Torruella et al. Irish Veterinary Journal (2024) 77:17
https://doi.org/10.1186/513620-024-00278-9

RESEARCH

Ultrasound-guided perineural injection

Irish Veterinary Journal

Open Access

=

Check for
updates

of the saphenous nerve in goat cadavers

Xavier Torruella” ®, Antonella Puggioni', Bruno Santos', Pieter Brama' and Vilhelmiina Huuskonen'

Abstract

Background Surgery of the goat stifle joint requires good perioperative analgesia, ideally without affecting motor

function in the postoperative period.

The objective of this study was to describe an ultrasound-guided technique for saphenous nerve block in goats.
Eleven fresh female goat cadavers from two different age groups were used: seven of them were four years old

with a mean +SD body weight of 65.9+ 7.3 kg. Four animals were six months old and their mean +SD body weight
was 20.1+3.1 kg. The cadavers were positioned in lateral recumbency with the limb to be blocked lowermost. A high-
frequency linear transducer (6—12 MHz) was used to localise the interfascial plane between the sartorius and the vas-
tus medialis muscles and to identify the saphenous nerve on the medial aspect of the thigh, caudal to the femur,

at the level of the femoral triangle. In 22 pelvic limbs 0.1 mL/kg of methylene blue was injected around the saphe-
nous nerve under ultrasound guidance, followed by gross anatomical dissection. The length of circumferentially
stained nerve was measured, and the success rate of achieving at least 1 cm of staining is presented with a 95%

confidence interval (Cl).

Results Although not all saphenous nerves were sonographically identified, their boundaries were defined as cranial
to the femoral artery, lateral to the sartorius muscle, and medial to the vastus medialis and rectus femoris muscles,
within the perivascular fat. During anatomical dissection, the overall dye solution distribution was graded as complete
in 17/22 limbs indicating a 77.3% success rate [95% Cl (0.598, 0.948)], partial in 3/22 limbs and failed in 2/22 limbs.

Conclusions The success rate of this study indicates the feasibility of employing the ultrasound-guided technique
to perform saphenous nerve block in goats. However, further in-vivo studies are recommended to assess the block’s

clinical efficacy before implementation on clinical patients.
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Background

Surgery of the hind limb is known to produce acute pain
in humans and small animals, and if left untreated, sub-
sequent peripheral and central sensitisation can lead to
chronic or maladaptive pain and delayed healing [1-3].
Therefore, adequate perioperative pain management is

*Correspondence:

Xavier Torruella

xavier.torruella@ucdconnect.ie

! School of Veterinary Medicine, UCD Veterinary Hospital, University
College Dublin, Belfield, Dublin D04 W6F6, Ireland

B BMC

important to ensure the welfare and wellbeing of the ani-
mals in our care. The provision of appropriate analgesia to
food producing animals is a major challenge due to legal
restrictions, and there are very few efficient licensed anal-
gesic drugs available. However, local anaesthetic drugs
such as lidocaine can be legally administered, and locore-
gional anaesthesia is known to be efficient in decreasing
intraoperative analgesia requirements in humans [4] and
both small and large animals [5-7]. Locoregional tech-
niques can prolong the time between the end of surgery
and the first systemic analgesic administration, and they
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can also reduce the recovery time and the time from end
of surgery to the first food intake [4-7].

Epidural anaesthesia has been extensively studied in
goats, sheep and small animals [7-9]. These studies have
highlighted the efficacy of epidural administration of
local anaesthetics alone, or in combination with other
drugs, in achieving adequate perioperative analgesia for
hind limb surgeries. However, in dogs, when the admin-
istration of local anaesthetics into the epidural space is
compared to perineural administration, i.e., to a nerve
block, the perineural administration has been shown to
have a lower incidence of intraoperative complications
such as hypotension [5]. There is, therefore, an interest
to develop new, both ultrasound and nerve stimulator-
guided nerve blocks. Waag et al. (2014) described an
ultrasound-guided technique to block the sciatic and
femoral nerves in sheep cadavers [10]. Adami et al. (2011)
used a nerve stimulator-guided technique to anaesthe-
tise the sciatic and femoral nerves in live goats undergo-
ing arthrotomy, using three different concentrations of
bupivacaine, and noted reduction in the intraoperative
analgesia requirement. However, they observed a higher
incidence of motor block in the groups that received
0.5% and 0.75% bupivacaine, which caused distress in the
postoperative period characterised by anxiety and behav-
ioural changes [11].

Ideally, to minimise distress in goats undergoing ortho-
paedic hind limb surgery, the locoregional technique
should induce a sensory block without affecting motor
function. Costa-Farré et al. (2011) described an ultra-
sound-guided technique to inject 2% lidocaine perineural
to the saphenous nerve in live dogs, resulting in a com-
plete sensory block of the dermatomes innervated by the
saphenous nerve without causing a motor block [12].

The main objectives of the present study were twofold:
1. to describe the sonographic anatomy of the saphenous
nerve injection site in goat cadavers, and 2. to report the
success rate of ultrasound-guided methylene blue injec-
tions close to the saphenous nerve after anatomical dis-
section. Our hypothesis was that the ultrasound-guided
technique would have at least an 80% success rate in
circumferentially staining the saphenous nerves of goat
cadavers.

Materials and methods

An exemption from full ethical review was granted by the
University College Dublin Animal Research Ethics Com-
mittee (AREC-E-21-48-Huuskonen). The study was con-
ducted on two separate days, with 11 days in between,
and 11 fresh female experimental goat cadavers from two
different age groups were used. The first group comprised
of seven four-year-old animals with a mean+SD body
weight of 66 + 7 kg, while the second group included four
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six-month-old animals with a mean + SD body weight of
20+ 3 kg. All animals had been euthanised on the day of
the study, approximately 3 to 4 h before the start, for rea-
sons unrelated to this study.

Part 1 (Anatomical study)

The first phase of the study involved a comprehensive
exploration of the sonographic anatomy of the goat
saphenous nerve in the targeted injection point and its
associated structures in the femoral triangle. This inves-
tigation was conducted collaboratively with a European
specialist in veterinary diagnostic imaging (AP).

The goat cadavers’ inguinal and femoral regions were
clipped, and alcohol was applied as a coupling medium
to avoid the use of ultrasound gel. Two animals from the
first group were scanned in detail using a portable ultra-
sound (US) unit!! with a high-resolution linear trans-
ducer (6—12 MHz). The scans were performed by the first
author (XT), who had previous experience in performing
ultrasound-guided nerve blocks in other species, super-
vised by AP. Each medial aspect of the thigh region was
scanned with the animal lying in lateral recumbency,
right lateral for the right stifle and left lateral for the left
stifle, to facilitate both scanning and injection. An assis-
tant was holding the contralateral leg elevated. The US
transducer was positioned on the medial aspect of the
thigh, slightly caudal to the femur, in a perpendicular
orientation compared to the long axis of the limb and
with the marker facing cranially. Once the femoral artery
was detected, the probe was slowly moved distally until
the region of the saphenous nerve could be identified.
As seen in the ultrasound screen, the skin and sarto-
rius muscle were observed medially, the vastus media-
lis and rectus femoris muscle were observed laterally,
and the saphenous nerve cranial to the femoral artery,
forming a neurovascular bundle within the interfascial
plane between the sartorius and vastus medialis muscles
(Fig. 1). The saphenous nerve itself was seldomly clearly
identified within the perivascular fat.

Part 2 (US-guided perineural injection of the saphenous
nerve followed by gross anatomical dissection)

The second part consisted of the injection of 0.1 mL/kg of
methylene blue solution®” around the saphenous nerve,
based on previous descriptions in dogs [12], followed by
a gross anatomical dissection. Both inguinal areas and
the medial thighs of the hind limbs were clipped, and the
cadavers positioned in dorsal recumbency. This position-
ing facilitated scanning and avoided visual obstructions

! Logiq"-e GE Healthcare, China.
2 Methylene blue 1% alcoholic, Solmedia Ltd, UK.
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Fig. 1 Ultrasound image of the medial aspect of the thigh of a goat cadaver. Ultrasound image of the medial aspect of the thigh before 1%
methylene blue injection, showing the sonographic anatomy of the saphenous nerve injection point and the anatomical structures related to it. Cd:
Caudal; Cr: Cranial; FA: Femoral artery; RF: Rectus femoris muscle; SM: Sartorius muscle; SN: Saphenous nerve

from the mammary glands and the contralateral limb,
as noted in the first phase of the study. The operator was
positioned on the right side of the cadaver, while the
ultrasound machine was placed in front of the operator
on the cadaver’s left side. The probe was positioned per-
pendicular to the long axis of the limb, using an along-
the-visual-axis technique. Keeping the femoral artery at
the centre of the field of view, whether the saphenous
nerve was identified or not, we targeted the femoral tri-
angle at the point where the femoral vein and artery give
rise to the saphenous vein and artery. A 22 G, 50 mm
echogenic stimulating nerve block needle® was inserted
cranio-caudally at a 45-degree angle to the transducer;
once the needle was recognised as a linear hyperechoic
structure reaching the interfascial space, a small amount
of methylene blue solution was injected as a trial. If the
fluid appeared to be distending the interfascial space
and compressing the surrounding vessels and muscles,
the remaining amount of solution was injected, and the
distribution of liquid observed under real-time imaging
until a pocket of dye solution was observed between the
femoral artery, the sartorius muscle and the vastus medi-
alis muscle (i.e., within the femoral triangle, where the
saphenous nerve should be located) (Fig. 2). Both hind
limbs of all cadavers were injected. Our objective was to
stain the saphenous nerve after the femoral nerve leaves

the femoral triangle, and prior to the saphenous nerve
branching to the stifle joint and the joint capsule.

The injection was followed by anatomical dissection
performed with the help of a third year ECVS small ani-
mal surgery resident (BS) to assess the length of nerve
exposure to the dye solution. For the anatomical dis-
section, a sharp skin incision was made parallel to the
femoral bone, along the triangular space formed by the
sartorius muscle cranially, the gracilis and pectineus
muscles caudally, and the pelvic tendon medially and
proximally. Blunt dissection of the muscles was per-
formed using Metzenbaum scissors and Adson brown
forceps. Identifying the femoral artery and vein was pos-
sible via superficial blunt dissection of the perivascular
and perineural fat. Following the femoral artery and vein
distally, the saphenous nerve, artery, and vein could be
identified with retraction of the distal portions of the sar-
torius and gracilis muscles.

The length of circumferential nerve exposure to the
methylene blue dye was measured in all 22 limbs using a
15 cm surgical disposable ruler’,* and the success of the
injection was graded as previously described by Portela
et al. (2017): the staining was considered complete when
the full circumference of the nerve was stained over a
length of at least 1 cm (cm); partial when the stained area
was less than 1 cm long or not circumferential; and failed

3 Stimuplex® Ultra 360® Needle B Braun, Germany.

* Sterile disposable ruler, Medline, USA.



Torruella et al. Irish Veterinary Journal (2024) 77:17

oy o —
Vastus medialis.m.__

—

C r Rectus femoris m.

Page 4 of 9

Fig. 2 Ultrasound image of the saphenous nerve of a goat cadaver after dye injection. Ultrasound image of the medial aspect of the hind limb
inguinal area after dye solution injection (1% methylene blue) showing the distribution of the dye between the sartorius muscle, vastus medialis
muscle and the femoral artery. Cd: Caudal; Cr: Cranial; FA: Femoral artery; PM: Pectineus muscle; RF: Rectus femoris muscle; SM: Sartorius muscle; VM:

Vastus medialis muscle

when no exposure of the nerve with the dye solution was
observed [13].

Statistical analysis

The statistical software SPSS** was used for data analy-
sis. The Shapiro—Wilk test was used to evaluate the
normality of distribution of the following data: body
weight within the age group; the total volume injected to
each hind limb; and the length of the circumferentially
stained nerve. Normally distributed data is expressed as
mean + standard deviation (SD), and the nonparametric
data is expressed as median (range). The success rate of
the injections was manually calculated, and the 95% con-
fidence interval (CI) for the success rate was computed
using the following commercial formula:

95%interval =P + Z critical\/I:J(l — ﬁ)/ n,

where P is the sample proportion, Z corresponds to the
desired confidence level, and n is the sample size.

> Version 27.0, IBM, USA.

Results

Part 1 (anatomical study)

After scanning the first two cadavers, the ultrasound
images obtained for the anatomical assessment were of
good quality and all the anatomical landmarks related to
the point of injection of the saphenous nerve were iden-
tified in the proximal and middle thirds of the femoral
region. The femoral artery and vein were identified as
hypoechoic round structures. The sartorius muscle dis-
played its characteristic triangular shape as it lay medially
adjacent to the femoral artery, while the vastus medialis
muscle occupied a lateral position. These three struc-
tures collectively defined the boundaries of the saphen-
ous nerve, which when visible, was seen as a hyperechoic
round structure situated cranially to the femoral artery,
medially to the vastus medialis muscle, and laterally to
the sartorius muscle (Fig. 1). When the transducer was
slowly moved distally, it was observed how the femoral
artery and vein gave origin to the saphenous artery and
vein, respectively. Subsequently, these structures contin-
ued to extend distally in a more superficial location.

The femoral artery was identified in all 22 hind limbs.
In 14 out of 22 hind limbs, in the four-year-old animals,
the femoral artery was identified within an average depth
of 1 cm from the skin. In 8 out of 22 hind limbs, in the
6-month-old animals, the femoral artery was identified
within an average depth of 0.5 cm. Not all saphenous
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Fig. 3 A hind limb inguinal area of a goat cadaver, dissected after dye injection. Dissected medial aspect hind limb (thigh area) showing
the sartorius muscle which is dissected and retracted cranially to expose the saphenous nerve, and a ruler used for the assessment of the length
of nerve exposure to the dye solution (1% methylene blue). Cd: Caudal; Cr: Cranial; FAV: Femoral artery and vein; SM: Sartorius muscle; SAV:

Saphenous artery and vein; SN: Saphenous nerve

nerves were identified sonographically, and the number
of nerves that were identified was not recorded.

Part 2 (US-guided perineural injection of the saphenous
nerve followed by gross anatomical dissection)
Ultrasound-guided injections of 0.1 mL/kg methylene
blue were performed in both hind limbs of all 11 cadav-
ers. In the four-year-old cadavers the mean + SD volume
injected was 6.6 £0.7 mL, while the six-month-old cadav-
ers received 2.0+£0.3 mL.

During the anatomical dissection, all 22 saphenous
nerves were identified. When following the origin of the
saphenous artery and vein, branches of the saphenous
nerve were observed to extend cranially toward the stifle
joint (arising from the cutaneous branch of the saphen-
ous nerve) at the same location where the saphenous
nerve was detected sonographically: cranial to the femo-
ral artery and vein before they gave origin to the saphe-
nous artery and vein. Additionally, the distance between
the saphenous nerve’s origin, its passage through the
femoral triangle, and its branching to the stifle joint,

seems to be subjectively shorter in goats when compared
with the anatomy of the dog.

The length of circumferential nerve exposure to the
methylene blue dye at this level of the saphenous nerve
was measured in all 22 limbs, overall resulting in success-
ful staining of the nerve in 77.3% or 17/22 limbs [95% CI
(0.598, 0.948)]. The median (range) length of the nerve
circumferentially exposed to the dye was 3 (1-4) cm. The
staining was considered partial in 3/22 limbs and failed in
2/22 limbs [13] (Fig. 3). The success rate was higher in the
smaller, younger cadavers than in the bigger, older cadav-
ers (Table 1).

Discussion

In the present study, we describe the sonographic anat-
omy of the saphenous nerve injection point, the related
anatomical landmarks, and the needle position before
injection. We also report the success rate of ultrasound-
guided perineural injection of 0.1 mL/kg methylene blue
to the saphenous nerve (when sonographically identified)
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Table 1 Summary of the data
Number Age of Mean+SD Number Number of Success rate Median (range) Number of Length of
of cadaver body weight  of nerves successfully (%) and 95% CI length of partially stained partial stain
animals (years) (kg) injected stained nerves successful stain nerves (cm)
(cm)
7 4 66+7 14 10 71(0479,0949) 25(1-4) 2 0.5and 0.8
4 0.5 20+3 8 7 88(0.641,1.0) 3(1-4) 1 0.5

Summary of the data showing the number of goat cadavers used, the age and body weight of the cadavers, the success rate of the injections, and nerve exposure to
dye. Eleven fresh goat cadavers from two different age groups received ultrasound-guided perineural injections around the saphenous nerve with 0.1 mL/kg of 1%
methylene blue solution. After the injections, success rate was assessed through gross anatomical dissection. The success rate was judged based on the length of the
circumferential staining of the nerve: the nerve staining was graded as complete if the circumferential staining was > 1 cm, partial if <1 cm, and failed if the nerve was
not stained. The success rate is presented as percentage with its 95% confidence interval

or cranial to the femoral artery (when the nerve was not
sonographically identified).

As described in the literature, the femoral nerve of
sheep, goats and dogs originates from the spinal nerves
L4-L6, and then enters the psoas major muscle; before
leaving the muscle, it gives rise to the saphenous nerve
[10, 14, 15]. The saphenous nerve then becomes associ-
ated with the medial surface of the tensor fasciae latae
muscle, and immediately divides into muscular and cuta-
neous branches. In dogs and goats, the muscular branch
gives innervation to the cranial and caudal belly of the
sartorius muscle, then continues distally next to the fem-
oral artery and vein, and medial to the sartorius muscle
[14, 15]. The cutaneous branch follows distally, cranial to
the femoral artery, and gives innervation to the medial
surface of the quadriceps muscle; it also sends branches
to the skin of the middle and distal medial surfaces of
the thigh. As it approaches the proximal part of the stifle
joint, the saphenous nerve extends branches that inner-
vate the medial aspect of the joint and its capsule [14, 15].
The approach used for injecting the dye solution in the
present study facilitated staining the saphenous nerve
before it branched to innervate the medial aspect of the
stifle joint and joint capsule, as confirmed by gross ana-
tomical dissection. In a live animal, the injection of local
anaesthetic at this point should result in a sensory block
of the stifle joint without significant motor blockade as
has been described in dogs [12]; however, further clinical
studies are required to assess its efficacy in goats.

The authors of the present study believe that the femo-
ral artery and vein are the first and the easiest anatomi-
cal structures to be identified when looking for the target
area in live goats, due to their characteristic hypoechoic
round morphology and the femoral artery’s pulsatile
behaviour. In the cadavers used in this study no pul-
sation was observed as expected, but the hypoechoic
morphology was present, and the femoral vein was eas-
ily compressed with the transducer as opposed to the
femoral artery. In dogs, the saphenous nerve is located
on the midpoint of the medial aspect of the thigh and

sonographically described as a discontinuous, hyper-
echoic, and oval structure, medial to the sartorius mus-
cle and cranial to the femoral artery [12]. The point of
injection in the present study (i.e., right before the femo-
ral vein and artery give origin to the saphenous vein and
artery) differs from the one described by Costa-Farré
et al. (2011) in dogs [12], Nevertheless, in the present
study, the sonographic anatomical characteristics were
found to be comparable to those observed in dogs. Sub-
sequent gross anatomical dissection of the cadavers used
in the present study revealed that the anatomical loca-
tion and characteristics of the nerves were also similar to
those of dogs. In dogs, the saphenous nerve shares inter-
fascial space with the femoral nerve in the proximal area
of the femoral triangle. As the femoral nerve runs distally,
it leaves the femoral triangle and enters the quadriceps
femoris muscle [14]. Furthermore, in the present study,
we observed that the distance between the saphenous
nerve’s origin, its passage through the femoral trian-
gle, and its branching to the stifle is subjectively shorter
in goats than in dogs. This is why the targeted area in
this study seems more proximal when compared to dog
anatomy.

The goats used in the present study were euthanised
4—6 h prior to the injections. Due to the freshness of the
cadavers, the ultrasound images obtained for the ana-
tomical assessment were of good quality and all the ana-
tomical landmarks related to the saphenous nerve were
identified, although the saphenous nerve itself was not
sonographically visualised in all hind limbs. The lack of
visualisation could likely explain why only 17 out of 22
saphenous nerves were successfully stained. Waag et al.
(2014) were also unable to sonographically identify six
out of 26 femoral nerves in sheep cadavers; however, in
their case it was due to tissue autolysis [10].

Unfortunately, we did not record how many ultra-
sound-guided injections in the present study were per-
formed “blindly”; i.e., without visualising the nerve, nor
how many injections were performed when the saphen-
ous nerve was sonographically located. Recording the
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number of “blind” injections could have served to illus-
trate whether the effectiveness of the ultrasound-guided
technique was compromised when the saphenous nerve
was not sonographically identified prior to the injection
and state the relationship between visibility and success
rate of complete stain. Since the cadavers in the present
study were very fresh, tissue autolysis did not interfere
with nerve identification. Therefore, the lack of visu-
alisation was most likely related to the learning curve of
the operator (XT). The operator did not have a chance
to thoroughly practise the technique before starting the
data collection for this study, which likely had a negative
influence on the number of correctly identified and sub-
sequently completely stained nerves. This is supported
by the fact that the success rate was lower with the first
group of older animals, in contrast to the second, younger
group, in which the success rate in achieving complete
circumferential staining of the nerves was higher.

Even though we failed to confirm our hypothesis, the
77.3% success rate obtained in the present study could
still be adequate provided that the clinical usefulness of
this technique is validated in live goats. The efficacy of
a local anaesthetic to block the neural conduction and
action potential is dependent on the length of exposure
of the nerve to the local anaesthetic, the concentration of
the local anaesthetic, and the volume of the local anaes-
thetic [16, 17]. Raymond et al. (1989) defined the critical
length of nerve exposure to the local anaesthetic as the
length which decreases the amplitude of the compound
action potential (CAP) by at least 50% [18]. When the sci-
atic nerves of frogs were experimentally exposed to 0.02%
lidocaine hydrochloride (HCI) to assess the exposure
length required to decrease the nerve’s ability to conduct
an electrical impulse, Raymond et al. (1989) showed that
the amplitude of the CAP started to decrease when the
nerve was exposed to lidocaine over a length of at least
6 mm, and it exponentially decreased further when the
exposure length was between 1 and 3 cm, reaching the
critical length before 2 cm [18]. Furthermore, when they
exposed the nerves to varied concentrations of lidocaine,
they discovered that the length of exposure required for a
successful block was significantly influenced by the con-
centration [18]. This effect was observed across a range of
exposure lengths, extending from 6 mm to up to 35 mm,
using concentrations of lidocaine HCIl between 0.013%
and 0.054%, suggesting that shorter lengths necessi-
tated notably higher local anaesthetic concentrations
to achieve a successful blockage of nerve impulses [18].
Thus, shorter exposure lengths could at least theoreti-
cally result in successful nerve impulse blockades if the
local anaesthetic concentration is sufficient, while even
substantial exposure lengths may result in incomplete
impulse blockades if the concentration is insufficient.
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Portela et al. (2017) developed a grading system for
the assessment of the staining of nerves after injection of
dye solution: grade 0 (failure) if the nerve is free of dye;
grade 1 (partial) if the nerve is stained over less than 1 cm
length or if the dye is not affecting the entire circumfer-
ence of the nerve; and grade 2 (complete) if the entire cir-
cumference of the nerve is dyed for at least 1 cm of its
length [13]. This grading system has since been used in a
number of canine cadaveric locoregional technique stud-
ies to assess the technique’s ability to achieve the desired
length of nerve exposure to the dye [19-22]. In the pre-
sent study, in those three hind limbs in which the block
was categorised as partial, the circumferential staining of
the nerve ranged between 0.5 and 0.8 cm. However, it is
possible that in live animals, similar “partially” successful
blocks would provide sufficient perioperative antinocic-
eption if a high enough concentration of the local anaes-
thetic was employed.

In the present study, methylene blue dye solution was
injected around and close to the saphenous nerve at
a volume of 0.1 mL/kg. Costa-Farré et al. (2011) used a
similar volume of local anaesthetic to perform an ultra-
sound-guided saphenous nerve block in five anaesthe-
tised dogs, resulting in a successful sensory block with no
motor block in all enrolled dogs [12]. The same volume
was also injected perineural to the sciatic and femoral
nerves in live goats with the help of a neurostimulator
[11], resulting in a sensory and motor block of the der-
matomes associated with each nerve. This outcome
served as a measure to gauge the success of the injec-
tion. However, a smaller volume might be sufficient:
when Waag et al. (2014) injected a total volume of 0.5 mL
of methylene blue around the femoral nerve in sheep
cadavers using an ultrasound-guided technique, the dye
solution successfully stained the femoral nerve with an
average circumferential exposure length of 3.7 cm [10].
Their results were roughly similar, although more suc-
cessful, to the present study in which the 17 completely
stained nerves had a median circumferential exposure
length of 3 cm.

A limitation of the present study is that no power cal-
culation was performed prior to starting the project.
However, the number of goat cadavers available was lim-
ited to 11. Nevertheless, the sample size was considered
adequate when compared to previous cadaveric studies
describing novel ultrasound-guided locoregional tech-
niques. For example, Waag et al. (2014) used 13 sheep
cadavers to describe an ultrasound-guided injection of
the femoral nerve [10]; Portela et al. (2019) used nine
dog cadavers to describe an ultrasound-guided erector
spinae plane block [19]; Garbin et al. (2020) used 12 dog
cadavers for the description of the ultrasound-guided
quadratum lumborum plane block [20]; and Costa-Farré
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et al. (2011) used five live dogs to describe an ultrasound-
guided saphenous block [12].

Conclusions

In conclusion, validated by gross anatomical dissection,
the ultrasound-guided saphenous nerve block technique
performed in the present study demonstrated an overall
77.3% success rate in achieving complete nerve staining
in the targeted injection point. With some practice, the
technique may potentially be used to perform perineural
injections of the saphenous nerve in live goats. However,
before it is used in clinical patients, further studies are
necessary to assess the efficacy of this block and its abil-
ity to provide sufficient perioperative analgesia for goats
undergoing stifle joint surgery.

Abbreviations

AREC  Animal Research Ethics Committee
AP Antonella Puggioni

BS Bruno Santos

@ Confidence interval

ECVS  European College of Veterinary Surgeons
HCl Hydrochloride
MHz  Megahertz

PB Pieter Brama

us Ultrasound

SD Standard deviation

VH Vilhelmiina Huuskonen
XT Xavier Torruella

Acknowledgements

Special thanks to the AVA educational trust for a travel grant that made it pos-
sible for the first author (XT) to travel to Sydney, Australia to present the find-
ings of the study in an oral abstract at the 14th World Congress of Veterinary
Anaesthesia and Analgesia.

Authors’ contributions

XT designed the study, performed the US scans and injections, collected
and analysed the data, drafted the manuscript, and carried out all revisions.
AP supervised the anatomical study, wrote sections of the manuscript, and
revised the manuscript. BS performed the anatomical dissections, wrote sec-
tions of the manuscript, and revised the manuscript. PB provided the materi-
als, assisted with data collection, and revised the manuscript. VH participated
in the study design and drafted and revised the manuscript. All authors read
and approved the final manuscript.

Funding
The work did not receive any funding.

Availability of data and materials
The data used are available from the corresponding author on reasonable
request.

Declarations

Ethics approval and consent to participate
An exemption from full ethical review was granted by the University College
Dublin Animal Research Ethics Committee (AREC-E-21-48-Huuskonen).

Consent for publication
Institutional consent.

Competing interests
The authors declare that they do not have any competing interests.

Page 8 of 9

Received: 21 December 2023 Accepted: 24 July 2024
Published online: 31 July 2024

References

1. KatzJ, Clarke H, Seltzer Z. Preventive analgesia: Quo vadimus? Anesth
Analg. 2011;113:1242-53.

2. PakDJ,Yong RJ, Kaye AD, Urman RD. Chronification of Pain: Mechanisms,
Current Understanding, and Clinical Implications. Curr Pain Headache
Rep. 2018;22:2-4.

3. Gruen ME, Lascelles BDX, Colleran E, Gottlieb A, Johnson J, Lotsikas P, et al.
2022 AAHA Pain Management Guidelines for Dogs and Cats. J Am Anim
Hosp Assoc. 2022;58:55-76.

4. Roberts S. Ultrasonographic guidance in pediatric regional anesthesia.
Part 2: Techniques Paediatr Anaesth. 2006;16:1112-24.

5. Ferrero C, Borland K, Rioja E. Retrospective comparison of three locore-
gional techniques for pelvic limb surgery in dogs. Vet Anaesth Analg.
2021;48:554-62. https://doi.org/10.1016/j.vaa.2020.11.011.

6. Kalamaras AB, Aarnes TK, Moore SA, Jones SC, Ricco C. Effects of perio-
perative saphenous and sciatic nerve blocks, lumbosacral epidural or
morphine-lidocaine-ketamine infusion on postoperative pain and seda-
tion in dogs undergoing tibial plateau leveling osteotomy. Vet Anaesth
Analg. 2021;48:415-21. https://doi.org/10.1016/j.vaa.2021.02.004.

7. Edmondson MA. Local, regional, and spinal anesthesia in ruminants. Vet
Clin NA Food Anim Pract. 2016;32:535-52. https://doi.org/10.1016/j.cvfa.
2016.05.015.

8. Pablo L. Epidural morphine in goats after hindlimb orthopedic surgery.
Vet Surg. 1993;22:307-10.

9. DeRossi R, Benites AP, Ferreira JZ, Neto JMN, Hermeto LC. Effects of lum-
bosacral epidural ketamine and lidocaine in xylazine-sedated cats. J S Afr
Vet Assoc. 2009;80:79-83.

10. Waag S, Stoffel MH, Spadavecchia C, Eichenberger U, Rohrbach H.
Ultrasound-guided block of sciatic and femoral nerves: an anatomical
study. Lab Anim. 2014,48:97-104.

11. Adami C, Bergadano A, Bruckmaier RM, Stoffel MH, Doherr MG, Spadavec-
chia C. Sciatic-femoral nerve block with bupivacaine in goats undergoing
elective stifle arthrotomy. Vet J. 2011;188:53-7. https://doi.org/10.1016/j.
tvj1.2010.02.008.

12. Costa-Farré C, Sala X, Cruz JI, Franch J. Ultrasound guidance for the
performance of sciatic and saphenous nerve blocks in dogs. The Vet J.
2011;187:221-4.

13. Portela DA, Campoy L, Otero PE, Martin-Flores M, Gleed RD. Ultrasound-
guided thoracic paravertebral injection in dogs: a cadaveric study. Vet
Anaesth Analg. 2017;44:636-45. https://doi.org/10.1016/j.vaa.2016.05.
012.

14. Evans H, de Lahunta A. Spinal nerves. In: Miller's Anatomy of the Dog. 4™
edition. St. Louis, Elsevier Saunders. 2012; p. 641-3.

15. Popesko P.Volume [ll, Pelvis and limbs. In: Atlas of Topographical Anatomy
of the Domestic Animals. 6™ edition. Philadelphia; W. B. Saunders. 1990;
p.159-233.

16. Nakamura T, Popitz-Bergez F, Birknes J, Strichartz GR. The critical role of
concentration for lidocaine block of peripheral nerve in vivo: studies of
function and drug uptake in the rat. Anesthesiology. 2003;99:1189-97.

17. Campoy L, Martin-Flores M, Looney AL, Erb HN, Ludders J, Stewart J,
Gleed R, Asakawa M. Distribution of a lidocaine-methylene blue solution
staining in brachial plexus, lumbar plexus and sciatic nerve blocks in the
dog. Vet Anaesth Analg. 2008;35:348-54.

18. Raymond SA, Steffensen SC, Gugino LD, Strichartz GR. The role of length
of nerve exposed to local anesthetics in impulse blocking action. Anesth
Analg. 1989,68:563-70.

19. Portela DA, Castro D, Romano M, Gallastegui A, Garcia-Pereira F. Ultra-
sound-guided erector spinae plane block in canine cadavers : relevant
anatomy and injectate distribution. Vet Anaesth Analg. 2020;47:229-37.
https://doi.org/10.1016/j.vaa.2019.10.005.

20. Garbin M, Portela DA, Bertolizio G, Garcia-Pereira F, Gallastegui A. Descrip-
tion of ultrasound-guided quadratus lumborum block technique and
evaluation of injectate spread in canine cadavers. Vet Anaesth Analg.
2020;47:249-58.

21. Medina-Serra R, Foster A, Plested M, Sanchis S, Gil-Cano F. Lumbar erector
spinae plane block : an anatomical and dye distribution evaluation of two


https://doi.org/10.1016/j.vaa.2020.11.011
https://doi.org/10.1016/j.vaa.2021.02.004
https://doi.org/10.1016/j.cvfa.2016.05.015
https://doi.org/10.1016/j.cvfa.2016.05.015
https://doi.org/10.1016/j.tvjl.2010.02.008
https://doi.org/10.1016/j.tvjl.2010.02.008
https://doi.org/10.1016/j.vaa.2016.05.012
https://doi.org/10.1016/j.vaa.2016.05.012
https://doi.org/10.1016/j.vaa.2019.10.005

Torruella et al. Irish Veterinary Journal (2024) 77:17

ultrasound-guided approaches in canine cadavers. Vet Anaesth Analg.
2021;48:125-33. https://doi.org/10.1016/j.vaa.2020.07.038.

22. Romano M, Portela DA, Thomson A, Otero PE. Comparison between two
approaches for the transversus abdominis plane block in canine cadav-
ers. Vet Anaesth Analg. 2021;48:101-6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 9 of 9


https://doi.org/10.1016/j.vaa.2020.07.038

	Ultrasound-guided perineural injection of the saphenous nerve in goat cadavers
	Abstract 
	Background 
	Results 
	Conclusions 

	Background
	Materials and methods
	Part 1 (Anatomical study)
	Part 2 (US-guided perineural injection of the saphenous nerve followed by gross anatomical dissection)

	Statistical analysis
	Results
	Part 1 (anatomical study)
	Part 2 (US-guided perineural injection of the saphenous nerve followed by gross anatomical dissection)

	Discussion
	Conclusions
	Acknowledgements
	References


