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1 | INTRODUCTION

| Heidi Lobprise?

Abstract

Pain management in veterinary patients is a crucial component of appropriate patient
care. Local anaesthetic drugs used in local and regional blockade can completely block
the transmission of nociceptive impulses, decreasing both intra-operative nociception
and postoperative pain, while decreasing the potential incidence of adverse effects
that can be associated with systemic boluses of drugs. For efficacy and safety, this class
of drugs is recommended as part of the analgesic protocol in the majority of surgical
procedures and traumatic injuries. Numerous local and regional blocks are proven ef-
fective in dogs and cats, thus providing the clinician with ample opportunity to include
these blocks in practice. This manuscript, Part 2 of a two-part instalment, focuses on
brief descriptions of select commonly used local/regional anaesthesia techniques for
dogs and cats that cover a multitude of painful surgeries/injuries and that can be imple-
mented in any practice. In Part 1 of this topic, detailed information on local anaesthetic

drugs commonly used in small animal practice was reviewed (Grubb & Lobprise, 2020).
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and implemented in all types of veterinary practice. This review is written
primarily for general practitioners desiring to develop or expand use of

Due to their ability to profoundly decrease both intraoperative nocicep-
tion and postoperative pain, local anaesthetic drugs are recommended
for use in the majority of surgical procedures and traumatic injuries, as
outlined in recent veterinary pain management guidelines (Epstein, 2015;
Mathews et al. 2014). Note that ‘pain’ is referred to as ‘nociception’ in
anaesthetized patients since a cognitive response, which is prevented
by the anaesthetic, is necessary to define pain. Pain is used to describe
the sensation in conscious patients. Although perhaps not as easy as
an IM or IV injection, in the authors’ opinion and the opinion of other

experts (Epstein, 2015) , most local/regional blocks are readily learned

local/regional anaesthesia without having to buy specialized equipment,
which may require advanced training to maximize use. All local/regional
blocks described in this manuscript can be effectively completed using
knowledge of dog and cat anatomy, good palpation skills and appropriate
injection technique (i.e. gentle insertion of the needle, aspiration prior
to injection). This manuscript is not an exhaustive review of all possible
blocks or techniques. More advanced techniques (i.e. ultrasound guid-
ance and nerve locators) are mentioned where appropriate but a full de-
scription is beyond the desired scope of this paper. These techniques

are not necessary for blocks like incision/wound infiltration, peritoneal
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lavage with local anaesthetics, testicular blocks, etc. However, based on
cadaver studies of injectate proximity to nerves (Portela, Verdier, & Otero,
2018 and Portela, Verdier, & Otero, 2012), the accuracy for blocks like
brachial plexus, radius/ulnar/median/musculocutaneous (RUMM) and
sciatic/femoral may be improved using these techniques. Recommended
resources for other block descriptions, more in-depth information, im-
ages and advanced techniques include Campoy & Read, 2013; Otero &
Portela, 2018; Portela et al., 2018a and Portela et al., 2018b; and Lerche,
Aarnes, Covey-Crump, & Martinez, 2016.

1.1 | Drugs, equipment and dog/cat preparation

The drug dosages used by the authors are those listed in the ‘commonly
used drugs’ section of Part 1 of this manuscript (Grubb & Lobprise, 2020).
However, the volume of drug that can be injected into the tissue is often
lower than the mg/kg dose. A suggested drug volume is included for
many blocks listed below and is based on drug concentrations of 2% li-
docaine, 0.5% bupivacaine, 0.5% ropivacaine and 1.33% bupivacaine li-
posome injectable suspension (BLIS). However, with all blocks, the total
recommended dose of the selected local anaesthetic should be calculated
for the species of patient prior to performing each block, and the total
amount of local anaesthetic administered should not exceed the cal-
culated dose unless the added dose is insignificant, like the small dose
of lidocaine typically used on the arytenoids of cats for intubation. In

BOX 1 Equipment and volume of infiltration for
dental/oral blocks

= Equipment: Syringes of appropriate size to hold the calcu-
lated volume of drug with needles of 25-, 27-, or 30-gauge
(non-deflecting to minimize bending) and of 1-in to 1 3/8-
in length (Lantz 2003). BLIS is injected through needles
25-gauge or larger to prevent disruption of the liposomes.
= Volume of infiltration (Lantz 2003) :
e Cats 0.2-0.25 ml per site
e Dogs 0.25, 0.5, or 1 ml per site for small, medium and
large dogs, respectively

BOX 2 Equipment and volume of infiltration for all
other blocks described in this manuscript

= Equipment: Syringes of appropriate size to hold calcu-
lated volume of drug and 25- to 22-gauge needles of 1
to 1.5 inches in length. Occasionally, longer needles (2-3
inch) or specialized needles (like epidural needles, e.g.
Touhy needles) are required.

= Volumes of infiltration: If different from the total calcu-

lated volume of drug, volumes are listed with each block.
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contrast, as mentioned by the reviewer of this manuscript, the dose of a
specific product (not used by the authors) is up to 5 mg/kg for arytenoid
desensitization. This is a significant contribution and should be consid-
ered as part of the total dose. The drug dosages are listed in Part 1 of
this manuscript (Grubb & Lobprise, 2020). The volume of drug (if different
from the total dose) and equipment needed to do the blocks are listed in
Box 1 and Box 2.

Unless otherwise stated with a specific block, all of the local anaes-
thetic drugs discussed in Part 1 (Grubb & Lobprise, 2020) are appropriate
for all of the blocks described in this manuscript, but bupivacaine supplied
as a liposome-encapsulated injectable suspension (abbreviated as BLIS
in this manuscript; NOCITA®) has some logistical considerations. BLIS is
Food and Drug Administration (FDA) approved in the US (and hopefully
coming to other countries soon) for injecting into the incisional tissue lay-
ers following cranial cruciate ligament surgery in dogs. BLIS is commonly
used off-label in both dogs and cats for tissue infiltration in other sur-
geries, including amputations and mass removals, and is used for tissue
infiltration for wound repair. For these blocks, BLIS is injected just prior
to closure of the incision or wound, but not pre-emptively, as the lipo-
somes could be disrupted by the incision or tissue debridement. Regular
bupivacaine can be injected pre-emptively and BLIS at closure. BLIS is
FDA-approved for peripheral nerve blocks for digit surgery in cats and is
commonly used off-label for numerous other peripheral nerve blocks (e.g.
dental/oral, auriculopalpebral, great auricular, brachial plexus [depending
on surgical site], RUMM, sciatic, etc.) in both cats and dogs. BLIS can be in-
jected pre-emptively for these blocks because the liposomes are injected
remote to the surgery site and not in a location that would be disrupted
by the surgical incision or tissue debridement. Due to their relatively
large size, the liposomes release bupivacaine locally rather than diffusing
throughout the tissue, thus, BLIS is not likely to be effective for blocks that
require migration of the local anaesthetic to fairly distant tissues (e.g. tes-
ticular block where the drug injected into the testicle must migrate to the
spermatic cord) or where the drug is ‘lavaged’ or ‘splashed’ into a tissue
rather than injected into the site where the liposomes can release bupiva-
caine locally (e.g. peritoneal lavage). See more on BLIS injection technique
in Part 1 of this manuscript (Grubb & Lobprise, 2020) and at the product
website (NOCITA® injection technique website 2018). Due to the fact
that BLIS is fairly new to veterinary medicine and that an encompassing
statement regarding BLIS suitability for all blocks described here can-
not be made, use of the drug will be specifically addressed in the blocks
where appropriate. BLIS is commonly used by the author for all dental/
oral blocks so specific statements are not made in that section of blocks.

Patient preparation: Wherever possible, the injection site should
be clipped and aseptically prepared.

Precaution: For all blocks, ASPIRATE prior to injection (potential

caveat discussed in the lumbosacral epidural section).
1.2 | Select local and regional anaesthesia
techniques in dogs and cats

All blocks described in this manuscript have been used by the authors

unless otherwise indicated. The techniques for some of the blocks
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are described in other sources, often with detailed diagrams (Duke-
Novakovski, 2016; Lemke & Creighton, 2008; Rioja Garcia 2015;
Campoy & Read, 2013; Otero & Portela, 2018). Specific references for

block technique and/or efficacy are provided where possible.

1.3 | General tissue infiltration

‘Field block’, also called incisional block or ‘line’ block (Vicente &
Bergstrom, 2018; Lascelles, Rausch-Derra, Wofford, & Huebner,
2016; Yilmaz et al., 2014; Savvas et al. 2008) Figure 1 and Box 3.
Tissues/area desensitized: Dermal and hypodermal layers, and
muscle layers depending on depth of injection, in the immediate
proximity of the injection site. Use for incision and wound repair.

FIGURE 1

Incisional or field block. This block is being
performed after the rough scrub but before the sterile scrub. If
performed after the sterile scrub, the person administering the
block would wear sterile gloves

BOX 3 Technique for general tissue infiltration

= Technique: The nerve endings in the tissues are blocked
by injecting the drug around or directly into the incision
or wound ‘field’. See more on the injection technique for
BLIS in Part 1 (Grubb & Lobprise, 2020).

= The total injected volume depends on the size of the
wound/incision and care should be taken not to exceed the
maximum recommended dose for each drug in the species
treated. If a larger volume is necessary, drugs, including
BLIS, can be expanded with an equal or lower volume of
saline.

= The body of literature supports that local anaesthetics, in-
cluding BLIS, injected into an incision/wound do not cause
a clinical delay in tissue healing (Abréo et al., 2014; Baxter,
Bramlett, One, & Daniels, 2013; Cantatore et al., 2014;
Waite, Gilliver, Masterson, Hardman, & Ashcroft, 2010).

1.4 | Oral/dental blocks

CRITICAL POINT for ORAL BLOCKS: Excessive mouth opening
should be avoided in cats, as this could compromise the blood flow
through the maxillary artery, and no collateral circulation to the cer-
ebrum and retina is present in this species. Severe neurologic deficits
and blindness could result from impaired blood flow and ischae-
mia, particularly when spring-loaded mouth gags are used to create
maximal mouth opening (Barton-Lamb et al., 2013; Martin-Flores,
Scrivani, Loew, Gleed, & Ludders, 2014; Scrivani, Martin-Flores,
Hatten, & Bezuidenhout, 2013; Stiles, Weil, Packer, & Lantz, 2012).
These mouth gags should not be used in cats. In average-sized adult
cats mouth gags that produced a maximal mouth opening of 42 mm
between canine teeth, but not mouth opening of 20 or 30 mm, pro-
duced blood flow deficits (Martin-Flores et al., 2014). Thus, mouth

gags that do not cause maximal mouth opening are acceptable.

BOX 4 Technique for infraorbital block

= Technique:

e Push the lip up and palpate the canal opening in the
mucosa over the infraorbital foramen in the region
dorsal to the third premolar.

o Insert the needle into the canal and advance the needle no
further than a site level with the medial canthus of the eye.
Hold the needle and the syringe parallel to the palate and
flat against the maxilla. Aspirate, then use a slow, steady
injection to deposit the anaesthetic evenly within the canal.

o In cats (not brachycephalic breeds), the entire infraor-
bital canal is approximately 4 mm long, ending at the
level of the medial canthus. Advancing a needle in the
canal is typically not recommended due to the close
proximity of the globe.

BOX 5 Technique for infraorbital approach to the
maxillary nerve

= Technique: A deep infraorbital block with needle ad-
vancement to the level of the maxillary 1st molar has
been described (Rochette, 2005) and the use of an in-
travenous catheter to reach this level has also been re-
ported (Viscasillas, Seymour, & Brodbelt, 2013).

= Possible complications include damage to the neurovas-
cular bundle within the canal and intravascular injection.
To avoid damage to the globe, this approach is not used in
cats and it's use in brachycephalic patients is controver-
sial. Perhaps the approach is unnecessary in these pa-
tients due to the short distance necessary for caudal drug
diffusion from an injection site at the infraorbital foramen

to the entrance of the maxillary nerve into the foramen.
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Infraorbital block (Gross et al., 2000; Gross, Pope, O’'Brien,
Dodam, & Polkow-Haight, 1997) Box 4

Tissues/area desensitized: (Kitchell, 1993): When deposited within
the canal or approaching the region of the pterygopalatine fossa at the
distal aspect of the canal, the premolars, canines and incisors will be
desensitized. This block will likely not desensitize the caudal superior
alveolar nerve, which branches off the maxillary nerve caudal to the
infraorbital nerve and enters the infraorbital canal to innervate the 1°¢
and 2" molars in dogs and the 3and 4t premolars in cats.

Infraorbital approach to the makxillary nerve block (Snyder & Snyder,
2013) Box 5

Tissues/area desensitized: Infiltration of the local anaesthetic
drug at the caudal aspect of the infraorbital canal may impact the

caudal superior alveolar nerve.

FIGURE 3 Caudal approach to the maxillary nerve on a dog skull
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FIGURE 4 Caudal approach to the maxillary nerve block on a cat skull

Caudal approach to the maxillary nerve block (Aguiar, Chebroux,
Martinez-Taboada, & Leece, 2015) Figures 2-4 and Box 6

Tissues/area desensitized (Kitchell, 1993): The maxilla and inci-
sive bone with associated soft tissue, upper dental arch, upper lip
and nostrils, hard and soft palates.

Maijor palatine block Box 7

Tissues/area desensitized: Desensitizes the oral side of the hard
palate tissues. Used for analgesia for palate surgery.

Mental nerve block Box 8

Tissues/area desensitized: An effective mental block ideally
reaches the mandibular canal and rostral alveolar nerve branches.
Desensitizes the lower lip and rostral intermandibular region (Krug &
Losey, 2011) but in a study in dogs, only the 2", 3™ and 4" premo-
lars were consistently desensitized (Krug & Losey, 2011). In this study,
only a portion of the soft tissue was blocked, possibly due to collateral
innervation or potentially because the dose used was lower than re-
ported elsewhere (Lemke 2007; Beckman, 2006). Dental tissue desen-
sitization was more consistent (C-fiber impact) (Ho & DelLuca, 1999).

Inferior alveolar block (caudal mandibular; Aguiar et al., 2015) Box 9

Tissues/area desensitized: The mandible, lower lip and lower
dental arch.

1.5 | Alternative local injection of local
anaesthetic drugs

While there are limited studies of alternative techniques in the vet-
erinary literature, application of concepts from human dentistry may
provide alternative choices for desensitization of local areas if regional
analgesia is not possible. Injection of local anaesthetic in tissue surround-
ing a maxillary dental surgical field may provide soft tissue desensitiza-
tion and potentially provide some infiltration into the osseous tissues
since the maxillary cortical bone is less dense than that of the mandible
(Rochette, 2005). Injection of up to 0.2 ml into the periodontal ligament
space of a tooth of a larger dog can be used if extraction is indicated, but
recall from Part 1 (Grubb & Lobprise, 2020) of this manuscript that local
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BOX 6 Technique for caudal approach to the maxillary nerve

= Techniques:

e Percutaneous approach

o Insert the needle percutaneously just below the ventral border of the midsection of the zygomatic arch, perpendicular to the

skin and directed medially (Viscasillas et al., 2013). For medium-sized dogs, the insertion point is located 0.5 cm caudal to a

vertical line drawn from the medial canthus of the eye.

o Advance the needle into region of the pterygopalatine fossa, aiming slightly rostrally towards the maxillary foramen (Dugdale,

2010). Insert the needle until its full length is in tissue or until it hits bone. Aspirate, inject.

e Intra-oral approach

o Open the mouth and caudally retract the lips.

o Insert the needle, pointed dorsally, in the mucosa immediately caudal to the mid-section of the maxillary second molar.

o Potential complications: Accidental globe perforation has been reported with this approach (Perry, Moore, & Scurrell, 2015),

therefore, the needle should not be inserted dorsally more than 2-4 mm, depending on dog/cat size, as recommended by

Beckman and Legendre (2002). There is also the potential that the maxillary artery can be perforated.

e Modified maxillary nerve block - caudal approach. The author prefers this approach as potential injury to the eye is less likely.

With enough laxity in the commissure, additional benefits include ability to directly palpate the needle entry point and no need

to pass the needle through the skin.

o Caudally retract the lips to palpate the ventral aspect of the zygomatic arch from the oral cavity or use a modified percutane-

ous approach.

o Approach from the caudal direction and keep the needle and syringe in a plane parallel to the palate.

o Introduce the needle into the mucosa (or skin) ventral and medial to the junction of the zygomatic arch and palatine bones, in a

rostral-medial direction, as if aiming for the opposite nostril. Advance the needle just dorsal to the palatal bone in the direction

of the pterygopalatine fossa.

o Infiltrate the local anaesthetic at the fossa and also while withdrawing the needle in order to block the caudal superior alveolar nerve.

anaesthetics are less effective in regions of tissue infection (Rochette,
2005).

1.6 | Other blocks on the cranium

Retrobulbar block (Giuliano & Walsh, 2013; Accola et al., 2006;
Myrna, Bentley, & Smith, 2010; Shilo-Benjamini, 2019) Box 10

Tissues/area desensitized: Structures of the eye including the
conjunctiva, cornea and uvea. Used primarily for enucleation but
could be considered for other ocular surgeries. Detailed diagrams
are available (Campoy & Read, 2013).

Auriculotemporal and great auricular nerve block (Duke-Novakovski,
2016; Martinez Taboada, 2016). Both references include detailed dia-
grams. Box 11

BOX 7 Technique for major palatine block

= Technique:

e Inject the local anaesthetic halfway between the pala-
tal midline and the dental arcade at the level of the
mesial root of the maxillary 1st molar (to the midpoint
of the 4th premolar) in the dog and palatal root of the
maxillary 4th premolar in the cat (Lantz 2003).

Tissues/area desensitized: The pinna and the external ear canal.
Although few publications exist on the efficacy of this technique,
and some publications suggest no advantage of the local block when

BOX 8 Technique for mental nerve block

= Technique:

o Palpate the middle mental foramen ventral to the me-
sial (rostral) aspect of the 2nd premolar.

o In cats, the middle mental foramen is at, or immedi-
ately caudal to, the apex of the mandibular canine
tooth (Lantz 2003).

o |nsert the needle into the soft tissue slightly rostral to
that location.

o |n medium to large sized dogs, local anaesthetic drug can
be injected directly into the mandibular canal (Lantz 2003)
and may provide rostral desensitization sufficient to obvi-
ate the need for a complete mandibular block. Guide the
needle into the foramen in a cranial to caudal direction
with a slight medial angle. Advance as far as possible, ap-
proximately 2-4 mm depending upon dog/cat size.

e In smaller patients, inject local anaesthetic directly

under the gingiva immediately rostral to the foramen.
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BOX 9 Technique for inferior alveolar block

= Technique: The inferior alveolar nerve is blocked as it enters the mandibular foramen, which is located on the medial (lingual) side
of the mandible approximately halfway between the 3rd molar and the mandibular angular process in a dog (Snyder, Snyder, &

Beebe, 2019) and halfway to the distal 1st molar in a cat (Lantz 2003).

e Intraoral approach: With the dog/cat in lateral recumbency and the syringe aimed at the recumbent side, insert the needle
through the gingiva near the foramen at the site described above (Rochette, 2005). It is often possible to palpate the foramen,
especially in medium to large dogs.

o According to Goudie-DeAngelis, Snyder, Raffe, and David (2016) : ‘The mandibular foramen is palpated, whereas the needle
bevel is passed along the lingual cortex of the mandibular ramus until it reaches the foramen. The extraoral end of the syringe
barrel is then centred over the 1st premolar on the contralateral side of the oral cavity. Aspirate and inject slowly over 30 s'.

e Extraoral approach; with the dog/cat in lateral recumbency, block the mandible on the nondependent (‘up’) side. Palpate the man-
dibular foramen intraorally with one hand. With the other hand, insert the needle through the skin close to the medial aspect of the
mandible and advance it dorsally in the gingiva to the area of the foramen. Aspirate and inject the anaesthetic (Rochette, 2005).

o The foramen may be challenging to palpate in smaller dogs and cats (Goudie-DeAngelis et al., 2016). But palpation of the foramen is not
necessary and the approximate area for injection can be determined by using known landmarks. Also described in Goudie-DeAngelis
et al., 2016 are the landmarks: ‘An imaginary line is drawn from the lateral canthus of the eye to the centre of the ventral notch of the
mandible. Insert the needle along the lingual cortex, against the periosteum of the ramus with the bevel facing towards the lingual corti-
cal bone. Advance 1/3 of the height of the mandibular body’. The landmarks are the same for either the extra- or intra-oral approach.

o However, palpation of the foramen may improve block efficacy. Compared to the intraoral approach, this technique offered
less accurate placement without digital palpation of the foramen (Goudie-DeAngelis et al., 2016).

e Possible complications include:

Accidental finger needle-stick. Digital palpation of the foramen may aid needle placement but increases the risk of this complication.

e Desensitization of the lingual nerve and self-trauma to the tongue might occur with incorrect placement or use of excessive local
anaesthetic drug volume, as evidenced by the one published case report of this complication in which the volume injected was 3x
the volume recommended by the authors of this manuscript (Chau, 2017). The authors have not experienced this complication
and block both sides simultaneously on a regular basis. If concerned, bupivacaine or ropivacaine could be used to block one side
for a longer duration and lidocaine could be used to block the other side. The lidocaine would wear off quickly and decrease the
likelihood that the tongue would be desensitized beyond the immediate postoperative phase.

e Low mandibular nerve (lingual nerve) injury prevalence in humans based on articaine use may be due to a toxicity issue (Hillerup
& Jensen, 2006) and has not been reported in veterinary species.

BOX 10 Technique for retrobulbar block

= Technique: The technique described here (the inferior-temporal palpebral retrobulbar block) is used by the author and was deemed

the most effective and easiest of 5 different approaches to the retrobulbar block (Accola et al., 2006; Giuliano & Walsh, 2013).

Other techniques are described in Shilo-Benjamini, 2019.

e Create aslight bend in a 22-gauge 1.5- inch needle.

o Insert the needle just inside the boney rim of the lower orbit (i.e. on the ocular side of the orbit) half-way between the lateral can-
thus and the middle of the lower eyelid. The needle can be inserted either through the skin or with the lower lid pulled ventrally
and the needle inserted through the conjunctiva.

e Slowly advance the needle along the floor of the orbit (sometimes a ‘scraping’ sensation is felt as the needle scrapes the bone) and then
dorsally and slightly medially as the needle reaches the back of the globe. Penetration of the orbital fascia can cause a slight ‘pop’.

e Aspirate and inject slowly. If significant resistance occurs, stop the injection and withdraw the needle slightly and try the injection
again. Repeat withdraw/inject until the drug flows easily.

e BLIS can be used for tissue infiltration postenucleation but has not been described for the retrobulbar technique.

e Potential injection site complications include penetration of the globe (described as unlikely by Giuliano & Walsh, 2013), intra-
vascular injection (remember to aspirate!), intraneural injection (do not inject if excess pressure), retrobulbar haemorrhage and

proptosis, which is more likely with large volumes of anaesthetic used in brachycephalic breeds (Giuliano & Walsh, 2013).
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BOX 11 Technique for auriculotemporal and great auricular nerve block

= Technique: Block the great auricular nerve by inserting a needle subcutaneously (the nerve is shallow) into the tissue at a point

directly ventral to the atlas wing and caudal to the tympanic bulla. The vertical ear canal is palpable slightly rostral to this site and

can be used as a landmark.

= Technique: Block the auriculotemporal nerve by inserting a needle subcutaneously and slightly deeper (if the needle hits the bone,

back out to a point %-way between the bone and the skin) into the tissue directly above the most caudal aspect of the zygomatic

arch, slightly rostral to the vertical ear canal, which is palpable at this site.

= |nject approximately 0.5-1.5 ml, depending on dog/cat size, at each location.

= Long-duration blockade is ideal because aural pain can be profound and prolonged.

= A potential injection site complication is inability to close the eyelid due to temporary paralysis of the motor portions of the facial

and/or temporo-palpebral nerves (Martinez Taboada 2016). Eye ointment should be used every 2-4 hr until blinking returns.

FIGURE 5 Landmarks for the intercostal block on a dog
skeleton. The injection site is indicated by the arrows

compared with use of systemic opioids alone (Buback, Boothe,
Carroll, & Green, 1996), the author’s clinical experience is that the
block is at least partially effective for pain relief and should be in-
cluded as part of a multimodal analgesic protocol. The author uses
the block for ear canal surgeries (total ear canal ablation [TECA],
TECA with bulla osteotomy [TECA-BO], foreign body and growth
removals, etc.) and deep cleaning of painful ears. A newly published
technique (Stathopoulou, Pinelas, Haar, Cornelis, & Viscasillas,
2018) not yet tried by the author may improve block efficacy. The
reviewer of the manuscript agrees with Buback et al., 1996.

1.7 | Blocks of the thorax and thoracic limbs

Intercostal block (Duke-Novakovski, 2016; Flecknell, Kirk, Liles,
Hayes, & Dark, 1991) Figure 5 and Box 12

Tissues/area desensitized: Soft tissues of the intercostal space dis-
tal to the injection. Used to provide analgesia for thoracic wounds or

injury, thoracic drain placement/removal and intrathoracic surgery.

BOX 12 Technique for intercostal block

= Technique: Insert the needle into the skin and muscle
layers caudal to the proximal portion (i.e. closest to the
spinal column) of the ribs in 2-3 rib spaces cranial to and

2-3 rib spaces caudal to the area to be desensitized.

o Inject between 0.5-2.0 ml per site, depending on dog/
cat size.

e Potential injection site complications include perfo-
ration of a vessel and pneumothorax. As with other
blocks, intravascular injection is a potential compli-
cation and aspiration for blood is required to ensure
that the needle is not in the costal artery or vein.
Pneumothorax has been reported in human medicine.
To decrease the likelihood of causing pneumothorax,
the authors recommend using a small gauge needle
(22-G) and ‘walking’ the needle off the caudal edge of
the rib, meaning the needle is repositioned using slight
changes in the angle of entry (either ‘steeper’ or ‘flat-
ter’) until it slides off the back of the rib. Aspirate for
air to ensure that the needle is not in the thorax.

e |If no blood or air is aspirated, inject at this point and
continue to inject as the needle is withdrawn out of
the muscle layers and skin. If blood or air is aspirated,
withdraw the needle slightly and aspirate again. Inject
when no blood or air is aspirated.

= Liposome-encapsulated bupivacaine has been used for
this block in human medicine (Kelley et al., 2018) result-
ing in decreased postoperative opioid use for 24-hr and
faster discharge from the hospital compared to patients
receiving standard bupivacaine. The authors have used
the block in both dogs and cats.

Blocks to desensitize the forepaws (manus) Box 13
Tissues/area desensitized: All soft tissue structures of the

manus. Used in dogs and cats for painful surgeries or wounds on
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BOX 13 Techniques for manus blocks

= Techniques
e Three-point block

o Locate the carpus and accessory carpal pad.

o Inject 0.1-0.3 ml (depending on dog/cat size) subcu-
taneously at three sites.

1. Medial to the accessory carpal pad, blocking the
median nerve and palmar branch of the ulnar nerve.
2. Lateral and proximal to the accessory carpal pad,
blocking the dorsal branch of the ulnar nerve.
3. On the dorsal-medial portion of the carpus, block-
ing the superficial branches of the radial nerve.
e Enomoto four-point technique for the manus

o Local anaesthetic is injected in four sites to desensi-
tize the superficial branches of the radial nerve, dorsal
branch of the ulnar nerve, median nerve and superficial
branch of the palmar branch of the ulnar nerve and the
deep branch of the palmar branch of the ulnar nerve.

o The description of the block is beyond the scope of
this paper but the description and corresponding
detailed illustrations can be accessed in Enomoto,
Lascelles, & Gerard, 2016.

o Liposome-encapsulated bupivacaine has been used
perineurally for similar blocks in human medicine
(Soberon, Ericson-Neilsen, Sisco-Wise, Gastanoduyv,
& Beck, 2016). The Enomoto four-point block has
been used to evaluate analgesia provided by BLIS
(NOCITA® product insert website 2018) and is de-
scribed on the product insert for cats (NOCITA®
product insert website 2018).

the paws, such as pad lacerations, torn toenails and removal of
foreign bodies.

Brachial plexus blocks (Duke-Novakovski, 2016; Mosing, Reich, &
Moens, 2010; Wenger, Moens, Jaggin, & Schatzmann, 2005; Duke,
Cullen, & Fowler, 1998; Nutt, 1962) Figure 6A&B and Box 14. There
are two techniques: (1) Percutaneous 'blind' injection and (2) direct
visualization and perinueral injection, which is done only during sca-
pulothoracic dearticulation amputation.

Tissues/area desensitized: Soft tissues from the distal humerus to
the tip of the digits supplied by the musculocutaneous, axillary, radial,
median and ulnar nerves. This block does not provide consistent desen-
sitization of the elbow but can be used as part of a multimodal protocol.

Radius, ulnar, median and musculocutaneous (RUMM) nerve block
(Trumpatori et al., 2010) Box 15

Tissues/area desensitized: Structures of the distal thoracic limb
including the carpus, manus and digits. Detailed diagrams are avail-
able (Trumpatori et al., 2010). Used for painful surgeries or injuries
distal to the elbow, including down to the manus/pedus. Radius/ulna

fracture repair and digit amputation are examples.

. A

FIGURE 6 Brachial plexus block landmark at the point of the
shoulder (a) and needle insertion (b)

BOX 14 Techniques for brachial plexus block

= Percutaneous blind injection technique: Locate the ac-

romion, the first rib and the jugular vein.

e Insertanerve locator needle or a 2-4-inch regular needle

(a spinal needle will work) on the axial side of the acro-
mion. Aim the needle directly caudally or slightly caudo-
ventrally (parallel to the jugular vein). Keep the needle
in a plane sagittal to the rib cage—the tip of the needle
may hit the axial side of the scapula. This is normal. Just
withdraw slightly and redirect. Stop when the tip of the
needle is even with the first rib or the caudal margin of
the scapula (these are approximately the same location).

e Aspirate, then inject 1/3 of the local anaesthetic.

Withdraw the needle to the middle of the scapula, and
then to a site just before the needle exits the skin, and

repeat aspiration and 1/3 injection at both locations.

e A potential injection site complication is risk of perfo-

rating the brachial artery.

Use of nerve location or ultrasound guidance may
improve block consistency when using this technique
(Portelo et al., 2018b).

(Continues)
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Box 14 (Continued)

= Direct visualization and perineural injection technique:
Inject perineurally as nerves are visualized intra-opera-
tively during scapulothoracic disarticulation amputation.
BLIS would be most effective when injected using this
technique. Liposome-encapsulated bupivacaine is FDA-
approved for perineural injection for a similar block—the
interscalene brachial plexus block—in humans.

= A technique providing analgesia of the entire forelimb (cer-
vical paravertebral block) has been described (Lemke &
Creighton, 2008). Use of a nerve locator or ultrasound im-
proves the accuracy of this block. Other techniques include
those published by Skelding, Valverde, Sinclair, Thomason,
& Moens, 2018 and Hofmeister, Kent, & Read, 2007.

BOX 15 Technique for radius, ulnar, median and
musculocutaneous nerve blockade

= Technique: With the elbow flexed for palpation, locate
the sites for injection:

e Radial nerve on the lateral side of the forelimb: The
patient should be in lateral recumbency, lying on the
limb that is NOT being blocked. The injection site is
on the back of the humerus at the junction of the
proximal 2/3 and distal 1/3 length of the humerus (i.e.
2/3 distal to the greater tubercle or 1/3 proximal to
the lateral epicondyle). The needle is inserted at the
caudal aspect of, and perpendicular to, the humerus.
The needle will go through the long head of the tri-
ceps (Trumpatori et al., 2010) or between the long and
lateral heads of the triceps. Once it hits the humerus,
back out slightly and inject 0.1 ml/kg local anaesthetic.

e Ulnar, median and musculocutaneous nerves on the me-
dial side of the forelimb: The patient should be in lateral
recumbency, lying on the limb that IS being blocked. Pull
the limb caudally so that it lies behind the upper limb
and palpate the brachial artery at mid-humerus. Insert
the needle caudal to the brachial artery and biceps bra-
chialis muscle—both may need to be gently retracted
cranially. The needle is inserted at the caudal aspect of,
and perpendicular to, the humerus. The needle will go
through (Trumaptori et al., 2010) or alongside the long
head of the triceps. Once it hits the humerus, back out
slightly and inject 0.075 ml/kg local anaesthetic and in-
ject another 0.075 ml/kg as the needle is withdrawn.

= There are no specific injection site-related complica-
tions. As with other blocks where injections are made
near vessels, venous puncture is uncommon but can

occur (Trumpatori et al., 2010).

FIGURE 7 Testicular block in a dog (a) and cat (b)

BOX 16 Technique for testicular block

= Technique: Insert the needle directly into the testicular body

with the needle tip directed towards the spermatic cord.

e Aspirate, inject half the total recommended dose of bupi-
vacaine, ropivacaine or lidocaine for the species, or the
volume that causes increased tissue ‘pressure’ (whichever
happens first) into each testicle. Increased tissue pressure
is felt as a sudden volume expansion of the testicle.

NOTE: Some clinicians use only lidocaine for this block
since the testicles are highly vascularized, potentially in-
creasing likelihood of systemic drug uptake. The author
uses bupivacaine or ropivacaine, following careful aspi-
ration, because of the longer duration of action. There is
no evidence that one drug is better/safer than another
so the clinician should use experience and comfort with
the drugs to decide which drug to use for this block.

(Continues)
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BOX 17 Technique for lavage of the peritoneal cavity
with local anaesthetics

Box 16 (Continued)

e The drug migrates up the spermatic cord (Ranheim,

Haga, & Ingebrigtsen, 2005) and mitigates intraopera- = Technique: Draw 2-4 mg/kg (cats) and 4-6 mg/kg (dogs) lido-

tive nociception and postoperative pain from surgical
crushing of the cord and associated vessels.

e |n cats, the incision is generally made directly over the
testicle and infiltration of the drug should continue as
the needle exits the testicle to block the skin and sub-
cutaneous tissue.

e |n dogs, the incision is generally made at a prescrotal
site, and local anaesthetic should be injected into skin
and subcutaneous tissue at the incision site.

e Expect to inject between 0.2-2.0 ml per testicle, de-
pending on dog/cat size.

e Liposomal bupivacaine could be injected directly into the
spermatic cord with care to avoid the vasculature but will
not migrate to the spermatic cord from the testicle.

e There are no injection site specific complications but
the testicle will often appear ‘bruised’. This is inconse-

quential since the testicle is being removed.

1.8 | Testicular block

Testicular block (Perez et al. 2013; Kushnir, Toledano, Cohen, Bdolah-
Abram, & Shilo-Benjamini, 2017; Huuskonen, Hughes, Estaca, & West,
2013; McMillan, Seymour, & Brearley, 2012) Figure 7A&B and Box 16

Tissues/area desensitized: Spermatic cord and associated struc-

tures. Provides analgesia for castration.

caine OR 1-2 mg/kg (cats) and 2-4 mg/kg (dogs) bupivacaine
or ropivacaine into a syringe. If necessary, dilute with sterile
saline so that the entire volume is 0.4-0.6 ml/kg.
= These dosages are conservative. In dogs, 8.8 mg/kg lidocaine
OR 4.4 mg/kg bupivacaine (intraperitoneal instillation) plus
2 ml of the same drug as an intra-incisional injection caused
no adverse effects (Carpenter et al. 2004). In this study,
the local anaesthetic drug was diluted to a total volume of
0.88 ml/kg. Lidocaine plasma concentrations were below
toxic levels when 8 mg/kg was instilled intraperitoneally and
2 mg/kg was injected at the incision site (Wilson et al., 2004).
Instill the mixture in the abdomen immediately after the ab-
dominal wall is incised or immediately prior to closing the ab-
dominal incision to ‘bathe’ or lavage the peritoneal cavity with
local anaesthetic drug. Close the incision per routine surgical
protocol, leaving the mixture in the abdomen.
Intraperitoneal lavage has been used to control intraoperative
nociception and postoperative pain from other abdominal sur-
geries in human medicine (Boerboom et al. 2018; Ruiz-Tovar
et al., 2016), including caesarean section (Patel et al., 2017).
Intraperitoneal lavage is anecdotally used for these surgeries
in veterinary medicine, but there are no publications.
BLIS must be injected directly into tissues and, thus, is un-
likely be effective for the intraperitoneal technique but can
be used to desensitize the incision.

BOX 18 Technique for direct infiltration of the meso-
varium ligament

= Technique: Open the abdomen, elevate either ovary, identify
and infiltrate the mesovarium, elevate the opposite ovary, iden-
tify and infiltrate the mesovarium, remove the 1st ovary, remove
the 2nd ovary, and then proceed with the ovariohysterectomy.
= Due to the fact that local anaesthetics are absorbed through
mucosal surfaces, ‘dripping’ lidocaine on the ovarian pedicle
has been shown to provide analgesia in cats, without the need
to expose the mesovarium (Zilberstein, Moens, & Leterrier,
2008). In this study 2% lidocaine 1 mg/kg was injected in the
skin, 2 mg/kg was applied topically on each ovary and 1 mg/kg
was injected in the abdominal muscular layers. It is likely that
use of local anaesthetics in all three sites contributed to the
decreased ketamine need in the group that received lidocaine.
= The volume injected or ‘dripped’ per side is approximately

0.5 ml in small dogs or cats and up to 3.0 ml per side in

il Aﬂ;ﬂﬂh i

large dogs. Volumes up to the maximum recommended

FIGURE 8 Instillation of local anaesthetics through the

ovariohysterectomy incision for lavage of the peritoneal cavity (Continues)
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Box 18 (Continued)

dose can be used. Injecting BLIS appropriately into the tis-
sues would be difficult because of lack of visualization at

the injection site.

FIGURE 9 Lumbosacral and sacrococcygeal epidural

locations on a dog skeleton: The arrow represents the site for the
lumbosacral epidural, which is between the last lumbar vertebra
and the cranial edge of the sacrum. The needle represents the site
for the sacrococcygeal epidural, which is between the caudal edge
of the sacrum and the first coccygeal vertebra

FIGURE 10 Lumbosacral and sacrococcygeal epidural locations
on a cat cadaver: The needle on the left is in the space for the
lumbosacral epidural, which is between the last lumbar vertebrae
and the cranial edge of the sacrum. The needle on the right is in the
space for the sacrococcygeal epidural, which is between the caudal
edge of the sacrum and the first coccygeal vertebrae

Intraperitoneal lavage: Tissues/area desensitized: Serosal
surfaces in the abdominal cavity including ovarian and uterine
tissues associated with OHE. Due to ease of drug administration
and number of publications showing efficacy of this block, the au-
thor prefers this technique to the mesovarium ligament injection
technique.

Mesovarium ligament blockade: Tissues desensitized: mesovar-

ium ligament and associated structures.

BOX 19 Technique for sacrococcygeal or intercoccy-
geal epidural

= Technique: Identify the injection site by moving the tail up-
and-down (dorso-ventrally) in a ‘pumping’ motion while palpat-
ing the sacrococcygeal region. The first movable space at the
caudal end of the sacrum is either the sacrococcygeal or first
intercoccygeal space. Either is appropriate and there is no need
to determine which site has been identified.

e Insert a 22- or 25-gauge needle through the skin ON
MIDLINE at a 60-90-degree angle to the skin surface, al-
though a flatter angle (30-45 degrees) may also be used
for the initial approach.

e Proceed slowly until the needle enters the space.
Generally the needle will hit the vertebral bone and can
be ‘walked off’ the bone, meaning the needle is reposi-
tioned using slight changes in the angle of entry (either
‘steeper’ or ‘flatter’) until it enters the space. A ‘pop’ may
be felt as the needle penetrates the interarcuate liga-
ment/ligamentum flavum but the lack of a pop should not
be interpreted as incorrect needle placement, especially
if a regular hypodermic needle is used. These needles
are sharper than epidural or spinal needles and may pass
through the ligamentum without causing a pop.

e Inject 0.1 ml/kg, depending on dog/cat size. There should
be minimal to no resistance to injection.

e Do not inject air. Speculatively, an air bubble may cause
an incomplete block in such a small space (O'Hearn &
Wright, 2011).

= Lidocaine, bupivacaine and ropivacaine are appropriate for
this block. There is no information for using BLIS and the
authors have not used it in this block.

= There are no specific injection site related complications.

The spinal cord ends at the cranial border of vertebra L7 in

large dogs and the lumbosacral junction in small dogs and

cats (Wetmore & Glowaski, 2000) so spinal cord damage
would not occur. Excessive injectate volume could cause ex-
tended cranial migration of the drug, with potential blockade
of the motor nerves to the pelvis. However, no pelvic limb
dysfunction occurred at a dose of 0.1-0.2 ml/kg local anes-
thetic administered to cats (O'Hearn & Wright, 2011).
= The authors use the block as described in this manuscript,
but nerve stimulation can also be used (Otero, & Portela,

2018).

1.9 | Local/regional analgesia for
ovariohysterectomy

Two techniques can be used: lavage of the peritoneal cavity with

local anaesthetics (Carpenter, Wilson, & Evans, 2004; Wilson,
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BOX 20 Technique for lumbosacral epidural

= Technique: Identify the injection site by palpating the lumbo-sacral junction, felt as a fairly large mid-line space almost directly in line with
the wings of the ilium. The patient can be placed in either sternal or lateral recumbency and the rear legs can either be pulled forward (to
increase the distance between the lumbar vertebrae and sacrum, essentially making the space larger) or backward (often making the site
easier to palpate in large, overweight dogs).

o Clip and aseptically scrub this region. Wear gloves. A small drape or sterile glove wrapper used as a drape is recommended.

e Insert an epidural or spinal needle (e.g. a Touhy needle) into the caudal portion of the LS space with the needle angled at approximately 45°
from vertical.

e Slowly advance the needle until the epidural space is entered.

o The ‘hanging’ drop often works (aspiration of fluid in the hub of the needle as the epidural space is entered).

o Several ‘pops’ may be felt and can be used to gauge the depth of needle insertion.

o If bone is encountered, withdraw the needle a few millimetres, redirect slightly (steeper or flatter angle) and reinsert (‘walking’ off the
bone). Repeat this process until the needle enters the intervertebral space.

e STOP advancing as soon as the space is entered and slowly inject the drug.

o Aspiration at this point is recommended by some, including the author, to ensure that the needle isn't in a vessel (blood would be aspi-
rated) or through the dura (cerebral spinal fluid, CSF, would be aspirated). However, others are concerned that the negative pressure of
aspiration could damage delicate dural tissues.

o If blood is aspirated, the needle can be withdrawn slightly and re-aspirated until there is no blood present, followed by injection of the
drug. Some experts recommend withdrawing the needle completely and re-starting the injection. The authors use the former option. If
CSF is aspirated, the recommendation is to inject only one-half of the drug volume to avoid excessive cranial migration of the drug with
subsequent central nervous system (CNS) depression. Although commonly used, this recommendation is not evidence-based.

o Atest dose of saline can be injected to ensure that the needle is in the epidural space.

o The drug should inject easily if the needle is in a space.

o The most definitive determination that the needle is in the lumbosacral space is to stop injecting and take your thumb off the plunger.
The fluid should momentarily continue to flow if the tip of the needle is in the epidural space.

o [f the drug does not inject easily, the likely reason is that the needle was pushed slightly deeper when the syringe was attached. Withdraw
the needle 1-2mm and try again.

e Once drug has been injected, remove the needle and proceed with surgery.

o If local anaesthetic drugs have been used, the patient can be positioned with the surgical side down for approximately 5 min so that the drug
can ‘bathe’ the nerves of the recumbent limb. If only opioids are used, this manoeuvre will not enhance the analgesia since the site of action
is at opioid receptors in the spinal cord, not at local nerves. The efficacy of positioning as just described is questionable.

= Opioids are most commonly used but local anaesthetic drugs can be used alone or in conjunction with opioids.

e 0.1 mg/kg morphine (preservative-free is gold standard but morphine with preservative can be used). Other opioids provide a shorter dura-
tion than morphine but most are acceptable (Valverde, 2008).

e Dilute to 1 ml/4.5 kg or 0.2 ml/kg total volume with lidocaine, bupivacaine, ropivacaine, sterile saline or sterile water with a total volume
of up to 6 mls if local anaesthetics are used (see explanation under ‘complications’).

= Morphine is fairly lipid insoluble, and thus stays in the space and provides up to 24 hr of analgesia with minimal systemic uptake. Time to
onset of analgesia is 30-60 min. The opioids will cause sensory blockade but are unlikely to cause motor blockade.

= Local anaesthetics have an onset and duration of action similar to their onset and duration at any other site. Local anaesthetics enhance the anal-
gesic effects of the blockade (Kona-Boun, Cuvelliez, & Troncy, 2006). They can cause motor blockade, however, the motor effects are generally
minimal or absent by the time the patient has recovered from anaesthesia to the point that it is ambulatory.

= Specific complications include ineffective or incomplete block (the most common ‘complication’), epidural haematoma or abscess, or hyper-
algesia (very rare). An excessive volume of local anaesthetic could migrate cranially to the point of blockade of the nerves controlling the
diaphragm, with subsequent impairment of ventilation. The recommendation not to exceed 6-mls total volume of local anaesthetics is made
to prevent this complication. Urinary retention may occur but is of low incidence and bladders are easily expressed (Kalchofner Guerrero et
al., 2014; Troncy et al., 2002). Delayed hair regrowth also occurs at the shave site (Kalchofner Guerrero et al., 2014; Troncy et al., 2002). This
has nothing to do with epidural injection of drugs but is due to fact that shaved hair grows back more slowly at the lumbosacral region than
any other region (Diaz, Torres, Nogueira, Gilbert, & Jessen, 2006). Contraindications include bleeding disorders (to prevent haematomas) and
skin disease over the LS space (to prevent abscesses). Abnormal pelvic anatomy (either from congenital lesions or trauma) may make epidurals
difficult.

= Epidural catheters can be placed in larger dogs and maintained for several days to allow continuous or intermittent delivery of analgesic
drugs (Swalander, Crowe, Hittenmiller, & Jahn, 2000).
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Barnes, & Hauptman, 2004; Benito et al. 2016; Lambertini, Kluge,
Lanza-Perea, Bruhl-Day, & Kalchofner Guerrero, 2018; Figure 8 and
Box 17 and 18) or direct infiltration of the mesovarium ligament (Box
16). For both techniques, the skin and subcutaneous tissues at the

incision site should also be blocked.

1.10 | Epidurals

Sacrococcygeal or intercoccygeal epidural Figures 9 and 10 and Box 19

Tissues/area desensitized: Soft tissues of the perineum, tail and
sacrum supplied by the pudendal, pelvic and caudal nerves. Provides
analgesia for urinary bladder catheter placement (e.g. to relieve ure-
thral obstructions; O'Hearn & Wright, 2011), tail amputations, anal
sacculectomies, relief of obstipation, assisted vaginal delivery of pup-
pies or kittens, perineal urethrostomies and other perineal surgeries.

Lumbosacral epidural (Garcia-Pereira, 2018; Valverde, 2008,
2018) Figures 9 and 10 and Box 20

Tissues/areas desensitized: All structures caudal to the injec-
tion site, including structures of the pelvic limb, perineum and
tail. The cranial extent of desensitization is generally T13 if using
an injectate volume of 0.2 ml/kg. Larger volumes, or use of an
epidural catheter, can extend the desensitized area further cra-
nially. Used for analgesia for abdominal surgeries, pelvic limb
surgeries including orthopaedics and can be used for the same
perineal/urogenital procedures as those listed for the sacrococ-

cygeal epidural.

1.11 | Other Blocks of the pelvic limbs

Blocks to desensitize the rear paws (pedus) Box 21

BOX 21 Techniques for blocking the pedus

= Ring block: Inject local anesthetic drugs subcutaneously
across the entire dorsum and entire ventrum of the pedus
at a location approximately in the middle (from proximal
to distal) section of the manus. The two subcutaneous in-
jections will make a 'ring' of local anesthetic blockade.
= Enomoto technique for the pedus
e Two blocks are proposed from deposition of dye near
specific nerves. The distal crus block includes the tibial
nerve, common fibular (peroneal) nerve and saphen-
ous nerve. The distal pes block includes two branches
of the common fibular (peroneal) nerve (the superficial
fibular [peroneal] nerve and the deep fibular [pero-
neal] nerve), tibial nerve and saphenous nerve.
e The description of the block is beyond the scope of this
paper but the description and corresponding detailed

illustrations can be accessed in Enomoto et al., 2017.

Tissues/areas desensitized: All soft tissue structures of the
pedus. Used in dogs and cats for painful surgeries or wounds on the
paws, such as pad lacerations, torn toenails and removal of foreign
bodies.

Sciatic/femoral block (McCally, Bukoski, Branson, Fox, & Cook,
2015; Caniglia et al., 2012; Campoy, Martin-Flores, Ludders, Erb,
& Gleed, 2012; Gurney & Leece, 2014) Box 22 and Figure 11.

Tissues/area desensitized: Used together, these blocks will de-
sensitize structures of the rear limb from the distal femur through
the digits.

BOX 22 Technique for blocking the sciatic and fem-
oral nerves

= Although no comparative data are published, a nerve
finder or ultrasound guidance is likely to improve block
accuracy, especially of the femoral nerve (Campoy &
Read, 2013; Otero & Portelo, 2018; Portela et al., 2018a).

= The technique described here is used by the author.
Reviews of this and other techniques are published in
Gurney & Leece 2014, Campoy & Read, 2013 and Otero
& Portela, 2018.
e Sciatic nerve Figure 11

o The nerve is easy to locate because it lies in the
groove created by the greater trochanter of the
femur and the ischial tuberosity.

o Inject approximately 0.1 mi/kg local anaesthetic
1/3 the distance from the greater trochanter on a
line with the ischial tuberosity.

e Femoral nerve (Detailed diagram available [Campoy &

Read 2013])

o The nerve lies in the ‘femoral triangle’ on the inside
of the thigh, bordered dorsally by the rectus femoris
muscle, cranially by the caudal portion of the sarto-
rial muscle, and deep by the iliopsoas muscle.

o Locate the femoral artery and keep a finger on the
artery to avoid accidental penetration. Direct the
needle dorso-medially to the artery to a depth equal
to that of the artery.

o A potential complication is perforation of the femo-
ral artery so, as with all blocks, aspirate. Inject ap-
proximately 0.2 ml/kg local anaesthetic.

o The safety study for FDA approval of BLIS in cats
utilized a suprainguinal approach to the femoral
nerve at an increased dosage (NOCITA® product
insert website). Liposome-encapsulated bupiv-
acaine has been used for femoral nerve blocks in
humans (Snyder, Scheuerman, Gregg, Ruhnke, &
Ellen, 2016).
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FIGURE 11 Landmarks for the sciatic nerve block on a model of
a dog pelvis/femur. On the left is the ischial tuberosity and on the
right is the greater trochanter of the femur. The injection is made
1/3 of the distance from the greater trochanter on a line that would
connect the greater trochaner and the ischial tuberosity. Used for
orthopedic and soft tissue surgeries of the pelvic limb.

2 | CONCLUSION

Local and regional blocks are safe and efficacious in dogs and cats
when performed correctly using appropriate drug dosages, as de-
scribed in this review. Local anaesthetic drugs can be injected di-
rectly into the tissues to provide analgesia for surgical incisions or
wounds, or can be injected perineurally to provide analgesia for a
wide variety of painful conditions. Due to the potential to provide
profound analgesia and the high safety margin (when used cor-
rectly) of this class of drugs, local anaesthetics are recommended
as part of the analgesic protocol in the majority of patients un-
dergoing surgical procedures or suffering traumatic injuries. There
are numerous local and regional blocks described for use in dogs
and cats, thus providing the practitioner with numerous opportu-
nities to block nociception and pain transmission and provide more
profound pain relief than is provided with the use of systemically

administered drugs alone.

CONFLICT OF INTEREST

Although manuscript preparation was supported by Aratana
Therapeutics, who manufactures liposome-encapsulated bupiv-
acaine (NOCITA®), the authors feel that the information in the
manuscript is a balanced view of the use of all local anaesthetics
with detailed information on liposome-encapsulated bupivacaine

since it is a new product. The authors have no other conflicts.

ETHICAL STATEMENT

The authors confirm that the ethical policies of the journal, as noted
on the journal's author guidelines page, have been adhered to. No
ethical approval was required as this is a review article with no origi-

nal research data.

WILEY-22

ORCID

Tamara Grubb https://orcid.org/0000-0002-6598-0279

Heidi Lobprise https://orcid.org/0000-0003-2381-4579

REFERENCES

Abrio, J., Fernandes, C. R., White, P. F,, Shimano, A. C., Okubo, R,, Lima,
G. B,, ... Garcia, S. B. (2014). Effect of local anaesthetic infiltration
with bupivacaine and ropivacaine on wound healing: A placebo-con-
trolled study. International Wound Journal, 11(4), 379-385. https://
doi.org/10.1111/j.1742-481X.2012.01101.x

Aguiar, J., Chebroux, A., Martinez-Taboada, F., & Leece, E. A. (2015).
Analgesic effects of maxillary and inferior alveolar nerve blocks
in cats undergoing dental extractions. Journal of Feline Medicine
& Surgery, 17(2), 110-116. https://doi.org/10.1177/1098612X14
533551

Accola, P. J,, Bentley, E., Smith, L. J., Forrest, L. J., Baumel, C. A., &
Murphy, C. J. (2006). Development of a retrobulbar injection
technique for ocular surgery and analgesia in dogs. Journal of the
American Veterinary Medical Association, 229(2), 220-225. https://
doi.org/10.2460/javma.229.2.220

Barton-Lamb, A. L., Martin-Flores, M., Scrivani, P. V., Bezuidenhout, A. J,,
Loew, E., Erb, H. N., & Ludders, J. W. (2013). Evaluation of maxillary
arterial blood flow in anesthetize cats with the mouth closed and
open. The Veterinary Journal, 196(3), 325-331.

Baxter, R., Bramlett, K., One, E., & Daniels, S. (2013). Impact of local ad-
ministration of liposome bupivacaine for postsurgical analgesia on
wound healing: A review of data from ten prospective, controlled
clinical studies. Clinical Therapeutics, 35(3), 312-320. https://doi.
org/10.1016/j.clinthera.2013.02.005

Beckman, B. W. (2006). Pathophysiology and management of surgical
and chronic oral pain in dogs and cats. Journal of Veterinary Dentistry,
23, 50-60. https://doi.org/10.1177/089875640602300110

Beckman, B. W., & Legendre, L. (2002). Regional nerve blocks for oral
surgery in companion animals. Compendium for Continuing Education
for the Practicing Veterinarian, 24(6), 439-444.

Benito, J., Monterrey, B., Lavoie, A. M., Beauchamp, G., Lascelles, B.
D. X., & Steagall, P. V. (2016). Analgesic efficacy of intraperitoneal
administration of bupivacaine in cats. Journal of Feline Medicine &
Surgery, 18(11), 906-912.

Boerboom, S. L., de Haes, A., Vd, W. L., Aarts, E. O., Janssen, |. M. C.,
Geurts, J. W., & Kamphuis, E. T. (2018). Preperitoneal bupivacaine
infiltration reduces postoperative opioid consumption, acute pain,
and chronic postsurgical pain after bariatric surgery: a randomized
controlled trial. Obesity Surgery, 28(10), 3102-3110. https://doi.
org/10.1007/s11695-018-3341-6

Buback, J. L., Boothe, H. W., Carroll, G. L., & Green, R. W. (1996).
Comparison of three methods for relief of pain after ear canal ab-
lation in dogs. Veterinary Surgery, 25(5), 380-385. https://doi.
org/10.1111/j.1532-950X.1996.tb01431.x

Campoy, L., Martin-Flores, M., Ludders, J. W., Erb, H. N., & Gleed, R.
D. (2012). Comparison of bupivacaine femoral and sciatic nerve
block versus bupivacaine and morphine epidural for stifle surgery in
dogs. Veterinary Anaesthesia and Analgesia, 39(1), 91-98. https://doi.
org/10.1111/j.1467-2995.2011.00673.x

Campoy, L., & Read, M. (2013). Small Animal Regional Anesthesia and
Analgesia. Hoboken, NJ: John Wiley & Sons, Inc.

Caniglia, A. M., Driessen, B., Puerto, D. A., Bretz, B., Boston, R. C., &
Larenza, M. P. (2012). Intraoperative antinociception and postop-
erative analgesia following epidural anesthesia versus femoral and
sciatic nerve blockade in dogs undergoing stifle joint surgery. Journal
of the American Veterinary Medical Association, 241(12), 1605-1612.
https://doi.org/10.2460/javma.241.12.1605

Cantatore, M., Ferrari, R., Boracchi, P., Gobbetti, M., Travetti, O,
Ravasio, G., ... Stefanello, D. (2014). Factors influencing wound


https://orcid.org/0000-0002-6598-0279
https://orcid.org/0000-0002-6598-0279
https://orcid.org/0000-0003-2381-4579
https://orcid.org/0000-0003-2381-4579
https://doi.org/10.1111/j.1742-481X.2012.01101.x
https://doi.org/10.1111/j.1742-481X.2012.01101.x
https://doi.org/10.1177/1098612X14533551
https://doi.org/10.1177/1098612X14533551
https://doi.org/10.2460/javma.229.2.220
https://doi.org/10.2460/javma.229.2.220
https://doi.org/10.1016/j.clinthera.2013.02.005
https://doi.org/10.1016/j.clinthera.2013.02.005
https://doi.org/10.1177/089875640602300110
https://doi.org/10.1007/s11695-018-3341-6
https://doi.org/10.1007/s11695-018-3341-6
https://doi.org/10.1111/j.1532-950X.1996.tb01431.x
https://doi.org/10.1111/j.1532-950X.1996.tb01431.x
https://doi.org/10.1111/j.1467-2995.2011.00673.x
https://doi.org/10.1111/j.1467-2995.2011.00673.x
https://doi.org/10.2460/javma.241.12.1605

GRUBB aAnD LOBPRISE ET AL.

22 | wiLEy

healing complications after wide excision of injection site sarcomas
of the trunk of cats. Veterinary Surgery, 43(7), 783-790. https://doi.
org/10.1111/j.1532-950X.2014.12217.x

Carpenter,R.E., Wilson,D. V., & Evans, A. T.(2004). Evaluation of intraper-
itoneal and incisional lidocaine or bupivacaine for analgesia following
ovariohysterectomy in the dog. Veterinary Anaesthesia and Analgesia,
31(1), 46-52. https://doi.org/10.1111/j.1467-2995.2004.00137.x

Chau, A. Y. K. (2017). Tongue lacerations in a geriatric dog after bilat-
eral inferior alveolar nerve blocks with bupivacaine. Veterinary
Record Case Reports, 5, e000433. https:/doi.org/10.1136/vetre
ccr-2017-000433

Diaz,S.F., Torres,5.M.,Nogueira,S.A.,Gilbert,S.,&Jessen,C.R.(2006). The
impact of body site, topical melatonin and brushing on hair regrowth
after clipping normal Siberian Husky dogs. Veterinary Dermatology,
17(1), 45-50. https://doi.org/10.1111/j.1365-3164.2005.00497.x

Dugdale, A. (2010). Local anaesthetic techniques for the head: Small ani-
mals. In A. Dugdale (Ed.), Veterinary Anaesthesia: Principles to Practice
(pp. 118-122). Oxford, UK: Wiley-Blackwell.

Duke, T., Cullen, C. L., & Fowler, J. D. (1998). Anesthesia case of the
month, analgesia for fractures until surgery can take place. Journal of
the American Veterinary Medical Association, 212, 649-650.

Duke-Novakovski, T. (2016). Pain management Il: Local and regional
anaesthetic techniques. In T. Duke-Novakovski, M. deVries & C.
Seymore (Eds.), Manual of Canine and Feline Anaesthesia and Analgesia,
3rd ed. (pp. 143-158). Gloucester, UK: BSAVA.

Enomoto, M., Lascelles, B. D., & Gerard, M. P. (2016). Defining the local
nerve blocks for feline distal thoracic limb surgery: A cadaveric
study. Journal of Feline Medicine and Surgery, 18(10), 838-845. https
://doi.org/10.1177/1098612X15597967

Enomoto, M., Lascelles, B. D. X., & Gerard, M. P. (2017). (2017) Defining
local nerve blocks for feline distal pelvic limb surgery: A cadaveric
study. Journal of Feline Medicine and Surgery, 19(12), 1215-1223.
https://doi.org/10.1177/1098612X17690652

Epstein, M. E. (2015). 2015-2015 AAHA/AAFP pain management guide-
lines for dogs and cats* Journal of the American Animal Hospital
Association, 51, 67-84. https://doi.org/10.5326/JAAHA-MS-7331).

Flecknell, P. A, Kirk, A. J, Liles, J. H., Hayes, P. H., & Dark, J. H. (1991).
Post-operative analgesia following thoracotomy in the dog: an eval-
uation of the effects of bupivacaine intercostal nerve block and nal-
buphine on respiratory function. Laboratory Animals, 25(4), 319-324.
https://doi.org/10.1258/002367791780810029

Garcia-Pereira, F. (2018). Epidural anesthesia and analgesia in small ani-
mal practice: An update. The Veterinary Journal, 242, 24-32. https://
doi.org/10.1016/j.tvjl.2018.09.007

Giuliano, E. A., Walsh, K. P. (2013). The eye. In: L. Campoy, & M. Read
(Eds.), Small Animal Regional Anesthesia and Analgesia (pp. 103-117).
Ames, IA: Wiley-Blackwell.

Goudie-DeAngelis, E. M., Snyder, C. J., Raffe, M. R, & David, F. H. (2016).
A pilot study comparing the accuracy of two approaches to the infe-
rior alveolar nerve block in canine cadavers. International Journal of
Applied Research in Veterinary Medicine, 14(1), 49-58.

Gross, M. E., Pope, E. R., O'Brien, D. P., & Dodam, J. R., Polkow-Haight,
J. (1997). Regional anesthesia of the infraorbital and inferior alveolar
nerves during noninvasive tooth pulp stimulation in halothane-anes-
thetized dogs. Journal of the American Veterinary Medical Association,
211(11), 1403-1405.

Gross, M. E., Pope, E. R., Jarboe, J. M., O'Brien, D. P.,, Dodam, J. R.,
& Polkow-Haight, J. (2000). Regional anesthesia of the infraor-
bital and inferior alveolar nerves during noninvasive tooth pulp
stimulation in halothane-anesthetized cats. American Journal of
Veterinary Research, 61(10), 1245-1247. https://doi.org/10.2460/
ajvr.2000.61.1245

Grubb, T., Lobprise, H. (2020). Local and regional anaesthesia in dogs and
cats: Overview of concepts and drugs (Part 1). Veterinary Medicine
and Science, in press, https://doi.org/10.1002/vms3.219

Gurney, M. A., & Leece, E. A. (2014). Analgesia for pelvic limb surgery.
A review of peripheral nerve blocks and the extradural technique.
Veterinary Anaesthesia and Analgesia, 41(5), 445-458.

Hillerup, S., & Jensen, R. (2006). Nerve injury caused by mandibular
block analgesia. International Journal of Oral & Maxillofacial Surgery,
35,437-443. https://doi.org/10.1016/j.ijjom.2005.10.004

Ho, J., & DelLuca, K. G. (1999). Neurologic assessment of the pain patient.
In H. T. Benzon, S. N. Raja, D. Borsook, R. E. Malloy & G. Strichartz
(Eds.), Essentials of pain medicine and regional anesthesia (pp. 14-19).
New York: Churchill Livingstone.

Hofmeister, E. H., Kent, M., & Read, M. R. (2007). Paravertebral
block for forelimb anesthesia in the dog-an anatomic study.
Veterinary Anaesthesia and Analgesia, 34(2), 139-142. https://doi.
org/10.1111/j.1467-2995.2006.00313.x

Huuskonen, V., Hughes, J. M., Estaca, B. E., & West, E. (2013).
Intratesticular lidocaine reduces the response to surgical castration
in dogs. Veterinary Anaesthesia and Analgesia, 40(1), 74-82. https://
doi.org/10.1111/j.1467-2995.2012.00775.x

Kalchofner Guerrero, K. S., Guerrero, T. G., Schweizer-Kélliker, M.,
Ringer, S. K., Hassig, M., & Bettschart-Wolfensberger, R. (2014).
Incidence of delayed hair re-growth, pruritus, and urinary retention
after epidural anaesthesia in dogs. Tierarztl Prax Ausg K Kleintiere
Heimtiere, 16;42(2), 94-100.

Kelley, T. M., Bailey, D. W., Sparks, P., Rice, R., Caddell, E., Currier,
H., & Gallo, D. (2018). Intercostal nerve blockade with exparel®
results in lower opioid usage during the first 24 hours after
video-assisted thorascopic surgery. American Surgeon, 84(9),
1433-1438.

Kitchell, R. L. (1993). Introduction to the Nervous System. In H. E. Evans,
M. E. Miller, Anatomy of the Dog, 3rd ed. (pp. 758-775). Philadelphia,
Pa:W.B.Saunders.

Kona-Boun, J. J.,, Cuvelliez, S., & Troncy, E. (2006). Evaluation of epidural
administration of morphine or morphine and bupivacaine for post-
operative analgesia after premedication with an opioid analgesic
and orthopedic surgery in dogs. Journal of the American Veterinary
Medical Association, 229(7), 1103-1112. https://doi.org/10.2460/
javma.229.7.1103

Krug, W., & Losey, J. (2011). Area of desensitization following mental
nerve block in dogs. Journal of Veterinary Dentistry, 28(3), 146-150.
https://doi.org/10.1177/089875641102800301

Kushnir, Y., Toledano, N., Cohen, L., Bdolah-Abram, T., & Shilo-Benjamini,
Y. (2017). Intratesticular and incisional line infiltration with ropiva-
caine for castration in medetomidine-butorphanol-midazolam se-
dated dogs. Veterinary Anaesthesia and Analgesia, 44(2), 346-355.
https://doi.org/10.1016/j.vaa.2016.03.007

Lambertini, C., Kluge, K., Lanza-Perea, M., Bruhl-Day, R., & Kalchofner
Guerrero, K. S. (2018). Comparison of intraperitoneal ropivacaine
and bupivacaine for postoperative analgesia in dogs undergoing
ovariohysterectomy. Veterinary Anaesthesia and Analgesia, 45(6),
865-870. https://doi.org/10.1016/j.vaa.2018.06.012.

Lantz, G. C. (2003). Regional anesthesia for dentistry and oral sur-
gery. Journal of Veterinary Dentistry, 20(3), 181-186. https://doi.
org/10.1177/089875640302000306

Lascelles, B. D. X., Rausch-Derra, L. C., Wofford, J. A., & Huebner, M.
(2016). Pilot, randomized, placebo-controlled clinical field study to
evaluate the effectiveness of bupivacaine liposome injectable sus-
pension for the provision of post-surgical analgesia in dogs undergo-
ing stifle surgery. BMC Vet Res 12(1), 168.

Lemke, K. (2007). Pain management II: local and regional anaesthetic tech-
niques. Manual of canine and feline anaesthesia and analgesia 2nd. ed.
(pp. 104-114). Gloucester, UK: BSAVA.

Lemke, K. A., & Creighton, C. M. (2008). Paravertebral blockade of
the brachial plexus in dogs. The Veterinary Clinics of North America.
Small Animal Practice, 38(6), 1231-1241. https://doi.org/10.1016/j.
cvsm.2008.06.003


https://doi.org/10.1111/j.1532-950X.2014.12217.x
https://doi.org/10.1111/j.1532-950X.2014.12217.x
https://doi.org/10.1111/j.1467-2995.2004.00137.x
https://doi.org/10.1136/vetreccr-2017-000433
https://doi.org/10.1136/vetreccr-2017-000433
https://doi.org/10.1111/j.1365-3164.2005.00497.x
https://doi.org/10.1177/1098612X15597967
https://doi.org/10.1177/1098612X15597967
https://doi.org/10.1177/1098612X17690652
https://doi.org/10.5326/JAAHA-MS-7331)
https://doi.org/10.1258/002367791780810029
https://doi.org/10.1016/j.tvjl.2018.09.007
https://doi.org/10.1016/j.tvjl.2018.09.007
https://doi.org/10.2460/ajvr.2000.61.1245
https://doi.org/10.2460/ajvr.2000.61.1245
https://doi.org/10.1002/vms3.219
https://doi.org/10.1016/j.ijom.2005.10.004
https://doi.org/10.1111/j.1467-2995.2006.00313.x
https://doi.org/10.1111/j.1467-2995.2006.00313.x
https://doi.org/10.1111/j.1467-2995.2012.00775.x
https://doi.org/10.1111/j.1467-2995.2012.00775.x
https://doi.org/10.2460/javma.229.7.1103
https://doi.org/10.2460/javma.229.7.1103
https://doi.org/10.1177/089875641102800301
https://doi.org/10.1016/j.vaa.2016.03.007
https://doi.org/10.1016/j.vaa.2018.06.012
https://doi.org/10.1177/089875640302000306
https://doi.org/10.1177/089875640302000306
https://doi.org/10.1016/j.cvsm.2008.06.003
https://doi.org/10.1016/j.cvsm.2008.06.003

GRUBB aND LOBPRISE ET AL.

Lerche, P., Aarnes, T. K., Covey-Crump, G., & Martinez, T. F. (2016).
Handbook of Small Animal Regional Anaesthesia and Analgesia
Technique. Hoboken, N.J: Wiley Blackwell.

Martin-Flores, M., Scrivani, P. V., Loew, E., Gleed, C. A., & Ludders, J. W.
(2014). Maximal and submaximal mouth opening with mouth gags
in cats; implications for maxillary artery blood flow. The Veterinary
Journal, 200(1), 60-64. https://doi.org/10.1016/j.tvjl.2014.02.001

Martinez Taboada, F.(2016). Blocks of the head. In: P. Lerche, T. K. Aarnes,
G. Covey-Crump, & F. Martinez Taboada. Handbook of Small Animal
Regional Anaesthesia and Analgesia Technique (pp. 48-51). Hoboken,
N.J.: Wiley Blackwell.

Mathews, K., Kronen, P. W., Lascelles, D., Nolan,, A., Robertson, S.,
Steagall, P. V., Wright, B.... Yamashita, K. (2014). Guidelines for rec-
ognition, assessment and treatment of pain: WSAVA Global Pain
Council. Journal of Small Animal Practice, 55(6), E10-E68. https://doi.
org/10.1111/jsap.12200

McCally, R. E., Bukoski, A., Branson, K. R., Fox, D. B., & Cook, J. L. (2015).
Comparison of short-term postoperative analgesia by epidural, fem-
oral nerve block, or combination femoral and sciatic nerve block
in dogs undergoing Tibial Plateau leveling osteotomy. Veterinary
Surgery, 44(8), 983-987. https://doi.org/10.1111/vsu.12406

McMillan, M. W., Seymour, C. J., & Brearley, J. C. (2012). Effect of intra-
testicular lidocaine on isoflurane requirements in dogs undergoing
routine castration. Journal of Small Animal Practice, 53(7), 393-397.
https://doi.org/10.1111/j.1748-5827.2012.01233.x

Mosing, M., Reich, H., & Moens, Y. (2010). Clinical evaluation of
the anaesthetic sparing effect of brachial plexus block in cats.
Veterinary Anaesthesia and Analgesia, 37(2), 154-161. https://doi.
org/10.1111/j.1467-2995.2009.00509.x

Myrna, K. E., Bentley, E., & Smith, L. J. (2010). Effectiveness of injection
of local anesthetic into the retrobulbar space for postoperative an-
algesia nfollowing eye enucleation in dogs. Journal of the American
Veterinary Medical Association, 237(2), 174-177.

NOCITA® (bupivacaine liposome injectable suspension) (2018) Injection
technique. Leawood, KS. Aratana Therapeutics.https://nocita.arata
na.com/dosingandadministration-2.

NOCITA® (bupivacaine liposome injectable suspension) (2018) Package
Insert. Leawood, KS. Aratana Therapeutics. https://www.arata
na.com/wp-content/uploads/2018/08/NOCITA-Package-Insert.pdf.

Nutt, P. (1962). Brachial plexus analgesia in the dog. The Veterinary
Record, 74,874-876.

O’Hearn, A. K., & Wright, B. D. (2011). Coccygeal epidural with local anes-
thetic for catheterization and pain management in the treatment of fe-
line urethral obstruction. Journal of Veterinary Emergency & Critical Care,
21(1), 50-52. https://doi.org/10.1111/j.1476-4431.2010.00609.x

Otero, P., & Portela, D. A. (2018). Manual of small animal regional an-
esthesia: lllustrated anatomy for nerve stimulation and ultra-
sound-guided nerve blocks. https://www.researchgate.net/publi
cation/327663189_Manual_of_small_animal_regional_anest
hesia_Illlustrated_anatomy_for_nerve_stimulation_and_ultra
sound-guided_nerve_blocks.

Patel, R., Carvalho, J. C., Downey, K., Kanczuk, M., Bernstein, P., & Siddiqui,
N. (2017). Intraperitoneal instillation of lidocaine improves postop-
erative analgesia at cesarean delivery: A randomized, double-blind,
Placebo-Controlled Trial. Anesthesia and Analgesia, 124(2), 554-559.

Perez, T.E.,Grubb, T. L., Greene, S. A, Meyer, S., Valdez, N., Bingman, J.,
& Farnsworth, R. (2013). Effects of intratesticular injection of bupiv-
acaine and epidural administration of morphine in dogs undergoing
castration. Journal of the American Veterinary Medical Association,
242(5), 631-642. https://doi.org/10.2460/javma.242.5.631

Perry, R., Moore, D., & Scurrell, E. (2015). Globe penetration in a cat
following maxillary nerve block for dental surgery. Journal of Feline
Medicine & Surgery, 17, 66-72. https://doi.org/10.1177/1098612X14
560101

WILEY-22

Portela, D. A., Verdier, N., & Otero, P. E. (2018a). Regional anesthetic
techniques for the pelvic limb and abdominal wall in small animals:
A review of the literature and technique description. The Veterinary
Journal, 238, 27-40. https://doi.org/10.1016/j.tvjl.2018.07.003

Portela, D. A., Verdier, N., & Otero, P. E. (2018b). Regional anesthetic
techniques for the thoracic limb and thorax in small animals: A review
of the literature and technique description. The Veterinary Journal,
241, 8-19. https://doi.org/10.1016/j.tvjl.2018.09.006

Ranheim, B., Haga, H. A., & Ingebrigtsen, K. (2005). Distribution of ra-
dioactive lidocaine injected into the testes in piglets. Journal of
Veterinary Pharmacology and Therapeutics, 28(5), 481-483. https://
doi.org/10.1111/j.1365-2885.2005.00675.x

Rioja Garcia, E. (2015). Local anesthetics. In K. A. Grimm, L. A. Lamont,
W. J. Tranquilli, S. A. Greene, & S. A. Robertson (Eds.), Veterinary
Anesthesia and Analgesia: The Fifth Edition of Lumb and Jones (pp.
332-354). Ames, IA: John Wiley & Sons.

Rochette, J. (2005). Regional anesthesia and analgesia for oral and
dental procedures. In S. E. Holmstrom (Ed.), Small Animal Practice
(Dentistry) (pp. 1041-1058) Philadelphia, Pa: Veterinary Clinics of
North America.

Ruiz-Tovar, J., Gonzalez, J., Garcia, A., Cruz, C., Rivas, S., Jimenez, M, ...
Duran, M. (2016). Intraperitoneal ropivacaine irrigation in patients
undergoing bariatric surgery: A prospective randomized clinical
trial. Obesity Surgery, 26(11), 2616-2621. https://doi.org/10.1007/
s11695-016-2142-z

Savvas, |., Papazoglou, L. G., Kazakos, G., Anagnostou, T., Tsioli, V., &
Raptopoulos, D. (2008). Incisional block with bupivacaine for anal-
gesia after celiotomy in dogs. Journal of the American Animal Hospital
Association, 44(2), 60-66. https://doi.org/10.5326/0440060

Scrivani, P. V., Martin-Flores, M., van Hatten, R., & Bezuidenhout, A. J.
(2013). Structural and functional changes relevant to maxillary ar-
terial flow observed during computed tomography and nonselective
digital subtraction angiography in cats with the mouth closed and
opened. Veterinary Radiology & Ultrasound, 55(3), 263-271.

Shilo-Benjamini, Y. (2019). A review of ophthalmic local and regional an-
esthesia in dogs and cats. Veterinary Anaesthesia and Analgesia, 46(1),
14-27. https://doi.org/10.1016/j.vaa.2018.10.004

Skelding, A., Valverde, A., Sinclair, M., Thomason, J., & Moens, N. (2018).
Anatomical characterization of the brachial plexus in dog cadavers
and comparison of three blind techniques for blockade. Veterinary
Anaesthesia and Analgesia, 45(2), 203-211. https://doi.org/10.1016/j.
vaa.2017.11.002

Snyder, L., Snyder, C. S., & Beebe, D. (2019). Anesthesia and Pain
Management. In H. B. Lobprise, J. R. Dodd (Eds.), Wigg’s Veterinary
Dentistry: Principles and Practice (pp. 177-192). Ames: Wiley.

Snyder, M. A,, Scheuerman, C. M., Gregg, J. L., Ruhnke, C. J., & Eten, K.
(2016). Improving total knee arthroplasty perioperative pain manage-
ment using a periarticular injection with bupivacaine liposomal sus-
pension. Arthroplasty Today, 2(1), 37-42. https://doi.org/10.1016/j.
artd.2015.05.005

Snyder, C.J., & Snyder, L. B.(2013). Effect of mepivacainein aninfraorbital
nerve block on minimum alveolar concentration of isoflurane in clini-
cally normal anesthetized dogs undergoing a modified form of dental
dolorimetry. Journal of the American Veterinary Medical Association,
242(2), 199-204. https://doi.org/10.2460/javma.242.2.199

Soberon, J. R. Jr, Ericson-Neilsen, W., Sisco-Wise, L. E., Gastanoduv, M.,
& Beck, D. E. (2016). Perineural liposomal bupivacaine for postoper-
ative pain control in patients undergoing upper extremity orthopedic
surgery: A prospective and randomized pilot study. Ochsner Journal,
16(4), 436-442.

Stathopoulou, T. R., Pinelas, R., Haar, G. T., Cornelis, |., & Viscasillas, J.
(2018). Description of a new approach for great auricular and auriculo-
temporal nerve blocks: A cadaveric study in foxes and dogs. Veterinary
Medicine and Science, 4(2), 91-97. https://doi.org/10.1002/vms3.90


https://doi.org/10.1016/j.tvjl.2014.02.001
https://doi.org/10.1111/jsap.12200
https://doi.org/10.1111/jsap.12200
https://doi.org/10.1111/vsu.12406
https://doi.org/10.1111/j.1748-5827.2012.01233.x
https://doi.org/10.1111/j.1467-2995.2009.00509.x
https://doi.org/10.1111/j.1467-2995.2009.00509.x
https://nocita.aratana.com/dosingandadministration-2
https://nocita.aratana.com/dosingandadministration-2
https://www.aratana.com/wp-content/uploads/2018/08/NOCITA-Package-Insert.pdf
https://www.aratana.com/wp-content/uploads/2018/08/NOCITA-Package-Insert.pdf
https://doi.org/10.1111/j.1476-4431.2010.00609.x
https://www.researchgate.net/publication/327663189_Manual_of_small_animal_regional_anesthesia_Illustrated_anatomy_for_nerve_stimulation_and_ultrasound-guided_nerve_blocks
https://www.researchgate.net/publication/327663189_Manual_of_small_animal_regional_anesthesia_Illustrated_anatomy_for_nerve_stimulation_and_ultrasound-guided_nerve_blocks
https://www.researchgate.net/publication/327663189_Manual_of_small_animal_regional_anesthesia_Illustrated_anatomy_for_nerve_stimulation_and_ultrasound-guided_nerve_blocks
https://www.researchgate.net/publication/327663189_Manual_of_small_animal_regional_anesthesia_Illustrated_anatomy_for_nerve_stimulation_and_ultrasound-guided_nerve_blocks
https://doi.org/10.2460/javma.242.5.631
https://doi.org/10.1177/1098612X14560101
https://doi.org/10.1177/1098612X14560101
https://doi.org/10.1016/j.tvjl.2018.07.003
https://doi.org/10.1016/j.tvjl.2018.09.006
https://doi.org/10.1111/j.1365-2885.2005.00675.x
https://doi.org/10.1111/j.1365-2885.2005.00675.x
https://doi.org/10.1007/s11695-016-2142-z
https://doi.org/10.1007/s11695-016-2142-z
https://doi.org/10.5326/0440060
https://doi.org/10.1016/j.vaa.2018.10.004
https://doi.org/10.1016/j.vaa.2017.11.002
https://doi.org/10.1016/j.vaa.2017.11.002
https://doi.org/10.1016/j.artd.2015.05.005
https://doi.org/10.1016/j.artd.2015.05.005
https://doi.org/10.2460/javma.242.2.199
https://doi.org/10.1002/vms3.90

GRUBB aAnD LOBPRISE ET AL.

2 | wiLEy

Stiles, J., Weil, A. B., Packer, R. A., & Lantz, G. C. (2012). Post-anesthetic
cortical blindness in cats: Twenty cases. The Veterinary Journal,
193(2), 367-373. https://doi.org/10.1016/j.tvjl.2012.01.028

Swalander, D. B., Crowe, D. T. Jr, Hittenmiller, D. H., & Jahn, P. J. (2000).
Complications associated with the use of indwelling epidural cathe-
ters in dogs: 81 cases (1996-1999). Journal of the American Veterinary
Medical Association, 216(3), 368-370. https://doi.org/10.2460/
javma.2000.216.368

Troncy, E., Junot, S., Keroack, S., Sammut, V., Pibarot, P., Genevois, J. P, &
Cuvelliez, S. (2002). Results of preemptive epidural administration of mor-
phine with orwithout bupivacaine in dogs and cats undergoing surgery: 265
cases (1997-1999). Journal of the American Veterinary Medical Association,
221(5), 666-672. https://doi.org/10.2460/javma.2002.221.666

Trumpatori, B. J., Carter, J. E., Hash, J.,, Davidson, G. S., Mathews,
K. G., Roe, S. C., & Lascelles, B. D. (2010). Evaluation of a midhu-
meral block of the radial, ulnar, musculocutaneous and median
(RUMM block) nerves for analgesia of the distal aspect of the tho-
racic limb in dogs. Veterinary Surgery, 39(7), 785-796. https://doi.
org/10.1111/j.1532-950X.2010.00712.x

Valverde, A. (2008). Epidural analgesia and anesthesia in dogs and cats.
The Veterinary Clinics of North America. Small Animal Practice, 38(6),
1205-1230. https://doi.org/10.1016/j.cvsm.2008.06.004

Valverde, A. (2018) Local Anesthetic Techniques. In: Mathews, K. A,
Sinclair, M., Steele, A. M., Grubb, T. Analgesia and Anesthesia for the Il
or Injured Dog and Cat (pp. 171-203). Hoboken, N.J: Wiley Blackwell.

Vicente, D., & Bergstrom, A. (2018). Evaluation of interoperative analge-
sia provided by incisional lidocaine and bupivacaine in cats undergo-
ing ovariohysterectomy. Journal of Feline Medicine & Surgery, 20(10),
922-927.

Viscasillas, J., Seymour, C. J., & Brodbelt, D. C. (2013). A cadaver study
comparing two approaches for performing maxillary nerve blocks in
dogs. Veterinary Anaesthesia & Analgesia, 40, 212-219.

Waite, A., Gilliver, S. C., Masterson, G. R., Hardman, M. J., & Ashcroft,
G. S. (2010). Clinically relevant doses of lidocaine and bupivacaine

do not impair cutaneous wound healing in mice. British Journal of
Anaesthesiology, 104(6), 768-773.

Wenger, S., Moens, Y., Jaggin, N., & Schatzmann, U. (2005). Evaluation
of the analgesic effect of lidocaine and bupivacaine used to pro-
vide a brachial plexus block for forelimb surgery in 10 dogs. The
Veterinary Record, 156(20), 639-642. https://doi.org/10.1136/
vr.156.20.639

Wetmore, L. A., & Glowaski, M. M. (2000). Epidural analgesia in veter-
inary critical care. Clinical Techniques in Small Animal Practice, 15(3),
177-188. https://doi.org/10.1053/svms.2000.16545

Wilson, D. V., Barnes, K. S., & Hauptman, J. G. (2004). Pharmacokinetics
of combined intraperitoneal and incisional lidocaine in the
dog following ovariohysterectomy. Journal of Veterinary
Pharmacology & Therapeutics, 27(2), 105-109. https://doi.
org/10.1111/j.1365-2885.2004.00552.x

Yilmaz, O. T., Toydemir, T. S., Kirsan, I., Dokuzeylul, B., Gunay, Z., &
Karacam, E. (2014). Effects of surgical wound infiltration with bupi-
vacaine on postoperative analgesia in cats undergoing bilateral mas-
tectomy. Journal of Veterinary Medical Science, 76(12), 1595-1601.
https://doi.org/10.1292/jvms.14-0112

Zilberstein, L. F., Moens, Y. P., & Leterrier, E. (2008). The effect of local
anaesthesia on anaesthetic requirements for feline ovariectomy.
The Veterinary Journal, 178(2), 214-218. https://doi.org/10.1016/j.
tvjl.2007.10.011

How to cite this article: Grubb T, Lobprise H. Local and
regional anaesthesia in dogs and cats: Descriptions of
specific local and regional techniques (Part 2). Vet Med Sci.
2020;6:218-234. https://doi.org/10.1002/vms3.218



https://doi.org/10.1016/j.tvjl.2012.01.028
https://doi.org/10.2460/javma.2000.216.368
https://doi.org/10.2460/javma.2000.216.368
https://doi.org/10.2460/javma.2002.221.666
https://doi.org/10.1111/j.1532-950X.2010.00712.x
https://doi.org/10.1111/j.1532-950X.2010.00712.x
https://doi.org/10.1016/j.cvsm.2008.06.004
https://doi.org/10.1136/vr.156.20.639
https://doi.org/10.1136/vr.156.20.639
https://doi.org/10.1053/svms.2000.16545
https://doi.org/10.1111/j.1365-2885.2004.00552.x
https://doi.org/10.1111/j.1365-2885.2004.00552.x
https://doi.org/10.1292/jvms.14-0112
https://doi.org/10.1016/j.tvjl.2007.10.011
https://doi.org/10.1016/j.tvjl.2007.10.011
https://doi.org/10.1002/vms3.218

