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Percutaneous Translumbar Spinal Cord
Compression Injury in a Dog Model That Uses
Angioplasty Balloons: MR Imaging and
Histopathologic Findings

Phillip D. Purdy, Robert T. Duong, Charles L. White, III, Donna L. Baer, R. Ross Reichard,
G. Lee Pride, Jr., Christina Adams, Susan Miller, Christa L. Hladik, and Zerrin Yetkin

BACKGROUND AND PURPOSE: Previous animal models for spinal cord injury required

laminectomy and exposure of the spinal cord to create direct trauma, compromising imaging by
both surgical artifact and the nature of the production of the injury. Our purpose was to study
a model that uses percutaneous intraspinal navigation with an angioplasty balloon, providing
a controlled degree of spinal cord compression and allowing improved MR imaging of spinal
cord injury.

METHODS: Nine mongrel dogs were studied. MR images were obtained of six dogs after
technique development in three dogs. Angioplasty balloons measuring 7 or 4 mm in diameter
and 2 cm in length were placed in the midthoracic subarachnoid space. Imaging was performed
by using a 1.5-T MR imaging unit before and after balloon inflation. The balloon was inflated
within 5 seconds and deflated after 30 minutes. T1- and T2-weighted and contrast-enhanced
images were acquired. Spinal cords were submitted for pathologic examination.

RESULTS: All four animals with 7-mm balloons experienced hemorrhage, and three had
axonal injury revealed by histopathologic examination. One of two animals with 4-mm balloons
experienced no injury, and one had axonal injury without hemorrhage. Regional parenchymal
enhancement was seen in two of the animals with 7-mm balloons.

CONCLUSION: This percutaneous spinal cord injury model results in a graduating degree of
injury. It differs from previous techniques by avoiding surgical exposure and the associated
artifacts, yet it offers histopathologic findings similar to those of human spinal cord injury. The
canine spinal cord is amenable to MR imaging with clinical imaging units. Further evaluations

with various durations of compression and various balloon sizes are warranted.

Models for spinal cord injury research have histori-
cally most frequently involved surgical exposure of
the spinal cord. The impact model, and variants
thereof, which was first described by Allen in 1911
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(1), involved the dropping of a predetermined weight
from a predetermined height onto an exposed spinal
cord. It produced a known trauma and carried the
advantage of the production of a “shock” injury to the
spinal cord (2-9). Fukuoka et al (10) used a sublami-
nar surgical implantation called laminaria in rats.
Laminaria is a material that swells when implanted.
Other mechanisms have included weights (11-13) or
aneurysm clips (14) placed on the cord from an ex-
tradural exposure, subpial injection of an excitotoxic
compound (15), and a pneumatic device (16, 17) or
compression apparatus (18) to apply compression
over a laminectomy site in rats (16, 17). In all these
models, however, the open exposure of the spinal
cord was nonphysiological and immediate imaging
was compromised both by surgical artifact and by the
nature of the production of the injury.

Rodents and other small animals are economically
and readily available. However, for imaging studies
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Fic 1. Images from a pilot study. After induction of general endotracheal anesthesia, the lumbar subarachnoid space was entered with
a needle. A guidewire was introduced via the needle and directed cephalad; then, the needle was withdrawn, and the guidewire was
used for coaxial advancement of the angioplasty balloon, mimicking the method used in vascular access for angiography.

A, Guidewire introduced via neural foramen (lateral approach) and ascending in spinal canal.

B, Angioplasty balloon introduced over guidewire. Proximal and distal markers on balloon are shown by arrows.

C, Example of an MR image of a 7-mm balloon (black arrow) inflated against the compressed spinal cord in animal 2 (white arrow).

and/or therapeutic interventions that translate readily
to the clinical setting, larger animals are more anal-
ogous to humans. It is not feasible to achieve satis-
factory resolution when imaging small animal spinal
cords by using instruments intended for humans
(meter bore 1.5-T systems). We sought to develop a
model that did not require open exposure of the
spinal cord and that would be able to deliver a vari-
able yet controlled degree of spinal cord compression
in a species large enough for a standard 1.5-T MR
imaging unit. We herein present a canine model that
uses a percutaneously introduced angioplasty balloon
in the spinal subarachnoid space to create injury.

Methods

A total of nine mongrel dogs that were unselected regarding
age and sex and that weighed between 18 and 36 kg repre-
sented the study cohort. Of these, three served as a source of
pilot data to develop the technique and were studied without
MR imaging. Six were studied with MR imaging after the
placement of a deflated balloon next to the midthoracic spinal
cord. They were transferred to the MR imaging unit before
balloon inflation. Those six served as sources for the data
reported in this study.

The concept of this technique was investigated first in an
animal from another protocol after it was killed. With that
animal, it was discovered that direct lateral puncture repre-
sented a viable approach to the spinal subarachnoid space (via
a lateral foramen in the lumbar spine). Thus, it was possible,
under fluoroscopic guidance, to perform a lumbar puncture via
a due lateral approach that traversed the paraspinous muscle.

Subsequently, after obtaining approval from the Institu-
tional Animal Care and Research Advisory Committee, pilot
studies were performed in three study animals in which, after
induction of general endotracheal anesthesia, the lumbar sub-
arachnoid space was entered with a needle and a guidewire was
introduced by using a technique that mimicked the method
used in vascular access for angiography (Fig 1A). It was possi-
ble, under fluoroscopic guidance, to control and direct the
guidewire either anterior or posterior to the spinal cord. Once
the guidewire was placed, the tract was dilated by using a 5F
dilator that is routinely used for angiography. The dilator was
introduced into the subarachnoid space, fully dilating the dural
entry point, and was then removed, leaving the wire in place. A

5F dual-lumen catheter with an angioplasty balloon that was 2
cm long on its distal tip was then introduced into the subarach-
noid space. The balloon catheter/guidewire was advanced,
again under fluoroscopic guidance, until it was in the midtho-
racic spine (Fig 1B). In that location, the balloon was inflated
by using half-strength contrast material. It was left inflated for
30 minutes and was then deflated. The animal was supported
under continued anesthesia for a total observation period of 4
hours, after which it was killed. An autopsy to remove the
spinal cord was undertaken.

After the pilot studies, an additional six animals were stud-
ied in which the procedure quoted above was followed, except
that after balloon placement and before inflation, the animal
was transported to our MR imaging research center and placed
on a 1.5-T MR imaging unit. All balloons were placed in the
thoracic canal in the T6-T7 region. After obtaining baseline
images to localize the balloon, the balloon was inflated within
5 seconds with a dilute contrast solution and was left inflated
for 30 minutes (Fig 1C). After 30 minutes, the balloon was
deflated and the animal was left in position in the imaging unit
for an additional period of 1.5 to 2.75 hours (total MR imaging
time, 4 hours) and continuous imaging was performed. Near
the end of the imaging time, contrast material was IV admin-
istered and contrast-enhanced images were obtained.

Before placement in the magnet, animals were monitored
with EKG and a pulse oximeter. After placement in the mag-
net, however, we were able to monitor only the heart rate.
Animals were mechanically ventilated throughout the experi-
ment with a mixture of oxygen and Fluothane. Neuromuscular
blockade was maintained pharmacologically.

For imaging, the animal was placed in the left lateral decu-
bitus position. The surface coil was located on the marked
region of the spinal column overlying the balloon catheter.
Images of the spinal region were acquired in the coronal, axial,
and sagittal planes encompassing the region 1 cm above and
below the balloon. T1-weighted images (600/13 [TR/TE]; num-
ber of sections acquired, 28; section thickness, 4 mm with
section gap of 0.4 mm to increase coverage) were obtained
during inflation of the balloon. T1- and T2-weighted images
(2227/85; number of sections acquired, eight; section thickness,
4 mm with section gap of 0.4 mm to increase coverage) were
obtained after deflation of the balloon. After the IV adminis-
tration of 0.2 mmol/kg contrast material, T1-weighted images
were acquired to evaluate the contrast enhancement in the
spinal cord.

For all animals, the degree of balloon expansion was evalu-
ated based on T1-weighted images. Quantitative assessment of
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TABLE 1: Summary of MR imaging and neuropathological findings
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Compression Balloon Size
Animal # (min) (mm) Hemorrhage APP Enhancement T1 T2 SCO %
1 30 4 Negative Negative Negative Negative Negative 29
2 30 4 Negative Positive Negative Positive Negative 31
3 30 7 Positive Positive Positive Negative Negative 79
4 30 7 Positive Positive Negative Negative Negative 62
5 30 7 Positive Positive Positive Positive Negative 67
6 30 7 Positive Negative Negative Positive Negative 69

Note.—APP indicates amyloid precursor protein.

balloon expansion was accomplished by using an off-line soft-
ware program. The extent of spinal canal occlusion was deter-
mined by the percentage of the ratio of the balloon area to the
spinal canal. All images were assessed for indication of injury to
the spinal cord, including increased signal intensity on T1- or
T2-weighted images and contrast enhancement.

We think that balloon length could also be a factor for future
investigation, but this was not assessed in our study. Although
the balloons were all 2 cm in length, balloons of 7-mm diameter
were used in four animals and balloons of 4-mm diameter were
used in two animals.

After the 4-hour imaging time (including time before and
during balloon inflation), all animals were immediately killed
and autopsy was performed for removal of the spinal cord. All
spinal cords were placed in formalin and submitted for patho-
logic examination. After formalin fixation, specimens were sec-
tioned and processed to paraffin and slides were stained with
hematoxylin and eosin and immunostained with an antibody
for neuron beta amyloid precursor protein. Microscopic exam-
ination was subsequently performed by using the prepared
slides.

Results

Six animals underwent successful balloon inflation.
In one animal, a valve malfunction in the inflation
device prevented measurement of pressure. Full in-
flation was achieved, however, based on MR imaging
results. One animal underwent inflation at 6 atm,
which we thought resulted in an incomplete inflation
(animal 4). All other balloons were inflated to 10 atm.
All six animals survived to complete the 4-hour im-
aging time. Because of the 4-hour limit of magnet
availability, variations in post-deflation imaging times
were caused by variations in the point in time during
the 4 hours at which the balloon was inflated. No
animals had spinal cord laceration or other evidence
of injury below the level of balloon inflation that
would suggest injury from catheterization.

T1- and T2-weighted images of the spinal cord
were acquired of all six animals. MR imaging results
and histopathologic findings of each animal are re-
ported in Table 1. The total follow-up imaging time
after deflation of the balloon ranged from 1.35 to 2
hours in five animals and was 1 hour 35 minutes in
one animal (animal 3).

In two animals (animals 3 and 4) with 7-mm bal-
loons, no signal intensity abnormality was noted on
the MR images despite significant axonal and hem-
orrhagic injury revealed by histopathologic examina-
tion (Fig 2). For two animals with 7-mm balloons
(animals 5 and 6), increased signal intensity was seen

on the unenhanced T1-weighted images, suggesting
hemorrhage; enhancement was observed on the T1-
weighted images of two (animals 3 and 5). For one
animal with a 4-mm balloon (animal 1), no abnormal-
ity was seen either histopathologically or by signal
intensity on any sequence. For the final animal (ani-

Fic 2. Images of animal 4.

A, Example of hematoxylin and eosin staining obtained at the
level of the balloon. Multiple regions of petechial hemorrhage are
indicated by arrows. Petechial hemorrhage is a characteristic of
spinal cord contusion.

B, Beta amyloid precursor protein immunostaining of the re-
gion shown in A. Amyloid precursor protein is synthesized in
neurons in the CNS and peripheral nervous system and is trans-
ported to the nerve endings from the cell body. Amyloid precur-
sor protein accumulates when axoplasmic flow is disrupted; it is
therefore a sensitive marker of axonal injury. Regions of stain
accumulation (arrows) indicate posterior axonal injury.
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Fic 3. Images of animal 3.

A, Example of axial view T2-weighted
MR image obtained at the level of balloon
inflation after the balloon was deflated
and removed. The cord displays homog-
enous signal intensity with no signal in-
tensity change in the dorsal region that
shows contrast enhancement in C.

B, Unenhanced T1-weighted MR im-
age obtained in the axial plane at the level
of balloon inflation. No abnormal signal
intensity is seen in the spinal cord.

C, Contrast-enhanced T1-weighted
MR image of the region shown in B. A
large region of enhancement is located
at the dorsal region of the spinal cord
(arrow).

D, Unenhanced sagittal view T1-weighted MR image of the re-
gion shown in B. Note that no abnormal signal intensity is seen in
the spinal cord.

E, Focal enhancement is observed after the injection of contrast
material (arrow).

F, Hematoxylin and eosin staining of the spinal cord shows
parenchymal hemorrhage in the peripheral white matter (arrows).

G, Beta amyloid precursor protein immunostaining of the region
shown in B highlights well-developed axonal swellings (stain accu-
mulation) in the cross section (arrow).
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mal 2), T1 signal intensity and amyloid precursor
protein staining were positive. In some cases, spinal
cord expansion was questioned but no signal intensity
changes were seen; those findings were therefore not
considered reliably positive.

The spinal canal occlusion, MR imaging findings,
contrast enhancement, and presence of hemorrhage
and axonal injury revealed by histopathologic exami-
nation are summarized in Table 1. An example of
contrast enhancement on the images of an animal
with no injury revealed by T1- and T2-weighted im-
aging and the associated histopathologic findings are
shown in Figure 3.

Discussion

The ideal model of a closed spinal cord injury with
a shock component does not yet exist short of impact
loading on the spinal column, and these studies are
both difficult to perform and difficult to control from
a research standpoint. Our model does not have a
shock transmission feature, although there are strong
histopathologic similarities between our spinal cord
injury and the spontaneous injuries seen in humans
with shock transmission injuries. A system with a
water hammer type balloon may be possible but was
not part of this investigation.

Although extensive literature on surgical weight-
drop models is available, a relative paucity of litera-
ture on models that use balloons is available. Martin
et al (19) described a model that uses rats with lam-
inectomy and dural exposure for balloon introduc-
tion, but MR imaging was not performed in that
study. Oro et al (20) described a balloon compression
device in rats attached to spinous processes above and
below an extensive laminectomy extending from C5 to
T1, and, likewise, no MR imaging examination was
performed. Sato et al (21) and Konno et al (22)
studied compression in the dog cauda equina by using
a midline insertion of a balloon in the lumbar canal
via laminectomy of the L6 vertebra and the upper
part of the sacrum, with the balloon inserted under
the intact L7 lamina to produce the compression.
Hence, that was another surgical model involving the
cauda equina and not the spinal cord. Kuchner et al
(23) drilled a small hole in the midline at T13 in a
series of dogs and introduced an epidural balloon to
achieve compression. This model probably most
closely resembles that proposed herein; however,
their model was an epidural compression model
rather than a subarachnoid compression model and
they did not pursue imaging studies. Their model
requires entry at the site of the bony drilling, whereas
our model permits navigation from a lumbar punc-
ture to any site within the spinal column.

Our model offers several advantages over the sur-
gical weight-drop models. First, with this percutane-
ous procedure, no bone is removed and there is the-
oretically a lower risk of infection in survival
experiments. The method is easily performed under
fluoroscopic monitoring. The injury has a high degree
of control: balloons are readily available in a wide
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range of diameters and lengths, catheters are avail-
able in a wide range of styles, and the pressure and
duration of inflation are easily modified and moni-
tored. Although it is a pure model of extra-axial spinal
cord compression, the technique offers the opportu-
nity to obtain images before, during, and after injury
by using conventional clinical devices at commercial
field strengths with software that is directly applicable
to the clinical setting.

Although the canine is the only animal in which this
technique has been pursued, we know of no theoret-
ical reason that other animal models could not be
amenable. The use of the lateral foraminal approach
for the puncture is a drawback insofar as there are
spinal nerves and vessels that are not present in hu-
mans when a midline lumbar puncture is performed.
However, in comparison to the drawbacks of the
surgical laminectomy models enumerated above, the
trade-off is minimal for the applications advocated
herein.

One technical difference observed in dogs in com-
parison with human lumbar puncture is the tendency
in dogs for the dura to pull away from the wall of the
spinal canal during needle introduction. Verification
of subarachnoid placement is critical, and we have
seen extensive epidural passage of a wire before dis-
covery of the error.

Survival studies should be at least as easy with this
model as with others, because the models create spi-
nal cord injury and the spinal cord care is similar
regardless of how the injury was created. There is
theoretical advantage to our model in that the risk of
infection is minimal because of the percutaneous ap-
proach, but that remains to be shown.

Neurons in the CNS and peripheral nervous system
synthesize amyloid precursor protein (24-29). Amy-
loid precursor protein is transported to nerve endings
from the cell body by fast anterograde axonal trans-
port (30, 31). It accumulates when axoplasmic flow is
disrupted (32) and is therefore a sensitive marker of
axonal injury (30, 33-37). Expression of amyloid pre-
cursor protein is shown to occur during the early
stages of brain damage (24). In patients with head
trauma who survived =3 hours, amyloid precursor
protein was documented as a marker of axonal injury
(35-37). Yam et al (30) studied focal ischemic lesions
in rats and showed that the amount of amyloid pre-
cursor protein accumulation is determined by lesion
size. Amyloid precursor protein immunoreactivity has
been suggested to occur during the early stage of
trauma and to decrease during the chronic stage.

The histopathologic examination of the spinal
cords as the gold standard for documentation of in-
jury was important in our study, both for purposes of
showing similarity to clinically encountered injuries
and for validation of imaging findings or indication of
imaging shortcomings. Although the goal in this study
was to document the validity of the model, the addi-
tional information provided by staining for axonal
injury offered a powerful tool for understanding the
cellular phenomena underlying the MR imaging find-
ings. More studies, however, are needed. This study
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did not assess, for instance, the relative sensitivities of
MR imaging techniques to axonal injury versus
edema versus hemorrhage versus the breakdown in
the spinal cord of its equivalent to the blood-brain
barrier, typically thought to be the cause of contrast
enhancement in the brain. In the acute state, the
sensitivity of MR imaging to axonal injury is at best
speculative when using current techniques. His-
topathologic examination was much more sensitive
than MR imaging during the acute phase to show the
different levels of injury between the two balloon
sizes. Although the histopathologic techniques used
in this study can also be applied in studies that use
rodents or other small species, we think that the
scattered patches of hemorrhage or amyloid precur-
sor protein accumulation in variable regions of a cross
section of the spinal cord in the hyperacute state are
more readily documented with larger spinal cords on
a volume basis alone. The canine spinal cord is, by its
nature, more readily analogous to the human spinal
cord both for histopathologic and imaging evaluation
in terms of the range and variability of findings pro-
duced by a particular trauma. We acknowledge that
considerable valuable work has been conducted using
rodents, but the work described herein could not have
been conducted in smaller species using instruments
having direct translation into the human clinical set-
ting. Although high field strength (eg, 4T and higher),
small bore magnets offer value from a research stand-
point, it is relevant to have experimental information
regarding the histopathologic meaning of imaging
findings from instruments used for patients (eg, meter
bore, 0.5-3T). We think this study supports the use of
larger species for collection of that information.
Previous MR imaging studies have evaluated the
acute, subacute, and chronic phases of spinal cord
injury. The timing of initial MR imaging changes due
to edema or hemorrhage is reported to vary between
2 hours and 2 days (8, 12, 16, 17). MR imaging
findings of spinal cord injury during the hyperacute
phase recently have been reported. Bilgen et al (17)
obtained MR images of the spinal cord as early as 9
minutes to 60 minutes after spinal cord trauma in
rats. The earliest MR imaging finding of hemorrhage
was detected 12 minutes after injury. In another study
by Bilgen et al (16), contrast enhancement was ob-
served during the hyperacute phase of spinal cord
injury. A positive correlation between the volume of
enhancement and the Tarlov score also was reported.
These two studies (16, 17) showed the presence of
MR imaging findings during the very early phase of
spinal cord injury. However, these studies did not
obtain images during the hyperacute phase (<2
hours). Abnormal MR imaging findings were present
for every animal studied; nonetheless, these experi-
ments investigated only severe spinal cord injury. To
the best of our knowledge, no MR imaging studies
have been conducted of spinal cord injury due to the
graded degree of spinal cord compression ranging
from minor to severe. Controlled studies of spinal
cord injury with graded trauma will provide better
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understanding of the association between MR imag-
ing changes and the degree of injurious insult.

Although we saw no evidence of injury remote
from the area around the balloon inflation, injury
from the catheterization process is a concern.
Hamada et al (38) reported catheterization to the
cisterna magna in humans without injury. Survival
studies will be needed to fully address this concern.

This study raises many technical imaging questions.
The disparity between the paucity of findings on the
MR images in the absolute moments of injury com-
pared with the substantial, grossly obvious hemor-
rhagic injury in the spinal cord tissue indicates a need
for greater understanding of these events from MR
physics and sequence selection standpoints. Also, sep-
aration of effects of physical compression of the spi-
nal cord versus vascular effects from the time of
compression versus reperfusion injury from balloon
deflation requires further study. Ultra-short balloon
inflations may avoid vascular effects, but the com-
bined effects with longer inflations will be difficult to
separate, as is also the case in the clinical situation.
Furthermore, more studies with more delays in imag-
ing need to be conducted, as do comparative evalua-
tions at different field strengths. The model should be
amenable to establishment of the degree of compres-
sion that is well tolerated and the gradation of injuries
relative to time and degree of compression. We pos-
tulate that the model ultimately will allow for study of
the “injury penumbra” of the spinal cord relative to
those features and for the study of therapeutic inter-
ventions to alter that penumbra, in particular by using
the techniques enabled by percutaneous intraspinal
navigation.

We were surprised at several features during this
study. First, navigation of the subarachnoid space
with a guidewire once it was directed superiorly from
the lateral puncture was relatively easy. Using fluoro-
scopic guidance, it was possible to direct either ante-
rior or posterior to the spinal cord. Separation of the
catheterization process from the balloon inflation
process was difficult after the fact, but we saw no
evidence of injury to the spinal cords remote from the
region of balloon inflation on MR images and his-
topathologic examination revealed the injury to be
limited to the area of balloon inflation despite the
midthoracic placement of the balloons. Thus, in the
lower areas of the spinal cord that were traversed with
the catheter but not subjected to the balloon, the
cords looked uninjured.

Second, there was a surprising paucity of immedi-
ate changes in the spinal cords on the MR imaging
studies. Some cords exhibited changes during the ob-
servation period and ultimately showed hematoma or
contrast enhancement, but the changes were much
less marked than we thought they would be based on
the degree of compression. Of the four animals for
which histopathologic examination documented pa-
renchymal hemorrhage, two showed evidence of hem-
orrhage and one cord appeared expanded but showed
no signal intensity changes on MR images. In at least
one animal (animal 3), no abnormality was seen on
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MR images despite significant axonal injury and hem-
orrhage revealed by histopathologic examination. The
acute MR imaging findings alone warrant further
investigation with different balloon sizes and different
inflation times during longer periods of observation.

The contrast enhancement seen in the spinal cord
is of significant interest but is somewhat puzzling. The
timing of the imaging (hyperacute) argues against
breakdown of the blood-brain (spinal cord) barrier.
Reactive hyperemia due to reperfusion of a cord that
was ischemic during compression is another option.
Further study is needed in more animals to confirm
the reliability of the finding.

The balloons were easily localized by the signal
intensity voids of the platinum markers on either end,
even before inflation, and the catheter shafts were
visible on axial view images. Also, the navigation need
not have ended at the midthoracic level. On several
occasions, the guidewire was advanced without diffi-
culty as high as the cervical spine. We have also
performed intraspinal navigation in human cadavers
from a lumbar puncture into multiple locations in the
subarachnoid space surrounding the brain and into
the ventricular system. Thus, the study of injury at
different levels of the spinal cord with different de-
grees of injury for different lengths of time is enabled
by this technique, with each factor under operator
control.

The discordance between histopathologic findings
and MR imaging findings of hyperacute injury is also
interesting. Further investigation is needed with
longer observation times to better determine the tem-
poral sensitivity of MR imaging for acute spinal cord
injury. Differences between imaging during compres-
sion versus imaging after relief of compression war-
rant investigation. It is interesting that the only ani-
mal with a 7-mm balloon that had no injury revealed
by MR imaging underwent inflation at 6 atm. Again,
more data regarding the influence of inflation pres-
sure is needed to understand that factor.

We agree that many cellular level studies could and
should be performed in smaller species. However,
unless we are to take treatments directly from mice or
rats to humans, well-characterized intermediate mod-
els with understood histopathology and imaging ap-
pearances are needed. Further evaluation and char-
acterization of this model is warranted.

Conclusion

We have shown the feasibility of a spinal cord
injury model by using percutaneous intraspinal navi-
gation that provides a graduated, controlled degree of
spinal cord compression. Histopathologic examina-
tion of the spinal cord documented axonal injury or
hemorrhage in all experiments that used 7-mm bal-
loons and in one of two experiments that used 4-mm
balloons. MR imaging documented spinal cord
trauma findings of increased signal intensity on T1-
weighted images in three of five animals with his-
topathologic injury. Enhancement was seen in two of
five animals (one showed both T1 changes and en-
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hancement). No abnormality was seen in one of five.
T2 signal intensity increase was not observed for any
animal. The potential of this model to investigate the
sensitivity and specificity of different MR images in
detecting varying degrees of acute spinal cord injury
as documented with histopathologic examination
merits further investigation.
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