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Ultrasound-guided (US-guided) loco-regional anesthesia techniques allow direct visualization and blockade of
sensory nerves. The saphenous nerve (SN), a terminal branch of the femoral nerve (FN), is strictly a sensory nerve
for which electrical locator devices are ineffective for localization as no effector muscle contractions can be evoked.
US-guided SN block in species other than rabbits produces hind-limb analgesia without affecting FN motor

function.

loco-regional anesthesia analgesia rabbit ultrasound-guided saphenous nerve

sensory nerve

| 1. Introduction

Unlike dogs and cats, rabbits have been domesticated for only a relatively short time; however, as their popularity
as companion animals increases, there is greater demand for the provision of anesthesia in this species .
Unfortunately, possibly related to their peculiar anatomical, physiological, and behavioral features, there is a higher
risk of peri-anesthetic death in rabbits (between 1.39% 2 to 4.8% 1), compared to cats (0.24%) and dogs (0.17%)
2, In most cases, the primary etiology of peri-anesthetic death is unknown but is often ascribed to either
cardiovascular or respiratory causes W2, Additionally, a high incidence of non-fatal gastrointestinal complications
is also common in rabbits (38%) . No specific risk factor has been associated with the higher peri-operative
mortality rate recorded in rabbits, and this is most likely multifactorial (e.g., dietary changes, pain, disease, and

medication side effects) 2!,

Prey animals such as rabbits are reluctant to show signs of discomfort, making them particularly challenging for
early detection of pain as well as the evaluation of the efficacy of an analgesic treatment if this is based on
behavioral changes LIHEIBIT Therefore, adequate peri-operative analgesia plays a vital role in the outcome (45
(81, while no single technique or drug regimen has been shown to eliminate peri-anesthetic morbidity and mortality
in any species, a pre-emptive analgesia strategy and a multimodal approach to pain management should ensure
optimal peri-operative analgesia in rabbits, reducing the risk of under-detection of pain and the occurrence of

possible related complications in the peri-anesthetic period, such as ileus [L4IEIE]

Loco-regional anesthesia techniques, such as peripheral nerve blocks (PNB) and interfascial blocks, are

fundamental components of a multimodal approach to pain management and are effective in reducing the need for
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systemically-administered analgesic and anesthetic drugs, potentially limiting the latters’ side effects 219
However, in addition to preventing the transmission of nociceptive signals to the cortex, many loco-regional
techniques will also result in a degree of motor block that may affect the rabbit's normal behavior pattern.
Temporary absence of physiological prey behaviors may increase hospitalization-associated stress, reduce food
intake, and potentially increase the risk of stress-related complications, such as ileus . Furthermore, prolonged
immobility during the post-operative period secondary to impaired motor function may limit efficient ventilation, as
reported in humans 1l this may be particularly significant in rabbits, where there is a high incidence of pre-existing

pulmonary disease, even in apparently healthy individuals (2.

Hind-limb innervation in dogs derives from the sciatic nerve and femoral nerve (FN); the latter runs inside the
iliopsoas muscle and receives contributions from the fourth, fifth, and sixth lumbar spinal cord segments (L4-L6)
(121 Before leaving the iliopsoas muscle, the FN gives origin to the saphenous nerve (SN) and is located cranially
to the femoral artery (FA) in a different interfascial plane [, The SN runs distally, cranial to FA, and within the same
fascia (medial femoral fascia), forming a so-called ‘neurovascular bundle’ BIl13l14] The SN supplies branches to the
stifle joint and ends in the skin over the first digit (when present) 14131 Qverall, in dogs, the SN is responsible for
the sensory innervation of the medial aspect of the distal thigh, stifle joint, tibia, tarsus, and metatarsus, and the

cranial aspect of the stifle (131,

Similarly, hind-limb sensory and motor innervation in rabbits is provided by the FN and sciatic nerve, which

originate from the lumbosacral plexus (L4-L7), and the first and second sacral cord segments (S1-S2) [16IL7]18]

In dogs, the peripheral block of the SN has been shown to provide desensitization of the medial and cranial
aspects of the distal limb (including the stifle) without affecting the motor function of the quadriceps femoris muscle
B pue to the neuro-anatomical similarities between dogs and rabbits L8I7IL2120] it s Jikely that this also
applies to rabbits. Two previous studies reported successful blockade of FN (and sciatic nerve) using electrical
stimulation in rabbits undergoing pelvic limb orthopedic procedures 718 However, by blocking the FN (instead of
SN), the motor function of the quadriceps, gastrocnemius, and cranial tibial muscles 28 will potentially be impaired
during the post-operative period, affecting voluntary movements and possibly impacting negatively on the animal’s

welfare.

Electrical locator devices are ineffective in localizing sensory nerves since motor fibers are lacking in these types of
nerves and muscle contractions cannot be evoked 219, To perform a SN block, as well as other sensory nerve
blocks, ultrasound-guided (US-guided) techniques should be applied, as direct visualization of the targeted nerve
and landmarks is possible. Besides these advantages, the US-guided techniques also allow real-time visualization
of the local anesthetic spread around the nerves while reducing the risk of damage to other vital structures (e.g.,

arteries or veins) (21191,

In dogs, the US-guided SN block technique has been designed as an interfascial block injection, as the local

anesthetic is injected into the medial femoral fascia that contains the SN and both the FA and FN 2119,
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Recently, a case report describing the use of a combined US-guided and nerve stimulation-guided saphenous and
sciatic nerves blocks in a pet rabbit undergoing calcaneal fracture repair demonstrated the effectiveness in peri-

operative pain management with no impairment of motor function in the affected limb 29,

| 2. Gross Anatomical Investigation

In both hind-limbs, it was possible to observe the FN giving origin to the SN and to the FMB after leaving the psoas
compartment at the proximal inguinal area. At this level, the FMB ran to the anterior aspect of the thigh, where it
gave origin to other branches. The SN was identified within the medial femoral fascia as part of the neurovascular
bundle, cranially to the FA and FV. The SN was localized below the sartorius muscle caudally to the rectus femoris
and vastus medialis muscles and cranial to the pectineus and adductor muscles. In the middle compartment of the
thigh, the pectineus muscle was identified as a triangle-shaped muscle located below the neuromuscular bundle.
The distal insertion of the pectineus muscle was located at the end of the first proximal third of the femur on its
posteromedial surface. The femur was located cranially to the neurovascular bundle, adductor, semimembranosus,
and pectineus muscle, caudally to the FMB, rectus femoris, tensor fascia latae muscles, and laterally to the vastus
medialis muscle. Distally, at the proximal aspect of the stifle joint, the SN ran deeper to innervate the articular

capsule (Figure 1).

Figure 1. Skinned rabbit hind-limb positioned in dorsal recumbency with the hind-limb extended in a natural
position after blunt dissection of the medial aspect of the left thigh and removal of the vastus medialis, sartorius,
gracilis, and adductor muscles. The femoral nerve is observed leaving the psoas compartment and, at the level of
the inguinal crease, giving origin to a motor branch that runs into the muscles located in the anterior aspect of the

thigh and to the saphenous nerve, which joins into the same fascia of the femoral artery and vein forming the
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neurovascular bundle (NVB). This bundle runs medial and caudal to the femur, caudal to the vastus medialis,
rectus femoris (RF m.), and tensor fascia latae (TFL m.) muscles, cranial to the adductor, semimembranosus (SM
m.), and gracilis muscles and below the sartorius muscle. P: Proximal; D: Distal; Cr. Cranial; Cd: Caudal; FN:
Femoral nerve; ON: Obturator nerve; SN: Saphenous nerve; FA + FV: Femoral artery + Femoral vein; FMB:

Femoral motor branch; P m.: Pectineus muscle; CF: Common fibular nerve; T: Tibial nerve.

3. Sono-Anatomy Study and US-Guided Saphenous Nerve
Block

Despite all cadavers being considered correctly thawed for the anatomical study (based on palpation), in one of the
hind-limbs, a mild degree of ice crystallization was identified in the middle thigh muscles during the sonography.
However, as this finding did not interfere with the identification process of the acoustic target window and the

neurovascular bundle, this hind-limb was also included.

In all hind-limbs, it was possible to identify the targeted acoustic windows at the level of the middle thigh using the
landmarks as described in the anatomical study. The landmark structures (muscle, bone, and neurovascular

bundle) were all visualized after mild probe movements within 1.5 cm depth for all cadavers.

According to the anatomical findings, the US-guided SN block technique was designed, placing the ultrasound
probe approximately at the central portion of the middle thigh transversally to the long axis of the hind-limb. At this

level, the visualization of the neurovascular bundle was at the center of the acoustic window (Figure 2).

Transducer
Patient

Annotate

Settings

Figure 2. Sono-anatomy of the pelvic limb. The saphenous nerve (SN) can be visualized as a hyperechoic round
structure, within the same fascial plane (medial femoral fascia) of other hyperechoic round structures (collapsed
femoral artery and vein due to absence of blood flow). These structures were caudally to the vastus medialis

muscle (VM m.), medially and caudally to the femur (F), cranially and medially to the adductor (A m.) and
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semimembranosus (SM m.) muscles, medially to the pectineus muscle (P m.) and immediately below the sartorius
muscle (S m.). MFF: Medial Femoral Fascia; M: Medial; L: Lateral; Cr: Cranial; Cd: Caudal.

All the muscles (sartorius, adductor, semimembranosus, pectineus, and vastus medialis muscles) were displayed
as structures with heterogeneous echogenicity. The femur was displayed as a hyperechoic structure with acoustic
shadow. At the center of the targeted acoustic window, the terminal portion of the pectineus muscle was visualized
as a triangular-shaped structure with heterogeneous echogenicity caudally to the femur. In addition, the
neurovascular bundle was displayed as a piriform-shaped structure with a hyperechoic outer layer (medial femoral
fascia) containing three hypoechoic round-shaped structures (SN, FA, and FV). It was not possible to confirm the
position of the SN in relation to both the FA and FV due to the absence of blood flow (Figure 2). The neurovascular
bundle was always located below the sartorius muscle and medially to the pectineus muscle within 0.5 cm depth
for all cadavers. In addition, the vastus medialis muscle was located cranially, the adductor and the

semimembranosus muscles were located caudally to the neurovascular bundle (Figure 2).

In all of the 10 hind-limbs, the US-guided SN block was feasible at the first attempt. The timing to successfully
perform the block was around 5 min. During needling, the shaft of the needle was always visible, as was the tip
when piercing the medial femoral fascia. The dye solution was injected in five hind-limbs with a low volume (0.05
mL/kg; resultant mean volume of 0.08 + 0.007 mL) and in the other five with a high dose (0.1 mL/kg; resultant
mean volume of 0.16 + 0.011 mL). During injection, an anechoic area was formed within the medial femoral fascia,

which improved the visualization of the SN for all cadavers (Figure 3a,b).

Figure 3. (a) Ultrasonographic image of the medial hind-limb in a rabbit cadaver at the level of medial femoral
fascia (MFF). The saphenous nerve (SN) can be visualized as a hyperechoic round structure, next to other
hyperechoic round structures (collapsed femoral artery and vein due to absence of blood flow), which are
highlighted due to the presence of the anechoic dye solution (LA: permanent tissue dye solution and lidocaine 2%
(1:50)); Once the tip of the needle pierced the medial femoral fascia, the dye solution was injected. (b) Highlighted
ultrasound image of the injected solution within the fascia containing the saphenous nerve (using zoom option on
the ultrasound device). S m.: Sartorius muscle; A m.: Adductor magnus muscle; SM m.: Semimembranosus
muscle; P m.: Pectineus muscle; F: Femur; VM m.: Vastus medialis muscle; MFF: Medial Femoral Fascia; FA + FV:

Femoral artery + Femoral vein; M: Medial; L: Lateral; Cr: Cranial; Cd: Caudal.
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4. Anatomical Dissection following US-Guided Saphenous
Nerve Block

In all cadavers, the dye solution was injected within the target area (medial femoral fascia) without involving the
surrounding structures (Figure 4a and Figure 5a). It was possible to separate all the surrounding anatomical
structures maintaining the neurovascular bundle integrity. The dye solution was visible within the medial femoral
fascia containing the SN and both FA and FV in all of the 10 pelvic limbs (Figure 4b and Figure 5b). All SNs,
regardless of the dye solution volume injected, were stained around their entire diameter and for more than 1 cm of
length (Figure 4c,d and Figure 5c,d). In addition, none of the FNs nor FMB were stained with either high or low
volumes of dye solution.

Figure 4. (a) Medial view of the right hind-limb of a rabbit cadaver in which a low volume dye solution (0.05 mL/kg,
permanent yellow tissue dye solution and lidocaine 2% (1:50)) was injected. It is possible to observe the underlying
tissues stained by dye solution in the central portion of the medial aspect of the thigh. (b) Medial view of the left
hind-limb (different rabbit than (a)) of a rabbit cadaver after partial dissection of the gracilis muscle. It was possible
to observe the distribution of dye solution inside the medial femoral fascia (MFF), which contains the saphenous
nerve (SN) and both the femoral artery (FA) and vein (FV). (c) Anatomical dissection of the medial aspect of a left
hind-limb. The gracilis, sartorius, and adductor magnus muscles were bluntly removed. It was possible to observe
the dye solution within the medial femoral fascia staining the neurovascular bundle (SN, FA, and FV); the dye
solution did not stain the femoral nerve (FN) and its motor nerve branches (FMB). It was possible to localize the
pectineus muscle insertion onto the surface of the femur at the level of the first third of the thigh, which was caudal
and lateral in relation to the SN. (d) The SN was completely removed from the cadaver (from where it branched off
the FN to the proximal stifle, where it deepened to innervate the articular capsule) for the evaluation of its total

length (8.8 cm) and extent of staining from the tissue dye solution (2.4 cm). S m.: Sartorius muscle; VM m.: vastus
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medialis muscle; G m.: gracilis muscle; TFL m.: tensor fascia latae muscle; RF m.: rectus femoris muscle IC:
Inguinal crease; NVB: Neurovascular bundle; AW: Abdominal wall; LA: local anesthetic and tissue dye solution; P
m.: pectineus muscle; ScN: sciatic nerve; SM m.: semimembranosus muscle; A m.: adductor magnus muscle; P:
Proximal; D: Distal; Cr: Cranial; Cd: Caudal.

(d)

Figure 5. (a) Medial view of a left hind-limb of a rabbit cadaver in which a high volume of dye solution (0.1 mL/kg,
of permanent yellow tissue dye solution and lidocaine 2% (1:50) was injected)). It was possible to observe the
underlying tissues stained by the dye solution in the central portion of the medial aspect of the thigh. (b) Medial
view of the same hind-limb after partial dissection of the gracilis muscle. It was possible to observe the distribution
of the dye solution inside the medial femoral fascia (MFF), which contained the saphenous nerve (SN) and both the
femoral artery (FA) and vein (FV). (c) Anatomical dissection of the medial aspect of the same hind-limb. The
gracilis, sartorius, and adductor magnus muscles were bluntly removed. It was possible to observe the staining
along the neurovascular structures (SN, FA, and FV) without staining both the femoral nerve (FN) and its motor
nerve branches (the tissue dye stain on the vastus medialis and pectineus muscles resulted after opening of the
medial femoral fascia during the dissection). It was possible to localize the pectineus muscle insertion onto the
surface of the femur at the level of the first third of the thigh, which was caudal and lateral in relation to the SN. (d)
The SN was completely removed from the cadaver (from where it branched off the FN to the proximal stifle, where
it deepened to innervate the articular capsule) for the evaluation of its total length (7.8 cm) and extent of staining
from the tissue dye solution (4.8 cm). S m.: sartorius muscle; VM m.: vastus medialis muscle; G m.: gracilis

muscle; TFL m.: tensor fascia latae muscle; RF m.: rectus femoris muscle; P m.: pectineus muscle; IC: Inguinal
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crease; NVB: neurovascular bundle; AW: Abdominal wall; LA: local anesthetic and tissue dye solution; FMB:

femoral motor branches; ScN: Sciatic nerve; SM m.: Semimembranosus muscle; A m.: adductor magnus muscle;
P: Proximal; D: Distal; Cr: Cranial; Cd: Caudal.
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