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laser irradiation of blood. Single Photon Emission Computed Tomography (SPECT) of brain was conducted before and twice after
our administration. The local perfusion of right basal ganglion was
found as impaired in the second brain SPECT, but the perfusion
defect reversed vividly in the third SPECT. We believe that the phenomenon of initial decrease and later increase in the basal ganglion
perfusion should be highly related to our ILIB administration.
Except for the theory of the rheological effect of ILIB therapy, we
assume the redistribution of brain blood flow contribute the phenomenon of interval change of right basal ganglion. Based on the clinical
pictures and our SPECT findings, we confirm that SPECT image is
a very worthwhile tool in the field of scintigraphic rehabilitation for
monitoring the neural recovery. ILIB is also a fabulous intervention
to improve the circulation of ischemic brain and simultaneously enhance the neurological recovery, such as cognitive dysfunction.
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Abstract
Cerebral infarction is a serious problem because of its prognosis
and influence to rest of life of survivors. It may affect many aspects
of patient’s daily function, such as movement, thinking, speech and
cognitive function. Intravenous laser irradiation is a novel therapy in
recent decades for stroke. Evidence has shown that it can improve
rheological properties of blood so that can improve the blood flow of
brain and enhance neurological recovery. It has also been proved
positive effect for limbs movement after cerebral infarction. We present a case of left MCA cerebral infarction that limb movement as
well as cognitive function improves after nine courses of intravenous
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Introduction
Cognitive function has been known to be impaired by any cerebral
events such as seizure, head injury or cerebral infarction. Impairment
of cognition means a decline from previous level of function which
interferes with daily life and independence that decrease quality of
life and cause burden to caregiver and the whole society.
In recent decades, Intravenous Laser Irradiation of Blood (ILIB)
has been established to be able to enhance rheological properties of
the blood as well as improvement of microcirculation and reduction
of the area of infarction [1]. In addition, nuclear medicine in neuroscience, primarily via tomography methods, for instance, Single Photon
Emission Computed Tomography (SPECT), has been a significant
function to monitor the hemodynamic and metabolic consequences of
cerebrovascular diseases [2-5].
We will introduce a case of ischemic infarction whose cognitive
function significantly improved corresponding to the changes on a
series of brain SPECTs after the administration of ILIB.

Case presentation
A 73-year-old man had history of smoking 1.5~2 PPD for more
than 40 years, and newly diagnosed as type 2 diabetes mellitus and
dyslipidemia in recent month. He was admitted to our hospital for
dysphagia, global aphasia, right central facial palsy and right limbs
weakness after ischemic infarction of left Middle Cerebral Artery
(MCA) territory. He was just treated with r-TPA thrombolysis and underwent 1-month physical therapy, occupational therapy and speech
therapy prior this hospitalization. Due to persisted dysphagia, aphasia
and limbs weakness, as well as severe dysfunction of cognition, we
provided him ILIB for further neurological recovery, which method
of approach has been previously detailed [6].

Citation: Sung JH, Chang ST (2019) Reversal of Impaired Blood Flow of the Basal Ganglion from the Prior Focal Perfusion Defect in a Case of Ischemic Infarction: Observation during the Two Stages of Administration of Intravenous Laser Irradiation of Blood. J Med Stud Res 2: 011.

• Page 2 of 5 •

His brain MRI in the acute phase of stroke revealed infarcts in
left cerebral hemisphere, including left temporal-occipital lobe, left
corona radiata and external capsule as well as some subacute to old lacunar infarcts at right frontal lobe, right corona radiata, right external
capsule, bilateral anterior limb of internal capsules, bilateral putamen
and bilateral thalamus (Figure 1). His first SPECT was performed on
2017/06/29 and showed hypoperfusion of left cerebral hemisphere,
left striatum, left thalamus and right cerebellum, as well as uneven
perfusion over the right parietal and right frontal regions (Figure 2).

power of right limbs improved from 1 to 4 points. His cognitive function also improved remarkably. The second brain SPECT performed
on 2018/02/22 showed uneven hypoperfusion in the right parietal region improved and which in the right frontal region resolved. Stable
hypoperfusion in the left cerebral hemisphere, left striatum, left thalamus and right cerebellum. However, Improved unevenly decreased
radioactivity in the right parietal region and resolved in the right frontal region. Surprisely, there was a relative hypoperfusion in the right
putamen when compared with the previous study.
Patient requested for another six courses of ILIB, and after then,
the third brain SPECT performed on 2018/10/23 showed, except stable hypoperfusion in the left cerebral hemisphere, left striatum, left
thalamus and right cerebellum, relatively improved perfusion in the
left occipital region, right striatum and possible left caudate nucleus
occurred. Figure 3 showed the time interval in the two stage of ILIB.
Table 1 summarized the changes in individual neural area observed
from the three times SPECT.
The 1st
Brain
SPECT
(2017/06/29)

2017/11/16～2017/11/29 (the 1st)
2017/12/19 ～2018/01/02 (the 2nd)
2018/01/29～2018/02/09 (the 3rd)
THE FIRST STAGE OF ILIB

The 2nd
Brain
SPECT
(2018/02/22)

Figure 1: MRI findings of our case.
(A) Fluid-attenuated inversion recovery image demonstrates diffuse T2 hyperintensity throughout the left cerebral hemisphere.

2018/03/19～2018/03/30 (the 4th)
2018/04/23～2018/05/04 (the 5th)
2018/05/28～2018/06/08 (the 6th)
2018/07/02～2018/07/13 (the 7th)
2018/08/06～2018/08/17 (the 8th)
2018/09/10～2018/09/21 (the 9th)
THE SECOND STAGE OF ILIB

The 3rd
Brain
SPECT
(2018/10/23)

Figure 3: Time interval in the procedure of ILIB.

(B) Diffusion-weighted image demonstrates diffusion hyperintensity throughout the
left cerebral hemisphere.

Table 1: Perfusion changes of varying brain areas in three times of SPECT.
1st SPECT
(2017/06/29)

2nd SPECT
(2018/02/22)

3rd SPECT
(2018/10/23)

Right frontal region





▲

Right parietal region





▲

Right putamen





Right striatum





Left striatum



▲

▲

Left thalamus



▲

▲

Right cerebellum







SPECT: Single Photon Emission Computed Tomography.
 Increased
Figure 2: Consecutive alterations of regional cerebral perfusion SPECTs.
(A) The 1st Brain SPECT tested on 2017/06/29. Right basal ganglion is obvious (arrowhead).
(B) The 2nd Brain SPECT tested on 2018/02/22. A relative hypoperfusion in the right
basal ganglion/putamen was seen (arrowhead) when compared with the 1st SPECT.
Prior uneven hypoperfusion in the right parietal region improved (arrow) and which
in the right frontal region resolved (star*). Stable hypoperfusion in the left cerebral
hemisphere, left striatum, and left thalamus persisted.
(C) The 3rd Brain SPECT tested on 2018/10/23. The perfusion in the right striatum
and possible left caudate nucleus relatively improved, e.g. the circulatory defect of the
right basal ganglion reversed (arrowhead). Hypoperfusion in the left cerebral hemisphere, left striatum, and left thalamus stably persisted. Prior hypoperfusion in the
right parietal (arrow) and right frontal region improved as before.

After three courses of ILIB, we observed that his Wernicke’s aphasia and dysphagia improved gradually. At outpatient visit, his muscle
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Decreased

▲ stable persistence (no improvement or worsening).

Discussion
Based on the observation of the consecutive brain perfusion images, local perfusion of right basal ganglion was found as impaired in
the second Brain SPECT, but the perfusion defect reversed vividly in
the third SPECT. We believe that the phenomenon of initial decrease
and later increase in the basal ganglion should be highly related to our
ILIB administration.
In our case, initial symptoms were global aphasia, dysphagia,
numbness and weakness of right limbs and unsteady gait. Limited improvement of his speech, comprehension, and limbs movement after 1
month of intensive physical therapy, occupational therapy and speech
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therapy, before ILIB was introduced. Brain SPECT showed hypoperfusion of left hemisphere, left striatum, left thalamus was found,
which was compatible for his clinical symptoms. After three courses
of ILIB, he can obey order and limbs movement as well as dysphagia
improved gradually. Muscle power of left limbs improved from MRC
grading 1 to 3. The second brain SPECT showed an improvement of
prior perfusion deficit at right frontal and parietal regions, although a
new deficit at right putamen region took place.
After the second stage of administration, e.g. the another six
courses of ILIB, our case present a dramatic change of cognitive function, such as perceptual-motor function, language, executive function,
and social cognition, which was compatible with the findings of third
SPECT, e.g. increased uptake in right striatum.
Cognitive function refers to multiple neuropsychological issues,
including attention, memory, calculation, communication, perception,
self-awareness, problem solving, thinking flexibility, personality,
stress coping and even interpersonal relationship. The basal ganglion has been known as crucial elements in the circuits of movement,
learning and cognitive function. The striatum, one of the structures of
basal ganglion divided into ventral and dorsal subdivision, based on
function and connections. The ventral striatum is associated with limbic system and has been thought as an important part of the circuitry
for decision making and reward-related behavior; the dorsal striatum
is composed of the caudate nucleus and the putamen. The striatum is
the major input region of basal ganglion and receives its major input
from the cortex, while the globus pallidus and substantia nigra are the
major output regions. The input and output regions are connected via
direct and indirect pathways that have reciprocal effects on the basal
ganglia output pathway, which control motor function. Cortical loops
integrating the cortex and the basal ganglia are now accepted to play
an important role in regulating behavioral, emotional and cognitive
functions [7,8]. Impairment of those areas, including degeneration or
hypoperfusion [9,10], may cause dysfunction of cognitive function,
motivational salience, certain motor or executive functions that result in some neurologic or psychiatric disorders such as Parkinsonism
diseases, Huntington’s disease, bipolar disorder or dementia [11,12].
An observational study found that patients with putaminal stroke
impaired motor imaginary, which result them unable to follow the
instructions [13]. The fact of initial decrease and later increase in the
blood flow of striatum was strongly correlated with the series of clinical pictures of our patient.
In recent decades, ILIB has been thought to improve rheological
properties of the blood, to improve microcirculation, and reducing
the area of infarction. It was developed for the treatment of cardiovascular diseases originally, but many studies showed various effects
on many organs and on the hematologic and immunologic system
[14], for instance, such as diminishing tendency of aggregation of
thrombocytes [15-17], improved oxygen supply and wound healing,
normalization of the metabolism of hypoxic tissue, positive effect on
anti-inflammation and immunologic activity by modulation of cytokines and immune system [18,19]. ILIB has benefits in diaschisis
reversal, motor cortex dysfunction, and reduction of homocysteine
in our published case reports [6,20,21]. Regarding the risks involved
with ILIB therapy, patients with history of seizure attack and ICH in
recent 6 months should be prohibited.
The reason why local perfusion of right basal ganglion impaired
in the second Brain SPECT, compared with reversal of the circulatory
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defect of the right basal ganglion in the third SPECT, is unknown. We
assume that improvement of perfusion defect in right frontal and parietal region might be attributed to the rheological effect of ILIB, but
the effect did not work in right putamen. The reason for that should
be role of the redistribution of Cerebral Blood Flow (CBF), based
on the fact that many studies of CBF assessment confirms that the
flow redistribution does not jeopardize cerebral blood supply, and the
redistribution of blood flow can cause particular vessels to undergo
extra flow rate and hemodynamic stresses.
With respect to the redistribution in brain research, there have been
many published articles in neuroscience. A study of the neuroprotective effects of vinpocetine, given intravenously in a 14-day regime,
on the CBF in chronic ischemic stroke patients (n=13), Szilagyi et al.,
found that the vinpocetine can contribute effectively to the redistribution of CBF in the strokes, which effects are most pronounced in those
brain regions with the highest uptake of the drug [22]. Another study
regarding the staged endovascular embolization, a method for prevention of perioperative hemorrhagic complications during the management of brain AVMs, Orlov et al., found that simultaneous occlusion
of more than 60% of AVM volume induces significant redistribution
of local CBF [23].
In a study of therapeutic hypothermia and rewarming period in encephalopathic infants with long-term adverse neurological outcome,
Montaldo et al., found that infants with hypoxic ischaemic encephalopathy who have adverse neurological outcome show a privileged
CBF redistribution during the inervention [24]. Champagne et al.,
confirmed that redistribution of CBF across different brain regions,
arising from the vasoactive nature of hypercapnia, can introduce errors when examining cerebrovascular reactivity response delays, and
that combination of hypercapnic and hyperoxic delays can highlight
CBF redistribution [25].
With respect to the redistribution in diabetic control, we reported
an ischemic stroke patient with Complex Regional Pain Syndrome
(CRPS), whose symptoms developed in coincidence with a corresponding rise of the contralateral thalamic CBF when the glycosylated hemoglobin values were high, twice seen as migration from the
bottom to the top position of the thalamus. We concluded that poor
glucose control cause redistribution of thalamic CBF and is associated with the persistence of CRPS [26]. Wiegers et al., confirmed that
hypoglycemia may cause a redistribution of CBF towards the thalamus of both patients with normal awareness of hypoglycemia and
healthy controls, consistent with activation of brain regions associated with the autonomic response to hypoglycemia [27].
We believe that redistribution might explain the change of blood
flow of right striatum in our case. We need more studies to investigate
the relationship of brain perfusion and cognitive function in the future.

Conclusion
Based on the clinical pictures and our SPECT findings, we confirm
that SPECT image is a very worthwhile tool in the field of scintigraphic rehabilitation for monitoring the neural recovery. ILIB is also
a fabulous intervention to improve the circulation of ischemic brain
and simultaneously enhance the neurological recovery, such as cognitive dysfunction.
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