes can be seen lying on top of the C2
inferior articular process. Move the transducer caudally
while maintaining the coronal position, the articular
processes and facet joint are seen as hyperechoic peaks
with a hypoechoic cleft. Whereas the hyperechoic me-
dial branches lie at the bottom of the valley (Image 7).
With an in-plane approach, a 22-25G block needle
is advanced from inferior to superior or superior to infe-
rior, depending on the intended level, from superficial
to deep. For a TON block, the target is the near C2-C3
facet joint. For the C4-C7 medial branches, the target is
the deepest point of the valley formed by the continu-
ous hyperechoic bony ridge. Under direct observation,
0.3-0.9 mL of a local anesthetic is injected. In a cadav-
eric study using fluoroscopic guidance by Wahezi et al
(40) 0.25 mL injectate is adequate to bathe the medial
branches and less spread to the surrounding structures,

thus increasing the specificity when it is done for diag-
nostic purposes. Precaution should be taken to avoid
the nearby vertebral artery, radicular feeder arteries,
nerve roots, and spinal cord.

Side Effect and Complications

There is scarce information in regard to the safety
profile of the ultrasound guided cervical medial branch
block. Injuries to the vertebral artery, cervical nerve
roots, spinal cord, and intravascular injection are all
legitimate concerns. From the literature about the fluo-
roscopy guided injections, severe complications such as
respiratory failure and quadriplegia have been reported
(41). It is advised to avoid blocking more than 3 levels on
one side or blocking both sides on the same day.

Cervical Selective Nerve Root Block (cSNRB)

Anatomy

Each spinal cord segment gives off about 8 root-
lets on each side to form one dorsal and one ventral
spinal nerve root, which then merge together to form
the spinal nerve. The dorsal root ganglion lies on the

Cervical «
vertebra

Cervical disc

Facet Joint

[ E: Midpoint of A&B)
( F: Upper 1/3 of £ & D)

Fig. 7. Cervical articular process and medial branch.
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dorsal spinal nerve root proximal to the spinal nerve.
The dural root sleeve covers and travels with the spinal
nerve roots and stops just beyond the dorsal root gan-
glion (42) (Fig. 8).

The spinal nerve is very short and branches into
the dorsal and ventral rami when it exits the lower
part of intervertebral foramen. The ventral and dorsal
rami emerge from a groove between the anterior and

€34 Facat

C2-3 facot

Image 7. Third occipital nerve and medial branches.
TON: third occipital nerve; MB: medial branch; Arrow indicates
needle trajectory

posterior tubercle of the transverse process, with the
exception of C7 vertebrae, whose transverse process
does not have an anterior tubercle. In the vicinity of
the spinal nerve, the ventral and posterior ramus, and
the epiradicular vein occupies the upper part of the
intervertebral foramen. The ascending cervical, deep
cervical, and vertebral arteries are also in proximity
and they often enter the foramen posteriorly (43).
These arteries contribute to the radicular arteries
which supply the spinal cord. The abundance of vas-
culature near the spinal nerves increases the risk of
inadvertent intravascular injection when performing
the cSNRB.

The conventionally used term, cervical selective nerve
root block, is not totally accurate. The structure identified
for cSNRB is actually the rami of the spinal nerve. The
spinal nerve root is actually more proximal and is covered
by the dural root sleeve. But due to the close vicinity of
these neural structures, we would expect the injectate
to diffuse to the spinal nerve roots. For the purpose to
conform with the conventional terminology, we continue
to use the term nerve root here when in reference to the
spinal nerve ramus.

There are a total 8 pairs of spinal nerves. Ventral
ramus of C1 spinal nerve gives off branches to the
suprahyoid muscles that are essential for normal oro-
pharynx function. Ventral rami of C1-C4 spinal nerves

Dorsal Ramus

_-aVentral Ramus

Fig. 8. Rootlet, root, spinal nerve, dorsal ramus and ventral ramus.
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form the cervical plexus, which is discussed in detail in
the previous session.

The C3, C4, and C5 ventral rami contribute to form
the phrenic nerves which are essential for respiration.
They arise at the lateral border of the anterior scalene
muscle then pass inferiorly over the anterior surface
of anterior scalene, deep to the prevertebral layer of
cervical fascia.

The C5-C8 ventral rami form the brachial plexus
which provides sensory and motor innervations to the
upper extremity and some back muscles.

Indications include: diagnosis and treatment for
cervical radiculopathy (C4-C8).

Technique

The patient is in a supine position with head rest-
ing on a pillow, turning to the opposite side, a towel
roll can be used under the ipsilateral shoulder to in-
crease the space between the posterior neck and the
bed. A linear transducer is placed in the axial plane
at the posterior border of SCM at the cricoid cartilage
level. Scan rostrally and caudally to identify the correct
vertebral level. The cricoid cartilage is corresponding to
the C6 vertebrae level, whereas the thyroid cartilage is
usually at C4-C5 vertebrae level. The common carotid
artery usually bifurcates at the C3-C4 level. The distinc-
tive characteristics of the C4, C5, C6, and C7 transverse
process also help to identify the vertebral levels (see
previous descriptions in the section of deep cervical
plexus block and cervical sympathetic ganglion block).

At C7 level, the vertebral artery can be visualized just
anterior and outside of the transverse process. The ver-
tebral artery usually enters and then ascends through
the transverse process foramen at C6 level, but it is
not uncommon that it enters the transverse process
foramen at a higher level and travels outside the C6
transverse process. The nerve root will be seen as a hy-
poechoic round structure exiting in a groove formed by
the anterior and posterior tubercles of C4-C6 transverse
process. At C7 level, the hypoechoic nerve root will be
seen anterior to the posterior tubercle. The pulsating
vertebral artery can be seen just anterior to it. Once
the level is counted and the nerve root is identified,
the doppler should be used to identify the vasculature
in the vicinity of the nerve root. Too much pressure of
the transducer on the skin should be avoided so as not
to collapse the pulsation of the vessels (Images 8-11).
The needle is advanced from a posterolateral to
anteromedial trajectory with an in-plane approach at
the intended level. The target is the external interver-
tebral foraminal opening between the anterior and
posterior tubercles of the transverse process. About 1-2
mL of local anesthetics with or without steroid can be
deposited surrounding the nerve root after negative
aspiration. If epidural spread is desired, a larger volume
(4 mL) of injectate will be required (44). Efforts should
be made to avoid the vasculature and neural structures
in the needle trajectory and to avoid intravascular and
intraneural injection. Use doppler to help identify the
surrounding vessels. Using real time fluoroscopy with

Image 8. C4 nerve root.

C4 NR: C4 nerve root; AT: C4 anterior tubercle; PT: C4 poste-
rior tubercle; A.Scal: anterior scalene muscle; M.Scal: middle
scalene muscle; SCM: sternocleidomastoid muscle; Arrow indi-
cates needle trajectory

Image 9. C5 nerve root.

C5 NR: C5 nerve root; AT: C5 anterior tubercle; PT: C5 poste-
rior tubercle; A.Scal: anterior scalene muscle; M.Scal: middle
scalene muscle; SCM: sternocleidomastoid muscle; Arrow indi-
cates needle trajectory
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Image 10. C6 nerve root.

C6 NR: C6 nerve root; AT: C6 anterior tubercle; PT: C6 poste-
rior tubercle; A.Scal: anterior scalene muscle; M.Scal: middle
scalene muscle; SCM: sternocleidomastoid muscle; Arrow indi-
cates needle trajectory

Image 11. C7 nerve root.

C7 NR: C7 nerve root; PT: C7 posterior tubercle; A.Scal: ante-
rior scalene muscle; M.Scal: middle scalene muscle; VA: verte-
bral artery; B.Plexus: brachial plexus; Arrow indicates needle
trajectory

contrast and digital subtraction, in addition to real
time ultrasound, will help identify the correct level and
the nearby vessels.

Side Effects and Complications

One of the most feared complications of fluoros-
copy guided cervical transforaminal injection is the
injury of the vertebral artery and intravascular injec-
tion to the contributory branches of the anterior spinal
arteries (45). In the study by Shizumasa et al (46) using
doppler ultrasound examination, the frequency of
a blood vessel existing within 4 mm from the center
of the C5 and C6 nerve root was about 3%, whereas
it was about 23% for the C7 nerve root. In the study
by Jin Hyuk Jang, comparing the ultrasound-guided
selective nerve root block (US-guided cSNRB) versus
fluoroscopy-guided interlaminar epidural block (FL-
guided IL) versus fluoroscopy-guided transforaminal
epidural block (FL-guided TF), bloody aspiration was
significantly lower in the US-guided c¢SNRB (0%, 6%,
and 14% respectively). The study also showed that US-
guided cSNRB required a shorter procedure time while
providing similar pain relief and functional outcomes
(47). The data regarding the complications of the ul-
trasound guided c¢SNRB are lacking. But in the paper
by Malhotra et al (48) who reviewed the complications
of the fluoroscopic guided cervical transforaminal epi-
dural steroid might shed some light into the possible
complications for cSNRB. The reported complications
include nausea, dural punctures, vasovagal bradycardic

response, cervical epidural hematoma, paraspinal he-
matoma, peripheral neurapraxia, increased spine pain,
nonspecific headache, high spinal anesthesia, transient
ischemic attack, seizure, transient neurologic deficits
(pain or weakness), transient global amnesia, verte-
brobasilar brain infarcts, cervical spinal cord infarct,
combined brain/spinal cord infarct, spinal cord edema,
brainstem edema with herniation, brain edema with
reversible ischemic neurologic deficit, cortical blindness
due to air embolism, and even death (48). Intravascular
injection into the contributory vessels to the radicular
artery and anterior spinal artery with particulate ste-
roid is thought to be one likely cause of spinal infarct. It
is recommended to use only the non-particulate steroid
if steroid is used.

Common Practice to Prevent and Manage
Complications

Strict sterile skin preparation and draping and
sterile techniques should be followed to prevent infec-
tion. Prophylactic antibiotics are usually not indicated.
Using a noncutting needle reduces the risk of nerve
injury and dural puncture. Bilateral blocks above the
clavicles are contraindicated due to the risk of bilateral
diaphragmatic paresis. If accidental phrenic nerve pa-
ralysis occurs, washing off the local anesthetics through
a dwelling interscalene catheter is sufficient to restore
the diaphragmatic function (49). According to the
Guidelines from the American Society of Regional An-
esthesia and Pain Medicine (2nd Edition), for patients
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who are on antiplatelets and anticoagulation medica-
tions, peripheral nerve blocks are low risk procedures,
and the stellate ganglion block, trigeminal ganglion
block, medial branch block, and nerve root block are
intermediate risk. Readers are strongly encouraged to
refer to the guideline, in consultation with the prescrib-
ing specialists, for when to stop and restart individual
NSAIDs and anticoagulant medications (50). If the pa-
tient complains of bilateral lower limb weakness, back
pain, or local spinal tenderness, epidural hematoma and
abscesses should be investigated. MRI is the preferred
modality of diagnosis. The maximal dose of the indi-

vidual local anesthetics should be calculated by weight.
If a patient has the classic toxicity symptoms, such as
metallic taste, perioral and/or tongue numbness, light-
headedness, visual and auditory disturbances/tinnitus,
disorientation and drowsiness, medicine intoxicity or
intravascular injection should be considered. In severe
cases, cardiac arrhythmia and seizure can happen.
Planning the needle trajectory carefully, using doppler
and only injecting after negative aspiration helps to
mitigate the risk. The resuscitating equipment includ-
ing various airways and emergency medication should
remain immediately available.
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