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(Abstract R

Purpose: To evaluate a model for studying the toxicity in nervous tissue and meninges using
ultrasound to guide needle insertion into the subarachnoid space of rabbits, with the objective
of avoiding injuries triggered by the puncture and by intraneural injection of solutions.
Methods: Forty-five adult female rabbits were divided into 3 groups (G): G1 underwent
subarachnoid puncture, G2 underwent subarachnoid injection of saline solution and G3
underwent subarachnoid injection of 0.5% hyperbaric bupivacaine. A needle was inserted
into the S1-S2 subarachnoid space guided by ultrasound. The sensitivity and motility of the
animals were evaluated for 3 days, after which the animals were sacrificed for removal of
lumbar and sacral portions of the spinal cord for histological examination by light microscopy
and immunohistochemistry.

Results: All animals had motor function and pain sensitivity on the evaluation period. No
animal had complication during or after the procedures.

Conclusion: Ultrasound is a useful and safe method for the correct identification of the
subarachnoid space of rabbits.
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n Introduction

Neurological complications following
neuraxial blockade are rare but potentially
serious. Such complications can cause
irreversible adverse effects to the meninges,
the nervous tissue of the spinal cord and the
roots of the cauda equina®?. Many animal
models are used to study neurotoxicity, and in
the majority of the studies using rabbit models,
the drug was introduced into the subarachnoid
space through a chronically implanted
catheter®!2, In some studies, inflammatory
cells were observed in the meninges®*® and in
the nervous tissue® surrounding the catheter.
Neuroimmune alterations that manifested
as increased glial markers and expression of
specific cytokines were also observed?®.

Experimental studies that employ
intrathecal  administration  of  solutions
through single subarachnoid injection are
those whose approach most resembles
the anesthetic procedures used in clinical
practice. The conventional method of nerve
localization uses anatomical landmarks and
nerve stimulation, which presents a high risk
of nerve trauma. The use of ultrasound (US)
imaging for regional anesthesia (RA) is steadily
increasing: its advantages over conventional
techniques are significant, since it allows direct
ultrasonographic guidance of the needle to the
selected nerve zone*?,

We sought to establish a model for
studying the toxicity in nervous tissue and
meninges using ultrasound to guide needle
insertion into the subarachnoid space of
rabbits, confirming this as a reliable method.

u Methods

After proper approval by the Botucatu
Medical School Ethics Committee on animal
experiments, 45 adult female rabbits were
obtained from the Experimental Animal
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Center-UNESP, Botucatu Campus. The animals
weighed between 3500 and 4500 g, and their
spine lengths ranged between 35 and 38 cm.
All tests were performed in accordance with
the guidelines of the International Association
for the Study of Pain?’.

Using a list of computer-generated
random numbers, animals were randomly
allocated into three groups (G), containing
15 animals each. Group 1 (G1) was subjected
to subarachnoid puncture to evaluate if this
technique causes any puncture accident.
Group 2 (G2) received a subarachnoid injection
containing 0.9% saline solution to evaluate
the effects of such volume of solution on
the nervous tissue. Group 3 (G3) received
hyperbaric 0.5% (Cristalia® pharmaceutical
laboratory) to evaluate the effects of the drug
on the nervous tissue.

Animals that appeared unhealthy,
needed more than one subarachnoid puncture
or had hemorrhagic cerebrospinal fluid (CSF)
(i.e., from a puncture accident) were excluded
from the study. No animal had to be excluded
in this study.

Anesthesia and animal preparation

After a 12-hour fasting period with free
access to water. The animals were weighed
and anesthetized with intravenous injection of
xylazine chlorhydrate (3 mg.kg?! body weight)
and ketamine chlorhydrate (10 mg.kg? body
weight).

After intravenous anesthesia, the
animals were placed in the prone position with
the back paws extended under the abdomen.
The length of the spinal cord was measured
from the base of the skull to the sacral area.

The animal’s skin and fur in the spinal
column area were cleaned with soap and
water. A 10 cm area, corresponding to the
S1-S2 intervertebral space, was shaved and
washed with 0.9% saline solution. The naked
skin was submitted to antisepsis with a 2%
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chlorhexidine gluconate solution, and sterile
fields were appropriately positioned.

Subarachnoid puncture and clinical evaluation

Each rabbit’s subarachnoid space was
accessed through the S1-S2 intervertebral
space, which was the most caudal space that
allowed the puncture. This intervertebral space
was identified through the palpation of the two
tuberosities of the pelvic bone and the spinous
process of the first sacral vertebra, sliding
the finger 1.5 to 2 cm in the caudal direction.
The S1-S2 space is located 1 cm caudal to the
spinous process of the first sacral vertebra®.

The subarachnoid block was guided by
ultrasound using the SonoSite apparatus (USA),
model M-Turbo, which includes tissue Doppler
imaging (TDI) and a micro-linear transducer
with a frequency of 10.0 to 13 MHz.

Figure 1 - Ultrasound-guided image on sagittal
approach of S1-S2 joint space was obtained using
a 10-13 MHZ micro-convex transducer. The needle
was inserted in the space of S1-S2 (arrow), the
sacral vertebrae is hiperecoic and subarachnoid
space is hipoecoic (asterisk).

Subarachnoid puncture was performed
with a Quincke spinal needle, 22G 1 %7,
by median approach, with a ftilt angle of
approximately 45°, the needle was slowly
introduced in the cephalic direction until it
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penetrated the yellow ligament. At this point,
there is a change in the resistance and with
the help of ultrasound, the correct positioning
of the needle in subarachnoid space is
obtained (Figure 1). Animals in G1 received
no solution (control puncture), while G2 and
G3 animals received the appropriate solutions
corresponding to 5 pl per cm of spinal cord (0.2
ml). These solutions were injected within 1
second with a 1ml disposable syringe.

The animals were evaluated clinically for
3 days as to motor block and pain nociception.
Motor block was assessed by clinical
observation and was classified according to
the criteria established by Drummond and
Moore® as follows: 3- free movement of the
lower extremities; 2- asymmetry and limitation
to support the body and to ambulate due to
changes in the lower extremities; 1 - inability to
support the body with the lower extremities;
0 - paralysis of the lower extremities.

Nociception was assessed by reaction
to painful pressure stimuli, elicited by the
bilateral pinch of a skin fold over sacral,
lumbar, and thoracic dermatomes, as well as
the interdigital membranes of limbs and ears,
by a surgical clamp. The presence of pain was
defined by the following: limb withdrawal,
vocalization, and facial expression. Nociception
was classified dichotomously into absent or
present.

Spinal cord preparation and staining

Histological analysis of the spinal cord
and meninges of the rabbits was performed
after the 21-day observation period. To obtain
tissue samples, animals were first given a
sodium pentobarbital IV then euthanized
by decapitation. Thereafter, the lumbar and
sacral segments of the spinal cord with the
surrounding meninges were quickly removed
within 3 minutes to minimize the risk of injuries
to those tissues from ischemia and apoptosis.
The anatomical pieces were fixed in a 10%
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formalin solution. After a 7-day incubation
period, 0.5 cm thick histological sections were
prepared starting 10 cm above the level of the
spinal puncture to the end of the cauda equina.
The histological sections were stained by
hematoxylin and eosin (H&E) and glial fibrillary
acidic protein (GFAP) techniques and examined
by optical microscopy. Two researchers
(EMG and MAM), experienced in histological
neurotoxicity assessment, unanimously
classified each of the sections according to the
presence or absence of histological injury. If
any kind of lesion was identified, it was further
specified. To investigate the possible dose-

Table 1 - Criteria for lesions.
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related gradient effect, injuries were stratified
according to severity and extent as ascertained
by consensus. Researchers blinded to the
experimental groups performed all clinical and
histological evaluations.

The results obtained by analysis of
the nervous tissue and the meninges stained
with H&E were classified as normal when no
alterations or injuries were observed. The type,
location, extent and depth of the lesion were
determined according to the following criteria
(Table 1), also by In the presence of adhesive
arachnoiditis (Table 2) and by presence of
nerve injury

Location of the  Posterior . . .

lesion Region (P) Lateral Region (L) Anterior Region (A) P+L L+A
Lesion extent <10% 10-50% > 50%

Depth of the White White and Gray

lesion Matter Grey Matter Matter

Blood vessel Normal Fibrous Thickening Thrombosis

Table 2 - Adhesive arachnoiditis.

Thickening of the

. Absent Mild Moderate Intense
meninges
Lymphocytic infiltrate  Absent Mild Moderate Intense
Fibrosis Absent Mild Moderate Intense

The cellular marker percentage was
estimated based on the immunohistological
assessment of the area marked by the GFAP in
the dorsal horn of the spinal cord for thorough
examination of marrow cellularity. For this
assessment, the histological sections stained
with GFAP were photographed then subjected
to digital processing using the software Image J

1.46 and the plugin “Color Deconvolution”.

A rectangular area of the tissue was
selected, and the contrast was increased in a
standard manner for binarization of the image.
The area percentages of pixels equivalent to
the tissue marked by DAB (Figure 2A-B) were
evaluated and compared among groups®*2.
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Figure 2 - A. Selected area of neural tissue.
B. Binarized area after image processing, resulting
in marking of 45% of the tissue.

Statistical analysis

Assuming an estimated nervous tissue
injury rate of 70%** and an induced rate of 1%
for the saline solution, for an a significance
level of 5% (limit of detection for type | errors)
and 95% power, fifteen animals per group were
enough.

Analysis of variance (ANOVA) was used
to evaluate the homogeneity of the groups
with respect to weight, length of the spine
and volume of solution administered in the
subarachnoid space (results are expressed
as the means and standard deviations). The
nonparametric Mann-Whitney test was
used to compare the results of the GFAP
immunohistochemical staining (results are
presented as medians and first and third
quartiles), with p <0.05 values considered
significant.

u Results

Of the 45 animals selected, none
was excluded from the study. All had healthy
appearances, and there was no need for more
than one puncture. The position of the rabbits
on the surgical table hampered the CSF flow
because the needle was in a horizontal position
relative to the table. Hence, reflux through the
needle was only observed in one G1 animal
and three G3 animals.
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No G1 and G2 animals showed evidence
of motor or sensory block after recovering from
the intravenous anesthesia. While under the
effects of the local anesthetic, all G3 animals
showed sensory block in the lower extremities
or sacral region and motor block of varying
degrees: three rabbits showed grade 0 block -
paralysis of the lower extremities; five animals
had gradel block - inability to support the
body and lower extremities; and seven rabbits
had grade 2 block - asymmetry of the ability to
support the body with the lower extremities.
After reversal of the subarachnoid block,
the G3 animals regained motor function and
pain sensitivity. No rabbits in any of the three
groups showed sensory or motor alterations
during the three days that they remained
under clinical observation.

The histological sections of nervous
tissue and meninges were normal in the forty-
five animals. The blood vessels and meninges
were normal in all rabbits.

In only one animal of G1 was difficult to visualize
the structures by ultrasound; repositioning the
probe solved this problem.

Statistical analysis revealed
homogeneity among groups for weight (p =
0.75), length of the spine (p = 0.85), volume of
solution injected into the subarachnoid space
(p = 0.86) and percentage of tissue by marked
GFAP (p =0.42).

[} Discussion

It has long been known that the
trauma triggered by the introduction of
the needle into the fascicles triggers severe
neuronal damage to the peripheral nerves of
rabbits®®. Intraneuronal rupture, distal axonal
degeneration and disorganized regeneration
of nerve fibers have been reported after the
introduction of a needle into the peripheral
nerves of rats?.

In this study, no lesions were observed
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in the nervous tissue or meninges of rabbits
subjected to subarachnoid puncture (G1), which
was performed with the objective of evaluating
the safety of the technique. Considering that the
puncture site contained spinal nervous tissue?,
it was demonstrated that the needle, guided by
ultrasound imaging, did not cause any injury to
this tissue. G2 animals received saline solution
via a subarachnoid route to study the effect of
the volume of solution on the nervous tissue.

The subarachnoid space of the rabbit,
where the puncture was performed (the most
caudalsite thatallows the passage of the needle),
is small and still contains spinal cord tissue?’.
Thus, it is imperative to rule out the possibility
that the volume of solution administered could
induce nerve injuries. The only small obstacle in
this study was finding the appropriate position
for the ultrasound probe that would not hinder
the insertion of the needle in the skin and
subcutaneous tissue.

Some authors have hypothesized that
acute increases in the CSF volume may lead to
increased CSF pressure, affecting the spinal cord
blood flow and causing spinal cord ischemia
and neurological lesions?®. To investigate this
possibility, G2 rabbits were also used to exclude
any intraneural injection of the solution. The
injection of 0.05 ml of saline solution into the
fascicles of the peripheral nerves of rabbits is
sufficient to degenerate the axons*-.

The laceration of nerve tissue,
characterized by the presence of a linear strip
of necrosis and hemorrhage from the periphery
to the center of the medulla, could be observed
after saline solution injection in rabbits®.
This type of histologic lesion differs from that
triggered by the toxicity of the local anesthetic
solution, which may affect both superficial and
deep areas of the nervous tissue®?,

G3 animals received 0.5% hyperbaric
bupivacaine to evaluate the effects of the drug
on the nervous tissue. This local anesthetic has
been administered to the subarachnoid spaces
of sheep®* and dogs®* without triggering any
neurotoxic lesions, which indicates that it is
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safe for use as a drug control. This group was
important to ensure the correct positioning of
the needle into the subarachnoid space, since all
the animals in this group had sensory and motor
block. If by chance the injection had been made
in the epidural space, would not be possible as
dense blocks.

As for the volume of solution injected
into the subarachnoid space, a study using a
calculation similar to our study showed via
staining that a volume of five pl.cm-! was
sufficient to cover the nervous tissue of the low
thoracic, lumbar, sacral and caudal regions®®. In
the present study, blockade of pain sensitivity
only reached the lumbar region.

Other authors who used larger volumes
(0.02 ml. cm™of spine) observed that 50% of
the animals had histological lesions at the
site of puncture, which was performed in the
lumbosacral space. The lesions were consistent
with puncture trauma and were different from
those triggered by the nervous tissue toxicity
induced by the local anesthetic (i.e., swelling
of the axon and myelin sheath, macrophage
inflammatory infiltrates, axonal degeneration
and the presence of vacuoles)®.

The advantage of using rabbits to
study the toxicity of drugs in the subarachnoid
space lies in their small volume of CSF32. This
volume allows the solution to be only slightly
diluted in the subarachnoid space; hence, its
concentration in the nervous tissue is very
similar to the administered concentration. The
disadvantage is that the drug is not diluted in
the CSF, as occurs in animals that have greater
volumes of CSF.

] Conclusions

The use of ultrasound proved useful
for providing the correct location of the
subarachnoid space in rabbits, which enables
its use in neurotoxicity studies. Correct
positioning of the guided needle avoided
trauma to vessels and nerve structures as well
as intraneural injection of the solutions.
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