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KEY POINTS

e Because of the greater simplicity of standing procedural sedation combined with locore-
gional anesthesia, many orofacial maxillary surgical procedures are performed as same-
day procedures.

Typically, infusions of sedative drugs are administered to produce procedural sedation.
Opioids may also be administered.

Protocols including alpha2-adrenergic agonists are increasingly popular.
Ordinarily, the coinfusions are enhanced by locoregional anesthetic techniques.

The implementation of a locoregional anesthetic technique requires a thorough under-
standing of the anatomy to maximize success and minimize possible complications.

INTRODUCTION

Because of the greater simplicity of standing procedural sedation combined with
locoregional anesthesia compared with a full general anesthetic, many surgical pro-
cedures, such as orofacial maxillary surgery, can be performed as same-day proced-
ures. Procedural sedation has become popular for describing a semiconscious state
that allows patients to be comfortable during certain surgical or diagnostic proced-
ures. Procedural sedation has been defined as a technique of administering sedatives
or dissociative agents with or without analgesics to induce a state that allows the pa-
tient to tolerate unpleasant procedures while maintaining the cardiorespiratory func-
tion and is intended to result in a depressed level of consciousness that allows the
patient to maintain oxygenation and airway control independently. People under pro-
cedural sedation are usually able to respond to physical stimulation and basic verbal
commands while maintaining an uninstrumented airway and breathing spontaneously.
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Typically, coinfusions of sedatives and/or opioids are administered. Ordinarily, the
coinfusions are enhanced by appropriate locoregional anesthetic to produce sufficient
analgesia and muscle relaxation for surgery.

Equine veterinarians are presented with a specific challenge when recovering hors-
es from general anesthesia. Recovery from anesthesia is still a particularly hazardous
time for horses and can be associated with catastrophic injuries.” Seddighi and Doh-
erty? (2012) compared the outcome of procedures under general anesthesia in geri-
atric horses and concluded that standing surgery avoids some of the problems
associated with general anesthesia and recovery and, in this population of horses,
should be considered when possible to help decrease the rate of adverse events.
Dugdale and colleagues® (2016) retrospectively studied anesthesia-related equine
deaths. These investigators found that fractures during recovery were responsible
for 26% to 64% of all anesthesia-related fatalities. This figure increased to 71%, in
which dislocations were included.®° Presumably, using local anesthetic and sedation
techniques would allow surgeons to perform many standing procedures, thus
decreasing the morbidity/mortality by circumventing the need for recovering the horse
from anesthesia.

The implementation of a locoregional anesthetic technique requires a thorough un-
derstanding of the anatomy to maximize success and minimize possible complica-
tions; therefore, a review of the relevant anatomy of each individual block is
featured here for each technique.

PROCEDURAL SEDATION

Protocols including alpha2-adrenergic agonists are becoming increasingly popular.
The quality of procedural sedation using constant infusions of detomidine or medeto-
midine has been studied in horses.”~'* Goodrich and Ludders'® (2004) recommended
a dose regime for detomidine consisting of an initial loading intravenous (IV) dose of
8.4 ng/kg followed by an infusion at a rate of 0.5 pg/kg/min for the first 15 minutes,
then the rate was recommended to be reduced to 0.3 pg/kg/min for the following
15 minutes. Subsequently, the constant-rate infusion (CRI) can typically be reduced
to 0.15 nug/kg/min for the remainder of the procedure. However, these rates are to
be taken as guidelines and should be adjusted to the individual patient. Profound
sedation could lead to severe ataxia and possible collapse.

However, alpha-2 agonists possess some well-known side effects, such as reduced
gastrointestinal motility,’®'” hypertension, bradyarrhythmias, hyperglycemia, and
polyuria.

Clinical examination, particularly of the cardiovascular system, is recommended
before sedation. Caution is recommended in patients with a reduced systolic function,
particularly on the left side, or in patients with high vagal tone. Oromaxillary and facial
surgical procedures may be of long duration, thus, as a precaution, it is recommended
that patients for all elective procedures be starved from all food, both roughage and
concentrates, for a minimum of 12 hours. Administration of IV fluids at a rate of
5 ml/kg/h is also recommended. Urinary catheterization helps minimize patient
discomfort from having to urinate frequently and should be considered as an alterna-
tive to free urination.

Ringer and colleagues'® (2012) reported the use of xylazine for standing proced-
ures. Romifidine was compared with xylazine and detomidine as a single bolus
dose by Englad and colleagues'® (1992) and Hamm and colleagues'® (1995). These
investigators claimed romifidine caused less ataxia and therefore may have a better
profile for standing procedural sedation. The addition of butorphanol to romifidine
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as a single bolus was found to enhance the sedation quality.?°~2® Ringer and col-
leagues'® (2012) published an infusion rate for romifidine with or without butorphanol.
This same rate was successfully used by Marly and colleagues®* (2014) in clinical
standing dentistry and ophthalmologic procedures.

Incidentally, butorphanol has been published to cause side effects such as forward
movement, increased locomotor activity, head shaking, and muzzle twitching.2%:25-2¢
Clark and colleagues®® (1991) compared the addition of butorphanol to a detomidine
infusion for dentistry procedures. More head shaking/twitching was noticed in the
butorphanol group. However, the addition of butorphanol decreased the undesired
tongue movement during intraoral manipulation. The head shaking was not consid-
ered severe enough to disturb the procedure and did not require intervention.

Miiller and colleagues?®’ (2017) compared the infusion of romifidine with the addition
of butorphanol, midazolam, or ketamine during standing cheek tooth extraction.
These investigators found that the use of romifidine alone resulted in increased cortisol
levels compared with the addition of butorphanol. The regimen recommended by the
investigators was a loading dose of romifidine and butorphanol of 80 ng/kg IV and
18 ng/kg IV, respectively, followed by an infusion rate of 29 ng/kg/h (20-60 pg/kg/h)
and 25 pg/kg/h for romifidine and butorphanol, respectively.

These same investigators also evaluated the infusion of several drug combinations
containing romifidine, including romifidine alone at a loading dose of 0.03 mg/kg, fol-
lowed by a CRI of 0.05 mg/kg/h. Romifidine (same dose) with midazolam (0.02 mg/kg;
CRI 0.06 mg/kg/h), or romifidine (same dose) with butorphanol (0.02 mg/kg; 0.04 mg/
kg/h), and romifidine (same dose) with ketamine (0.5 mg/kg; CRI 1.2 mg/kg/h) were
evaluated. The combination of romifidine and midazolam showed less chewing and
tongue activity but showed significantly higher grades of ataxia. The romifidine and ke-
tamine CRI combination had the lowest incidence of intervention because of patient
cooperation. Although ketamine is an excellent drug for chronic pain and adds seda-
tion to the alpha2-adrenergic agonist, more studies are needed to determine an
appropriate infusion rate in standing horses sedated with detomidine, xylazine, or
medetomidine because previously published doses in several clinical cases have
led to profound ataxia and occasional collapse of patients within the stocks.

Appropriate patient monitoring should include (but not be limited to) respiratory rate
and effort, electrocardiography, and blood pressure.

RELEVANT ANATOMY OF THE TRIGEMINAL NERVE

The major sensory innervation relevant to orofacial maxillary surgery is provided by
cranial nerve V (trigeminal nerve) (Fig. 1). The trigeminal nerve divides into the
ophthalmic, maxillary, and mandibular branches. Briefly, the ophthalmic portion of
the trigeminal nerve branches dorsally to the maxillary branch and enters the superior
orbital fissure. The ophthalmic nerve at this point becomes the frontal nerve and
branches into the supraorbital nerve and the infratrochlear nerve. The supraorbital
nerve exits through the supraorbital foramen and provides sensory innervation to
the medial two-thirds of the upper eyelid. The infratrochlear nerve is smaller and pro-
vides sensory innervation to the medial canthus of the eye.

The maxillary branch is primarily sensory but does receive parasympathetic fibers
via the pterygopalatine ganglion from the facial nerve. The maxillary nerve becomes
the infraorbital nerve once it enters the maxillary foramen and continues into the
infraorbital canal. Branches originating directly from the maxillary nerve from within
the pterygopalatine fossa supply the most caudal molars, whereas the rest of the ar-
cade is supplied by branches originating from within the infraorbital canal.
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Fig. 1. Anatomy of the trigeminal nerve. V1: Opthalmic Nerve V2- Maxillary Nerve V3- Mandib-
ular Nerve VII- Facial nerve IX: Glossopharyngeal nerve X: Vagus nerve Xl: Accessory nerve XlI: Hy-
poglossal nerve s: sympathetic trunk s’: Cranial cervical ganglion t: Vagosympathetic trunk; 2.
Dorsal branch (of the oculomotor nerve) 3. Ventral branch (of the oculomotor nerve) 4. Nasocili-
ary nerve 5. Ethmoidal nerve 6. Infratrochlear Nerve; 8. Lacrimal nerve 9. Frontal nerve 10. Zygo-
maticotemporal branch of the opthalmic nerve; 13. Pterygopalatine nerve 14. Greater Palatine
Nerve 15. Lesser Palatine Nerve 17. Infraorbital nerve 18. Masticatory nerve 19. Deep Temporal
Nerve 20. Masseteric nerve; 25. Auriculotemporal nerve; 27. Communicating branch (of mandib-
ular nerve); 29. Buccal nerve 30. Lingual nerve 31. Sublingual nerve 32. Inferior alveolar nerve 33.
Mental Nerve 34. Mylohyoid nerve; 39. Chorda tympani (gustatory, psy) 40. Internal auricular br.
41. Caudal auricular nerve 42. Auriculopalpebral nerve 43. Dorsal Buccal branch (of Facial nerve)
44. Ventral buccal branch (of Facial nerve) 45. Cervical branch (of Facial nerve) 46. Digastric
branch (of Facial nerve); 48. Pharyngeal branch (of glossopharyngeal) 49. Carotid sinus branch
(of glossopharyngeal) 50. Lingual branch (of glossopharyngeal); 52. Pharyngeal branch (of the
vagus) 53. Cranial laryngeal nerve.

The mandibular branch of the trigeminal nerve innervates the lower arcade, skin,
and oral mucosa. The mandibular branch is not only sensory but contains some motor
fibers that give rise to the masticatory nerve.

Any of the locoregional techniques described in this article can be performed with
any local anesthetic, such as lidocaine, mepivacaine, bupivacaine, or ropivacaine.
Lidocaine has a rapid onset (2-3 minutes) with a duration of effect of about 1 hour;
mepivacaine lasts around 2 hours, bupivacaine has a slightly longer onset (6-10 mi-
nutes) of action but lasts 3 to 8 hours, and ropivacaine lasts around 6 hours. However,
it is worth noting that volume and overall dose are directly related to duration. The
block will be effective as long there is a critical mass of local anesthetic in direct con-
tact with the nerve.

TECHNIQUES
Pterygopalatine Fossa Block (Maxillary Nerve Block)

Indications

e Dental extractions of the upper arcade
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Hard and soft palate surgery
Maxillary or frontal sinus surgery
Alar cartilage surgery

Incisive maxillary fracture repair
Rostral maxillary fracture repair
Lacerations of the upper lip or face

Landmarks

Facial crest

Ventral border of the zygomatic process
Pterygopalatine (also known as sphenopalatine) fossa
Lateral canthus of the eye

Equipment

e Tuohy needle: 9 cm (3.5 inch), 18 to 20 gauge
e Loss of resistance syringe (optional)
e Extension set (T port)

Local anesthetic
e Between 20 and 30 mL of local anesthetic

Goal: diffusion of the local anesthetic within the pterygopalatine fossa, in direct con-
tact with the maxillary nerve.
Complexity level: moderate to advanced.

WHAT IS ALREADY KNOWN?

Anesthesia of the equine maxillary nerve performed at the maxillary foramen was first
described by Bemis in 1917. Several variations of Bemis’s initial approach have been
described since then. These variations can all be reviewed in articles such as Frank?®
(1947), Newton and colleagues®® (2000), Fletcher®® (2004), Stephenson®' (2004),
Schumacher®? (2006), Tremaine®® (2007), and Rice®* (2017).

Tremaine®® (2007) compared multiple of these different approaches. He concluded that
the lateral approach was less precise, less repeatable, and therefore more likely to result in
undesirable effects. Bardell and colleagues®® (2010) compared 2 common approaches us-
ing methylene blue dye with dissection after injection to confirm perineural injection.

Staszyk and colleagues®® (2008) reexamined the pterygopalatine fossa anatomy
and compared 2 different needle depth insertions. A technique that avoided contact
with the palatine bone was preferred because it seemed to carry less risk of vascular
laceration.

Current research is focused on the equine maxillary nerve block to further decrease
the complication rate. O’Neill and colleagues®” (2013) described an ultrasonography-
guided injection. Stauffer and colleagues®® (2017) compared a surface landmark
approach versus ultrasonography guidance for a maxillary nerve block in the horse
performed by veterinary students on cadaver heads. The investigators concluded
that ultrasonography guidance provided a significantly increased success rate (from
54% to 65.4%).

Nannarone and colleagues®® (2016) performed computed tomography (CT)-guided
retrograde maxillary nerve perineural injection of the infraorbital canal on equine ca-
davers. The study showed success of spread in cadaver heads but no further research
has been published on efficacy in clinical patients.
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INDICATIONS FOR THE BLOCK

This block is essential for performing dental extractions in the upper arcade,
frontal or maxillary sinus surgery, alar cartilage surgery, and standing incisive
or rostral maxillary fracture repair with wire fixation. In addition, lacerations
involving the upper lips or face (rostral to the medial canthus of the eye and dor-
sal to the facial crest) as well as hard and soft palate surgery may also be
performed.

CONTRAINDICATIONS

Skin infection at the puncture site
Bleeding diathesis
Peripheral neuropathy

CLINICAL ANATOMY

The maxillary nerve enters the pterygopalatine fossa at the rostral alar fissure and
courses from caudal to rostral toward the maxillary foramen (Figs. 2 and 3). At the level
of the caudal third of the pterygopalatine fossa, it gives out the pterygopalatine nerve.
The greater and minor palatine nerves arise from the pterygopalatine nerve. The pter-
ygopalatine ganglion is also located within the pterygopalatine fossa. The minor
(lesser, also known as descending) palatine nerve exits the minor palatine foramen
with the minor palatine artery supplying the sensory innervation to the soft palate
and palatal gingiva. The major (also known as greater) palatine nerve continues its
course rostrally and exits the major palatine foramen along with the major palatine ar-
tery, providing sensory innervation to the palatal soft tissues, whereas, still within the
pterygopalatine fossa, the maxillary nerve continues as the infraorbital nerve. At this
level, it gives rise to a branch that supplies the caudal superior molars (9-11) and their
periodontium (the superior posterior alveolar branch). The infraorbital nerve exits the
fossa via the maxillary foramen and continues into the infraorbital canal. Once the
infraorbital nerve is inside the infraorbital canal, it gives off the middle superior alveolar
branches, which enter the respective alveolar canals to supply the maxillary cheek
teeth (5-8). Once it exits the canal, it gives rise to the rostral superior alveolar branches
that supply the incisivomaxillary teeth (1-4).

The extraperiorbital fat pad is located immediately medial to the masseter muscle.

The periorbita is a dense connective tissue membrane that surrounds the orbit and
is located in the dorsal aspect of the pterygopalatine fossa.

Fig. 2. (A, B) Anatomy of the pterygopalatine fossa.
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Fig. 3. (A) CT image of the pterygopalatine fossa. Note zoomed-in image (B). (1) Deep facial
vein, (2) maxillary artery, (3) maxillary nerve, (4) major palatine artery, (5) buccal artery.

EXPECTED DISTRIBUTION OF ANESTHESIA

The infiltration of local anesthestic into the pterygopalatine fossa results in desensiti-
zation of the maxilla, premaxilla, and skin over the frontal sinus. It also desensitizes the
mucosa of the lateral aspect of the nasal meatus (additional ethmoidal nerve block is
necessary for complete ipsilateral desensitization of the nasal meatus, including the
septum??). It desensitizes the superior incisors, canines, premolars, and molars as
well as the associated alveoli and gingiva.

LOCAL ANESTHETIC: DOSE AND VOLUME

Bupivacaine or ropivacaine are typically used for the maxillary nerve block for an ex-
pected prolonged procedure time. Alternatively, mepivacaine can also be used. The
recommended volume of local anesthetic is 20 to 30 mL.

Subzygomatic Approach

Patient preparation and positioning

With the sedated horse in the stocks, the puncture site should be surgically prepared.
Local infiltration with 1% buffered lidocaine increases patient tolerance to the
procedure.

Tip

This infiltration may block a branch of the facial nerve, causing transient ipsilateral
facial paralysis.

SURFACE ANATOMY AND LANDMARKS

The puncture site is located approximately 1 cm ventral to the ventral rim of the zygo-
matic arch and approximately 2 to 3 cm caudal to the lateral canthus of the eye
(Fig. 4).
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Fig. 4. The subzygomatic area of a horse. Note the index finger showing the ventral edge of
the zygomatic arch. The puncture site should be located approximately 1 cm ventral to it
and 2 to 3 cm caudal following the direction of the facial crest.

NEEDLE INSERTION TECHNIQUE

A Tuohy needle (8.9 cm [3.5 inch], 18-20 gauge) is inserted at the puncture site, lightly
tapping the syringe plunger as the needle is advanced, feeling for the loss of resis-
tance that indicates that the needle tip has entered the pterygopalatine fossa
(Fig. 5). At a depth of approximately 4.5 to 5 cm in an adult horse, the tip of the needle
goes through the medial fascia of the masseter muscle (a sudden increase in resis-
tance should be noted). The penetration of this fascia is generally accompanied by

Fig. 5. (A) The Tuohy needle is advanced through the masseter muscle while gently tapping
on the syringe plunger until a loss of resistance is felt, indicating penetration into the pter-
ygopalatine fossa. (B) Injection of bupivacaine 0.5%. Before injection, negative blood aspi-
ration must be documented.
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a pop (fascial click) and a sudden loss of resistance. The needle should be further
advanced an extra 0.5 cm. It is likely that the needle tip will end up located within
the extraperiorbital fat pad.

Ultrasonography-Guided Technique

Patient preparation and positioning

With the sedated horse in the stocks, the puncture site should be surgically prepared.
Local infiltration with 1% buffered lidocaine increases patient tolerance to the
procedure.

Surface anatomy and landmarks to be used

The puncture site is located approximately 1 cm ventral to the zygomatic process of
the temporal bone and approximately 2 to 3 cm caudal to the lateral canthus of the eye
(Fig. 6).

Ultrasonography anatomy

The ultrasonography transducer should be placed immediately caudal to the exten-
sion of the facial crest, ventral to the zygomatic arch (temporal process), and ventral
to an imaginary line connecting the medial and lateral canthi of the ipsilateral eye.
The transducer should be tilted in a rostral and ventral direction, toward the contralat-
eral last maxillary cheek tooth, until the maxillary bone plate is visualized. In an adult
horse, the maxillary and pterygopalatine (sphenopalatine) fossa are approximately
6 cm deep.

The transducer can be tilted in a caudal direction to identify the basisphenoid,
perpendicular plate of the palatine bone and the frontal bone plate. A cross section
of the maxillary artery should be identified. The maxillary nerve is seen on ultrasonog-
raphy as a hyperechoic structure (as is the extraperiorbital fat pad). Color flow can be
used to identify the vasculature located within the fossa.

Fig. 6. (A) The transducer is positioned ventral to an imaginary line (yellow) connecting the
medial and lateral canthi and extending caudal beyond the facial crest/zygomatic arch (blue
line). (B) Ultrasonography imaging showing the deep facial vein (yellow dashed line), maxil-
lary bone plate (red), and the cross section of the maxillary nerve (blue circle). (From O'Neill
HD, et al. Ultrasound-Guided Injection of the Maxillary Nerve in the Horse. Equine Veteri-
nary Journal, vol. 46, no. 2, 2013, pp. 180-184; with permission.)
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Needle insertion technique
An 18-gauge, 8.9-cm (3.5-inch) Tuohy needle is introduced out of plane or in plane
through the masseter muscle into the pterygopalatine fossa (a sudden increase in
resistance and a pop (fascial click) should be noted as the needle goes through the
medial fascia of the masseter muscle). The needle should be advanced toward the
maxillary nerve approximately 4.5 to 5 cm.

Negative blood aspiration must be ensured and documented before injection. No
resistance to injection should be encountered. Several negative blood aspirations
should be verified during the injection process.

Block effects and patient management Proprioception to the arcade will be transiently
lost. Therefore, caution must be observed and patients must be starved (prevented
from chewing) until function is regained.

Potential complications

e Vascular laceration: if a hematoma rapidly forms, bulging of the supraorbital
pouch may be observed. It is likely that the maxillary artery (or any of its
branches), the infraorbital artery, the descending palatine artery, and the buccal
artery may be involved. The needle should only be advanced approximately
0.5 cm once the pterygopalatine fossa is entered. Avoid deep needle insertions.
The use of loss of resistance and of a Tuohy needle with depth markings or ultra-
sonography guidance helps reduce the possibility of vascular-needle contact. If
the needle contacts bone at a depth of approximately 2 cm, it is likely that the
needle is positioned too rostral and the maxillary bone has been contacted. If
a hematoma forms or blood is detected on aspiration, it is likely that deep facial
vein*' has been punctured.

e Direct nerve contact (neuropraxia). The nerve can be visualized on ultrasonogra-
phy and therefore avoided.
Infection/abscess formation.
Retrobulbar hematoma (if periorbita is entered inadvertently).
Akinesia, blindness (if periorbita is entered inadvertently).
Intravascular injection and possibly subsequent local anesthetic systemic
toxicity with associated tachycardia, hypotension, arrhythmias, muscle twitches,
tremors, seizures, collapse and possible death. To avoid this complication, the
local anesthetic solution should be injected slowly. Ensure negative blood aspi-
ration before the injection of local anesthetic. Frequent aspirations while injecting
are strongly advised.

Infraorbital Nerve Block

Indications

Maxillary arcade dental extractions (rostral to the site of the block)

Surgical repair of skin of the upper lip

Surgical incision or repair of the skin on the nose

Alar fold resections

Frontal sinusotomy

Surgical incision or repair of the skin on the face to the level of the infraorbital
foramen

Landmarks

e Nasomaxillary notch
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e Rostral edge of the facial crest
e Levator labii superioris muscle

Equipment

e Needle: 13 mm (0.5 inch), 25 gauge
e Needle: 38 mm (1.5 inch), 20 to 22 gauge
e Extension set (T port)

Local anesthetic
e 5 mL of local anesthetic

Goal: the needle must engage the infraorbital canal. The local anesthetic should
spread and migrate retrogradely while minimizing leakage onto the levator nasolabialis
and labii superioris muscles.

Complexity level: moderate.

WHAT IS ALREADY KNOWN?

Wilkins*? (1997) reported a high incidence of low tolerance (head tossing) to this pro-
cedure in the sedated horse as a result of needle-to-nerve contact (neuropraxia).

Berg and Budras®® (2011) described the 3-fingers grip technique to locate the
infraorbital canal. A thumb is placed in the nasomaxillary incisure and the middle finger
on the rostral end of the facial crest. The index finger is then used to palpate the fora-
men, an area halfway between and 1.3 to 2.5 cm caudal to an imaginary line between
these points.

In horses 5 years old or younger, there is a lateral concavity and a course near the
dental alveoli. In horses greater than 5 years old, the concavity is within the maxillary
sinus. With increasing horse age, proximal spread of the local anesthetic increases
based on tomographic studies.*®> Nannarone and colleagues®® (2016) reviewed the
tomographic anatomy of the infraorbital canal. The foramen itself was found to have
an elliptical cross section. The canal has a serpentine course and is approximately
12 to 13 cm in length. Nannarone and colleagues®® (2016) and Liuti and colleagues**
(2017) showed that the distance of the infraorbital canal in relation to the dental apices
increases with age. They also showed the bony septum between cheek teeth alveoli
and the canal increases in height with age. This finding may imply that the spread of
the block could be altered with age, but further studies need to be performed to deter-
mine this.

Klugh“® (2010), Coomer and colleagues*® (2011), and Doherty*” and Schumacher*®
(2011)*° recommended an injected volume of 4 to 10 mL. Weber and colleagues®®
(2019) investigated the distribution of larger volumes of injectate (10 and 15 mL). In
90% of patients, 86.9% of the infraorbital canal was stained.

INDICATIONS FOR THE BLOCK

This block is essential for performing dental extractions of the superior incisors, canine
tooth, and premolars on the ipsilateral side. This block may also be used for laceration
repairs involving the superior lip, nostril, or skin up to the site of the performed block
(where the nerve exits the alveoli).

CONTRAINDICATIONS

Skin infection at the puncture site
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Bleeding diathesis
Peripheral neuropathy
Uncooperative horses

CLINICAL ANATOMY

The maxillary nerve gives rise to the infraorbital nerve still within the pterygopalatine
fossa (Fig. 7). Within the infraorbital canal, the nerve sends off branches to the superior
cheek teeth. Just before the infraorbital nerve exits the infraorbital canal at the infraor-
bital foramen, it divides into several fasciculi, namely, the external nasal branches, the
internal nasal branches, the superior labial branches, and the rostral superior alveolar
branches, which provide sensory function to the superior canine and incisor teeth and
surrounding gingiva.

EXPECTED DISTRIBUTION OF ANESTHESIA

The infraorbital nerve block results in desensitization of the skin of the lip, nostril, and
face up to the level of the foramen on the ipsilateral side, premaxillary incisors, canine
tooth, premolars, plus or minus rostral molars (depending on how proximal the local
anesthetic spreads), and associated alveoli and gingiva. Depending on how proximal
the local anesthetic spreads, partial anesthesia of the ipsilateral nasal meatus may
also be provided.

LOCAL ANESTHETIC: DOSE AND VOLUME

Bupivacaine or ropivacaine are typically used for the maxillary nerve block because
they have a longer duration of action for an expected prolonged procedure time. Alter-
natively, mepivacaine can also be used. The recommended volume of local anesthetic
is approximately 5 mL.

PATIENT PREPARATION AND POSITIONING

With the sedated horse in the stocks, the puncture site should be surgically prepared.
Local infiltration with 1% buffered lidocaine increases patient tolerance to the proced-
ure because needle-nerve contact with subsequent neuropraxia is likely.

Fig. 7. Dissection of the infraorbital foramen area. Note the infraorbital nerve as it exits the
infraorbital foramen (arrowhead) (partially covered by the levator labiis superioris muscle).
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SURFACE ANATOMY AND LANDMARKS

The infraorbital foramen is relatively easy to palpate midway between the anterior
edge of the facial crest and the nasomaxillary notch (formed by the nasal and the inci-
sive bones) deep to the levator labii superioris and levator nasolabialis muscles when
the anatomy is not disrupted (this may not be the case in the presence of local disor-
der). The levator labii superioris muscle should be retracted superiorly to allow for nee-
dle insertion.

NEEDLE INSERTION TECHNIQUE

The needle should be advanced into the foramen as flush to the maxillary bone as
possible with a direction parallel to the facial crest to avoid contact the walls of the
infraorbital canal.

Once the needle is in the canal, the local anesthetic can be injected. Always ensure a
negative blood aspiration and absence of resistance to injection. The local anesthetic
will redistribute proximally in the canal as it is injected. Following the injection, digital
pressure onto the foramen should be applied to prevent backflow of the local
anesthetic.

Block Effects and Patient Management

Leakage of local anesthetic can occur; the levator nasolabialis muscle may be directly
infiltrated as a result and therefore temporarily paralyzed, resulting in the inability of the
ipsilateral nostril to flare. Caution is needed in bilateral blocks. Nasal tubes may be
needed if a bilateral nostril collapse is observed.

Potential Complications

e Neuropraxia: tissue infiltration with 1% buffered lidocaine increases patient
tolerance.

e Because of the proximity of vasculature, there is great potential for inadvertent
intravascular injection/vascular laceration and subsequent hematoma formation.
Ensure negative blood aspiration before injection.

e A large volume may cause neural compression. Injection should be performed
slowly to minimize pressure buildup inside the infraorbital canal.

e Nasolabialis levator muscle paralysis. Digital pressure after injection may mini-
mize leakage. Avoid injection of large volumes.

e Patient compliance has been noted to prevent this block from being performed.
Even when sedate, horses often toss their heads violently in response to blocking
attempts.

Inferior Alveolar Nerve Block

Indications

e Dental extractions of the mandibular arcade
e Mandibular fracture repair
e Lacerations of the lower lip (chin)

Landmarks

Medial aspect of the mandibular ramus
Basihyoid bone

Lateral canthus of the eye

Facial crest
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e Palpable buccal edge of the maxillary dental arcade
Equipment

e Insulated needle 150 mm, 21 gauge
e Peripheral nerve locator

Local anesthetic

e 20 mL of local anesthetic

Goal

e Lateral movement of the mandible pterygoid muscle in response to
electrolocation

Complexity level: moderate/advanced.

WHAT IS ALREADY KNOWN?

Bemis (1917) is cited as the first to describe the topographic landmarks for the equine
inferior alveolar nerve block.*® In 1930, Boltz modified Bemis’s approach in which the
foramen was approached from the ventral border of ramus, rostral to the angle of the
mandible.*® An additional approach was described by Fletcher®® (2004). Boltz’s
approach was further modified by Doherty and Schumacher*® (2010).

Although there have been many modifications to the original approach, Henry and
colleagues®' (2013) described an intraoral approach to the inferior alveolar nerve
similar to human dentistry. This approach requires special instruments but may mini-
mize the risk of lacerating the mandibular artery.

There have been multiple publications comparing and contrasting new and different
approaches. Harding and colleagues®? (2012) compared the vertical and angled ap-
proaches. The investigators found no statistical difference in the accuracy and efficacy
of the two approaches.

INDICATIONS FOR THE BLOCK

Indications are dental extractions of mandibular incisors, canine tooth, molars, and
premolars on the ipsilateral mandibular arcade. This block may also be used for lacer-
ation repairs involving the lower lip or skin.

CONTRAINDICATIONS

Skin infection at the puncture site
Bleeding diathesis
Peripheral neuropathy

CLINICAL ANATOMY

The inferior alveolar nerve originates in the mandibular nerve on the lateral aspect of
the medial pterygoid muscle (Fig. 8). The mandibular nerve divides into 2 branches
(lingual nerve and inferior alveolar nerve) between the pterygoid medial and lateral
muscles.

The lingual nerve is sensory to the rostral two-thirds of the tongue and conveys
tactile, noxious, and thermal sensations as well as taste. It is a large nerve that crosses
the pterygoid muscles and gives off branches to the buccal mucosa of the isthmus of
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Fig. 8. Dissection of the trigeminal nerve (mandibular branch). Note that the mandible has
been partially removed.

the fauces. At the base of the tongue, the lingual nerve gives off the sublingual nerve,
which innervates the sublingual mucosa.

The buccal nerve (or branch) of the mandibular nerve (not to be confused with the
buccal branch of the facial nerve), passes between the lateral pterygoid head,
migrating from medial to the mandibular ramus to lateral, crossing over the anterior
ridge of ramus.

The inferior alveolar nerve has both motor and sensory fibers. It supplies the motor
function to the muscles that move the mandible, such as masseter, temporalis, medial
and lateral pterygoids, rostral digastricus, and mylohyoideus muscles.

The inferior alveolar nerve, before entering the mandibular foramen on the medial
side of the ramus, gives out the mylohyoid nerve. The mylohyoid nerve may either pre-
sent as a branch of the inferior alveolar nerve or may arise separately from the mandib-
ular nerve. It runs medial to the ramus of the mandible and gives off a muscular branch
to the rostral belly of the digastricus muscle and some cutaneous branches that sup-
ply a cutaneous area of the inferior lip and cheek, caudal to the cutaneous area of the
mental branches and cutaneous area of the intermandibular region. The mylohyoid
nerve supplies the mylohyoideus muscle, which raises the floor of the oral cavity
and pulls the basihyoid rostrally.

EXPECTED DISTRIBUTION OF ANESTHESIA

The inferior alveolar nerve block results in desensitization of the mandible and mandib-
ular teeth. Via the mental branch, it desensitizes the labial soft tissues from the premo-
lars to midline. It also desensitizes the soft tissues of the chin and lower lip.

Tip

In order to desensitize the lingual gingiva of the mandible and the floor of the mouth,
the lingual branch needs to be additionally blocked. Following a lingual nerve block,
the rostral two-thirds of the tongue are also anesthetized. The buccal nerve (division
of the mandibular branch) provides sensory innervation to the soft tissues of the
buccal aspect of the mucosa of the first, second, and third molars as well as the
skin over the cheek and therefore needs to be anesthetized in order to obtain a com-
plete block.

Additional minor innervation originating in C1 and C2 is also present in some individ-
uals. Therefore, in some instances, a buccal submucosal infiltration of the mandible
and/or periodontal infiltration may be necessary for complete desensitization.

491



492

Campoy & Sedgwick

LOCAL ANESTHETIC: DOSE AND VOLUME

Bupivacaine or ropivacaine are typically used for the inferior alveolar nerve block for an
expected prolonged procedure time. Alternatively, mepivacaine can also be used. A
volume of approximately 20 mL of local anesthetic is recommended.

PATIENT PREPARATION AND POSITIONING

With the sedated horse in the stocks, the puncture site should be surgically prepared.
Localinfiltration with 1% buffered lidocaine increases patient tolerance to the procedure.

SURFACE ANATOMY AND LANDMARKS TO BE USED

The mandibular foramen is located along the medial aspect of the mandibular ramus.
Its projection can be found at the intersection of 2 lines: (1) horizontal line from
commissure and parallel to the facial crest, (2) vertical line from 2 to 3 cm caudal to
the vascular notch (at the angle of the mandible) to the lateral canthus of the eye.
The basihyoid bone should be palpated in the intermandibular area. The puncture
site is located lateral to the basihyoid bone (the ramus of the mandible diverges, so
a strict vertical needle insertion would miss the nerve).

NEEDLE INSERTION TECHNIQUE

With the electrolocator set at 1 mA, 0.1 milliseconds, and 1 Hz, the needle should be
advanced until contact is made with the bone plate of the medial aspect of ramus
(Fig. 9). The needle should be redirected following the medial aspect of ramus in a

@ mandibular foramen

Fig. 9. CT at the level of the mandibular foramen. Note the direction of the stimulating
needle.
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dorsal direction. Mylohyoid muscle and digastricus muscle response may be elicited
(caused by stimulation of the mylohyoid nerve) as the needle is approaching the nerve.
Further dorsal needle advancement for another 2 to 3 cm should be performed until a
masticatory response is obtained (note that the mandibular branch of the trigeminal
nerve contains motor fibers).

In adult horses, the final needle position is approximately 110 to 120 mm from the
puncture site (vertical distance from the ventral edge of the mandible).

Expected Motor Responses from Nerve Stimulation

The mandibular nerve is both sensory and motor. It supplies the motor function to the
masseter, temporalis, medial and lateral pterygoids, rostral digastricus, and mylohyoi-
deus muscles. Electrostimulation results in lateral movement of the mandible.

Negative blood aspiration must be ensured before injection. No resistance to injec-
tion should be encountered. Several negative blood aspirations should be verified dur-
ing injection.

Block Effects and Patient Management

Caution must be taken and patients must be starved/muzzled (prevented from chew-
ing) until function is regained postoperatively.

Potential Complications

e Vascular laceration.

e Intravascular injection. To avoid this complication, the local anesthetic solution
should be injected slowly, with frequent aspirations to verify correct needle
placement.

e Direct nerve contact (neuropraxia).

e Horses should be muzzled to prevent choking from improper chewing of food as
well as accidental laceration of the tongue.

Mental foramen block

Indications
e Extraction of the mandibular canine teeth on the ipsilateral side
e Extraction of the mandibular incisors on the ipsilateral side
e Laceration repair of the lower lip and gingiva

Landmarks
e The horizontal ramus
e Deep to the depressor labii inferioris muscle
e Interdental space

Equipment
e Needle: Tuohy 4 mm (1.5 inch), 22 gauge

Local anesthetic
e Up to 5 mL of local anesthetic

Goal: the needle needs to engage the foramen for approximately 1 cm in a discrete
ventromedial direction.
Complexity level: moderate.

493



494

Campoy & Sedgwick

WHAT IS ALREADY KNOWN?

Anesthesia to the rostral third of the mandibular region can be provided by using the
mental foramen block. This procedure has been described by Skarda®® (1991),
Klugh® (2004), as well as multiple other investigators.

The mental foramen block targets the rostral portion of the inferior alveolar nerve
as it exits the mental foramen and becomes the mental nerve. Needle direction
and orientation have been debated for best efficacy. Tremaine®® (2007) recommen-
ded a rostrocaudal needle direction; Skarda®® (1991) and Skarda and Tranquilli®*
(2007) recommended angling dorsolateral to ventromedial. Final needle position
has also been tested with variable results by Skarda®® (1991) as well as Klugh*®
(2004). These articles concluded that the infiltration and needle placements should
be confirmed as submucosal and therefore supraperiosteal (over the area of the
root of the tooth to be addressed). The bevel of the needle should be pointed to-
ward the nerve root.

Reported volume of anesthetic agent for the block can be between 3 mL*3%* and
10 ml.%®

The most comprehensive evaluation of the mental foramen block in cadavers and
in vivo in equine patients to date was performed by Rawlinson and colleagues®®
(2018). The investigators compared 2 different volumes and 2 different injection tech-
niques in equine cadaver heads and in 3 anesthetized horses. The results showed a
moderate success rate (up to 58%) and an unexpected irregular staining pattern
with a volume of injectate up to 5 mL that would achieve anesthesia up to the first
or second premolar at best. Crean and Powis®® (1999) found that volumes close to
10 mL may increase the risk of neural ischemia secondary to increasing regional
pressure.®6-57

INDICATIONS FOR THE BLOCK

This block can be used for performing dental extractions of mandibular incisors,
canine tooth, and possibly first premolar on the ipsilateral side. This block may also
be used for laceration repairs involving the lower lips or skin up to the mental foramen
(chin).

CONTRAINDICATIONS

Skin infection at the puncture site
Bleeding diathesis

Peripheral neuropathy
Uncooperative horse

CLINICAL ANATOMY

The inferior alveolar nerve, once it passes through the mandibular foramen, courses

rostrally, sending off branches to the alveoli of the mandibular premolars and molars

until it emerges from the mental foramen, where it is then referred to as the mental
56

nerve.

EXPECTED DISTRIBUTION OF ANESTHESIA

The mental nerve block results in desensitization of the skin and associated soft tissue
of the ipsilateral lip and chin; if the injectate penetrates the mandibular canal and
comes into contact with the inferior alveolar nerve, the mandibular incisor, mandibular
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canine, first premolar, and possibly up to the second premolar may become
desensitized.

LOCAL ANESTHETIC: DOSE AND VOLUME

Bupivacaine or ropivacaine is typically used for the maxillary nerve block for an ex-
pected prolonged procedure time. Alternatively, mepivacaine can also be used. A vol-
ume of up to 5 mL of local anesthetic has been recommended.

PATIENT PREPARATION AND POSITIONING

With the sedated horse in the stocks, the puncture site should be surgically prepared.
Benzocaine or lidocaine gel in the buccal mucosa as well as local infiltration with 1%
buffered lidocaine increases patient tolerance to the procedure.

SURFACE ANATOMY AND LANDMARKS TO BE USED

The mental foramen opening is located below the commissure of the lips on the lateral
aspect of the horizontal portion of the ramus of the mandible. In the middle of inter-
dental space on the horizontal ramus, the foramen can be palpated by elevating the
tendon of the depressor labii inferioris muscle.

NEEDLE INSERTION TECHNIQUE

With the tendon elevated, the puncture site should be located approximately 25 mm
(1 inch) rostral to the mental foramen and coursing caudally toward the foramen
(Fig. 10). Rawlinson and colleagues®® (2018) recommended a ventromedial needle di-
rection with the shaft of the needle 40° lateral to the parasagittal plane of the lateral
mandible and 25° dorsal to the dorsal plane of the incisive-premolar interproximal
space. The needle is recommended to be inserted into the mandibular canal at a depth
of approximately 1 cm.

After ensuring a negative blood aspiration, injection of local anesthetic can be per-
formed. Note that Rawlinson and colleagues®® (2018) reported high injection pressure
(resistance) in 15 out 24 hemiheads. The injection pressure did not seem to be related

Fig. 10. (A) ATuohy needle is advanced toward the mental foramen through the buccal mu-
cosa. Observe the index finger or the operator palpating the mental foramen and at the
same time elevating the tendon of the depressor labii inferioris muscle. (B) The needle is
in its final position, at a depth of approximately 1 cm into the mandibular canal, past the
foramen.
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to age, the distance traveled by the injectate, the diffusion pattern of the injectate, or
the soft tissue area stained.

Block Effects and Patient Management

Caution must be used and patients must be starved/muzzled (prevented from chew-
ing) until function is regained postoperatively.

Potential Complications

Neuropraxia caused by direct needle-to-nerve contact is likely and poorly tolerated.
Local infiltration with 1% buffered lidocaine increases patient tolerance to the
procedure.

SUMMARY

Regional anesthesia of the head drastically reduces the required level of sedation and
augments the patient’s tolerance to otherwise invasive oromaxillofacial surgical pro-
cedures and dental extractions. The appropriate use of regional anesthesia is para-
mount to providing a cooperative and pain-free patient as well as providing
postprocedural analgesia. Becoming familiar with the techniques discussed in this
article is key in decreasing complications and failures.
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