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Introduction

Homocysteine (Hcy) is an amino acid derived from methio-
nine with similar chemical structure to cysteine containing a
sulfur component [1]. Methionine and Hcy serve as precursors
for each other, and their synthesis serves as a mechanism for
the detoxification of the other compound [2]. Various factors
such as genetics, diet, lifestyle, and certain medications can
contribute to elevated Hcy levels, known as Hyperhomocyste-
inemia (HHcy). Basically, the serum Hcy level is considered as
normal ranging from 5 to 15 uM, 16-50 uM as mild, and up to
500 uM as severe [3]. A latest article categorized normal range
between 5.00 to 15.00 umol/L and moderate level as 16.00 to
30.00 umol/L [4].

Abstract

Elevated homocysteine level in serum or hyperhomocystein-
emia is considered to be closely associated with neurological dis-
orders such as stroke and cardiovascular diseases. However, to
date, there have been limited studies on symptoms specifically as-
sociated with elevated homocysteine levels, resulting in infrequent
diagnosis of hyperhomocysteinemia before patients experience a
stroke or develop cardiovascular disease. We present a case of a
lady with lower extremity pain and dizziness, who was ultimately
diagnosed with increased homocysteine levels and mild hypoper-
fusion in multiple regions of the cerebral cortex. This highlights
the significance of recognizing signs and symptoms associated
with elevated homocysteine. Early detection of any skeletal/brain
manifestations preceding major and severe symptoms allows for
prompt treatment initiation, potentially preventing disease pro-
gression.

HHcy is a disorder involving a wide variety of diseases, it
arises when the metabolism of Hey is disrupted due to deficien-
cies in B-vitamins, genetic defects, or other pathophysiological
conditions [5,6]. HHcy have been convincingly linked to cardio-
vascular, cerebrovascular, neurodegenerative, and thromboem-
bolic diseases, and also been found to have a close relationship
with peripheral artery diseases [4,7-9].

Even though there are strong associations between Hcy and
the diseases mentioned above, the symptoms HHcy may cause
other than those known diseases remain unclear. Since there
are currently few symptoms that can predict stroke or cardio-
vascular disease, we wonder if some of the signs and symptoms
related with HHcy might help predict the possibility of those
diseases. Furthermore, the relationship between cerebrovascu-
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lar diseases and HHcy has been discussed, and it is attempted
to use a tool to detect the possibility of dysfunction of cerebral
blood flow before the occurrence of the diseases. We herein
present a case to show important information about symptoms
and signs, as well as brain perfusion function.

Case presentation

A 45-year-old lady called at the emergency room of our hos-
pital on January 30™, 2023 for an acute onset of severe right
ankle pain while sleeping, with right hip and calf bursting pain,
lower back soreness, and numbness on the medial side of the
right foot. After initial survey, there was no significant abnor-
mality in skeletal regions. Pain killer did not improve her dis-
comfort, so she was transferred to outpatient clinic for help.

When the patient showed up at OPD on February 4%, 2023,
she reported that she had been aching on her right calf and hip,
and numbness on the medial side of the first toe of her right foot
for many weeks. The feeling of pain and stiffness were strongest
in the morning. She also had sudden dizziness which always oc-
curred in a few seconds for 2-3 years, and the dizziness often
occurred when sitting rather than standing, with transient stab-
bing pain and headache. Physical examination was check during
visit and revealed local tenderness of the pelvis, right sacroiliac
joint, and left flank region. Patrick’s test showed slightly weaker
on the left side. The Stork test and straight leg raising test were
normal bilaterally. Hyperesthesia showed on the right side but
do not affect functionally.

We arranged multiple tests including neurological testing,
Whole Body Bone Scan (WBBS), and Single Photon Emission
Computed Tomography (SPECT) of bone and brain, in order
to obtain more information about her illness. The electro-
physiological study of right lower extremity was interpreted as
chronic right lower lumbosacral radiculopathy with neurogenic
reinnervation signs. WBBS and #™Tc-methylene diphosphonate
SPECT-CT (Figure 1) presented positive on the multiple areas
with increased uptake on the right-sided L5 vertebral body and
bilateral ischia. All blood test were within normal range except
Hcy. The plasma Hcy level showed 21.70 umol/L (normal range
between 5.00 to 15.00 umol/L).

To explore the relationship between dizziness and brain
blood flow, we arranged a cerebral perfusion scan of *™Tc-ethyl
cystenate dimer-SPECT on March 25%, 2023, which showed in-
homogeneous uptake of the cerebral cortex with mildly hypo-
perfusion over the bilateral sensorimotor cortices, and scale 1
relatively more prominent over the left side (Figure 2). From
these images, we inferred that the patient might have Cerebral
Small Vessel Disease (CSVD).

After being diagnosed HHcy on February 11%, 2023, we pre-
scribed folic acid, vitamin B6 and B12 for her. Four months later,
the Hcy level dropped to 8 umol/L checked on June 10%, 2023.
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Figure 1: The WBBS (left panel) and SPECT-CT (right panel) show

increased uptake over the right-sided L5 spine and bilateral ischia.
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Figure 2: Findings of cerebral perfusion scan of SPECT. Inhomoge-
neous uptake of the cerebral cortex with mildly decreased uptake
over the bilateral sensorimotor cortices, with scale 1 relatively
more prominent over the left side (a-d).

*4-point scale for hypoperfusion [29]: 0: absent, 1: mild, 2: moder-

ate, 3: severe.
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Figure 3: Findings of cerebral perfusion scan of SPECT. Inhomoge-
neous uptake of the cerebral cortex with mildly decreased uptake
over the bilateral sensorimotor cortices, with scale 1 relatively
more prominent over the left side (e-g).

*4-point scale for hypoperfusion [29]: 0: absent, 1: mild, 2: moder-

ate, 3: severe.
\C %

Discussion

From this case, we have learned some symptoms that might
be the signs of HHcy. Based on the results of imaging studies,
we can list two main symptoms or signs: (1) lower limbs pain
which exacerbated while sitting and could not be relieved by
medicines immediately (2) dizziness occurred several times in
one day in recent years which might be caused by hypoperfu-
sion in the sensorimotor cortex of the left parietal lobe.

First of all, we should discuss the association between lower
limbs pain and elevated Hcy levels. It has been determined that
an increased level of blood Hcy is an autonomous risk factor
for symptomatic lower extremity disease [10]. Since the patient
experienced exacerbation while sitting and have local tender-
ness on the pelvis and right sacral-iliac joint, we should consider
whether the problem came from radiculopathy. The problem of
the lower limbs (from the waist down) might come from purely
radiculopathy, yet we should not exclude the possibility that the
symptoms might occur because of ischemia in the blood vessels
supplying the nerves in the spine.

According to the images of the whole body bone scan and
SPECT-CT, we can remark there is increased uptake at the right-
sided L5 vertebra and bilateral ischia. As a result, there might
be inflammation on the patient’s L-spine. It is possible that the
inflammation is simply the effect of degenerative joint disease
in general, but we cannot exclude that these symptoms may be
due to ischemia. It has been provided that elevated Hcy may
raise the risk of Peripheral Artery Disease (PAD). Well control-
ling the level of Hcy could potentially reduce the incidence of
PAD and help address the growing epidemic of PAD [9]. Fur-
thermore, the increased total Hcy level has been categorized
as a contributing factor to borderline Ankle-Brachial Index
(ABI). A latest article confirmed that both borderline ABI and
high total Hcy levels develop the uppermost threat of undesir-
able outcomes, emphasizing the mutually adjunctive signifi-
cance of borderline ABI and total Hcy. More highlighting should
be placed on recognizing the significance of borderline ABI in
the patients with hypertension, particularly in persons with el-
evated Hcy levels [11]. Therefore, when discussing the etiology
of lower limb symptoms in our lady, it is essential to take into
account the association between PAD and Hcy levels. The pre-

cise and detailed relationship between these two factors will
require further research to establish.

With respect to the correlation between dizziness, stroke,
CSVD and elevated Hcy levels, it has been demonstrated that
raised Hcy level is associated with higher threat of CSVD sub-
type of brain stroke [7,8,12]. CSVD is a prevalent cerebrovascu-
lar disorder characterized by pathological changes in the intra-
cranial vasculature [13]. The CSVD is responsible for about 20%
of all patients with strokes, including 25% of cerebral infarc-
tions and 45% of cerebrovascular dementias [14-16]. While the
clinical presentation and risk factors of CSVD are not yet fully
understood, there has been a rise in the number of diagnoses
[17]. The development of CSVD exhibits a dose-dependent cor-
relation with serum total Hcy levels [18]. There is a significant
higher Hcy levels observed in patients with CSVD or CSVD sub-
types than healthy controls [19]. For every symptomatic stroke,
there are about 10 silent brain changes, with CSVD being one of
the common types of these subtle alterations [20]. The strong
correlation between increased Hcy levels and balance impair-
ments leading to dizziness can be attributed to its angiotoxic
and neurotoxic effects [21]. Raised Hcy levels may enhance the
risk of ischemic stroke by causing damage to the endothelial
layer of vascular bed [22]. What’s more, Hcy is deemed to be
one of the markers of vascular inflammation/endothelial dys-
function [23]. Based on knowledge of the etiological founda-
tions of age-related CSVD deepens, inflammaging is increasingly
recognized as playing an essential role in its onset and progres-
sion [24]. As a result, dizziness can be something we should be
concerned for the prevention of stoke. While the relationship
between cerebrovascular diseases such as stroke and elevated
Hcy are often discussed, it is uncommon to detect a reduction
in brain blood flow prior to the occurrence of the diseases. As
we have seen from the cerebral perfusion scan of SPECT of this
lady, some small areas of the parietal cortex are hypoperfusion,
which might be a sign of early-stage CSVD and the source of her
dizziness.

HHcy has been known as an independent risk factor of car-
diovascular events that is correlated with atherosclerotic vas-
cular disorders and ischemic cardiac attacks. Plasma Hcy level
increases the risk of cardiovascular diseases by damaging the
vascular endothelium, so early detection of the Hcy level is
important to prevent cardiovascular disease [22]. HHcy affects
the occurrence and development of vascular diseases, even the
mechanism has been concentrated in the roles of nitric oxide
(NO) [25]. The potential mechanisms of reduction of nitric oxide
bioavailability include the chronic inflammatory/prothrombotic
conditions, the catalytic enzymatic inhibition by asymmetric
dimethyl arginine, endoplasmic reticulum stress with eventual
endothelial cell apoptosis, and the most important disrupting
uncoupling of NO synthase activity and quenching of NO by oxi-
dative stress [26].

Several potential pathways have been proposed regarding
the truth of Hcy increases the risk of stroke and other vascular
diseases. Increased levels of Hcy can contribute to the expected
development of ischemic or hemorrhagic stroke through the
following mechanisms: endothelial dysfunction, promotion of
atherosclerosis, and induction of oxidative stress [26,27]. In
light of the various symptoms described above, they are close-
ly associated with the mechanisms. Therefore, if we can early
detect patients with Hcy elevation by utilizing these symptoms
and cerebral perfusion scan of SPECT, we can promptly control
the concentration of Hcy in the blood, preventing the progres-
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sion of these symptoms into irreversible damage.

To date, there is little article that emphasizes the symptoms
and signs of HHcy. Yet, HHcy is known to be a risk of stroke
and vascular disease. Moreover, these factors contributing to
elevated Hcy are interconnected. For instance, females with
PAD, either symptomatic or asymptomatic, are at increased
risk for all-cause mortality, including cardiovascular mortality,
like mortality from coronary artery disease [28,29]. If we can
detect some aura earlier from the main and severe symptomes,
the earlier the patients can receive treatments and prevent the
progression of the disease.

Conclusion

Some of the symptoms we observed in this lady with mul-
tiple signs and symptoms and HHcy might help predict the likeli-
hood of those diseases. In addition, we also found the cerebral
perfusion in her cerebral cortex decreased slightly with the ce-
rebral perfusion scan of SPECT. This case presentation may help
people prevent and reduce the incidence of cerebrovascular
and cardiovascular disease timely. Both skeletal bone scan with
SPECT/CT and brain SPECT-CT provide the exact lesion(s) in skel-
eton and brain parenchyma, and play an important role in the
authority of scintigraphic rehabilitation.
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