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Abnormal brain changes in a patient with vegetarian
diet-induced subacute combined degeneration: A case report
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Abstract. Subacute combined degeneration (SCD) is a neuro-
logical disorder caused by vitamin B12 deficiency, prevalent in
the cervical and thoracic medullas, with an insidious onset and a
lack of characteristic clinical manifestations. The present study
describes a case of a 36-year-old female patient with SCD who
demonstrated abnormal changes in the white matter of the brain.
The laboratory test results showed a decrease in serum vitamin
B12 levels and an increase in homocysteine levels. Magnetic
resonance imaging (MRI) of the brain showed that, in addition
to abnormal signals in the cervical and thoracic spine, speckled
and short-striped abnormal signals were present, symmetri-
cally distributed in the centrum semiovale. After 6 months of
follow-up treatment, cranial MRI showed a significant attenu-
ation of the symmetrical speckled and short-striped abnormal
signals in the centrum semiovale. Homocysteine and serum
vitamin B12 levels of the patient were within the expected
range. Although, to the best of our knowledge, there have been
no previous reports of alterations in the brain of patients with
SCD, if these patients report neurological symptoms, clinicians
should consider that these symptoms may be accompanied by
inflammatory demyelination of the brain.

Introduction

Subacute combined degeneration (SCD) is a neurological
disease caused by reduced intake, insufficient absorption or
abnormal metabolism of vitamin B12, which mainly involves
the posterior and lateral cords of the spinal cord and peripheral
nerves (1,2). Its clinical manifestations mainly include numb-
ness of the lower limbs, deep sensory abnormalities, ataxia and
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spastic paralysis, and the white matter of the brain and optic
nerves may also be involved in severe cases (3). The age of onset
is mainly during middle age (45-64 years), with no significant
differences between men and women, and most cases are
subacute or chronic in onset, with slow progression (4,5). SCD
has certain characteristic manifestations on MRI images. The
typical manifestation of MRI is long T2 signals in the posterior
and lateral cord of the spinal cord, and ‘stripe like’ or ‘patchy’
lesion signals can be seen in the sagittal position of the posterior
spinal cord; the characteristic ‘anti rabbit ear sign’, ‘inverted
V-shaped sign’, and ‘figure-eight sign’ can be found in the axial
position of the posterior part of the spinal cord (3). The neuro-
logical damage of SCD is reversible in the early stage and the
key to its cure is early diagnosis and timely treatment; if left
untreated, it causes irreversible damage to the nervous system
and disability (6). To the best of our knowledge, there are no
previous reports of brain lesions caused by SCD. However,
in the present case, symmetrical demyelinating changes were
observed in the patient's brain. The aim of the present study was
to report on the imaging manifestations of SCD brain lesions
and to improve the understanding of SCD, thereby reducing the
likelihood of misdiagnosis and incorrect treatment.

Case report

A 36-year-old female patient was admitted to the Affiliated
Hospital of Gansu University of Chinese Medicine (Lanzhou,
China) in December 2021. The main complaints were numbness
and weakness in both lower limbs for >2 months, and reported
aggravated walking difficulties for 1 week prior to presentation.
In addition, the patient appeared sluggish and had significant
memory loss. The patient reported no other specific illnesses
but had consumed a vegetarian diet for 7 years. Furthermore,
there was no personal or family history of other diseases.

Physical examination. The patient exhibited a clear mind and
indifferent expression. Her thinking ability, comprehension,
memory and calculation skills were decreased, in addition to
difficulties with orientation. There was increased limb muscle
tone, bilateral Hoffmann's, Babinski's and Chaddock's signs
were positive. The patient did not cooperate during the depth
of sensory examination of the limbs, bilateral finger to nose
and alternate motion. Both the bilateral heel-knee-tibia test
and Romberg's sign test were negative.
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Figure 1. T2-weighted imaging (sagittal view) of the cervical spine. The
white arrow indicates intramedullary signal abnormalities.

Figure 3. T2-weighted imaging (sagittal view) of the thoracic spine. The
white arrow indicates intramedullary signal abnormalities.

Figure 2. T2-weighted imaging (axial view) of the posterior portion of the
spinal cord and the cervical spine. The white arrows indicate the ‘figure-eight
sign’.

Electromyography did not elicit any sensory nerve conduc-
tion velocity of the right superficial peroneal nerve and double
posterior tibial nerves, meaning a possible lesion in the
peripheral nerve. The sensory conduction velocity of the left
superficial peroneal nerve and the potential amplitude were
decreased compared with expected values. The motor nerve
transmission velocities of the double common peroneal and
tibial nerves were normal, while the amplitude of the evoked
action potential was decreased compared with expected
values. Prolonged incubation period of the H-reflex of the left
tibial nerve was noted.

Figure 4. T2-weighted imaging (axial view) of the posterior portion of the
spinal cord of the thoracic spine. The white arrows indicate the ‘figure-eight
sign’.

Laboratory examinations. The results of blood tests revealed
the following abnormal findings: Homocysteine (Hcy),
92.9 ymol/l (normal range: 0-15 ymol/l); and serum vitamin
B12,92.41 pg/ml (normal range: 197-771 pg/ml). Other blood
test results were within the expected ranges. Gastroscopy
revealed the presence of chronic gastritis.

Imaging examinations. Magnetic resonance imaging
(MRI) of the cervical and thoracic spinal cord indicated
an abnormal T2-weighted intramedullary signal with a
high signal (Figs. 1 and 2). Axial images indicated that the
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Figure 5. T2-weighted imaging (axial view) of the centrum semiovale. The
white arrows indicate the spot-like and short-stripe abnormal signals with
slightly higher signal intensity.

Figure 6. Fluid-attenuated inversion recovery imaging (axial view). The
black arrows indicate lesions with high signal distribution perpendicular to
the long axis of both lateral ventricles.

lesions mainly occupied the posterior portion of the spinal
cord in a ‘figure-eight sign’ (Figs. 3 and 4). MRI of the brain
demonstrated spot-like and short-stripe abnormal signals that
were distributed symmetrically in the centrum semiovale,
with equal or a slightly low signal intensity on TIW1 and a
slightly high signal intensity on T2W1 (Fig. 5) and hyperin-
tensity on fluid-attenuated inversion recovery (FLAIR; Fig. 6).
Diffusion-weighted imaging revealed low signal intensity
(Fig. 7) and the long axis of the lesion was perpendicular to the
lateral ventricles. The patient was finally diagnosed with SCD.
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Figure 7. Diffusion-weighted imaging (axial view). The black arrows indicate
lesions with iso-low signal distribution perpendicular to the long axis of both
ventricles.

Figure 8. Fluid-attenuated inversion recovery imaging (axial view). The black
arrows indicate that the size of the lesion following treatment was reduced.

Treatment. The patient was treated with the following:
Vitamin Bl injection [100 mg, intramuscular injection, every
day (QD)], and intravenous mecobalamin [1 mg, intravenous
injection (IV), QD] to improve nerve function and increase
vitamin B12 levels; Intravenous sodium chloride (100 ml, IV,
QD), and oral folic acid tablets (5 mg, per os, QD) cooperating
with mecobalamin, to improve symptoms.

Outcome and follow-up. After 6 months of follow-up treat-
ment, cranial MRI images demonstrated that the symmetrical
spot-like and short-stripe abnormal signals in the centrum
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semiovale were reduced compared to previous scans (Fig. 8).
The Hey and serum vitamin B12 levels of the patient were also
within the normal range.

Discussion

The main cause of SCD, a neurological condition characterised
by demyelination in the posterior and lateral columns of the
cervical spine and spinal cord, is vitamin B12 deficiency (7).
The clinical signs of SCD of the spinal cord are determined by
the degree of damage to the peripheral nerve, posterior cord
and pyramidal tracts (8.,9). If the peripheral nerves are predomi-
nantly affected, SCD manifests as decreased limb muscle
tension, decreased tendon reflexes and a flaccid paralysis. If the
pyramidal tracts are predominantly affected, SCD manifests as
limb rigidity, increased muscle tension, tendon hyperreflexia and
positive pathological signs. Sphincter dysfunction may also be
present in advanced stages of the disease. In the present study, an
increase in muscle tension in the limbs was detected and bilat-
eral Hoffmann's, Babinski's and Chaddock's signs were positive.
SCD typically occurs in the cervical spinal cord and the lesions
usually cause a ‘figure-eight’ change in the posterior cord.
While SCD rarely causes changes in the brain, in the
present study, the patient with SCD demonstrated abnormal
changes in the white matter of the brain. SCD of the spinal
cord is a neurological disease caused by vitamin B12 defi-
ciency; of note, vitamin B12 is essential for development of the
central nervous system, formation of the initial myelin sheath
and maintenance of normal neurological function (4,10).
Therefore, vitamin B12 deficiency leads to demyelination of
the external and dorsal spinal columns, which can result in
progressive weakness, sensory ataxia and paraesthesia (11).
In the present study, the patient's lesions were mainly in the
bilateral centrum semiovale as there was a high signal in this
region on T2 MRI and FLAIR. In the present study, the lesions
were symmetrical and perpendicular to the long axis of the
bilateral lateral ventricles, which is a characteristic manifes-
tation of SCD. These lesions are either directly or indirectly
related to the vitamin B12 deficiency observed in the patient.
Vitamin B12 deficiency mainly affects glial cells, the myelin
sheath and the interstitium, and causes an increase in the number
of positive keratinocyte acidic proteins in astrocytes and micro-
keratinocytes (12-14). Vitamin B12 is converted by absorption
and transport into two active components, methylcobalamin
and adenosylcobalamin. Methylcobalamin is a coenzyme of
methionine synthase and is involved in methionine and homo-
cysteine metabolism. In the methionine cycle, methylcobalamin
catalyzes the conversion of homocysteine to methionine as a
coenzyme of N5-methyltetrahydrofolate transmethylase, and
when tissues are deficient in vitamin B12, the methionine cycle
fails to proceed normally, resulting in an increase in serum
homocysteine concentration. Adenosylcobalamin deficiency
leads to mitochondrial dysfunction, reduced myelin synthesis
and incorporation of abnormal fats into neuronal lipids (15).
The typical pathological changes of SCD are multifocal
demyelination, vacuolation and axonal degeneration. The hyper-
homocysteinemia exhibited in the patient of the present study
was due to a dysfunction in methionine metabolism caused by a
vitamin B12 deficiency, which manifested as an increase in Hey,
resulting in hyperhomocysteinemia (16). Previous studies have

reported that Hcy is highly sensitive to vitamin B12 deficiency,
lack of vitamin B12 in plasma may cause an increase in Hcy,
which can serve as an indirect diagnostic basis for vitamin B12
deficiency, and hyperhomocysteinemia is a risk factor for SCD,
and therefore may be associated with the degree of disability
caused by this disease (17,18).

The main causes of vitamin B12 deficiency include
pernicious anaemia, vitamin B12 malabsorption [congenital
or acquired (e.g. senile gastric acid deficiency, stomach or
ileal resection, chronic pancreatic insufficiency and Crohn's
disease)], medications (e.g. colchicine and neomycin), increased
demand (e.g. hyperthyroidism, a-thalassaemia) or inadequate
intake (e.g. vegetarian diet) (19). SCD typically develops after
middle age, occurs equally between the sexes, and can have a
subacute or chronic onset and gradually worsens (4,5).

It can be misdiagnosed as other types of neurological
demyelinating diseases, such as Guillain-Barre syndrome,
multiple sclerosis or alcoholic encephalopathy (20). The
clinical treatment for SCD of the spinal cord is vitamin B12
and folic acid supplementation, nutritional support therapy and
aggressive treatment of the primary cause if a clear primary
disease is identified (21).

SCD can result from a vegetarian diet (12,22,23). Although,
to the best of our knowledge, there have been no reports to
date regarding alterations in the brain of patients with SCD,
when patients with SCD have neurological symptoms, clini-
cians should consider that this condition may be accompanied
by inflammatory demyelination of the brain. In conclusion,
because of the rarity and non-specific imaging characteristics
of SCD, the brain damage SCD causes can be difficult to
diagnose. Thus, the different symptoms, clinical course of the
disease, laboratory test results and imaging findings should
be considered in order to comprehensively diagnose SCD. A
summary of the clinical and imaging features of the present
study may aid the future diagnosis of SCD.
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