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ABSTRACT

The most common cause of spinal cord injury are high impact trauma, which often result in some motor
impairment, sensory or autonomic a greater or lesser extent in the distal areas the level of trauma. In terms
of survival and complications due to sequelae, veterinary patients have a poor prognosis unfavorable.
Therefore justified the study of experimental models of spinal cord injury production that could provide
more support to research potential treatments for spinal cord injuries in medicine and veterinary medicine.
Preclinical studies of acute spinal cord injury require an experimental animal model easily reproducible.
The most common experimental animal model is the rat, and several techniques for producing a spinal
cord injury. The objective of this study was to describe and evaluate the effectiveness of acute spinal cord
injury production technique through inflation of Fogarty® catheter using rabbits as an experimental model
because it is a species that has fewer conclusive publications and contemplating. The main requirements of
amodel as low cost, handling convenience, reproducibility and uniformity. The technique was adequate for
performing preclinical studies in neuro-traumatology area, effectively leading to degeneration and necrosis
of the nervous tissue fostering the emergence of acute paraplegia.

Key words: experimental, neuro-traumatology, paraplegia, rabbits.

INTRODUCTION In humans, the most common cause of spinal
. o . cord injury are high impact from road traffic
Spinal cord injuries often result in some motor jury 8 P

. . . accidents trauma and some sports activities and
1mpairment, sensory or autonomic a greater or

lesser extent in the distal areas to the level of ~ MOst patients are between 10 and 40 years old.

trauma. Despite surgical and medical advances are The worldwide annual incidence is around 15 to

no effective treatments for most patients (Mothe
and Tator 2012).
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40 million cases, and the survival rate is high in
developed countries, but a considerable number of
patients becoming chronic patients with sequelae

of spinal cord injury (Sekhon and Fehlings 2001).
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In veterinary medicine there are no national
or global statistics about the number of companion
animals suffering from spinal cord injury or
epidemiological, etiological studies, the incidence
and prevalence of cases, however, the most
common cause is the same for humans, therefore
the trauma, and the age range is also quite wide. In
terms of survival and complications due to sequelae,
veterinary patients have a worse perspective, either
by the delay or lack of adequate veterinary care
or the convenience of the owner that can opt for
euthanasia.

Thus, justified the study of experimental
production models spinal cord injury which may
provide more support researches for potential
treatments of spinal cord lesions in medicine and
veterinary medicine.

The treatment of acute spinal cord injuries
usually involve surgical procedures such as
decompression, realignment and stabilization of
the vertebrae in order to prevent worsening or
continuity of the damage to the nervous system.

Preclinical studies of acute spinal cord injury
require an experimental animal model easily re-
producible, presenting gradable and quantifiable
answers reliably. In the last decades, several exper-
imental models of acute spinal cord injury in vari-
ous animal species have been developed in order to
search for effective methods of treatment of such
injuries. The most common experimental animal
model are rats because of their lower cost of acqui-
sition, maintenance and simple management, and
also easy monitoring of physiological parameters.

The most common techniques to produce
spinal cord injury are those using weight pendulums
(Behrmann et al. 1992, Gale et al. 1985, Gruner
1992, Wrathall et al. 1985), electromagnetic devices
(Behrmann et al. 1992, Hiruma et al. 1999), the
technique of “blocking-weight” (Holtz et al. 1990,
Li et al. 1996, Nistron and Berglund 1988) and
modified aneurysm clip (Rivlin and Tator 1978,
Von Euler et al. 1997).

An Acad Bras Cienc (2016) 88 (3)

Tarlov et al. (1953) was the first to describe
the spinal cord injury technique by extradural
balloon inflation in dogs (Tarlov et al. 1953); It
has since been used in monkeys (Tator and Deecke
1973), cats (Martin et al. 1992), ferrets (Eidelberg
et al. 1976) and rats (Khan and Griebel 1983).
These latter authors also concluded that the extent
of injury caused spinal cord is a dose-response
relationship where the variables are time and
volume of inflation/hemorrhage.

Primarily the trauma of the spinal cord injury
causes edema, vasospasm, necrosis and then a
cascade of patho-physiologic events are triggered
and may include: ischemia, apoptosis, electrolyte
imbalance, lipid peroxidation with the formation of
free radicals and inflammatory response resulting
in increased vascular damage.

According to the table of the American Spi-
nal Injury Association (ASIA), spinal cord injury
can be classified (A) to (E), wherein (A) represents
the motor and sensory complete lesion; (B) mo-
tor complete injury and incomplete sensitive; (C)
Functional motor incomplete injury; (D) injury in-
complete and nonfunctional motor (E) with senso-
ry and motor functions preserved. The presence of
sacral sensitivity, distal motor function and sensory
motor evoked potential indicate incomplete injury.
Have complete injuries are those in which there is
no neurological function distal to injury.

Therefore the goal of this study was to describe
and evaluate the effectiveness of acute spinal cord
injury production technique through Fogarty®
catheter inflation using rabbits as a model experi-
mental because it is a species that has fewer con-
clusive publications and contemplating the main
requirements of a model as, low cost, management
convenience, reproducibility and uniformity.

MATERIALS AND METHODS

60 rabbits were used (Oryctolagus cuniculus) adult,
female, New Zealand race. To minimize variability
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in the size of the spinal canal, we use only animals
with an average weight of 3.0 kg. The animals were
kept in the Animal Experimentation Unit of the
Universidade Estadual do Norte Fluminense Darcy
Ribeiro to the health conditions recommended by
the Board of Animal Experimentation. Evaluated
the general health of each animal through clinical
and laboratory tests (complete blood count and
serum chemistry) in order to detect significant
organic changes capable of interfering with the
results of the study, being used only completely
healthy animals.

After induction with midazolam (2mg.kg™)
associated with ketamine hydrochloride (20mg.kg’
"), administered by intramuscular injection, there
was a trichotomy of thoraco lumbar region. The
intra-operative fluid therapy was performed with
Ringer’s lactate solution via the marginal vein of the

leftear. The induction and maintenance of anesthesia
were conducted through face mask in semi open
circuit with isoflurane steaming in 100% oxygen
at 2 1/min. The heart and respiratory parameters
were monitored throughout the surgical procedure.
We used the dorsal laminectomy technique, with
the animals placed in sternal position, to access
the spinal cord to allow good visualization of the
medullary canal (figure 1), and easy introduction
of a Fogarty catheter 4F (Edwards®) (figure 2). To
confirm the correct placement of the catheter, there
was computed tomography (figures 3 and 4). The
dorsal laminectomy is the careful removal of dorsal
spinous process, portions of the blades and pedicles
to expose the dorsal surface of the spinal cord and
nerve roots, with the aid of a dental drill tungsten
carbide 8 coupled to a micromotor suspension. In
this study, the technique was carried out between

Figure 1 - Image after the completion of the dorsal laminectomy for accessing the spinal canal and visualization of the spinal cord
(black arrow). Source: personal archive, 2014.
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Figure 2 - Introduction of the Fogarty catheter 4F (Edwards® and post insufflations (black arrow). Source: personal archive, 2014.

the vertebrae L2 and L4, and removing the dorsal
spinous processes of L3, where the catheter slowly
and dorsal to the spinal cord was introduced
until the height of the T13 vertebra. Using 1
cubic centimeters of air to inflate the balloon and
remained inflated for ten minutes, after which time
there was the removal of the catheter and closing
the access site.

Following recovery from anesthesia the ani-
mals were evaluated again as to the neurological
condition in order to assess the effectiveness of the
technique to generate spinal cord injury. All ani-
mals received antibiotic therapy with the adminis-
tration by intramuscular dose of enrofloxacin in 5
mg.kg" during 7 days and morphine hydrochloride
as pain medication in a dose of 1 mg.kg”, each 8
hours for 4 days.

The animals were maintained for 4 weeks
and then euthanized in accordance with the ethical
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standards of the Council of animal experimentation.
This experiment was approved by the Ethics
Committee of Animal Use at the Universidade
Estadual do Norte Fluminense under No. 179/2013.

RESULTS AND DISCUSSION

Spinal cord tissue samples were subjected to histo-
pathological analysis to evaluate changes caused by
application of the technique and the same revealed
a degeneration of valerian type with necrosis of
the posterior spinal area of injury in all cases fairly
evenly.

This experimental model was able to accurate-
ly reproduce acute spinal cord injury of the com-
pression type, since all the animals being clinically
evaluated on each post operative week have pre-
sented sensory, motor and autonomic losses. In the
evaluation, 84.7% had complete paraplegia, 15.3%
incomplete paraplegia.
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Figure 3 - Tomographic image showing the catheter’s placement. Thoracic vertebra T13, spinal process (white arrow), transverse
process (yellow arrow). Source: personal archive, 2014.

Practicality, repeatability of results, low cost
and quick learning are the adjectives for the tech-
nique, but one of the most critical moments that
highlights the performance of the procedure is ex-
actly the time insertion of a Fogarty catheter into
the spinal canal and displacement along and on the
spinal cord, it is necessary to avoid bleeding and
mainly positioning this in more thoracic portions,
which can promote sleep apnea in the inflation of
the cuff and compression of nerve roots related to
diaphragm’s functioning, corroborating the find-
ings of Lim et al. (2007).

In other works like Kouyoumdjian etal. (2009),
we observed proportionally lower insufflation
times compared to the one used in this experiment
when compared to smaller laboratory species
such as mice, so it was necessary to perform the
realization of growing inflation times experiment

tin order to obtain a degree of compression where
all animals presented paraplegia immediately after
anesthetic recovery, which occurred inconsistently
with shorter times to ten minutes.

The bladder atony sometimes accompanied
by hematuria was the most severe clinical signs
found in paraplegic animals, causing urinary
complications which evolved to death in 4.4% of the
cases, different from the findings of Kouyoumdjian
et al. (2009) who did not observe any cases of
urinary complications in 76 animals studied.

All animals showed severe atrophy of the pos-
terior muscle groups in the lumbosacral region.
Self-mutilation due to sensory loss, neuritis and
allodynia was little observed unlike the reports of
other authors such as Levit (1985) and Decosterd
and Clifford (2000). The post operative period de-
manded special attention, not only with due to self-

An Acad Bras Cienc (2016) 88 (3)
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Figure 4 - Tomographic image showing catheter positioning. Spinal canal with the presence of the inflated cuff (white arrow)

Source: Personal archive, 2014.

mutilation but also regarding the decubitus sores
since the animals were kept for long periods in one
position inside the cages, which in this experiment
lasted for 30 days post surgery. However, main-
taining comfort and survival of these animals was
ensured with more intensive nursing attention.

The clinical signs of paralysis, loss of senso-
rimotor response, muscle atrophy, bladder empty-
ing changes, among others seen in videos recorded
once per week for 4 weeks of each animal, charac-
terized compressive spinal cord injury which rein-
forces the effectiveness of the technique described
in this paper.

CONCLUSIONS

The experimental model of spinal cord injury
induced by Fogarty catheter insufflation in the
spinal canal of rabbits was adequate to perform
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preclinical studies in neural trauma area. The
inflicted compression caused in the lumbar region
of the spinal cord induced effectively degeneration
and necrosis of the nervous tissue fostering the
emergence of acute paraplegia.
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