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Abstract

Objectives This study was conducted to validate the dorsal approach for femoral nerve (FN) blockade in cats and
to verify the efficacy of the sole use of peripheral nerve electrolocation (PNE) or ultrasound (US)-guided technique
to achieve the block.

Methods This study was carried out in two phases. In phase 1, five adult experimental cats were used to validate
the approach. In each cat, one FN was located by US and the accuracy of this location confirmed by PNE. Then,
2 mg/kg lidocaine 2% (diluted in saline to a final volume of 1 ml) was injected around the target nerve and the
success of the blockade was evaluated. In phase 2, four adult experimental cats were included in two groups to
verify the reliability of this approach to block eight FNs by the sole use of PNE (group 1) or US-guided technique
(group 2). Evidence of motor blockade, time required to perform the blockade, onset time and duration of the
blockades were determined.

Results The FN was successfully located by US in all cats enrolled in phase 1, as confirmed by PNE in all cases.
The success rate was clinically higher in group 2 (87.5%) than in group 1 (75.0%). The US-guided technique
required less time to perform and produced blocks of longer duration. Recovery was uneventful in all cases.
Conclusions and relevance The combined use of PNE and US-guided technique enabled validation of the dorsal
approach for the FN blockade as it provided a successful FN blockade in all cases. The sole use of a US-guided
technique may offer some advantages over the use of a sole PNE-guided technique to perform these blocks.

Accepted: 18 May 2015

Introduction

Peripheral nerve blockade (PNB) techniques are being
incorporated in veterinary anesthesia to provide analge-
sia of the pelvic limb.1® A combined femoral (FN) and
sciatic (ScN) nerve blockade has been reported to be at
least equally effective as the epidural administration of
local anesthetics (LA) in dogs, with potentially fewer
side effects.” A single FN block is recommended in
humans as an analgesic adjunct for a variety of surgical
procedures in the pelvic limb, such as fracture repair of
the neck and shaft of the femur, hip replacement, total
knee arthroplasty, cranial cruciate ligament repair, skin
grafts and muscle biopsy of the cranial aspect of the
thigh.10

An ultrasound (US)-guided technique for the block-
ade of the ScN in cats has been previously described and
validated in experimental cats.! In previous work, a FN
blockade using a dorsal approach was described in feline

cadavers,'? but its clinical efficacy has not yet been docu-
mented in live cats.
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Peripheral nerve electrolocation (PNE) is considered
the gold standard for performing PNBs.!* However,
US-guided techniques offer important advantages such
as the ability to visualize the structures of interest in real
time thus reducing the need for intraneural or intravas-
cular injections.!#15 There is an ongoing debate on which
of these techniques is the most suitable in practice. The
study of the efficacy and clinical reliability of a dorsal
block of the FN in cats, by the use of either guiding tech-
nique, could be of clinical interest.

The aims of this study were to validate, in experimen-
tal cats, the efficacy of a dorsal approach to achieve a FN
block by the combined use of US and PNE locating tech-
niques, and then to verify the reliability of the sole use of
PNE or US-guided techniques to achieve the blockade.

Materials and methods

This experimental study was approved by the Animal
Care and Ethics Committee of the University of Murcia.
It was conducted in two phases: phase 1 was developed
to validate the dorsal approach to achieve a FN block in
experimental cats by the combined use of US and PNE.
Phase 2 was carried out to verify the clinical efficacy and
reliability of this approach in achieving the block by the
sole use of PNE or US-guiding techniques.

Animals

Five healthy experimental male cats with a mean = SD
weight of 3.99 * 0.41 kg were employed. Before each
study, cats were fasted overnight for 12 h with free access
to water. All cats were sedated by intramuscular admin-
istration of 30 pg/kg medetomidine (Domitor; Pfizer)
and 0.2 mg/kg butorphanol (Turbogesic; Fort Dodge).
Once sedation was achieved, animals were placed in lat-
eral recumbency with the limb to be blocked facing
upwards. The lumbar area was clipped and the skin
aseptically prepared. One FN was located and blocked
in each trial. The procedures were performed with a rest-
ing period of at least 7 days between procedures. The
animals were handled following the Guide for the Care
and Use of Laboratory Animals (8th ed).

Phase 1: validation of the dorsal approach for the

FN block in experimental cats

A total of five FNs were approached and then blocked by
the use of a dorsal approach described in a previous
cadaveric study carried out in cats (Figure 1a).1? The tar-
get nerve was located with US guidance, employing a
4-13 MHz linear transducer (MyLab 70; Esaote). The
location of the FN was considered positive when a sin-
gle, well-differentiated, rounded hypoechogenic struc-
ture surrounded by a hyperechogenic rim was identified
within the iliopsoas muscle (Figure 1b).1? The US-guided
location of the FN was confirmed by the use of a PNE.
A #11 surgical blade (Sovereign) was used to make a
skin incision of 2 mm over the dorsal skin surface,

approximately 1 cm lateral to the spinous processes. Then,
a peripheral 50 mm nerve block needle (Stimuplex;
Braun) connected to a PNE was inserted and advanced
to the FN. Initially, the current delivered by the PNE was
set at 2 Hz, 0.1 ms, and at an intensity of 1 mA. Evidence
of positive quadriceps contractions at a stimulating cur-
rent of 0.4 mA was used to confirm the correct location of
the FN by US. The US and PNE location techniques were
always performed by the same investigators (AA and
PH). The administration of LA was performed by a sin-
gle operator (PH). Once the nerve location was con-
firmed, lidocaine 2% (2 mg/kg) diluted in saline (total
volume of 1 ml) was infiltrated around the FN. Multiple
small volume injections were made to obtain a circum-
ferential distribution of the LA around the nerve produc-
ing the ‘doughnut’ sign (Figure 1c). Negative pressure
was applied to the syringe before each injection.
Injections were discontinued if increased resistance was
detected during the injection. After the administration of
LA, sedation was immediately antagonized (atipame-
zole 75 ug/kg IM) and the success of the blockade was
evaluated. The cats were observed for 72 h to determine
the presence of complications such as hematomas, infec-
tion, pain or signs of nerve injury.

Phase 2: verification of the sole use of PNE or
US-guided technique to block the FN by a dorsal
approach in experimental cats

Four experimental male cats with a mean = SD weight
of 4 * 0.40 SD were employed in this part of the study. In
each group, a total of eight FNs (four on the right and
four on the left side) were blocked. Only one FN was
blocked in each experiment.

Group 1: PNE-guided FN block Eight FNs were located
and then blocked by the use of PNE. The anatomic land-
marks employed to locate the FN were the spinous pro-
cesses of L6 and L7 and the cranial border of the iliac
crest. These bone structures were palpated and marked
over the skin. A dotted line connecting L6-L7 was drawn,
then a second dotted line was traced perpendicular to
the spine, starting at mid-distance between L6 and L7,
and finishing over the limits of the lateral abdominal
wall. The second line was divided into thirds. Over the
first third, another line parallel to the spine was drawn.
The crossing point between the second and the third
lines was considered to be the puncture site (Figure 2). A
stab skin incision of 2 mm was performed over this point
using a #11 surgical blade (Sovereign). A peripheral
nerve block needle was inserted and the PNE turned on
using the same settings described for phase 1. The nee-
dle was slowly advanced in a ventral direction. The loca-
tion of the FN was considered successful when muscular
contractions of the quadriceps muscle were observed at
a current intensity of 0.4 mA. LA was administered and
sedation antagonized as previously described. Then, the
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Figure 1 Ultrasound (US)-guided technique for the femoral
nerve (FN) location and block using the dorsal approach.

(a) Anatomic landmarks for the dorsal approach to the FN.
The transducer was positioned lateral to the abdominal wall,
perpendicular to the spine and cranial to the iliac crest (IL)
at the level of sixth (L6) and seventh (L7) lumbar spinous
processes. (b) Transverse ultrasonographic image of the

FN (arrowhead) at this level. The FN is observed within the
iliopsoas muscle complex (IPC). (c) Ultrasonographic image
during the US-guided injection of local anesthetic (LA) around
the FN. The circumferential spreading of the LA (star) around
the FN (arrowhead) is observed

Figure 2 Peripheral nerve electrolocation technique for the
femoral nerve location and block using the dorsal approach.
The anatomic landmarks were the spinous processes of

the sixth (L6) and seventh (L7) lumbar vertebrae. A dotted
line was drawn connecting them. Then, a second dotted
line was traced at mid-distance between these points

and perpendicular to the spine to the limits of the lateral
abdominal wall. The second line was divided into thirds. At
the first third, another line was traced parallel to the spine line.
The crossing point between the second and the third lines
was considered the puncture site. IL = iliac crest

success of the blockade was evaluated. The time required
to perform the block, defined as the time elapsed between
the first needle to skin contact until the end of the
injection, was recorded. Onset time and duration of
the blockade were also recorded. Cats were evaluated
over the following 72 h to determine the presence of
complications.

Group 2: US-guided FN block Eight FNs were located
and blocked by the sole use of a US-guided technique
employing the methodology described in phase 1 of the
study. The time required to perform the FN block,
defined as the time elapsed between the first transducer
to skin contact until the end of the injection, was
recorded. Onset time and duration of the blockade were
also recorded. Cats were evaluated for the next 72 h to
determine the presence of complications.

Evaluation of the FN blockade Once sedation was effec-
tively reversed, the motor function of the blocked limb
was assessed every 2 mins for the first 10 mins, then every
5 mins for the following 90 mins and thereafter every
15 mins. The last assessment was made 30 mins after nor-
mal motor function had returned. All assessments were
performed by the same researcher (PH). The evaluation of
the block was conducted by observing the position of the
blocked leg while the cat was standing and walking. A
three-point rating scale was employed: 0 = normal motor
response (normal ability to walk or stand); 1 = partial
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Figure 3 Evaluation of the femoral nerve block using a dorsal
approach. Inability to bear weight and knee in extension
touching the floor is observed

motor blockade (incomplete ability to bear weight, incom-
plete flexion of the stifle, muscle tone weaker than in the
contralateral limb); 2 = complete motor blockade (inabil-
ity to stand and walk with the blocked limb, knee in
extension touching the floor, limb paralyzed). The block-
ade of the FN block was considered to be clinically effec-
tive when a score of 2 was reached (Figure 3).

Onset time Onset time was defined as the time elapsed
from the injection to the time when a score of 1 or 2 was
noticeable.

Duration of the blockade Duration was defined as the
length of time that partial or complete motor blockade
was observed.

Data analysis Descriptive statistics (mean = SD) were calcu-
lated from the tabulated measurements. Student’s t-test was
used to compare success rate, time to perform the blocks,

onset of action and duration of motor blockade between
groups. The level of significance was set at P <0.05.

Results

Phase 1: validation of the dorsal approach for the

FN block in experimental cats

The FN was successfully located by US in all cases. The
accuracy of this location was confirmed by PNE in all cats.
The US appearance of the FN was that of a single, well-
differentiated rounded hypoechogenic structure encircled
by a hyperechogenic rim. The FN was located within the
iliopsoas muscle complex. The spreading of LA solution
around the FN could be observed in real time in all cases.
The doughnut sign was not observed in 3/5 cats. There
was no resistance to injection, and negative blood aspira-
tion was obtained in all cases. As a score of 2 was noted in
all trials, the FN blockade was considered to be successful
in all cases. No adverse effects were observed.

Phase 2: verification of the sole use of PNE or
US-guided technique to block the FN by a dorsal
approach in experimental cats

Group 1: PNE-guided FN block. The FN was successfully
located by the sole use of PNE in all cases. Contractions
of the quadriceps femoris muscles were easily elicited at
0.4 mA in all cats. The needle was inserted at a depth
range of 3.0-3.5cm. In those cats weighing <4 kg, it was
necessary to tilt the needle in a medial direction to obtain
quadriceps contractions of a better quality. Muscle con-
tractions were abolished once the administration of LA
commenced (Table 1).

Group 2: US-guided FN blockade The US-guided tech-
nique enabled localization and blockade of the FN in all
cases. A circumferential spread of LA was produced in
all cats. The needle was inserted at a depth range of
3.0-3.5cm to reach the FN (Table 1). There was no resis-
tance to injection and a negative blood aspiration was

Table 1 Results of verification of the sole use of peripheral nerve electrolocation (PNE) and ultrasound (US)-guided
technique to block the femoral nerve (FN) by a dorsal approach in experimental cats

Data presented as mean = SD (range) (n = 8)

Score 2 = complete motor blockade (inability to stand and walk, knee in extension touching the floor, limb paralyzed); score 1 = partial motor
blockade (incomplete ability to bear weight, incomplete flexion of the stifle, muscle tone weaker than in the contralateral limb); score 0 = normal

motor response (normal ability to walk or stand)
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obtained in all cases. No adverse effects were recorded
after any injection.

There were no statistical differences in terms of
time to perform the blocks (P = 0.16), onset of action
(P = 0.44) or duration of motor blockade (P = 0.09)
between groups.

Discussion

The main aim of the present study was to validate in live
cats the efficacy of a dorsal approach to block the FN by
the combined use of US- and PNE-guided techniques.
This approach was previously reported in a feline
cadaver study.!?

This approach was selected because it has been
reported to be the most suitable way of accessing the
main trunk of the FN in cats, ensuring the inclusion of all
the motor and sensory FN branches.!? The clinical relia-
bility of this approach was verified in phase 1 of the
study by the combined use of US and PNE techniques to
locate the target nerve. These techniques allowed us to
determine the correct location of the FN, resulting in a
successful blockade in all cases, even in those cats where
the doughnut sign was not observed by US (3/5). These
findings support other studies, which described that the
presence of the doughnut sign is not mandatory to pre-
dict a successful nerve blockade.!-16

To our knowledge, this is the first report of a technique
to block the FN in live cats. In dogs, this block has been
performed using a femoral triangle,3417 preiliac,? iliop-
soas'® and suprainguinal approaches.® The femoral trian-
gle approach only had a 50% success rate in dogs.! In
contrast, the preiliac? iliopsoas!® and suprainguinal®
approaches to the FN in dogs had a 100% success rate,
which is similar to that obtained using the dorsal approach
proposed in this study. These results could be explained
by the similar characteristics of these approaches, as they
intend to reach the FN near the main trunk, within the
iliopsoas muscle complex, before the FN bifurcates. The
US appearance of the FN found in this study was similar
to previous descriptions in feline cadavers and also in live
dogs.#12 The ultrasonographic appearance of the FN
seems to be enhanced at this level owing to a better con-
trast obtained between the nerve structure and the sur-
rounding more echogenic muscle fibers.?

PNB can be performed using anatomic landmarks,
PNE or US to guide the blocks. PNE is a blind tech-
nique as it is not possible to determine the exact loca-
tion of the needle in relation to the target nerve. The
location of the needle is indirectly inferred by the
motor response elicited by this technique. Another lim-
itation is that PNE-guided techniques are not useful in
locating sensory nerves. In comparison, US-guided
techniques are extremely useful for locating the target
nerve, needle and other relevant surrounding anatomi-
cal structures. This technique provides images of the
pattern of distribution of the LA around the target

nerve, allowing repositioning of the needle if neces-
sary. It also permits the use of small volumes, allowing
a reduction in the total dose of LA administered when
multiple nerve blockades have to be performed in
comparison to PNE techniques.!® This could be partic-
ularly important in cats as they are more susceptible to
toxicity of LA.1920

In a veterinary clinical setting, deciding between the
use of US or PNE techniques to conduct PNB depends
on the availability of the equipment and also on operator
preference. For this reason, the efficacy and clinical reli-
ability of the described FN block carried out by the
exclusive use of a sole PNE- or US-guided technique
were assessed in phase 2 of this study.

In our study, the location of the FN was 100% success-
ful using either PNE- or US-guided techniques. However,
the sole use of US resulted in a slightly higher FN block
success rate (87.5%) than the PNE technique (75.0%).
These results could be biased by the low number of
nerves blocked in our study and also by the expertise in
the use of US-guided techniques of our operator.

A case of partial motor blockade was obtained in both
groups (1/8). In this study, an even and circumferential dis-
tribution of LA around the FN was observed using US
guidance but the longitudinal spreading of LA was not
determined. It has been pointed out that the length of nerve
in contact with the LA solution is the main factor determin-
ing the clinical success of a PNB.2! A longitudinal distribu-
tion of LA =2 cm has been classically considered as
sufficient to produce an effective nerve block.”?! A previous
study conducted in feline cadavers showed that injection of
1 ml of ink by the dorsal approach produced a longitudinal
spreading of ink within a range of 3.0 to 4.6 cm.'? Differences
in the longitudinal distribution of injectate along a nerve
between cadavers and live specimens has already been
reported. This could be owing to different factors such as
the uptake of the solution by the lymphoid system and also
by blood circulation.?? The intensity of a nerve block is also
dependent on the concentration of the LA administered.
The concentration injected determines the sequence of
blockade of motor and sensory function. As a consequence,
it requires a higher concentration of a LA to block motor
fibers than it does to block sensory fibers.?® In the present
study the mean concentration of LA administered was
0.80% (range 0.68-0.88%). To our knowledge, the critical
concentration to achieve a motor level block has not yet
been determined in cats. Further investigations studying
these factors are necessary to increase the reliability of the
described techniques in a clinical setting.

Only one cat showed no signs of motor blockade
(score 0) in the PNE group. This cat received the highest
concentration of LA administered (0.88%) in the present
study. It is possible that this finding could be related to a
misdistribution of LA around the FN during the injec-
tion. The success rate might have been higher in the PNE
group if a lower stimulating current of 0.3 mA had been
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selected.?* However, some authors do not recommend
the use of currents lower than 0.4 mA because of the
increased risk of intraneural injection.?®

To our knowledge, this is the first study to verify the
efficacy of the PNE- and US-guided techniques to perform
PNB in veterinary medicine. An obvious limitation of this
study was the low number of nerves finally blocked. This
could be the reason for the lack of statistical differences
found. Therefore, further studies, using more animals and,
ideally, performed in a clinical setting are still necessary to
determine differences between US- and PNE-guided tech-
niques to perform the blockade of the FN in cats.

Conclusions

The dorsal approach to blocking the FN in experimental
cats is clinically effective. This nerve can be successfully
located and blocked by the combined use of US and PNE
techniques, as well as by the sole use of US or PNE locat-
ing techniques. The sole use of a US-guided technique
may offer some advantages over the use of a sole PNE-
guided technique.
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