
Case Report
Subacute Traumatic Ascending Myelopathy in a 28-Year-Old Man: A Rare Case
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-BACKGROUND: Subacute posttraumatic ascending myelopathy (SPAM) in-
volves the rise in high signal intensity on T2-weighted images ‡4 vertebral
segments above the initial injured site, and it usually occurs within the first few
weeks after the injury. The pathophysiologic mechanisms of traumatic spinal
cord damage are not clearly understood; however, there are some pathophysi-
ologic processes such as arterial thrombosis, venous thrombosis, congestive
ischemia, inflammatory or autoimmune reaction, and infection in the form of
meningitis or myelitis that could lead to SPAM.

-CASE DESCRIPTION: We present a case of T7 fracture because of left
shoulder gunshot injury and ascending myelopathy up to the C2 vertebra level,
which occurred 1 week after the gunshot injury, without pretraumatic cervical
injury or syringomyelia. Although control magnetic resonance imaging findings
showed the second rise in the high signal intensity level of the spinal cord, T2-
weighted signal intensity and cord edema decreased and the patient showed
neurologic improvement.

-CONCLUSIONS: This was the first case in the literature that showed rise 2
times in high signal intensity level in the spinal cord because of gunshot injury.
Inflammatory reactions and secondary injury processes might have led to
neurologic deterioration and ascending myelopathy in our case; therefore, the
patient may have shown neurologic improvement after methylprednisolone
therapy because of its anti-inflammatory and antiedema effects. There is no
clear evidence whether neurologic improvement is associated with steroid
therapy or it is because of the natural course of SPAM.
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INTRODUCTION

The overall global incidence of traumatic
spinal injury (TSI) is 10.5 cases per
100,000 persons, resulting in an estimated
768,473 new cases of TSI annually world-
wide.1 Traffic accidents, followed by falls,
are the most common mechanism of TSI
worldwide, and overall 48.8% of patients
with TSI require surgical intervention.1

The most common type of neurologic
deterioration after TSI is acute
deterioration, which is usually present
with cervical myelopathy extending 1 or 2
levels above the initial injured site.2,3

Acute neurologic deterioration usually
occurs within the first several hours or
days after TSI. Late neurologic
deterioration after TSI occurs at least 2
months after the trauma, and
posttraumatic syrinx formation and
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myelomalacia are the leading causes of
this late deterioration.4-6

On the other hand, subacute post-
traumatic ascending myelopathy (SPAM)
is a rare complication after spinal cord
injury, and patients typically present with
ascending neurologic deterioration within
3 weeks of the initial spinal injury. SPAM
also involves the rise in high signal in-
tensity on T2-weighted images �4
vertebral segments above the initial
injured site, and it usually occurs within
the first few weeks after the injury.7,8

Although the pathophysiologic mecha-
nisms of traumatic spinal cord damage are
not clearly understood, there are some
reasons that could lead to spinal cord
damage after traumatic injury. These
include arterial thrombosis, venous
thrombosis, congestive ischemia, inflam-
matory or autoimmune reaction, and
AUGUST 2019 www.journals.el
infection in the form of meningitis or
myelitis. During the first few hours and
days after the onset of trauma, neurologic
deterioration may be observed, depending
on spinal cord edema or secondary
changes in 1 or 2 segments above the
initial injured level of the spinal cord.9

Late complications, such as progressive
posttraumatic syringomyelia or
progressive posttraumatic cystic
myelopathy, may produce new ascending
neurologic symptoms months or even
years after the original injury.10-12 In
addition to acute and late progression,
neurologic deterioration may result
during the first few weeks after spinal
cord injury, and the exact cause of this
subacute delayed posttraumatic
myelopathy is unknown. We present a
case of T7 fracture because of left
shoulder gunshot injury and ascending
sevier.com/world-neurosurgery 143



Figure 1. Preoperative imaging: (A) sagittal cervicodorsal computed
tomography (CT) scan demonstrating a bullet fragment penetrating the D7
foramen and passing from the right pedicle to the corpus, (B) D7 axial CT scan
showing a bullet fragment in the right pedicle of the D7 vertebrae, and (C) D7
axial CT scan showing the D7 burst fracture and extending to the left pedicle.
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myelopathy up to the C2 vertebra level,
which occurred 1 week after the gunshot
injury, without pretraumatic cervical
injury or syringomyelia.
CASE REPORT

A 28-year-old man with no additional
disease was admitted to the trauma
emergency surgery unit after he was
wounded with a gunshot to his left
shoulder. After admission to the hospital,
the patient’s neurologic examination
revealed paraplegia, no bilateral deep
tendon reflexes, hypoesthesia starting
from the T7 vertebra level, urinary reten-
tion, and anal incontinence (American
144 www.SCIENCEDIRECT.com
Spinal Injury Association grade A). Thorax
computed tomography (CT) scan showed
bilateral pneumohemothorax; therefore, a
thorax tube was inserted. Ampicillin-
sulbactam antibiotherapy was started
empirically by the infectious diseases
department because of the gunshot
wound, which increased infection risk.
Spinal CT scan showed a bullet trajectory
across the right T7 vertebra pedicle, which
also extended into the spinal canal at this
level (Figure 1).

Operation
D7 laminectomy and posterior instru-
mentation were performed between the T5
and T9 vertebrae levels (Figure 2). Bullet
WORLD NEUROSURGERY, http
fragment seen in the right pedicle of the
D7 vertebra and extending to the
foramen on preoperative imaging was
removed.

Postoperative Course
His postsurgical period was uneventful
with stable blood pressure and hemody-
namic condition. Early postoperative
magnetic resonance imaging (MRI)
showed no spinal compression or hem-
orrhage. The patient had upper thoracic
hypersensitization for 1 week. Two weeks
after the initial trauma, the patient suf-
fered rapid progressive neurologic deteri-
oration involving both upper extremities.
A CT scan of the thoracic spine revealed
no abnormality of the instrumentation
position that could cause spinal cord
compression. MRI demonstrated high
signal intensity on T2-weighted images
extending up to the C4 vertebra level and
also showed spinal cord edema and
swelling (Figure 3). There was no
hemorrhage or contrast enhancement on
spinal MRI. No prominent vascular
markings suggesting elevated venous
pressure were noted. His neurologic
examination revealed paraplegia, bilateral
deltoid muscle strength 4 of 5, biceps
muscle strength 2 of 5, triceps muscle
strength 2 of 5, wrist extension 2 of 5,
wrist flexion 4 of 5, and interosseous
muscle strength 2 of 5. Deep tendon
reflexes were hyperactive in upper
extremities but absent in lower
extremities, hypoesthesia was starting
from T3 which was in T7 before, and
urinary retention and anal incontinence
were present.
He was treated with intravenous meth-

ylprednisolone 30 mg/kg bolus, followed
by 5.4 mg/kg/h combined with proton-
pump inhibitor therapy for 23 hours,
which was continued in the following 3
weeks. After 1 month from the initial
trauma, the patient’s neurologic exami-
nation showed improvement, but he was
not fully recovered and his deltoid muscle
strength was 4 of 5, biceps muscle
strength was 3 of 5, triceps muscle
strength was 4 of 5, wrist flexion was 3 of
5, wrist extension was 3 of 5, interosseous
muscle strength was 3 of 5, and there was
no improvement in urinary retention and
anal incontinence.
After lumbar puncture was performed,

it was found out that cerebrospinal fluid
s://doi.org/10.1016/j.wneu.2019.04.168



Figure 2. Postoperative imaging. (A) Sagittal computed tomography scan showing the D7
laminectomy and decompression and pedicle screws in D5, D6, D8, and D9 vertebra levels. (B and C)
Coronal and sagittal radiographic images demonstrating pedicle screws. (D) Sagittal T2-weighted
magnetic resonance imaging (MRI) not showing prominent cord edema or hyperintense
intramedullary signal. (E) T1-weighted contrast-enhanced MRI not showing any obvious contrast
enhancement.

CASE REPORT

AYDıN AYDOSELI ET AL. SUBACUTE TRAUMATIC ASCENDING MYELOPATHY
(CSF) cell count, CSF protein, and glucose
were not consistent with infection, and the
result of the virologic and serological
workup was also negative. Blood culture,
sputum, and urine culture were all sterile.
To exclude multiple sclerosis and other
autoimmune diseases, oligoclonal band
and other associated markers were also
investigated; all were negative in CSF.
Three months after the incidence of
trauma, the result of control MRI showed
reduction in T2-weighted signal intensity
WORLD NEUROSURGERY 128: 143-148,
extending up to the C2 level and showed
reduction in spinal cord edema and
swelling (Figure 4). His neurologic
examination showed improvement and 4
of 5 muscle strength in the upper
extremities and hypoesthesia starting
from C7, which was in the T3 level.
DISCUSSION

The development of SPAM is a crucial
complication of spinal cord injury. After
AUGUST 2019 www.journals.el
spinal cord injury, neurologic deterioration
can be observed in �1 segments above the
initial injury site because of cord edema,
usually within the first few weeks.1 Delayed
neurologic deterioration after an initial
stable neurologic condition is rare, and
partial neurologic recovery is generally
common after spinal cord injury. Only a
few cases of SPAM have been published
up to date; this is because of it being a
rare condition and the exact cause of this
entity is still unknown. In 1969, Frankel4

reported this type of neurologic
deterioration for the first time in the
literature. Visocchi et al.13 reported 2
patients with posttraumatic descending
myelopathy, which they attributed to
spinal venous thrombosis in one patient
and anterior spinal artery occlusion in the
other patient. Kumar et al.14 presented a
24-year-old man who was admitted to the
emergency department 4 days after a mo-
tor vehicle collision. He was unable to
move his lower limbs and had bladder and
bowel incontinence because of T12 burst
fracture without canal involvement. How-
ever, the patient developed fever followed
by sudden onset of complete quadriplegia
over the next 3 days. Control MRI showed
signal changes in the cervical cord
extending up to the cervicomedullary
junction, which appeared heterogeneously
hyperintense on T2-weighted images. The
patient showed improvement in upper ex-
tremities with methylprednisolone therapy.
Although some hypotheses have been

reported in the literature to explain the
mechanism of SPAM, mostly they have
been based on medullary ischemia
because of increased paravertebral
venous pressure or arterial circulation
occlusion. It has been reported that
increased vena caval pressure produces a
retrograde elevation of pressure and de-
creases venous flow in the valveless par-
avertebral system. Impaired venous
drainage of the cord after SCI may
contribute to early neurological deterio-
ration.2,8 Consequently, because of
ischemia, venous infarcts develop and
these infarcts usually involve the central
gray matter and the dorsal column of the
spinal cord. This can be explained by the
high cellular metabolism in the central
gray matter and also because of the tissue
being more vulnerable to ischemia
located in this area.5 However, in our
case, there were no prominent venous
sevier.com/world-neurosurgery 145



Figure 3. (A) T2-weighted sagittal image of the cervicodorsal region taken 2 weeks after trauma
demonstrating intramedullary hyperintensity with cord edema extending to the C4 level. (B)
T2-weighted sagittal image of the dorsal region taken 2 weeks after trauma showing postoperative
changes and T2 hyperintense intramedullary signal starting from the D5 vertebra. (C) T1-weighted
postcontrast sagittal image not demonstrating any obvious contrast enhancement in the cervicodorsal
region.
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structures on the spinal cord surface, and
MRI findings were not compatible with
venous infarct.
Sitting can also impair spinal arterial

pressure and spinal cord perfusion. This
hypothesis has been supported by a few
cases which developed symptoms when
they began to sit upright.9,15 However, our
patient was not mobilized because of the
flaccid paralysis in the lower extremities.
Aito et al.15 mentioned posttraumatic

thrombus of the great artery of
Adamkiewicz as a possible cause of
SPAM. Because the thoracolumbar
junction is the territory of the great
artery of Adamkiewicz, and trauma to the
lower thoracic spine is reported in most
of the cases that are related with SPAM,
thrombus in the thoracic main feeder
artery may cause ischemia and infarcts in
the spinal cord.15 Most of the time, the
arterial infarcts affect the anterior
column of the spinal cord and generally
spare the posterior column. In our case,
spinal cord involvement was diffuse, and
MRI findings were not consistent with
arterial infarct. Also, neurologic
deterioration did not occur abruptly like
that in arterial infarcts, and there was a
gradually deteriorating progression.
146 www.SCIENCEDIRECT.com
Visocchi et al.13 mentioned that
neurologic deterioration can also occur
because of fibrocartilaginous embolism.
A common clinical presentation that can
be seen in fibrocartilaginous embolism is
sudden onset of severe pain followed by
worsening neurologic deficit, usually
without recovery. In our case, clinical
recovery was observed to some degree,
and there was ascending myelopathy in
contrast with descending myelopathy
seen in fibrocartilaginous embolism.
Al-Ghatany et al.16 mentioned that

apoptosis may be involved in the
pathophysiologic process of SPAM. This
theory is supported by an animal study
conducted by Crowe et al.17 indicating
the role of apoptosis in the
demyelination process of fiber tracts at
the sites distant from the initial
injury.17,18 Al-Ghatany et al.16 announced
that apoptosis is unlikely to be the cause
of SPAM because patients diagnosed
with SPAM can improve clinically and
radiographically after deterioration.
Inflammatory or autoimmune processes
were also mentioned in the literature as
a cause of ascending myelopathy.7

Similar to patients with acute transverse
myelitis, our patient had mild pyrexia,
WORLD NEUROSURGERY, http
but he responded to steroid treatment
with reduction in the T2 signal intensity
in contrast with patients with acute
transverse myelitis who are not likely to
show radiologic improvement.
Traumatic spinal cord injury is patho-

physiologically divided into primary and
secondary injuries and can be temporally
divided into acute (<48 hours), subacute
(48 hours to 14 days), intermediate (14
days to 6 months), and chronic (>6
months) phases.
The initial traumatic event, also called

primary injury, injures neurons and oligo-
dendrocytes, disrupts the vasculature, and
compromises the bloodespinal cord bar-
rier. Secondary cellular changes during the
acute phase of injury, such as cell dysfunc-
tion and death, are caused by cell per-
meabilization, proapoptotic signaling, and
ischemic injury because of the destruction
of the microvascular supply of the spinal
cord within minutes of injury.19,20 In addi-
tion, blood vessel injury can cause severe
hemorrhage and ischemia, which can
expose the cord to an influx of inflamma-
tory cells, cytokines and vasoactive pep-
tides, tumor necrosis factor, and
interleukin-1b, within minutes of injury.21

These inflammatory cells remain in the
spinal cord also in the subacute phase.
The subsequent overwhelming inflamma-
tory response in the acute and subacute
phases of injury, combined with the dis-
rupted bloodespinal cord barrier, pro-
gressively add to spinal cord swelling.
Swelling can lead to further mechanical
compression of the cord, which can
extend to multiple spinal segments and
worsen the injury.22 From the acute to
subacute period, ischemia and
excitotoxicity contribute to a loss of
intra- and extracellular ionic
homeostasis, with a key mediator of cell
death being intracellular calcium
dysregulation in both neurons and glia.
High intracellular calcium concentration
causes mitochondrial dysfunction and
cell death.23,24 Furthermore, ongoing
necrosis of neurons and glia because of
ischemia, inflammation, and
excitotoxicity releases adenosine
triphosphate, DNA, and potassium,
which can activate microglial cells.
Phagocytic inflammatory cells can clear
myelin debris at the injury site but can
also induce further damage the spinal
cord through the release of cytotoxic by-
s://doi.org/10.1016/j.wneu.2019.04.168



Figure 4. Left: T2-weighted sagittal image of the cervical region taken 3
months after the initial injury demonstrating hyperintense intramedullary
signal extending to the cervicomedullary region. Right: T2-weighted sagittal
image of the dorsal region showing decreased signal intensity in comparison
with previous magnetic resonance imaging but still demonstrating slightly
hyperintensity.
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products, including free radicals (e.g.,
O2�, hydrogen peroxide, peroxynitrite).
These reactive oxygen species cause lipid
peroxidation, DNA oxidative damage, and
protein oxidation, which cause delayed
apoptotic cell death, further contributing
to the postinjury microenvironment.25,26

Inflammatory reactions and secondary
injury after primary spinal cord injury have
been suggested as possible causes of
SPAM.7 Although inflammatory reactions
and processes of secondary injury occur
abruptly after traumatic injury,
inflammatory cells remain in the spinal
cord during the subacute phase of injury
and lead to spinal cord edema and
swelling.22 In the literature, because of
its anti-inflammatory, antiedema, and
neuroprotective effects, methylpredniso-
lone was used for patients diagnosed with
SPAM, and those patients showed slight
neurologic improvement.7,14,27,28 In the
presented case, because inflammatory re-
actions and secondary injury processes
might have led to neurologic deterioration
and ascending myelopathy, we
WORLD NEUROSURGERY 128: 143-148,
administered methylprednisolone therapy,
and after that the patient showed neuro-
logic improvement. However, there is no
clear evidence whether neurologic
improvement was associated with steroid
therapy or it occurred because of the nat-
ural course of SPAM. Although methyl-
prednisolone was used in SPAM cases in
the literature, there was no evidence
showing that such medications can
improve functional outcomes, and more
evidence and randomized controlled
studies in large cohorts are needed to
enlighten the dose, length, and effects of
the treatment.
In PubMed, Miller et al.29 searched for

the terms “spinal cord injury,” “SPAM,”
“subacute ascending myelopathy,” “SCI,”
“subacute progressive myelopathy,” and
“delayed myelopathy,” and included all
references fitted for the criteria of SPAM.
As a result of this search, 9 papers with
a total of 27 patients were found. All the
cases in these publications showed initial
rise in the high signal intensity in the
spinal cord, and there was no second
AUGUST 2019 www.journals.el
rise extending to the upper vertebra
levels, except the case report presented
by Meagher et al.30 Meagher et al.
presented a 38-year-old man involved in
a motorcycle accident, and CT scan
revealed a thoracic spine fracture-
dislocation at the T4-5 level. The patient
was operated, and decompressive lam-
inectomy and posterior stabilization with
pedicle screws were performed. Initial
MRI scan demonstrating T4-5 injury level
was in keeping with the areas of intra-
medullary microhemorrhage and cord
edema extending from the T1-2 disk level
to the T7 vertebral body level. Twenty-
three days after initial injury control, an
MRI was performed, and it revealed high
signal intensity in T2-weighted images
extending to the C4 vertebrae level. Six
months after the initial injury, high in-
tensity signal in T2-weighted images
extended for the second time to the cer-
vicomedullary junction. Then T4 level
cordectomy with untethering of the cord
was performed. In the present case, the
initial insult was gunshot injury, and MRI
findings showed high T2 signal intensity
extending from D7 to C4. After 3 months,
the level was raised from C4 to the cervi-
comedullary junction. This was the first
case in the literature that showed rise in
the high signal intensity level in the spinal
cord 2 times because of gunshot injury.
Our case was also the third SPAM case,
after the cases in the publications of
Planner et al.8 and Miller et al.,29 in which
the initial insult was gunshot injury.
SPAM is a rare condition involving �4

vertebral levels within a few weeks after
spinal injury. The condition is unrelated to
mechanical compression, instability,
hemorrhage, or syrinx formation. In the
present case, the patient responded to
steroid treatment and showed mild
improvement, but neurologic improve-
ment may be variable depending on the
major pathophysiologic mechanism
involved. In conclusion, inflammatory re-
actions and secondary injury processes
might have led to neurologic deterioration
and ascending myelopathy in our case;
therefore, the patient may have shown
neurologic improvement after methyl-
prednisolone therapy because of its anti-
inflammatory and antiedema effects.
There is no clear evidence whether
neurologic improvement is associated
with steroid therapy or it is the natural
sevier.com/world-neurosurgery 147
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course of SPAM. The pathophysiology and
treatment of SPAM remain unknown;
however, a variety of hypotheses have been
suggested. More evidence is needed
before the mechanism of injury in SPAM
can be enlightened.
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