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Case Report
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Abstract.

INTRODUCTION: Scoliosis is frequently associated with pain and radiculopathy, but it is not considered a possible cause of
acute spinal cord injury (SCI). Here we present a case report in which scoliosis was apparently linked to spinal cord ischaemia.
CASE PRESENTATION: A 20-year-old woman with conservatively treated severe scoliosis presented with acute spinal cord
infarction, which occurred during a spinal flexion while she was tidying up the bed. Other causes of SCI were excluded. Early
rehabilitation was started and the patient progressively regained motor and sensory functions, with an AIS reduction from A to
C. Bowel and bladder disorders persisted and were autonomously managed with a trans-anal irrigation device and intermittent
catheterisation after voluntary micturition.

DISCUSSION: Early detection and management of spinal curvature disorders are essential in preventing long-term complications
of scoliosis. Although the aetiology of spinal cord ischaemia in severe scoliosis should be better clarified, this rare case report
suggests that scoliosis might be involved in its pathogenesis. Thus, we recommend early diagnosis of spinal curvature disorders
and adequate rehabilitative treatment in order to prevent potential subsequent neurological complications.
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tion is necessary for patients with a very high degree
of spinal curvature which poses a possible impact on
cardiorespiratory functions [1].

A retrospective review of the Scoliosis Research So-
ciety database reported an overall complication rate of
13.4% in patients undergoing surgery for adult degen-
erative or idiopathic scoliosis [2]. When considering
said complications, neurological complications may of-
ten lead to functional impairment and disabling con-
ditions, such as post-surgical irreversible spinal cord
injury (SCI) which is frequently related to ischemic
pathogenesis. Nevertheless, it has already been hypo-
thesised that an association between spinal curvature
disorders and SCI is present [2]. To date, scoliosis man-
aged without surgical treatment has never been related
to non-traumatic SCI.

We therefore present a case report of a young woman
affected by scoliosis, which seemingly led to spinal
cord ischemia. We aim to highlight the role of an early
diagnosis and adequate rehabilitation in the manage-
ment of such paradigmatic cases such as the present
one.

2. Case report

A 20-year-old Caucasian woman (body mass index
= 26.9 kg/m?) was referred to the Accident and Emer-
gency at Civil Hospital, Alessandria, Italy, complai-
ning of a sudden onset of low back pain during a spinal
flexion (while she was tidying up the bed), associated
with hyposthenia and aggravating paraesthesia in the
lower limbs. She had a non-relevant medical history,
except for severe left convex thoracolumbar scoliosis
(Cobb angle = 43°), which had previously been treated
with physiotherapeutic scoliosis-specific exercises and
Milwaukee bracing from the age of five years up to
puberty, due to the patient’s refusal of the proposed
surgical treatment.

In the emergency room, neurological examination
revealed sensory and motor deficits in both lower limbs
with bilateral absent tendon reflexes, associated with
lack of light touch and pain sensation at the anal mu-
cocutaneus junction (S4-S5 dermatome) on both sides,
lack of voluntary anal contraction, and deep anal sensa-
tion (American Spinal Injury Association Impairment
Scale — AIS A). Moreover, the patient had complete
urinary retention.

A chest, abdomen, and pelvis computed tomography
was performed, showing only severe scoliosis. Sub-
sequently, a spinal cord magnetic resonance imaging

Fig. 1. Spinal cord magnetic resonance imaging with contrast shows
acute spinal cord infarction between the 11% thoracic vertebra (T11)
and the 1% lumbar vertebra (L1).

Fig. 2. Three-dimensional reconstructed computed tomography an-
giogram underlines a severe grade of scoliosis without any vascular
alterations.

(MRI) revealed a signal alteration characterised by in-
tramedullary hyperintensity on T2-weighted sequences,
without contrast enhancement and associated with the
swelling of the spinal cord, encompassing the vertebral
levels from T11 to L1 (Fig. 1).

Assuming this was an acute spinal cord infarction,
a computed tomography angiography (CTA) was per-
formed and no aorta, intercostal or radicular arteries
dissections, or any other vascular alterations were de-
tected (Fig. 2). Empirical pharmacological treatment
was started; 40 mg (4000 L1.U.) of enoxaparin and 100
mg of acetylsalicylic acid 100 mg were administered
daily, along with methylprednisolone 30 mg/kg bolus
and intravenous hydration.

After admission, other causes of SCI, such as vasculi-
tis, multiple sclerosis, and neuromyelitis optica spec-
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trum disorders were excluded. Furthermore, a blood
coagulation screening was performed which showed
the presence of a Factor II heterozygous mutation.

The patient concurrently underwent bed-based re-
habilitation which focused on the prevention of com-
plications due to prolonged bed rest and immobilisa-
tion, such as pain, contractures, pressure ulcers, correct
posture education and passive range of motion (ROM)
exercises. Furthermore, active work for the upper limbs
and trunk exercises were started in order to minimise
the twisting and rotation of the spine.

After seven days from the acute onset, the patient
presented initial restoration of sensitivity in the lower
limbs and perianal region, allowing the diagnosis of an
incomplete D10 AIS B lesion.

After admission to the Rehabilitation Unit, the patient
progressively recovered motor functions, being able to
walk autonomously with a walking frame along with an
assist orthosis to support her right foot dorsiflexion and
knee extension. In addition, the sensory function was
partially restored, however in the L3-S1 dermatomes
in her right lower limb some sensory deficits persisted.
Unfortunately, neurogenic bowel and bladder dysfunc-
tion remained. She gained partial autonomy thanks to
a trans-anal irrigation device and voluntary micturition
followed by intermittent catheterisation.

Clinical improvement was also observed in assessed
outcome measures. In fact, after six months, an AIS
reduction from B to C with bilateral T10 motor and
sensory levels was detected. This was accompanied by
an improvement from 15 to 76 of the Spinal Cord In-
dependence Measure (SCIM) and a raise in the Func-
tional Independence Measurement (FIM) from 57 to
113, whereas the ADL Barthel Index (BI) increased
from 2 to 17.

3. Discussion

Taking this report into account, the anatomic da-
mage causing anterior spinal cord syndrome might be
reasonably supported by both clinical and instrumen-
tal findings. Despite this, on the basis of the available
information, it was not possible to identify the direct
pathogenetic link leading to this spinal cord damage.
In fact, it should be noted that Weidauer et al. [3] have
recently reviewed the possible causes of spinal cord
infarction, highlighting an unclear aetiology in 23.6%
of the cases.

The literature includes old case reports on neurologi-
cal deficits in patients affected by scoliosis, reporting

that any reduction of the dural sac diameter or an in-
crease in the angle of kyphoscoliosis caused by rapid
growth during adolescence may contribute to the onset
of neurological deficits [4,5]. Moreover, these modi-
fications may have a negative impact on spinal cord
vascularisation, where the blood flows less through few
arteries and is balanced between the anastomosis of the
cervical and lumbar circulation [6].

Masini et al. [7] showed how a combination of an-
gulation, compression, and traction in scoliosis could
affect both spinal cord vascularisation and nerves, sug-
gesting that the anomalous angles of the spinal curva-
ture and the alterations of its vessels might promote
turbulent flows with possible thrombus formation.

In this case report, we took three etiopathogenetic
hypotheses of the spinal cord ischemia due to scoliosis
into consideration. The first one was the arterial throm-
boembolism, an extremely rare event occurring mainly
in patients with vascular damage or hypercoagulabi-
lity. Even if the stretching of the segmental arteries in
scoliosis is a progressive process that occurs during
physiological growth in adolescents, a new position
or physical exertion of the spine might improve acute
anatomical distortion of vessels and might potentially
result in small tears in the intima. On the other hand, it
has been reported in literature that sudden movement
during spinal manipulation might lead to arterial dis-
section of carotid or vertebral arteries, suggesting that
any vascular alteration related to spinal deformation
could promote injuries [8]. Although prothrombin gene
mutation is considered a congenital risk factor for ve-
nous thrombosis, its role in arterial thromboembolism
is still debated. Furthermore, to date, the heterozygous
mutation of factor II of blood coagulation has never
been related to spinal cord ischaemia [9].

The second hypothesis considered was venous throm-
boembolism. In fact, the peripheral venous system is
valveless and different studies suggest that inferior
vena cava compression by the Valsalva manoeuvre or
physical activity may allow a retrograde flow of em-
boli through anastomoses within the spinal arterial sy-
stem [10].

The third and last etiopathogenetic hypothesis for
spinal cord infarction was fibrocartilaginous embolism,
as described for the first time in 1961 by Naiman et
al. [11] after an autopsy. This rare cause might be re-
lated to the embolisation of nucleus pulposus fragments,
presumably due to a retrograde movement through the
spinal arteries. There is a close relationship between
scoliosis and intervertebral discs alterations, on one
hand due to an increased production of matrix metal-
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loproteinases subsequent to the altered biomechanics
of the spine, on the other hand for the convective loss
of large molecules such as proteoglycan degradation
products [12]. In further detail, differences in weight
distribution and disc composition combined with
anomalous spinal angle and exertion might cause
anomalous nucleus pulposus migration, resulting in fi-
brocartilaginous embolism.

However, spinal cord MRIs did not show disc her-
niation or macroscopic disc degeneration, and despite
artery occlusion by a cartilage embolus, it has also been
described in young patients after high axial overload to
the spine and intervertebral discs, we cannot provide
proof of this event in vivo.

Taking into account the potential hypotheses, we
based our therapeutic approach on clinical and radio-
logical findings, thereby starting both anti-aggregating
and anticoagulant therapy in order to treat an acute va-
scular disease and to prevent any other possible cause of
thromboembolism. We decided concurrently to perform
a 24-hour infusion of high-dose of methylprednisolone
in the 8 hours following acute SCI.

In addition, we planned early rehabilitation to pre-
vent the onset of possible complications and to restore,
as soon as possible, patient autonomy in the activities
of daily living. In fact, early rehabilitation should be
always considered as a valuable strategy in improving
muscle mass and function after SCI in order to counte-
ract the common musculoskeletal impairment [13,14].

Even though scoliosis might be frequently associated
with a higher risk of neurological complications, no
previous studies have reported it as a major cause of
SCI. To the best of our knowledge, this case report could
be considered unique, highlighting for the first time the
potential association between non-surgical scoliosis and
acute spinal cord ischemia. Furthermore, it opens the
question of whether the risk of spinal cord ischemia
might be mentioned among the possible complications
of conservative treatment of scoliosis. Thus, starting
from an adequate screening [15], a prompt diagnosis of
scoliosis is mandatory to avoid complications.

However, the cause of spinal cord infarction remains
unconfirmed, due to the impossibility of direct ana-
lysis in vivo. This might well be considered the main
limitation of this work.

4. Conclusion

In conclusion, even though the etiology still needs to
be clarified, this paradigmatic case report and literature

review suggests that scoliosis might be strictly involved
in the pathogenesis of spinal cord infarction. There-
fore, we recommend the early diagnosis and rehabilita-
tive treatment of spinal curvature disorders to prevent
curve progression and potential subsequent spinal cord
ischemia.
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