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Below we examine the strengths and weaknesses of 
the various imaging modalities used for diagnosis in 
the head and neck.

CT (American College of Radiology) is sensitive 
for benign and malignant paranasal sinus pathology. It 
is also excellent for lymphadenopathy and evaluating 
bone invasion from malignancy. It has proven to be 
superior for the work-up of distant metastasis. CTA 
should be used for carotid and vertebral dissection, 
while PET/CT is the most sensitive in the work-up for 
cancer.

MRI (American College of Radiology) demon-
strates superior soft tissue contrast in the head and 
neck while capable of distinguishing between neoplas-
tic, inflammatory, and obstructive processes in nasal 
cavity tumors. It is sensitive for trigeminal neuralgia 
(neurovascular compression for cranial nerve V root 
entry zone). The migraine phenomenon may be dem-
onstrated in the brain. It is more sensitive for infection 
than CT, including herpes zoster ophthalmicus. 
Moreover, it is superior to CT in evaluating the tongue/
oral cavity, palate and intracranial extension from the 
skull base, as well as for detecting malignant perineu-
ral and intracranial invasion. MRA can demonstrate 
carotid and vertebral artery dissection (mimics cluster 
headache).

Angiography is useful in the evaluation of carotid 
and vertebral dissection if CTA or MRA is incon
clusive. Pseudoaneurysm can be detected as a 
complication.

PET (American head and Neck Society; Coleman): 
PET/CT is used for the work-up of suspected malig-
nancy with negative CT or MRI. FDG identifies a pri-
mary cancer in 20–40% of patients who present with 
metastatic disease in the neck with an unknown pri-
mary tumor. PET and CT have similar accuracy in the 
initial staging of nodal disease. PET is more accurate 

than CT or MRI in detecting recurrent tumor (study of 
choice for follow-up). It is sensitive for staging neck 
cancer, unknown primary, distant metastasis, and 
response to therapy. However, it is limited by tumor 
size to less than 3–4 mm. Moreover, it may provide 
false positive results in inflammation, muscular activ-
ity, and healing bone. A thorough understanding of 
artifacts is required.

Ultrasound is useful in characterizing palpable 
masses (thyroglossal duct cysts, branchial cysts, cystic 
hygromas, salivary gland tumors, abscesses, carotid 
body tumors, vascular tumors, and thyroid masses). It 
is also capable of characterizing vascularity in real-
time and in duplex mode.

2.1 � Sphenopalatine Nerve Block

2.1.1 � Anatomy

The sphenopalatine ganglion is the largest collection 
of neurons exterior to the cranium in the head. The 
ganglion is positioned within the pterygopalatine fossa. 
It has a complex of nerves attaching to it (Fig. 2.1).
The ganglion hangs from V2 via the pterygopalatine 
nerves. The vidian nerves (composed of greater and 
lesser petrosal nerves) project posteriorly, which travel 
through the pterygoid canal. The vidian nerve contains 
sympathetic fibers from the superior cervical ganglion, 
which pass through the sphenopalatine ganglion into 
the lacrimal gland and nasal/palatine mucosa.

The greater and lesser palatine nerves extend inferi-
orly from the ganglion. The superior posterior lateral 
nasal and pharyngeal nerves also emanate from the 
ganglion.
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The parasympathetic innervation arises in the supe-
rior salivatory nucleus. It then courses through the 
facial nerve to constitute the greater petrosal nerve. 
The greater petrosal nerve combines with the deep pet-
rosal nerve to become the vidian nerve. The vidian 
nerve terminates in the sphenopalatine ganglion and 
then post ganglionic fibers supply nasal mucosa and 
V2 on route to the lacrimal gland.

The pterygopalatine fossa is a small cavity through 
which many important structures are associated. V2 
travels through the foramen rotundum which is located 
at the upper, medial, and posterior portion of the fossa. 
The vidian nerve courses through the pterygoid canal 
at the lower lateral and posterior portion of the fossa. 
The maxillary artery is contained within the fossa.

The ganglion is separated from the nasal cavity 
by a thin layer of lateral nasal mucosa at the poste-
rior aspect of the middle turbinate (sphenopalatine 
foramen). The ganglion communicates to the oral 
cavity via the greater palatine canal, which contains 
the greater and lesser palatine nerves. The ganglion 
communicates to the cranial cavity through the 
pterygoid canal, foramen rotundum, and foramen 
lacerum.

The roof of the pterygopalatine fossa is the sphe-
noid sinus, the outer border is the infratemporal fossa, 

the inner border is the palatine bone, and the anterior 
border is the maxillary sinus.

2.1.1.1 � Function

It is a parasympathetic terminal ganglion. Preganglionic 
parasympathetic fibers from the greater petrosal nerve 
(of the facial nerve CNVII) via the vidian nerve syn-
apse at the ganglion. Postganglionic sympathetic 
axons arrive via the vidian nerve from the deep petro-
sal nerve and pass through the ganglion without 
synapsing.

The postganglionic parasympathetic axons exit via 
the greater and lesser palatine nerves, nasopalatine 
nerve, sphenopalatine nerves, and zygomatic nerves.

It provides secretomotor innervation to the mucous 
glands of the palate, nasal cavity, lacrimal gland, and 
the mucosa of the nasopharynx posterior to the audi-
tory tube.

2.1.1.2 � Injection Site

There are various approaches that are used including: a 
lateral approach (discussed below only) including 
suprazygomatic and infrazygomatic arch approach, 
intranasal topical application to the back of the nasal 
pharynx along the middle turbinate, and the greater 
palatine foramen approach.

2.1.2 � Cross-Sectional Anatomy:  
Lateral Approach

2.1.2.1 � What Does the Needle Traverse?

The needle traverses the structures within the 
infratemporal fossa (infrazygomatic masticator space) 
prior to entering the pterygopalatine fossa as its final 
destination (applies to the infrazygomatic approach). 
The path is just superior to the coronoid process of the 
mandible. Alternatively, a transnasal or transoral 
approach (using the pterygopalatine canal to enter the 
sphenopalatine foramen) can be used. The structures 
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Mandibular
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nasal nerves

Sphenopalatine ganglion

Fig. 2.1  Anatomy of the sphenopalatine ganglion and its imme-
diate connections (Raj et al.)
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traversed within the infratemporal fossa (within the 
infrazygomatic masticator space) include (Figs. 2.5–2.6):

Superficial layer of the deep cervical fascia•	
Masseter muscle•	
Temporalis muscle/tendon•	
Lateral pterygoid muscle•	
Pterygoid venous plexus (Harnsberger et al. •	 2006a)

Located both medial and lateral to the lateral −−
pterygoid [http://www.emory.edu/ANATOMY/
Anatomy Manual/fossae.html]

Retromaxillary fat pad (Buccal space)•	
Internal maxillary artery (Harnsberger et al. •	 2006b)

Travels anteromedially within the masticator −−
space lateral to the pterygoid muscle to end up 
within the pterygopalatine fossa

Pterygopalatine fossa (Harnsberger et al. •	 2006c)
Communicates with the masticator space via the −−
pterygomaxillary fissure between the maxilla 
and lateral pterygoid plate

2.1.2.2 � Which Structures the Needle  
Should Avoid

Pterygoid venous plexus: This is a prominent 
venous plexus medial and lateral to the surface of 
the lateral pterygoid muscle. It may be difficult to 
avoid; however, it is a venous structure and there-
fore under low pressure for potential hematoma 
formation.

Maxillary artery: The artery travels from its origin 
within the parotid gland through the masticator space 
anteromedially on the lateral aspect of the lateral 
pterygoid (usually) to terminate in the pterygomaxil-
lary fissure as the sphenopalatine artery. It may be 
difficult to purposefully avoid puncture unless a 
blunt-tipped needle is used in the infrazygomatic 
approach.

Inferior orbital fissure: If the needle is advanced too 
far the orbital structures including the globe can be 
punctured.

2.1.2.3 � Imaging/Radiology

CT and fluoroscopic approaches can be combined 
(Vallejo et al. 2007) (Figs. 2.2–2.6).

Anterior
clinoid process

Clivus
Sphenoid

sinus

Mandible

Pterygopalatine
fossa

Fig. 2.2  Lateral fluoroscopic view, with the mandibles aligned, 
the pterygopalatine fossa is seen as an “inverted vase,” with the 
needle inside

Fig. 2.3  AP fluoroscopic view with the tip of the needle at the 
lateral wall of the nose

http://www.emory.edu/ANATOMY/AnatomyManual/fossae.html
http://www.emory.edu/ANATOMY/AnatomyManual/fossae.html
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2.1.3 � Indications

The following are common indications for interven-
tion in the head and neck:

Sphenopalatine neuralgia – Sluder’s (sphenopala-•	
tine) neuralgia is pain of the eyes and nose, with 
radiation to the ear. The greater superficial petrosal 
nerve (GSPN) is most likely the pathway along 

which this pain radiates to the ear. It is crucial to 
exclude benign and malignant sinus disease before 
making the diagnosis of (idiopathic) sphenopalatine 
neuralgia (Weissman 1997).
Paranasal sinus infection** – Causing irritation of the •	
sphenopalatine ganglia (SPG) – disputed.
Intranasal deformities** – deviated septum, septal •	
spurs and prominent turbinates.
Vasomotor syndrome.•	
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Fig. 2.4  Reconstructed CT image showing the needle inside the pterygopalatine fossa (Vallejo et al. 2007)
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Fig. 2.5  CT at the level of 
the needle tract for a 
sphenopalatine block. Needle 
path is delineated and 
pertinent anatomic structures 
are labeled. A mass (M) is 
noted within the right 
pharyngeal mucosal space 
encasing the internal carotid 
artery (arrowhead) (Gupta 
et al. 2007a)
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Trigeminal neuralgia.**•	
Head and neck cancer** – cancer of the tongue and •	
floor of the mouth (intranasal approach) (Varghese 
et al. 2002).
Lethal midline granuloma** (intranasal approach) •	
(Saade and Paige 1996).
Migraine** (Fig. •	 2.7) and cluster headaches – imag-
ing is useful in excluding structural lesions that can 
mimic cluster headache (i.e., herpes zoster, sinusitis, 
subarachnoid hemorrhage, trigeminal neuralgia, 
meningiomas of the cavernous sinus, arteriovenous 
malformations, pituitary adenomas, nasopharyngeal 
carcinoma, etc) (Sargeant 2007; Mendizabal 2005).
Atypical facial pain•	
Herpes zoster ophthalmicus** (Fig. •	 2.8)

2.1.4 � Contraindications

Contraindications may include invasion of the 
pterygopalatine space** (contraindication for per-
cutaneous approach, but not for intranasal approach) 
(Fig. 2.9) (Varghese and Koshy 2001).
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Fig. 2.6  Axial cross-sectional anatomy at the level of the upper maxillary antrum. Anatomic structures are shown on the left side of 
the diagram; spaces are shown on the right side. CN cranial nerve (Gupta et al. 2007a)

Fig. 2.7  WM increased T2 signal in migraine headache (Fazekas 
et al. 1992)
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2.1.5 � Complications

The six main complications include: (1) Infection**; 
(2) epistaxis** (this can be imaged angiographically 
if there is an associated pseudoaneurysm); (3) hema-
toma – large venous plexus overlying the pterygo-
palatine fossa or the maxillary artery is punctured** 
(Figs.  2.10–2.11); (4) hypesthesia, dysesthesia or 
numbness of the palate, maxilla, or the posterior phar-
ynx; (5) blindness due to needle advancement into the 
inferior orbital fissure; (6) Parotid gland injury.

2.2 � Maxillary and Mandibular  
Nerve Block

2.2.1 � Maxillary Nerve Block  
(Fig. 2.12)

�2.2.1.1  Anatomy

The maxillary nerve (V2) originates from the trigemi-
nal ganglion, crosses the cavernous sinus, and exits 

the foramen rotundum to leave the cranium. It tra-
verses the pterygopalatine fossa and approaches the 
orbit through the inferior orbital fissure. It then tra-
verses the infraorbital groove and canal at the floor of 
the orbit. Finally, it enters the face through the infraor-
bital foramen where it is known as the infraorbital 
nerve.

Fig.  2.8  Herpes zoster ophthalmicus in a 68-year-old patient 
with shingles surrounding the right orbit. Coronal T1-weighted 
(600/20, two excitations) MR image with gadopentetate dime-
glumine and fat suppression shows shaggy, perineural enhance-
ment surrounding right optic nerve (arrows). (Reprinted with 
permission from Tien et al. 1993)

Fig. 2.9  (a) Axial T1-weighted (600/33/2) MR image shows 
subtle but definite loss of the normal fat signal hyperintensity in 
the right pterygopalatine fossa (arrowhead), representing 
tumor. (b) Axial postcontrast, fat-suppressed, T1-weighted 
(700/33/2) MR image shows excessive, abnormal enhancement 
in the right pterygopalatine fossa (arrowhead), representing 
tumor (Ginsberg and DeMonte 1998)
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a b

Fig. 2.10  (a, b) CT-directed fine-needle biopsy. (a) Contrast-
enhanced axial CT image shows a focal soft-tissue mass within 
the masticator space (arrow). Gas surrounding the lesion is 
related to a postsurgical defect that communicates with the oral 

cavity. (b) Axial nonenhanced CT image shows the tip of a 
22-gauge Chiba needle within the anterior aspect of the soft-
tissue abnormality (curved arrow). The region was sampled 
twice 

Fig. 2.11  Histologic analysis 
showed only inflammatory 
changes. (a, b) 
Pseudoaneurysm of the buccal 
branch of the distal internal 
maxillary artery. (a) Selective 
right external carotid 
arteriogram, lateral projection, 
shows mild irregularity of the 
distal internal maxillary artery 
and focal dilatation of the 
distal buccal branch (arrow). 
(b) Delayed image from same 
injection shows filling of a 
5-mm pseudoaneurysm 
(arrow) (Walker et al. 1996)

a b

2.2.1.2 � Function

The maxillary nerve is purely sensory. It supplies 
sensation to the skin and mucosa between the 

palpebral fissure and the mouth, including the 
upper lip, nose, nasal cavity, sinuses, dura mater, 
temporal and lateral zygomatic region, and maxil-
lary teeth.



12 2  Head and Neck

Fig. 2.14  Axial CT of head. An arrow indicates the needle tip 
located at the entrance of the pterygopalatine fossa (Okuda et al. 
2000)
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Fig.  2.12  A patient with the needle on the maxillary nerve 
entering through the mandibular notch (Waldman 2001a)

Maxillary sinus

Maxillary nerve

Needles on:
Mandibular nerve
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Fig. 2.13  Transverse section of the head and face at the level of 
the mandibular notch showing needle placement on the man-
dibular nerve, on the lateral pterygoid plate, and on the maxil-
lary nerve. After the pterygoid plate is touched, the needle is 
slightly withdrawn and pushed posterior until it slips off the 
pterygoid plate (Raj et al.)

2.2.1.3 � Injection Site

The classic approach for the maxillary block is a lat-
eral approach anterior to the coronoid process of the 
mandible through the mandibular notch. This block is 
usually performed using external anatomical land-
marks and by eliciting paresthesia (Fig. 2.12).

2.2.1.4 � Cross-Sectional Anatomy

�What Does the Needle Traverse? Maxillary Nerve

The needle traverses the structures within the infratem-
poral fossa (infrazygomatic masticator space) prior to 
entering the pterygopalatine fossa as its final destina-
tion (applies to the infrazygomatic approach). The path 
is just superior to the coronoid process of the mandible 
(Figs. 2.13–2.14).

A suprazygomatic approach has also been described 
with the pterygopalatine fossa as the final destination 
(Fig. 2.15).

Alternatively, a transnasal or transoral approach is 
used; however, this is predominately performed by 
oral surgeons (using either the pterygopalatine canal to 
enter the sphenopalatine foramen or around the maxil-
lary tuberosity).

The structures traversed within the infratemporal 
fossa (within the infrazygomatic masticator space) 
include:

Superficial layer of the deep cervical fascia•	
Masseter muscle•	
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Temporalis muscle/tendon•	
Lateral pterygoid muscle•	
Pterygoid venous plexus (Harnsberger et al. •	 2006a)

Located both medial and lateral to the lateral −−
pterygoid [http://www.emory.edu/ANATOMY/
AnatomyManual/fossae.html]

Retromaxillary fat pad (Buccal space)•	
Internal maxillary artery (Harnsberger et al. •	 2006b)

Travels anteromedially within the masticator −−
space lateral to the pterygoid muscle to end up 
within the pterygopalatine fossa.

Pterygopalatine fossa (Harnsberger et al. •	 2006c)
Communicates with the masticator space via the −−
pterygomaxillary fissure between the maxilla 
and lateral pterygoid plate

�Which Structures the Needle Should Avoid

Pterygoid venous plexus: This is a prominent venous 
plexus medial and lateral to the surface of the lateral 
pterygoid muscle. It may be difficult to avoid; however, 
it is a venous structure and therefore under low pres-
sure for potential hematoma formation.

Maxillary artery: The artery travels from its origin 
within the parotid gland through the masticator space 
anteromedially on the lateral aspect of the lateral ptery-
goid (usually) to terminate in the pterygomaxillary fissure 
as the sphenopalatine artery. It may be difficult to purpose-
fully avoid puncture unless a blunt tipped needle or metic-
ulous aspiration is used in the infrazygomatic approach.

A suprazygomatic approach may avoid the maxil-
lary artery more successfully. This is because the max-
illary artery is more ventrally positioned in the 

pterygopalatine fossa compared to the maxillary nerve. 
Also, with this approach, there is minimal distance 
between the point of entry of the needle and the ptery-
gopalatine fossa (see Fig. 2.15).

Emissary veins from the orbit.
CSF space: The needle should not be advanced 

farther than 1.5 cm medially past the lateral ptery-
goid plate.

Posterior aspect of the orbit/optic nerve: Avoid by 
not advancing too cephalad or deeply in the pterygo-
maxillary fissure to allow entry of injectate into the 
infraorbital fissure.

Pharynx: if the needle is placed too posterior and 
air is aspirated (Raj et al.).

�Strengths and Weaknesses of Each  
Image Guidance Modality

Fluoroscopy•	
Fast––
Easy––
Allows complex angulation––
May be slightly less accurate and reliable than CT––

A reliable block can be difficult because fluoroscopy 
does not always show the relationship of the pterygopal-
atine fossa and foramen rotundum (Okuda et al. 2000).

CT with contrast•	
Accurate––
Safe––
Vascular structures can be identified initially ––
under contrast administration
Cancer may be avoided reliably compared to ––
fluoroscopic guidance with lateral approach

Maxillary artery

Maxillary nerve

Pterygopalatine fossa

a bFig. 2.15  (a) Maxillary 
nerve block by the suprazy-
gomatic route. A skin wheal 
is raised just above the 
superior edge of the 
zygomatic arch. (b) The 
needle is in the pterygopala-
tine fossa (Okuda et al. 2000)

http://www.emory.edu/ANATOMY/AnatomyManual/fossae.html
http://www.emory.edu/ANATOMY/AnatomyManual/fossae.html
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Reliable/more efficacious––
Anatomic variations better visualized––
Complex angulation more difficult––
Slower than fluoroscopy––

Approaches of CT and fluoroscopy can be combined •	
(Vallejo et al. 2007)

�Strengths and Weaknesses of Each Imaging 
Modality for Diagnosis (Indications/
Contraindications and Complications)

(Please see beginning of Head and Neck section, 
Chapter 2, page 5 for listing of strengths and weakness 
of various imaging modalities)

2.2.2 � Mandibular Nerve Block

2.2.2.1 � Anatomy

The mandibular nerve (V
3
) (see Fig. 2.16) is composed 

of sensory and motor roots. It originates from the 

trigeminal ganglion and exits through the foramen 
ovale.

2.2.2.2 � Function

The mandibular nerve is a combined motor and sen-
sory nerve that innervates:

Mylohyoid muscle and digastric muscle•	
Mucous membrane of the anterior two-thirds of the •	
tongue
The inside of the cheek (the buccal mucosa)•	
Teeth and gums of the mandible•	
Skin of the temporal region•	
Auricula•	
Lower lip and chin•	
Muscles of mastication•	
The muscles tensor tympani and tensor veli •	
palatini

2.2.2.3 � Injection Site

The classic technique involves external landmarks 
with or without fluoroscopy. The needle is placed 
through the mandibular notch and is directed posteri-
orly to the posterior margin of the lateral pterygoid 
plate (see Figs. 2.16 and 2.17).

Maxillary sinus

Needles on:

Mandibular nerve

Lateral pterygoid plate 

Maxillary nerve

Fig. 2.17  Transverse section of the head and face at the level of 
the mandibular notch showing needle placement on the man-
dibular nerve, on the lateral pterygoid plate, and on the maxillary 
nerve. After the pterygoid plate is touched, the needle is slightly 
withdrawn and pushed posterior until it slips off the pterygoid 
plate (Raj et al.)

Maxillary nerve Trigeminal ganglion

Mandibular
nerve Mandibular

notch

Fig.  2.16  Point of needle entry in the mandibular notch for 
extraoral mandibular nerve block (Waldman 2001a)
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2.2.2.4 � What Does the Needle Traverse? 
Mandibular Nerve

The needle traverses the same pathway as in the maxil-
lary nerve block until reaching the lateral pterygoid 
plate. The needle is then directed posteriorly (see 
Fig. 2.18).

2.2.2.5 � Which Structures to Avoid

The same structures should be avoided as in maxillary 
nerve block, except that there is much less risk of 
entering the CSF and orbit.

2.2.2.6 � Strengths and Weaknesses of Each 
Image Guidance Modality

Again, the same strengths and weaknesses are seen in 
image guidance as with the maxillary nerve.

2.2.3 � Imaging/Radiology for Both Maxillary 
and Mandibular Nerve Blocks

Fluoroscopy. The foramen rotundum may be visual-
ized for the maxillary nerve. The foramen ovale may 
be visualized for the mandibular nerve.

CT. The structure that exits through the foramen rotun-
dum is the maxillary nerve. The structure that exits infe-
rior through the foramen ovale is the mandibular nerve.

MRI. This is the procedure of choice for directly imag-
ing the nerve (see Figs. 2.19–2.20) (Barakos et al. 1991).

2.2.3.1 � Indications (Waldman 2001a) 

The main indications for imaging/radiology for maxil-
lary and mandibular nerve blocks include: Acute pain 
emergencies; acute herpes zoster refractory to stellate 
block** (Fig. 2.22); cancer** (Fig. 2.21); trigeminal 
neuralgia**; cluster headaches refractory to spheno-
palatine (SPG) block; trismus.

2.2.3.2 � Contraindications (Waldman 2001a)

A relative contraindication for maxillary or mandibu-
lar nerve blocks is altered anatomy due to surgery.

2.2.3.3 � Complications

Complications of maxillary and mandibular nerve 
blocks are the following: Activation of herpes/labialis 
and herpes zoster**; postprocedure dysesthesias, 

a

b

Fig. 2.18  Axial CT sections of the head. (a) Arrow indicates 
foramen ovale, which is a landmark to identify the location of 
nerve exit from the cranium on CT images in this patient. (b) 
The safest and shortest route (white line) to the target site (small 
arrow) is determined on the CT image (b, caudal section to a). 
The mandibular nerve immediately caudal to the foramen ovale 
in the posterior margin of lateral pterygoid plate (large arrow) is 
considered to be the target site (Koizuka et al. 2006)
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a b

Fig. 2.19  (a) Coronal T1-weighted (600/20) image. Chemical 
shift artifact results in partial obscuration of the maxillary divi-
sion of the mandibular nerve as it courses through the foramen 
rotundum (arrows). (b) After fat suppression, the chemical 

shift artifact is eliminated, allowing better visualization of the 
second division of the trigeminal nerve (arrows) (Barakos 
et al. 1991)

a b

Fig.  2.20  (a) Coronal T1-weighted (600/20) image obtained 
after contrast material administration. The enhancing perineu-
rium of the mandibular division of the trigeminal nerve is diffi-
cult to distinguish from surrounding fat (arrowhead). (b) Coronal 
fat-suppressed T1-weighted image. Note the uniform suppres-

sion of the subcutaneous and diploic space fat. After fat suppres-
sion, the perineurium that envelopes the trigeminal nerve 
(arrowheads) is easily defined. Note the enhancement of the 
perineurium but not the normal nerve itself (Barakos et al. 1991)
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including anesthesia dolorosa; facial asymmetry; 
Horner’s syndrome; facial ecchymosis and hema-
toma**; ocular subscleral hematoma**; middle men-
ingeal artery injection (mandibular block).

2.3 � Trigeminal Ganglion Block: 
Trigeminal (Gasserian) Ganglion 
Block for Trigeminal Neuralgia  
(Tic Douloureux)

2.3.1 � Anatomy

The trigeminal nerve is the largest of the cranial nerves. 
The preganglionic trigeminal nerve arises (at the root 

entry zone) from the lateral pons at its superior to mid 
portion as a large sensory and small motor root. The 
preganglionic nerve travels forward in the posterior 
cranial fossa above the superior aspect of the petrous 
temporal bone. It then merges with trigeminal ganglion 
at the apex of the petrous temporal bone (Meckel’s 
cave) in the middle cranial fossa. The ganglion is bor-
dered by the cavernous sinus, trochlear nerve, and 
optic nerve medially, the inferior surface of the tempo-
ral lobe superiorly, and the brain stem posteriorly. 
There are three postganglionic nerve divisions: V1, 
which exits via the superior ophthalmic fissure into the 
orbit; V2, which exits via the foramen rotundum and 
crosses the pterygopalatine fissure and inferior orbital 
fissure into the orbit; V3, which exits the foramen 
ovale towards the mandible.

2.3.2 � Function

The trigeminal nerve provides sensation for the face 
and mouth. It supplies the muscles of mastication as 
well as the tensor tympani, tensor veli palatini, the 
mylohyoid, and anterior belly of the digastric muscle.

Fig. 2.21  Postgadolinium-enhanced scan through the floor of the 
mouth demonstrates a contrast-enhancing mass (arrows) infiltrat-
ing the right side of the mandible and extending into the subcuta-
neous tissue. There is an associated mass at the right lateral base of 
the tongue. Note infiltration of the mandible extends across the 
midline (Yousem et al. 2006). This cancerous mass would result in 
pain that could be treated with a mandibular block

Fig.  2.22  A 33-year-old woman with herpes zoster. Axial 
contrast-enhanced T1-weighted spin-echo MR image shows 
enhancement along pontine course of trigeminal nerve and low 
signal intensity at the site of the main trigeminal sensory nucleus 
(arrow) (Kamel and Toland 2001)
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2.3.3 � Clinical Presentation

Trigeminal neuralgia presents as episodic excruciating 
pain of the unilateral face, forehead, jaw, or any iso-
lated facial structure (eye, lip, nose, etc).

2.3.4 � Etiology

Etiologies include vascular compression (superior 
cerebellar artery, aneurysm),** trauma** (root 
canal), tumor,** arachnoid cyst** in the cerebello
pontine angle, multiple sclerosis,** and postherpetic 
neuralgia.**

2.3.5 � Differential Diagnosis

Differential diagnoses include cluster headache, sinus-
itis,** temporomandibular joint syndrome,** atypical 
facial pain syndrome, odontogenic pain,** acute glau-
coma, and intracranial aneurysm.**

2.3.6 � Injection Site

The needle is inserted at the lateral margin of the lips 
(Fig. 2.23). It is then advanced along the inner aspect 
of the mandible between the mandible and the oral 
mucosa. The index finger is positioned inside the 
mouth to stabilize the needle and prevent it from 
puncturing the oral mucosa on its way to the foramen 
ovale. The needle is pushed past the posterior margin 
of the mandible to the skull base under fluoroscopic 
guidance. The needle tip is then advanced just inside 
the foramen ovale. In the lateral view the needle tip 
should not be advanced past a line between the tips of 
the anterior and posterior clinoid processes 
(Figs. 2.24–2.26).

2.3.7 � Cross-Sectional Anatomy

2.3.7.1 � What Does the Needle Traverse?

Taking an anterior approach, the needle first pene-•	
trates the skin and passes through the fascia. It then 

enters the buccal space through the inferior portion of 
the retromaxillary fat pad between the buccinator 
muscle and the masseter. It may traverse the medial 
margin of the temporalis muscle. The lateral ptery-
goid muscle is then traversed to reach the foramen 
ovale adjacent to the lateral surface of the lateral 
pterygoid.

A lateral approach to the foramen ovale can also be 
used similar to the mandibular nerve block (Krol and 
Arbit 1988).

2.3.7.2 � Which Structures the Needle Should 
Avoid (Kaplan et al. 2007) 

It is advisable that the needle avoid the following 
structures:

Optic nerve•	
Inferior orbital fissure (needle injury to CN III and/•	
or IV)
Nasociliary nerve or injury to its feeding artery•	
Recurrent meningeal artery (feeding vessel for the •	
trochlear nerve)
Motor branch innervation to masseter muscle•	
Abducens nerve (CN VI)•	
Greater superficial petrosal nerve•	
Geniculate ganglion (if the needle advanced too far •	
within the middle cranial fossa into the petrous 
bone)
Carotid artery and cavernous sinus•	
Anastomotic veins between cavernous sinus and •	
pterygoid plexus
Middle meningeal artery•	

2.3.7.3 � Imaging/Radiology

Fluoroscopy: The target is superior and posterior to 
the foramen ovale. Precise location of the foramen 
ovale may be difficult in some patients due to osteopo-
rosis or variant anatomy. Moreover, there is a 15% fail-
ure rate using this modality.

CT: The trigeminal ganglion is a structure within 
Meckel’s cave, but may not be directly visualized. The 
foramen ovale can be seen reliably. This method can 
be combined with CT/fluoroscopy for real-time needle 
manipulation. 3D volume rendering CT can also be 
helpful to localize the foramen ovale (Horiguchi et al. 
2005).
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Fig. 2.23  Gasserian ganglion block for trigeminal neuralgia (tic douloureux) (Neal, 2007)
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MRI: This is the procedure of choice for diagno-
sis of the various indications including trigeminal 
neuralgia due to arterial compression or AVMs, 
migraine phenomenon, and cranial nerve invasion. 
It is the best modality for excluding other diagnosis 
in cluster headaches. It is also the best modality for 
the visualization of complications (hematoma) in 
the middle cranial fossa and masticator space 
(Figs. 2.27–2.29).

2.3.8 � Indications

The following are common indications for trigeminal 
ganglion block (double asterisks indicate that the 
pathology can be imaged): Trigeminal neuralgia**; 
multiple sclerosis **; cancer resulting in direct nerve 
involvement **; cancer pain in invasive tumors**; 
cluster headaches; atypical facial pain; and failed 
sphenopalatine block.

Fig. 2.26  The needle was advanced following the predesigned 
route under CT fluoroscopy (Sekimoto et al. 2005)

Fig. 2.24  The patient’s neck is extended and the angle of the 
computed tomography (CT) gantry is set vertically to the cra-
nial base on the scout view. The arrow points to the white bar 
that indicates the inclination of the CT gantry (Sekimoto 
et al. 2005)

Fig.  2.25  The safest and shortest route to the foramen was 
designed on the CT image. The arrows show the marking devices 
(Sekimoto et al. 2005)



212.3  Trigeminal Ganglion Block: Trigeminal (Gasserian) Ganglion Block for Trigeminal Neuralgia (Tic Douloureux) 

2.3.9 � Complications

The following are complications of trigeminal gan-
glion block (double asterisks indicate that the pathol-
ogy can be imaged) (Kaplan et al. 2007):

Numbness, hypoesthesia or dysesthesia (trigeminal •	
trophic syndrome) in the entire trigeminal nerve 
distribution – 29–63% incidence.
Corneal abnormalities in 3–15% of patients due to •	
nasociliary nerve injury.
Masticatory weakness (masseter motor innervation •	
injury).
Reactivation of dormant HSV in 27–94% patients.**•	
Hematoma: the pterygopalatine space is highly •	
vascular and significant hematoma of the eye can 
occur.** Retrobulbar hematoma** can also occur.
Hemorrhage into temporal fossa (veins into the •	
subtemporal region can be punctured).**
CSF leak or fistula.**•	
Blindness due to optic nerve injury.•	
Oculomotor paresis.•	

Fig. 2.27  Sagittal enhanced 3D time-of-flight image through the 
right side of Meckel’s cave in a 53-year-old-man. The enhancing 
ganglion (thick white arrow) is shown at the anteroinferior margin 
of the cave, in continuity with the dural wall (white arrowhead). 
Superior and inferior lips of the ganglion (thin white arrows) are 
well depicted. No sensory rootlets are seen in the trigeminal cistern 
(TC). The ophthalmic nerve (V1) and maxillary nerve (V2) are 
hypointense, linear structures surrounded by strongly enhancing 
venous channels (black arrowheads) in the lateral wall and along 
the inferior border, respectively, of the cavernous sinus. V2 enters 
the foramen rotundum (FR), while V1 passes to the superior orbital 
fissure (SOF). CA carotid artery; PC prepontine cistern; TE cere-
bellar tentorium; TL temporal lobe (Yousry et al. 2005)

Fig.  2.28  Coronal gadolinium-enhanced T1-weighted image 
(TR/TE/NEX, 400/15/2) depicts the nonenhancing crescent-
shaped trigeminal ganglion (arrows) and the prominent perineu-

ral venous plexus (arrowheads) superior to it. The venous plexus 
as well as the ganglion are symmetric in appearance (Williams 
et al. 2003)



22 2  Head and Neck

Extremely rare injuries to CN 7, 8, and 12.**•	
Caroticocavernous fistula.**•	
External carotid artery fistula.**•	
Meningitis** (Ward et al. •	 2007; James et al. 1995).

2.4 � Occipital Nerve Block:  
For Occipital Neuralgia

2.4.1 � Anatomy

The greater occipital nerve arises from the C2 nerve 
root and the lesser occipital nerve receives supply 
from the C2 and C3 nerve roots. The third occipital 
nerve originates from the medial sensory branch of the 
posterior division of C3 nerve root. It courses through 
the splenius and trapezius medial to the greater occipi-
tal nerve. Sites of compression of the greater occipital 
nerve include the atlantoaxial joint, the posterior 
arches of C1 and C2, and the site of nerve penetration 
at the trapezius tendon (Figs. 2.30 and 2.31).

2.4.2 � Function

The lesser and greater occipital nerves provide sensory 
supply to the upper neck and occipital scalp.

2.4.3 � Clinical Presentation

Occipital neuralgia presents as chronic headache 
pain, which may be aching, burning, and throbbing 

Fig.  2.31  The occipital region and upper cervical vertebrae 
viewed from behind showing the course of the greater occipital 
nerve (G) with possible sites of compression: F due to atlanto-
axial joint disease; M as it penetrates the tendinous portion of 
the trapezius muscles (Z); T as the occipital nerve pierces the 
posterior atlantoaxial membrane (depicted in light semitrans-
parent blue); and between posterior arches of C1 and C2 verte-
brae. Note connections between greater occipital nerve (G) and 
C1 (i) and C3 (ii) nerves. O occipital bone (Kapoor et al. 2003)

Fig. 2.29  Image obtained in a 55-year-old woman with trigemi-
nal neuralgia, with neurovascular compression caused by both 
the vein and anterior inferior cerebellar artery. Transverse 3D 
CISS MR image (12.25/5.9, 70° flip angle) shows that both the 
vein (curved arrow) and the anterior inferior cerebellar artery 
(short straight arrow) have compressed the left trigeminal nerve 
(long straight arrow) at the root entry zone. This finding was 
confirmed at surgery (Yoshino et al. 2003)

External
occipital

protuberance

Superior
nuchal line

Mastoid
process

Greater
occipital n.

Lesser
occipital n.

Occipital nerve block.

Fig. 2.30  Occipital nerve block for occipital neuralgia (Weiss 2007)
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with intermittent shooting episodes. The headache 
pain may involve the eyebrows and/or behind the 
eye. It is usually unilateral. There may be photo-
sensitivity associated with the headaches. There is 
often associated scalp tenderness. The presenta-
tion may be similar to a migraine or a cluster 
headache.

2.4.4 � Etiology

Etiologies include trauma such as whiplash injury** 
or concussion injury with involvement of the lesser 
and/or greater occipital nerves. Tumor** of the C2 
and/or C3 nerve roots, repetitive use injury, rheuma-
toid arthritis** or osteoarthritis**of the upper cervi-
cal spine, cervical spondylosis,** herniated nucleus 
pulposus,** C1–C2 facet arthritis,** and ligamen-
tum flavum thickening.** Compression of the greater 
or lesser occipital nerve or the C2 and C3 nerve roots 
associated with cervical spine degeneration.** 
Vascular compression by an anomalous, ectatic ver-
tebral artery** or posterior inferior cerebellar 
artery.** Arnold–Chiari type I syndrome** (foramen 
magnum syndrome), gout,** diabetes, arteritis,** or 
infection.**

2.4.5 � Differential Diagnoses

Differential diagnoses include tension headaches, 
cluster headaches, migraine headaches, and 
fibromyalgia.

2.4.6 � Injection Site

At a theoretical line (level of the superior nuchal 
margin) between the external occipital protuberance 
and the mastoid process, the greater occipital nerve is 
positioned at the inner third. The lesser occipital nerve 
is positioned between the central and lateral third inter-
face. The subcutaneous tissues at these sites are 
injected (Figs. 2.30 and 2.32).

2.4.7 � Cross-Sectional Anatomy

2.4.7.1 � What Does the Needle Traverse?

The needle enters the skin and traverses the trapezius 
muscle. The superficial layer of the deep cervical fascia 
that surrounds the trapezius is then traversed. The deep 
layer of the deep cervical fascia is next penetrated by the 
needle. The needle then crosses the semispinalis/splenius 
capitis muscle followed by the rectus capitis muscle. The 
base of the occipital bone is then reached (Fig. 2.32).

2.4.7.2 � Which Structures the Needle  
Should Avoid

The needle should avoid the following structures:

Suboccipital venous plexus (complex meshwork of •	
superficial veins between layers of muscle in the 
suboccipital region)
Condylar emissary vein (connects the suboccipital •	
venous plexus to the sigmoid sinus via the condylar 
canal at the occipital condyle)
Occipital artery (nerve lies just medial to the artery)•	
Vertebral artery•	

a

b

Fig. 2.32  (a) depiction of the 
occipital artery and posterior 
scalp musculature at the level 
of the inferior occipital bone. 
(b) depiction of the occipital 
artery and posterior scalp 
musculature at the level of the 
occipital condyle [http://
www.e-anatomy.org/anatomy/
human-body/head-neck-face/
skull-face.html] (courtesy of 
e-Anatomy - Micheau A,  
Hoa D, www.imaios.com)

http://www.e-anatomy.org/anatomy/human-body/head-neck-face/skull-face.html
http://www.e-anatomy.org/anatomy/human-body/head-neck-face/skull-face.html
http://www.e-anatomy.org/anatomy/human-body/head-neck-face/skull-face.html
http://www.e-anatomy.org/anatomy/human-body/head-neck-face/skull-face.html
http://www.e-anatomy.org/anatomy/human-body/head-neck-face/skull-face.html
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2.4.7.3 � Imaging/Radiology

Plain film radiographs: Plain films are less sensitive 
than CT or MRI and are usually not helpful for evalu-
ation of indications for occipital nerve block.

Fluoroscopy is the best technique for guidance. It 
may not be necessary however, since anatomic land-
marks are usually palpable.

Ultrasound: Cadaver study shows that the nerve can 
be directly visualized and targeted under ultrasound in its 
proximal portion before its division at the caudal end of 
the obliquus capitis inferior muscle (Curatolo and 
Eichenberger 2007). Ultrasound may be of use to local-
ize the occipital artery.

CT: CT is useful for the evaluation of upper cervical 
spine pathology. It is also useful for guidance of C2–C3 
nerve blocks when lesser and greater occipital nerve 
blocks have failed in the scalp.

MRI: This is the modality of choice for the exclu-
sion of intracranial pathology and to evaluate the 
cervical spine. It is superior to CT except in suba-
rachnoid hemorrhage and cortical bone invasion/
pathology.

2.4.8 � Indications

The following are relatively common indications 
(double asterisks indicate that the pathology can be 
imaged): Headache (tension, vascular, cervicogenic), 
occipital neuralgia, cervical arthritis** (Fig. 2.33) and 
myofascial pain.

Relatively rare indications include: Arnold–Chiari 
malformation,** (Fig. 2.34) tumor (primary and sec-
ondary),** and infection (mastoid and intraspinal)** .

Fig. 2.33  Sagittal fast spin-echo MR images of rheumatoid arthri-
tis with superficial and deep enhancement in a 69-year-old woman 
(rheumatoid arthritis for 31 years). T1-weighted (500/7) (a) and 
T2-weighted (3,398/150) (c) images show stenoses (waisted) at 
level C1–C2 and levels C3–C4 through C6–C7, presumably caused 
by pannus and subluxation on level C1–C2 and by discopathy and 
ligamentum flavum hypertrophy on subaxial levels. (b) Gadolinium-
enhanced T1-weighted SPIR fat-suppressed image (500/7) shows 

superficial enhancement lining the cerebrospinal fluid (arrow 1) 
and enhancement involving deeper structures. Deep-enhancing tis-
sue is recognized as bone and presumably pannus on C1–C2 (arrow 
2), as disk on subaxial anterior levels (arrow 3), and as bone on level 
C3–C4 (arrow 4). Ligamentum flavum and interspinal ligaments 
enhanced posterior (arrow 5). Deep enhancement coincides mostly 
with narrowing of the spinal canal on these levels. Note enhance-
ment of the ligamentum nuchae (arrow 6) (Kroft et al. 2004)
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Fig.  2.34  Sagittal T2-weighted MR image in patient with 
asymptomatic Chiari I malformation. Arrow points to herniated 
cerebellar tonsil extending below the inferior margin of the 
occipital lobe (Hofkes et al. 2007)

Fig. 2.35  Herniated 
cerebellar tonsils up to C1

2.4.9 � Contraindications

The main specific contraindication is suboccipital 
craniectomy.** (Figs. 2.35–2.36).

2.4.10 � Complications

Uncommon complications include: (1) Intravascular 
injection of occipital artery; total spinal anesthesia in 
the sub cranial injection of patients who have had 
posterior suboccipital cranial surgery.

2.5 � Cervical Plexus Blockade

2.5.1 � Anatomy

The cervical plexus is formed by the ventral rami of the 
superior fourth cervical nerves. It lies deep to the ster-
nocleidomastoid. It is lateral to the levator scapulae 
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muscles and middle scalene. This is surrounded by the 
prevertebral fascia. The plexus has links to cranial 
nerves 11, 12, and the sympathetic trunk. The cervical 
plexus becomes superficial at the posterior margin of 
the sternocleidomastoid along the posterior triangle. 
There are four cutaneous and one muscular branch. A 
deep and superficial component to the cervical plexus 
is present (Fig. 2.37).

2.5.2 � Function

The cutaneous branches of the cervical plexus 
include the lesser occipital nerve, which provides 
sensory supply to the lateral portion of the occipital 
scalp; the greater auricular nerve, which provides 
sensory supply to the auricular region of the ear 

(behind the ear); the transverse cervical nerve, which 
provides sensory supply to the ventral neck; the 
supraclavicular nerve, which provides sensory 
supply to the shoulder, upper thorax, and suprascap-
ular region (Fig. 2.37).

The ansa cervicalis provides motor supply to the 
geniohyoid, thyrohyoid, sternothyroid, sternohyoid, 
and omohyoid muscles. The phrenic nerve provides 
motor supply to the diaphragm.

There is a contribution to cranial nerve 11 for the 
sternocleidomastoid and trapezius muscles.

2.5.3 � Injection Site

For the superficial plexus, the site is chosen at the mid-
point of the posterior margin of the sternocleidomas-
toid, one-half the depth of the muscle superiorly and 
inferiorly along the posterior border (Fig. 2.37).

For the deep cervical plexus, an anterior approach 
is utilized such that the needle is adjacent to the trans-
verse processes of C2 through C4. The point of injec-
tion is chosen along a line between the mastoid process 
and the C6 transverse process (Chassaignac’s tubercle) 
(Figs. 2.38–2.41).

2.5.4 � Cross-Sectional Anatomy: 
Superficial Cervical Plexus Block

2.5.4.1 � What Does the Needle Traverse?

The needle enters the skin and traverses the posterior 
margin of the platysma. The needle next traverses the 
superficial layer of the deep cervical fascia at the pos-
terior margin of the sternocleidomastoid to enter the 
posterior cervical space. The needle is then superficial 
to the deep layer of the deep cervical fascia surround-
ing the levator scapulae muscle (Figs.  2.41a and 
2.41b).

2.5.4.2 � Which Structures the Needle  
Should Avoid

Care must be taken to avoid cranial nerve 11 (spinal 
accessory nerve), which runs in the floor of the poste-
rior cervical space. This supplies innervation to the 
trapezius. The nerve is located within the occipital 

Fig. 2.36  An example of suboccipital craniectomy. Postoperative 
MRI showing the recently created cisterna magna. Note that the 
inferior aspect of the occipital bone is now at the level of the mid 
cerebellum. White arrow points to cisterna magna. Black arrow 
points to inferior margin of the occipital bone (Silva et al. 2005)
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Fig. 2.37  Superficial 
cervical plexus block –  
anatomy and technique 
(Brown 1992)

Fig. 2.38  Deep cervical plexus block – anatomic drawing. Right 
to left, the needles are noted at the sulci of the transverse 
processes of C2, C3, and C4 (Carron et. al. 1984)

triangle formed by the sternocleidomastoid antero-
medially, the trapezius posterolaterally, and the 
omohyoid muscle inferiorly. The dorsal scapular 
nerve should also be avoided. It arises from the bra-
chial plexus (spinal nerve C4 & C5); this supplies 
motor innervation to the rhomboid and levator scapu-
lae muscles. The internal and external jugular veins 
should also be avoided (Figs. 2.40–2.41).

2.5.5 � Cross-Sectional Anatomy:  
Deep Cervical Plexus Block  
Lateral Approach

2.5.5.1 � What Does the Needle Traverse?

The needle enters the skin and traverses the sternocleido-
mastoid and the superficial layer of the deep cervical 
fascia, which surrounds the sternocleidomastoid. Next, 
the middle scalene muscle and/or anterior scalene 
muscle is crossed until the anterior tubercle of the 
transverse process is contacted at its lateral most aspect 
(Figs. 2.38–2.39 and 2.41).



28 2  Head and Neck

Vertebral a.

Vertebral a.

Carotid a.

Internal jugular v.

External jugular v.

Sternocleidomastoid m.

Branch of superficial
cervical plexus

Fig. 2.40  Cervical plexus cross-sectional anatomy: midpoint of sternocleidomastoid muscle (Brown 1992)

LATERAL

POSTERIOR

a b

Fig. 2.39  “Deep cervical block” by the original posterior (Kappis) 
and lateral (Heidenheim) routes. (a) With the posterior approach, 
the needles are inserted 3 cm from the midline and advanced until 
the articular pillar is contacted, whereupon the needles are with-
drawn and reinserted farther laterally until they “walk off” the lateral 
margin of the transverse processes. At that point the local anesthetic 

is injected. With the lateral approach, a line is drawn from the mas-
toid process above to the transverse process of C6 below, indicating 
the location of the cervical transverse processes. (b) Then, using 
either two or three needles, the lateral margins of the second, third, 
and fourth cervical transverse process are contacted, whereupon the 
anesthetic solution is injected (Winnie et al. 1975)
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2.5.5.2 � Which Structures the Needle  
Should Avoid?

The vertebral artery should be avoided within the 
transverse foramen. Care should be taken to limit the 
volume of anesthetic injected anterior to the trans-
verse processes as this may cause compression of 
the carotid sheath and anesthesia of cranial nerves 9 
and 10. Avoid the intravertebral foramina so as to 
prevent epidural or subarachnoid injection and even 
spinal cord injury. The phrenic nerve located ventral 
to the anterior scalene muscle should also be 
avoided.

2.5.6 � Cross-Sectional Anatomy:  
Deep Cervical Plexus Block 
Posterior Approach

This approach is technically more difficult to perform 
than the lateral approach, but useful when the lateral 
approach is technically impossible, i.e., neck tumor 
(Waldman 2001b).

2.5.6.1 � What Does the Needle Traverse?

The needle enters the skin and traverses trapezius and 
the superficial layer of the deep cervical fascia (sur-
rounding the trapezius). The deep layer of the deep 
cervical fascia is then entered, followed by the poste-
rior paraspinal muscles. Next, the posterior and 
middle scalene muscles are traversed by the needle 
until the lateral margin of the transverse process is 
contacted.

2.5.6.2 � Which Structures the Needle  
Should Avoid

The brachial plexus root lies near the needle path 
between the anterior and middle scalene muscles.

2.5.7 � Imaging/Radiology  
(Jacobsen et al. 2006)

Ultrasound: This method is useful for characterizing 
palpable masses (thyroglossal duct cysts, branchial 

a b

Fig. 2.41  (a) CT image of cervical plexus cross-sectional anatomy – midpoint of sternocleidomastoid muscle (at same level as 
Fig. 2.38). (b) CT image depicts needle pathway for cervical plexus blocks 
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cysts, cystic hygromas, salivary gland tumors, abscesses, 
carotid body tumors, vascular tumors, and thyroid 
masses). It is able to characterize vascularity in real-
time and in duplex mode.

CT: This represents the first-line imaging technique 
for masses/lymphadenopathy Superior to MRI in eval-
uating bony cortex. It is helpful for staging cancer, 
including capsular penetration and extension beyond 
the lymph nodes (Fig. 2.42). CTA is recommended for 
vertebral/carotid artery injury.

MRI: This modality is superior to CT for evaluating 
intracranial pathology, especially infarcts of the poste-
rior fossa. It is also valuable in assessing the superior 
extent of nodal involvement of malignancy (intracra-
nial extension). Although is capable of detecting bone 
marrow invasion, it is not able to detect bone cortex 
destruction, unlike CT. MRA is useful for vertebral/
carotid artery injury.

2.5.8 � Indications

The following are common indications (double aster-
isks indicate that the pathology can be imaged) (Smoker 

and Harnsberger 1991; Holliday et  al. 1995; Parker 
and Harnsberger 1991):

Painful infections (tuberculosis) affecting the lymph •	
nodes in the neck (Fig. 2.43)
Pain after laryngectomy and/or radiation therapy •	
following laryngectomy for cancer
Surgery involving the inferior or lateral aspect of •	
the neck:
Dissections of the neck**•	
Excisions of masses**•	
Tumors**•	
Thyroglossal cysts**•	
Branchial cysts**•	
Operations of the thyroid**•	
Parathyroid or lymph nodes**•	
Operations on the blood vessels including ligations •	
of the carotid and lingual arteries and carotid 
endarterectomy**
Pharyngeal cancer and metastases**•	
Occipital and posterior auricular neuralgias associ-•	
ated with acute inflammation or compression of the 
cervical plexus by tumors** or aneurysms**
Hiccups•	

Fig. 2.42  Transverse CT image in a patient with T3 supraglottic 
carcinoma. Pretreatment image shows a mass (arrows) in the 
region of the left false vocal cord and paraglottic space (Hermans 
et al. 2000)

Fig. 2.43  Multispatial tularemia. Enhanced CT scan shows a 
large suppurative node in external aspect f superficial space (N) 
with thickening and enhancement of overlying skin (white 
arrows) and underlying platysma muscle (black arrow). 
Suppurative adenopathy is also present bilaterally in deep cer-
vical chain nodes of carotid spaces (arrowheads), and smaller, 
reactive-appearing nodes are present in spinal accessory nodes 
of posterior cervical spaces (dots) (Smoker, 1991)
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2.5.9 � Contraindications

The following represent the main unique contraindica-
tions: significant respiratory disease due to potential 
blockage of the phrenic nerve (diaphragm paralysis), 
especially in bilateral cervical plexus block.

2.5.10 � Complications

The range of possible complications is relatively wide, 
including:

Intravascular injections of the local anesthetic•	
Internal or external jugular vein injections (sys-•	
temic toxicity, hematoma due to wall tear, air 
embolism)**
Vertebral artery injury resulting in convulsions, •	
apnea, total reversible blindness and unconscious-
ness due to dissection,** thrombosis,** and/or 
infarction**
Occlusion of the PICA (Wallenberg syndrome)**•	
Compression of the carotid sheath, especially with •	
carotid artery disease**
Injection into the epidural or subarachnoid spaces •	
– anesthesia of the upper limbs and thorax with 
bilateral phrenic nerve paralysis
Spinal cord injury**•	
Recurrent laryngeal nerve block** occurs in 2–3% •	
of unilateral cervical plexus block
Vagus nerve block•	
Bilateral hypoglossal nerve block•	
Bilateral phrenic nerve block**•	
Blockade of the ninth and tenth cranial nerves or •	
a  combination of both through the pharyngeal 
plexus
Bilateral stellate ganglion blocks•	
Occipital headaches•	

2.6 � Stellate Ganglion Block

2.6.1 � Anatomy

The stellate ganglion is located ventral to the C7 trans-
verse process. It is ventral to the first rib, medial to the 
vertebral artery and superior to the subclavian artery, 
and cupula/apex of the lung (Fig. 2.44).

2.6.2 � Function

The stellate ganglion provides sympathetic innervation 
to the head, neck, upper extremity, and heart. It also 
receives input from the paravertebral sympathetic trunk. 
The stellate ganglion is involved in sympathetically 
mediated pain (i.e., complex regional pain syndrome).

2.6.3 � Injection Site

Fluoroscopic: An anterior approach is utilized to the 
junction between the C6 and/or C7 vertebral body and 
their respective transverse processes (Fig. 2.45).

CT: An anterolateral approach is utilized with the 
tip of the needle adjacent to the first rib head 
(Fig. 2.46).

2.6.4 � Cross-Sectional Anatomy:  
Anterior Approach

2.6.4.1 � What Does the Needle Traverse?

After traversing the skin, the needle penetrates the plat-
ysma and the infrahyoid strap muscle that is surrounded 
by the superficial layer of the deep cervical fossa. The 
middle layer of the deep cervical fascia that surrounds 
the visceral space is then traversed. The needle may 
then traverse the thyroid gland and the posterior mar-
gin of the middle layer of the deep cervical fascia to 
enter the retropharyngeal space. The needle is kept 
medial to the carotid sheath. The deep layer of the deep 
cervical fascia is then traversed (perivertebral space 
prevertebral component). The longus coli is then tra-
versed to contact the anterior tubercle of the C6 trans-
verse process (Chassaignac’s tubercle) (Fig. 2.47).

2.6.4.2 � Which Structures the Needle  
Should Avoid

It is advisable to avoid the following structures: Carotid 
artery (carotid artery sheath); vertebral artery (trans-
verse foramen); esophagus (posterior and to the left of 
trachea); phrenic nerve (anterior to the anterior scalene); 
recurrent laryngeal nerves (tracheoesophageal groove) 
(Figs. 2.47 and 2.50).
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2.6.4.3 � Imaging/Radiology

Fluoroscopy: This method allows accurate needle place-
ment at the level of the C6 transverse process, since many 
individuals lack a bony tranversarium at C7 and thus the 
needle may enter the vertebral artery at this level (C7).

Arteriography is useful for evaluating upper extrem-
ity arterial insufficiency.

CT (Erickson and Hogan 1993): Intravenous con-
trast allows accurate identification of vascular struc-
tures (vertebral artery and carotid sheath). CT also 
enables identification of the esophagus and allows one 
to avoid critical nerves such as the phrenic nerve and 
recurrent laryngeal nerve, and spinal cord/nerve roots. 
The pneumothorax can also be avoided. It is useful in 
excluding other sources of upper extremity pain where 
bony pathology is suspected. Temporal bone CT is 

useful in excluding other sources of inner ear pathol-
ogy in the setting of Ménière’s disease.

Ultrasound: This imaging modality allows identi-
fication of the esophagus in the left-sided approach. It 
also allows accurate identification of vascular struc-
tures (carotid artery, vertebral artery, thyroid arteries) 
(Fig.  2.49). However, it cannot monitor spread of 
contrast agent as well as CT or fluoroscopy to prevent 
intrathecal or recurrent laryngeal nerve involvement.

Nuclear medicine bone scan is useful for evaluating 
complex regional pain syndrome (reflex sympathetic 
dystrophy) (Fig. 2.51).

MRI: This method is useful in excluding other sources 
of upper extremity pain. MRI of the internal auditory 
canal is useful in excluding other sources of inner ear 
pathology in the setting of Ménière’s disease (Fig. 2.48). 
The stellate ganglion may be directly imaged.

Vertebral a.

Carotid a.

Internal
jugular V.

Anterior
scalene

m.

Middle
scalene

m.
Superior
articular
process

Fig. 2.44  Axial diagram of 
stellate ganglion block. The 
needle is positioned in the 
vertebral gutter, a shallow 
depression where the 
transverse process joins with 
the vertebral body. Note the 
position of the vertebral 
artery within the foramen 
transversarium, the exiting 
nerve root, and the carotid 
artery (Rathmell 2006)
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2.6.5 � Indications

The following are common indications for stellate 
ganglion block:

Sympathetically maintained pain syndromes (reflex •	
sympathetic dystrophy or complex regional pain 
syndrome) (Schweitzer et al. 1995)
Vascular disease**•	
Raynaud’s disease**•	

Raynaud’s phenomenon**•	
Frost bite•	
Vasospasm**•	
Occlusive vascular disease**•	
Embolic vascular disease**•	
Scleroderma**•	
Chronic pain syndromes involving the upper limb, •	
thoracic structures, and head and neck.
Phantom limb pain•	
Paget’s disease**•	

a

c d

b

Fig. 2.45  (a, b) Lateral radiograph of the cervical spine during 
stellate ganglion block at C6. (a) The needle is seated against the 
anterior surface of C6. Radiographic contract (1.5 mL of iohexol 
180 mg/mL) has been injected and spreads along the anterolat-
eral surface of C6 to reach the adjacent vertebra. A small amount 
of contrast is seen in a more superficial plane and was placed 
before the needle was firmly seated against the vertebral body. 
(b) Labeled image. (c, d) Posterior–anterior radiograph of the 
cervical spine during stellate ganglion block at C7. (c) The nee-
dle is in position at the junction of the C7 transverse process and 

the vertebral body, just inferior to the uncinate process of C7. 
Particular care must be taken when performing stellate ganglion 
block at the C7 level. The needle tip must remain aligned below 
the uncinate process or more medial to avoid the vertebral artery, 
which courses unprotected over the anterior surface of the C7 
transverse process in many individuals. Radiographic contrast 
(1.5 mL of iohexol 180 mg/mL) has been injected, followed by 
10 mL of 0.25% bupivacaine, and spreads along the anterolat-
eral surface of C6 to T2. (d) Labeled image (Rathmell 2006)
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Neoplastic disorders•	
Postradiation neuritis**•	
Diabetic neuropathy•	
Pain from cranial nerve disorders (tic douloureux, •	
Bell’s palsy)**

Postherpetic neuralgia/acute herpes zoster**•	
Severe refractory angina** (Chester et al. •	 2000)
Hyperhidrosis•	
Ménière’s syndrome** (Valvassori and Dobben •	 1984)
Vascular headaches•	

a b

Fig. 2.46  CT-guided stellate ganglion injections in a 32-year-
old-woman. (a) CT image shows needles (straight arrows) and 
high-attenuation contrast material surrounding the stellate gan-
glion (curved arrow). (b) CT image shows the entire course of 

the needle (straight solid arrows), with its tip (open arrow) 
residing on the head of the first rib. Contrast material surrounds 
the stellate ganglion (curved arrow) (Erickson and Hogan 
1993)
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Fig. 2.47  CT showing 
important anatomic structures 
at the level of the stellate 
ganglion block. Similar 
anatomy is also encountered 
with brachial plexus  
block (modified from  
[http://www.urmc.rochester.
edu/smd/Rad/neuroanatomy/
neck_anatomy.htm])

http://www.urmc.rochester.edu/smd/Rad/neuroanatomy/neck_anatomy.htm
http://www.urmc.rochester.edu/smd/Rad/neuroanatomy/neck_anatomy.htm
http://www.urmc.rochester.edu/smd/Rad/neuroanatomy/neck_anatomy.htm
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2.6.6 � Contraindications

Contraindications of stellate ganglion block include 
myocardial infarction,** bradycardia, glaucoma, 
contralateral pneumothorax** or compromised func-
tion or absence of the contralateral lung.**

2.6.7 � Complications (Neal et al. 2007)

The following are uncommon complications of stellate 
ganglion block:

Recurrent laryngeal and phrenic nerve block**•	
Brachial plexus blockade•	
Pneumothorax**•	
Generalized seizure•	
Total spinal anesthesia•	
Severe hypotension•	
Transient locked-in syndrome•	
Paratracheal hematoma**•	
Vertebral artery injection causing dissection/thrombosis •	
or infarction** (Makiuchi et al. 1993) (see Fig. 2.52)

2.7 � Brachial Plexus Block:  
For Brachial Plexopathy

2.7.1 � Anatomy

The brachial plexus is a complex system of nerves, 
which originates from the C4 through T1 nerve roots. 
The brachial plexus then travels through the neck 
between the anterior and middle scalene muscles pos-
terior to the clavicle and cephalad to the first rib next to 
the subclavian artery, through the axilla into the arm 
(Figs. 2.53 and 2.54).

2.7.2 � Function

The brachial plexus innervates all skin sensation and 
motor supply to the upper extremity except for the tra-
pezius and the skin adjacent to the axilla (supplied by 
the intercostobrachialis nerve).

Fig. 2.49  Ultrasound imaging of the left stellate ganglion. A the 
needle path with the anterior paratracheal approach (with fluoro-
scopic guidance). B the needle path with ultrasound guidance.  
Tr trachea; Es esophagus; Th thyroid; Lc longus coli muscle; CA 
carotid artery; IJV internal jugular vein. (Reprinted with permis-
sion from the Cleveland Clinic Foundation (Narouze et  al. 
2007))

Fig. 2.48  Axial TI-weighted MR image of a 42-year-old woman 
shows ovoid stellate ganglion (arrow) reaching cephalad beyond 
the first rib. C common carotid artery; J internal Jugular vein;  
vv vertebral vein; va vertebral artery; L longus coli; E esopha-
gus; T1 T1 vertebral body (Hogan and Erickson 1992)
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Vertebral a.

Anterior tubercle of
transverse process
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Trachea Stellate
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Fig.  2.50  Complications of stellate ganglion block. The stellate 
ganglion conveys sympathetic fibers to and from the upper extremi-
ties and the head and neck. The ganglion is comprised of the fused 
superior thoracic ganglion and the inferior cervical ganglion and is 
named for its fusiform shape (in many individuals, the two ganglia 
remain separate). The stellate ganglia lie over the head of the first rib 
at the junction of the transverse process and uncinate process of T1. 
The ganglion is just posteromedial to the cupola of the lung and 
medial to the vertebral artery, and these are the two most vulnerable 
structures. Stellate ganglion block is typically carried out at the C6 or 
C7 level to avoid pneumothorax, and a volume of solution that will 

spread along the prevertebral fascia inferiorly to the stellate ganglion 
is employed (usually 10 mL). When radiographic guidance is not 
used, the operator palpates the anterior tubercle and the transverse 
process of C6 (Chassaignac’s tubercle), and a needle is seated in the 
location. With radiographic guidance, it is simpler and safer to place 
a needle over the vertebral body just inferior to the uncinate process 
of C6 or C7. Incorrect needle placement can lead to: A spread of the 
injectate adjacent to the spinal nerves where they join to form the 
brachial plexus; B damage to the vertebral artery or intra-arterial 
injection; or C pneumothorax. Local anesthetic can also course prox-
imally along the spinal nerves to the epidural space (Rathmell 2006)

2.7.3 � Clinical Presentation

Brachial plexopathy presents as pain and decreased sen-
sation in the upper extremity and shoulder as well as 
weakness.

2.7.4 � Etiology

Etiologies include trauma,** stretching injury, 
tumor,** radiation therapy, birth defects, toxins, 
drugs, thoracic outlet syndrome,** and acute 
idiopathic/viral plexitis** as well as autoimmune 
plexitis.**

2.7.5 � Differential Diagnosis

Differential diagnoses include adhesive capsulitis,** 
amyotrophic lateral sclerosis,** cervical radiculopa-
thy,** herniated nucleus pulposus,** and spondylo-
sis,** polymyalgia rheumatica, rotator cuff disease,** 
and thoracic outlet syndrome.**

2.7.6 � Injection Site

Supraclavicular, infraclavicular, axillary, and interscalene 
(Fig. 2.53) approaches are used. The axillary approach is 
described in the upper extremity nerve section.
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2.7.7 � Cross-Sectional Anatomy: 
Interscalene Approach

2.7.7.1 � What Does the Needle Traverse?

The needle enters the skin and traverses the platysma. 
It then crosses the sternocleidomastoid muscle, which 
is surrounded by the superficial layer of the deep cervi-
cal fascia. The needle then penetrates the deep layer of 
the deep cervical fascia surrounding the anterior sca-
lene muscle. It then traverses the anterior scalene mus-
cle to the target point between the anterior and middle 
scalene muscle (Fig. 2.55).

2.7.7.2 � Which Structures the Needle  
Should Avoid

It is advisable that the needle avoid the following struc-
tures: phrenic nerve, recurrent laryngeal nerve, pneu-
mothorax (lung apex), and central neuroaxial structures 
(see Fig. 2.47 for relevant anatomy).

Fig.  2.51  A patient with RSDS shows the typical pattern of 
increased periarticular activity in the affected hand. Two distal 
interphalangeal joints on the opposite hand show increased 
activity at the sites of osteoarthritis (Kozin et al. 1981)

a b

Fig. 2.52  Irregular stenosis with multiple filling defects involving 
the left VA in a 37-year-old man with dizziness and ataxia (patient 
17). (a) Anteroposterior left vertebral angiogram shows an irregu-
lar long segmental stenosis (arrows) and multiple filling defects 
(arrowheads) in left V2, which represent intramural or intralumi-
nal thrombi. The left posterior inferior cerebellar artery was 

occluded on later angiograms. (b) Axial T2-weighted MR image 
shows regions of high signal intensity, which represent multiple 
infarcts. The infarcts involve the territory of the left posterior infe-
rior cerebellar artery and middle cerebellar peduncle, an appear-
ance that suggests the embolic nature of the infarction (Shin et al. 
2000)
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Fig. 2.54  Normal anatomy 
of the brachial plexus 
(Wittenberg and Adkins 
2000)
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Fig. 2.53  Needle placement 
for interscalene brachial 
plexus block. Lateral view of 
patient lying supine with 
head to the left.  (Waldman 
2001c)
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2.7.8 � Imaging/Radiology

Plain film radiographs: Plain films are useful to rule 
out shoulder impingement syndrome. Chest radio-
graphs are useful to evaluate for sarcoidosis, granu-
lomatous disease, and Pancoast tumor. Cervical ribs 
may also be excluded.

Image guidance: Although palpable anatomic land-
marks may be used for guidance, image guidance may 
be useful in patients with short thick necks, prior his-
tory of surgery or radiation (Mukherji et al. 2000).

Fluoroscopy is the method most commonly used.
CT is safe (avoidance of pneumothorax and neuro-

vascular structures) and can be useful for obese patients 
and patients with altered anatomy (i.e., neoplastic 
invasion) (Fig.  2.55). It is capable of imaging thin 
slices with 2D coronal and sagittal reconstruction. CT 
myelography may be useful in preganglionic injury 
evaluation.

Ultrasound can be useful to provide guidance for 
brachial plexus block. It is helpful with adjunctive 
color Doppler in altered vascular anatomy/vascular 
pathology (AVM) and coagulopathy. However, it is 
limited in neoplastic invasion. It is not able to docu-
ment spread of contrast solution prior to injection as in 
CT or fluoroscopy.

MRI excludes cervical radiculopathy within the 
cervical spine. Furthermore, MRI of the brachial plexus 

is useful to evaluate for carcinoma or granulomatous 
disease. It can directly evaluate the brachial plexus for 
the signal intensity of its nerves, enhancement, and 
perineural pathology (masses) (Figs. 2.56–2.57). MRI 
(brachial plexus and cervical spine) is the study of 
choice in visualizing preganglionic and postganglionic 
injury to the brachial plexus. MR myelography may be 
useful in preganglionic evaluation.

2.7.9 � Indications

The following are common indications for brachial 
plexus block: Preoperative analgesia, postsurgical 
pain, and brachial plexopathy.**

2.7.10 � Complications

The five main complications of brachial plexus block are: 
(1) Intravascular injection of the subclavian artery **;  
(2) phrenic nerve block**; (3) recurrent laryngeal 
nerve paralysis** (Fig. 2.58); (4) pneumothorax**; (5) 
epidural, subdural, and subarachnoid spread of 
anesthetic**.

a b

Fig. 2.55  Brachial plexus block to treat a left C7 mononeuropa-
thy. (a) Transverse contrast-enhanced CT scan, obtained after 
the skin over the brachial plexus was marked with barium paste 
(arrows), was acquired to help identify the locations of the com-
mon carotid artery (C), internal jugular vein (J), and vertebral 

artery (V). A anterior scalene muscle; M middle scalene muscle 
(Mukherji et al. 2000). (b) Transverse CT scan demonstrates the 
tip of the needle inserted within the plane separating the anterior 
(A) and middle (M) scalene muscles (Mukherji et al. 2000)
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2.7.11 � Contraindications

The contraindications to brachial plexus block are 
prior neck surgery,** radiation,** phrenic nerve 
palsy,** recurrent laryngeal nerve palsy on the contral-
ateral side** and advanced COPD.** Altered thoracic 
anatomy** or clavicle deformity** may be a contrain-
dication for the infraclavicular approach.
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