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 Background: Cerebral artery stenosis is closely related to cognitive function, and angioplasty can improve the cognitive func-
tion of elderly patients with vertebrobasilar artery stenosis. The specific mechanism, however, is not clear. This 
study explored the effect of angioplasty on cellular metabolism in the hippocampus of elderly patients with 
symptomatic vertebrobasilar artery stenosis.

 Material/Methods: Eighteen elderly patients with symptomatic vertebrobasilar artery stenosis who underwent endovascular stent-
assisted angioplasty (ESAA) in our department were studied. The changes in cellular metabolism (NAA / Cr, 
CHO / Cr, NAA / CHO) in bilateral hippocampal areas were detected by MRS before and at 6 months and 12 
months after the ESAA. The Montreal Cognitive Assessment Scale (MoCA), Hamilton Depression Self-assessment 
Scale (HAMD), and Hamilton Anxiety Self-assessment Scale (HAMA) were also used to evaluate the cognition, 
depression, and anxiety of patients at different time points of the study, and analyzed the correlation between 
the changes of cellular metabolism in the hippocampus and the scores of MoCA, HAMD, and HAMA.

 Results: The levels of NAA/Cr in left/right hippocampal areas were significantly higher at 6 and 12 months after the ESAA 
than before (1.01 ± 0.17/1.22 ± 0.26 vs. 1.10 ± 0.20/1.05 ± 0.26 vs. 0.82 ± 0.10/0.84 ± 0.11, respectively) (P<0.01). 
MoCA scores were positively correlated with the levels of NAA/Cr in the left/right hippocampal areas (P<0.05 
and P<0.01, respectively).

 Conclusions: ESAA can improve cognitive function of patients by changing the cellular metabolism of the hippocampus in 
elderly patients with symptomatic vertebrobasilar artery stenosis.
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Background

Posterior circulation ischemia (PCI) is transient ischemic at-
tack (TIA) or cerebral infarction caused by vertebrobasilar cir-
culation system supply blood disorder. The common clinical 
manifestations are dizziness/vertigo, numbness/weakness of 
limbs, diplopia, walking instability, falls, and consciousness dis-
orders. PCI has a variety of clinical manifestations and lack of 
fixed forms, which is difficult to identify compared with cere-
bral infarction in anterior circulation. Symptomatic vertebro-
basilar artery stenosis an important cause of posterior circu-
lation ischemic stroke. Although PCI accounts for about 20% 
of all strokes, the clinical symptoms of vertebrobasilar artery 
system are non-specific and the imaging lacks sensitivity, lead-
ing to missed diagnoses of PCI [1,2]; the mortality rate is high 
and prognosis is poor [3]. Therefore, it is very important to ac-
tively and effectively manage symptomatic vertebrobasilar ar-
tery stenosis in the early stage. At present, endovascular stent-
assisted angioplasty (ESAA) is a common method of treating 
symptomatic vertebrobasilar artery stenosis, and its short- 
and long-term effects are good [4–7]. Yan et al. [8] found that 
ESAA can prevent the recurrence of stroke and improves the 
cognitive function of elderly patients with symptomatic verte-
brobasilar artery stenosis. However, in previous studies, only 
a dementia scale was used to assess cognitive function. Due 
to the subjectivity of the scale, clinicians need more objective 
detection methods, and need to understand the mechanism 
by which cognitive function can be improved. Therefore, this 
study used magnetic resonance spectroscopy (MRS) to evalu-
ate changes in cellular metabolism in the hippocampus of el-
derly patients with symptomatic vertebrobasilar artery steno-
sis before and after ESAA.

Material and Methods

General information

We selected 18 patients with PCI in our department from 
January 2015 to May 2018. Their clinical manifestations in-
cluded dizziness/vertigo, numbness/weakness of limbs, slurred 
speech, and unstable walking. There were 5 cases of posterior 
circulation TIA and 13 cases of posterior circulation cerebral 
infarction, including 11 males and 7 females. The average age 
was 72.67 ± 4.62 years. All the patients were examined and di-
agnosed by MRI+ diffusion-weighted imaging (DWI) in accor-
dance with the diagnostic criteria for ischemic cerebrovascular 
disease [9]. All patients were treated with antithrombotic and 
statins, and were controlled for blood pressure, blood sugar, 
and other risk factors of stroke. Digital subtraction angiogra-
phy (DSA) was performed in all patients. The results showed 
there were 13 cases of vertebral artery stenosis at the opening, 
1 case of vertebral artery stenosis at the V2 segment, 2 cases 

of vertebral artery stenosis at the V4 segment, and 2 cases of 
basilar artery stenosis.

Indications of ESAA were: (1) age ³60 years; (2) symptomatic 
vertebrobasilar artery stenosis, stenosis rate ³50%; (3) pa-
tients and/or their families accept and sign for angioplasty 
treatment; (4) patients’ compliance with follow-up was good, 
follow-up on time, and data were complete. Contraindications 
were: (1) severe neurological dysfunction after previous cere-
bral infarction; (2) severe disease or cardiopulmonary renal 
failure; (3) coagulation dysfunction; (4) intracranial aneurysm 
or malformation and intracranial tumor.

This study was a case series. We obtained signed informed 
consent and the study was approved by the Ethics Committee 
of our hospital.

Treatment method

Before ESAA, the patients were treated with double antibiotics, 
aspirin 100 mg/d (Bayer), and clopidogrel 75 mg/d (Sanofi) for 
3 – 5 days, taking atorvastatin 20 mg/d (Pfizer), and controlling 
blood glucose and blood pressure. During the operation, local 
anesthesia was used for stent implantation of V1 and V2 seg-
ments of the vertebral artery, general anesthesia was used for 
stent implantation of basilar artery and V4 segments of the 
vertebral artery. With angiographic guidance, the stent was 
placed across the narrow segment. After the stent was placed, 
the angiography was repeated. If the stent was not adequately 
expanded, we expanded it later. After the operation, the vessel 
was sutured or the artery sheath was retained and pulled out 
4 h later. Individualized blood pressure was controlled after 
the operation. The patients were treated with aspirin 100 mg 
and clopidogrel 75 mg once a day for 3 – 6 months after the 
operation, and then changed to monoclonal antibody (aspirin 
100 mg once a day or clopidogrel 75 mg once a day). All pa-
tients received long-term statins treatment, and the risk fac-
tors for stroke were strictly controlled.

Evaluating cognition, depression, and anxiety

The MoCA scale was used to evaluate cognitive function. 
The standard MoCA scoring is that ³26 points is normal, and if 
the education is £12 years, 1 point is added. The HAMD scale 
was used to evaluate depression, with scores over 17 indicat-
ing depression. The HAMA scale was used to evaluate anxi-
ety, with scores over 13 indicating anxiety. All the scales were 
evaluated by special personnel before the operation and at 6 
months and 12 months after ESAA.
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1H-MRS was used to evaluate hippocampal cellular 
metabolism

1H-MRS was performed with a 1.5T MR scanner (GE, USA). 
First, a conventional MRI scan was performed. The imaging 
sequence included T1W, T2W, sagittal T1W, and DWI. 1H-MRS 
used chemical displacement imaging to collect the single voxel, 
scan the point resolution spectrum sequence, and located on 
the axial T2W image (bilateral temporal hippocampus at mid-
brain level). The voxel size was 25×10×10 mm.

The baseline calibration and the identification of various metab-
olites were automatically completed by the spectral analysis 
software of the 1.5T magnetic resonance scanner, and the area 
under the peak curve of each metabolite was calculated at 
the same time. The main metabolites were N-acetylaspartate 
(NAA), creatine (Cr), and choline (Cho), and their chemical dis-
placement positions were 2.01 ppm, 3.03 ppm, and 3.20 ppm, 
respectively. With creatine (Cr) as a reference, the MR scanner 
can automatically calculate the ratio of area under the curve of 
each metabolite (NAA/Cho, NAA/Cr, Cho/Cr). All patients were 
evaluated by 1H-MRS before the operation and at 6 months 
and 12 months after ESAA.

Follow-up

We followed up all 18 patients in our Outpatient/Inpatient 
Department, and the neurological symptoms and signs were 
observed at 6 and 12 months after discharge. Recurrence of 
stroke was suspected based on the symptoms and signs, and 
suspected patients underwent computerized tomography (CT) 
or MRI examination within 24 h to prevent recurrence of stroke. 
Computerized tomography angiography (CTA) or magnetic 
resonance angiography (MRA) or DSA of the head and neck 
were reexamined in all 18 patients at 6 and 12 months after 
the operation.

Statistical analysis

Using the SPSS 20.0 statistical software package to statis-
tics data, the measurement data were analyzed for normality, 
and data conforming to normal distribution are expressed as 
mean ± standard deviation (x ± s). The statistical comparison of 
the mean of 2 samples was performed by t test of indepen-
dent samples. Count data are expressed as frequency and per-
centage (%). Comparisons between 2 groups was performed 
by chi-square test or Fisher test, and Pearson correlation was 
used. P<0.05 was regarded as indicating a significant differ-
ence between 2 groups.

Results 

Analysis of cognitive function, depression, and anxiety

ESAA was successfully implemented in all 18 patients. There 
were no complications in the perioperative period, and the ste-
nosis rate improved significantly (83.50 ± 7.64 vs. 2.61 ± 2.81) 
(P<0.01) (Figure 1). Before ESAA, the total MoCA score was 
25.22 ± 2.80, and 50% of patients (9/18) had scores lower than 
26, indicating cognitive impairment. MoCA scores increased 
gradually at 6 and 12 months after ESAA – 27.50 ± 1.50 and 
27.89 ± 1.53, respectively – which were significantly higher than 
those before ESAA (P<0.01), but there were no significant dif-
ferences between 12 and 6 months after ESAA (P>0.05). HAMD 
and HAMA scores were 15.44 ± 4.13 and 16.56 ± 7.14, respec-
tively; 22.2% patients (4/18) had depression and 55.6% pa-
tients (10/18) had anxiety. The HAMD and HAMA scores were 
significantly lower at 6 and 12 months after ESAA (P<0.01). 
There was no significant difference between HAMD and HAMA 
scores at 6 and 12 months after ESAA (P>0.05) (Table 1). 

Hippocampal cellular metabolism

The results of 1H-MRS showed that there were clear NAA, 
Cr, and Cho spectra in the hippocampus, the NAA/Cr lev-
el increased gradually after ESAA, and the NAA/Cr level in 
the left/right hippocampus was significantly higher than be-
fore ESAA (1.01 ± 0.17/1.22 ± 0.26 vs. 1.10 ± 0.20/1.05 ± 0.26 vs. 
0.82 ± 0.10/0.84 ± 0.11), and the difference was statistically sig-
nificant (P<0.01). There was no significant difference between 
6 and 12 months after ESAA (P>0.05). There was no signifi-
cant difference in the level of NAA/Cr between the left and 
right hippocampus (P>0.05). There was no significant differ-
ence in the levels of Cho/Cr and NAA/Cho at different time 
points (P>0.05) (Table 1).

Correlation between cellular metabolism and MoCA score

There was a positive correlation between the NAA/Cr level of 
the left/right hippocampus and MoCA score at the same time 
point (P<0.05, P<0.01). The NAA/Cr level of the left/right hippo-
campus was positively correlated with the MoCA score before 
ESAA (r=0.4344, P=0.0358; r=0.4386, P=0.0343), as shown in 
Figures 2 and 3. The NAA/Cr level of the left/right hippocampus 
was positively correlated with the MoCA score at 6 months af-
ter ESAA (r=0.5486, P=0.0009; r=0.4646, P=0.0260), as shown 
in Figures 4 and 5. The NAA/Cr level of the left/right hippo-
campus was positively correlated with the MoCA score at 12 
months after ESAA (r=0.4547, P=0.0290; r=0.5403, P=0.0103), 
as shown in Figures 6 and 7, and the differences were signif-
icant (P<0.05; P<0.01). There was no correlation between the 
values of Cho/Cr, NAA/Cho, and MCAO score (P>0.05), and no 
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significant correlation between the values of NAA/Cr, Cho/Cr 
and NAA/Cho (P>0.05). 

Follow-up 

All 18 patients were followed up, and there was no recurrence 
of stroke during the follow-up period. All 18 patients were fol-
lowed up for 6 months and 12 months with MRA or CTA or 
DSA examination. Two patients had increased stent residual 
stenosis (25% and 30%), and 2 patients were asymptomatic 
and did not receive special treatment, as shown in Figure 8.

Discussion 

Stroke has the characteristics of high incidence, disability, mor-
tality, and recurrence, which are the most common causes of 
functional disability [10,11]. Stroke is also the leading cause 
of death in China, and imposes a heavy burden on society and 
families [12,13]. Ischemic stroke is the main type, accounting 
for about 70 – 80% of all stroke cases [14]. PCI is a type of isch-
emic stroke, accounting for about 20% of all strokes [1], but 
it has higher mortality and disability rate. Vertebrobasilar ar-
tery stenosis is an important risk factor, so it is very important 

A

C

B

D

Figure 1.  The stenosis of the vertebral artery, basilar artery, and the clinical efficacy. Before ESAA, opening stenosis degree of the 
vertebral artery was 85% (A); after ESAA, it was 0% (B). Before ESAA, the stenosis degree of the basilar artery was 90% (C); 
after ESAA, it was 10% (D). ESAA – endovascular stent-assisted angioplasty.
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NAA/Cr Cho/Cr NAA/Cho Moca 
score

HAMD 
score

HAMA 
scoreLeft Right Left Right Left Right

Before ESAA 0.82±0.10 0.84±0.11 0.81±0.21 0.81±0.16 1.91±0.16 1.90±0.18 25.22±2.80 15.44±5.40 16.56±7.14

6 months 
after ESAA

1.01±0.17﹡ 1.22±0.26﹡ 0.90±0.29 0.92±0.27 1.94±0.16 1.90±0.21 27.50±1.50﹡ 11.00±5.31﹡ 10.39±4.59﹡

12 months 
after ESAA

1.10±0.20﹡ 1.05±0.26﹡ 0.89±0.21 0.92±0.19 1.91±0.15 1.90±0.19 27.89±1.53﹡ 10.94±5.56﹡ 10.78±5.19﹡

Table 1. Comparison of NAA/Cr, Cho/Cr and NAA/Cho levels in hippocampus before ESAA, 6 and 12 months after ESAA.

﹡ Compared with before ESAA, p<0.01. ESAA – endovascular stent-assistant angioplasty.
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Figure 2.  The NAA/Cr level of the left hippocampus was 
positively correlated with the MoCA score before 
ESAA. r=0.4344, P=0.0358. ESAA – endovascular stent-
assisted angioplasty.
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Figure 4.  The NAA/Cr level of the left hippocampus was 
positively correlated with the MoCA score at 6 months 
after ESAA. r=0.5486, P=0.0009. ESAA – endovascular 
stent-assisted angioplasty.
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Figure 3.  The NAA/Cr level of the right hippocampus was 
positively correlated with the MoCA score before 
ESAA. r=0.4386, P=0.0343. ESAA – endovascular stent-
assisted angioplasty.
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Figure 5.  The NAA/Cr level of the right hippocampus was 
positively correlated with the MoCA score at 6 months 
after ESAA. r=0.4646, P=0.0260. ESAA – endovascular 
stent-assisted angioplasty.

to actively and effectively treat vertebrobasilar artery steno-
sis in the early stage, which can effectively reduce recurrence 
and disability rates. In addition to the physical symptoms in 
most stroke patients, it was found that cognitive disorders, 

depression, and anxiety are also common sequelae of stroke. 
After the occurrence of post-stroke depression, anxiety, and 
other emotional disorders and lead to more severe dysfunction, 
and the disability and mortality rates rise [15–18]. Yan et al. [8] 
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Figure 8.  MRI and DSA manifestations of the skull in a patient with cerebellar infarction. Before ESAA, opening stenosis degree of 
the left vertebral artery was 75% (A); immediately after ESAA, it was 10% (B); at 12 months after ESAA, the stenosis was 
30% (C); before ESAA the patient’s head MRI scan DWI showed high signal intensity in the left cerebellar vermiform (D); after 
ESAA at 12 months, DWI showed low signal intensity in the left cerebellar vermiform (E); after ESAA at 12 months,T2WI Flair 
showed low signal intensity in the left cerebellar vermiform, mixed with small high signal intensity (F). ESAA – endovascular 
stent-assistant angioplasty.
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Figure 6.  The NAA/Cr level of the left hippocampus was 
positively correlated with the MoCA score at 
12 months after ESAA. r=0.4547, P=0.0290. 
ESAA – endovascular stent-assisted angioplasty.
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Figure 7.  The NAA/Cr level of the right hippocampus 
was positively correlated with the MoCA score 
at 12 months after ESAA. r=0.5403, P=0.0103. 
ESAA – endovascular stent-assisted angioplasty.
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found that 53.8% of elderly patients with symptomatic verte-
brobasilar artery stenosis had mild cognitive impairment, and 
the cognitive function was significantly improved after stenting. 
Our study also found that ESAA not only can prevent the re-
currence of stroke, but also improves the cognitive function of 
patients and reduces the incidence of depression and anxiety.

Magnetic resonance spectroscopy (MRS) is a non-invasive im-
aging technique that shows the metabolism of living tissue. 
Before histomorphology changes, the degree of tissue changes 
can be evaluated by brain metabolism. MRS measures chang-
es in cellular metabolism by detecting the concentration and 
ratio of various metabolites in brain tissue. At present, MRS 
technology can be used to measure the peaks and ratios of 
more than 10 brain metabolites and even various neurotrans-
mitters, including N-acetyl-aspartic acid (NAA), creatine (Cr), 
choline (Cho), inositol (MI), lipid (Lip), lactic acid (Lac), and glu-
tamine. According to the contents and ratios of these metabo-
lites, metabolic changes can be shown in brain tissue cells. NAA 
mainly exists in the neuron body and synapse and can sensi-
tively indicate damaged brain nerve cells. The content of NAA 
can directly reflect the density of neurons. When nerve cells are 
damaged, the NAA content of neurons decreases. Cr is mainly 
synthesized in the liver and kidneys. At present, Cr is consid-
ered to be a marker of energy metabolism in brain cells. Cho 
a cell membrane component and can form some neurotrans-
mitters. The content of Cho determines the height of the Cho 
peak, which reflects cell membrane function. Although there 
are many metabolites, NAA, Cr, and Cho are the main metab-
olites used in clinical MRS technology, and their metabolic 
changes are used to evaluate the metabolic capacity of cells.

MRS technology is widely used in patients with stroke or even 
in cerebral artery stenosis. For example, Demougeot [19] sug-
gested that mitochondrial energy metabolism disorder can sig-
nificantly reduce NAA concentration in the brain, even up to 
80%. After correcting the metabolic disorder, NAA concentra-
tion returns to normal, indicating that the synthesis of NAA is 
closely related to mitochondrial activity, and there is a corre-
lation between NAA concentration and metabolic efficiency. 
In patients with severe cerebral artery stenosis or occlusion, 
MRS technology can assess the activity of ischemic tissue and 
help clinicians decide about further treatment. Because of the 
heterogeneity of the single metabolite spectrum, the ratio be-
tween them is widely used to judge the clinical effect. Cr con-
tent is relatively stable in all brain metabolites, so it is often 
used as an internal benchmark to evaluate the metabolic ra-
tio of other substances. For example, in terms of the severity 
of brain injury and prognosis, Garnett [20] found that the ra-
tio of Cho/Cr and NAA/Cr was significantly correlated with 
Glasgow scale score, and the increase of Cho/Cr and the de-
crease of NAA/Cho are closely correlated with the severity of 
disease. Cecil [21] found that the decrease value of NAA/Cr in 

the white matter was positively correlated with nerve dam-
age. Wang et al. [22] found that decreased levels of NAA/Cr in 
the hippocampal area can damage the contact fibers of brain 
tissues, which can affect cognitive function, including exec-
utive power and memory. To reduce the error rate, NAA/Cr, 
Cho/Cr, and NAA/Cho were used in the present study. The re-
sults showed that the level of NAA/Cr in the left/right hippo-
campal area had increased significantly at 6 and 12 months 
after ESAA, and the difference was statistically significant. This 
shows that ESAA can affect the hippocampal cell metabolism 
in elderly patients with symptomatic vertebrobasilar stenosis.

Our correlation analysis of the level of NAA/Cr in the left/right 
hippocampus showed it was positively correlated with the 
MoCA score at the corresponding time point, suggesting that 
the improvement of cognitive function was related to the level 
of NAA/Cr in the hippocampus. It was speculated that the level 
of NAA/Cr in the hippocampus might be one of the indicators 
be which to assess cognitive dysfunction. The improvement of 
cognitive function in patients after angioplasty might be due 
to improved cell metabolism in the hippocampus. Cerebral ar-
tery stenosis is not only an important risk factor of cerebro-
vascular disease, but is also closely related to cognitive dys-
function [23,24]. The vertebrobasilar system, also known as 
the posterior circulation system, is composed of bilateral ver-
tebral arteries, basilar arteries, and their branches. It mainly 
supplies blood to the brainstem, cerebellum, medial and pos-
terolateral thalamus, occipital lobe, medial temporal lobe, and 
parietal lobe [25], while the temporal lobe, hippocampus, and 
thalamus are closely related to cognitive function.

Cerebral artery stenosis is an important pathological cause of 
low-perfusion vascular cognitive impairment (VCI) [26]. The in-
tegrity of brain function depends on cerebral circulation, espe-
cially the continuous and stable blood supply of the cerebral 
microvascular circulation system. Changes in cerebral circula-
tion system can affect cognitive function [27,28]. In the spec-
trum diseases of cognitive impairment, changes in microcir-
culation and structure and cardiovascular system function 
are an important pathophysiological mechanism, especially 
the relationship between changes in hemodynamic and cog-
nitive function [29]. Lattanzi et al. [30,31] found that cerebral 
hemodynamics was an independent and potentially reversible 
determinant of cognitive dysfunction in severe carotid artery 
disease. Cerebral hemodynamic status before carotid endar-
terectomy can predict neurocognitive performance changes af-
ter surgical stenosis correction. Tools used to assess hemody-
namics include TCD, CT, MR, DSA, and PET. Among them, TCD 
plays an important role in hemodynamic evaluation because 
it is non-invasive, cheap, safe, and effective. TCD can also con-
tinuously record changes in hemodynamic parameters of intra-
cranial and extracranial arteries. In our previous study [7], we 
also found that patients with vertebrobasilar artery stenosis 
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had abnormal hemodynamics, which was corrected after stent 
implantation, consistent with previously reported results [4,32]. 
Therefore, for patients with cerebral arterial stenosis, in addi-
tion to providing a possible mechanism for cognitive impair-
ment, the assessment of hemodynamic status can also pro-
vide a basis for more aggressive treatment in patients at an 
early stage. Hemodynamic variables can be reliable predictors 
of post-stent outcome in vertebrobasilar artery disease. For pa-
tients with abnormal cerebral hemodynamics, early treatment 
may be more beneficial.

ESAA can improve the hippocampal cellular metabolism of 
patients with vertebrobasilar artery stenosis. The possible 
mechanisms are as follows: (1) Long-term stenosis of the ver-
tebrobasilar artery caused slow cerebral blood flow and easi-
ly produces low perfusion. Chronic ischemia and hypoxia can 
lead to decreased cellular metabolism of brain contact fibers 
and can cause cognitive impairment [33–35]. The blood supply 
of brain tissue was increased after ESAA, which improved the 
chronic hypoperfusion state of cerebral blood flow caused by 
previous artery stenosis, and improved the level of cell metab-
olism. In this study, patients with symptomatic vertebrobasilar 
artery stenosis were treated with ESAA. The vascular pathway 
was reconstructed and the perfusion pressure of brain tissue 
increased accordingly, which increased the supply of cerebral 
blood flow. (2) Changes in cellular metabolism biochemical sub-
stances occur in the hippocampus. The hippocampus is closely 
involved in cognitive function, and changes in its cell metabo-
lism can lead to cognitive dysfunction. It has been found that 
carotid stenosis can lead to insufficient cerebral perfusion in 
the frontal lobe, decreasing of NAA/Cr metabolites in the hippo-
campus and damaging cerebral cortical connective fibers [22]. 
Carotid angioplasty can improve the cognitive function and cel-
lular metabolism of such patients. Similar effects may occur in 
patients with vertebrobasilar artery stenosis after ESAA. Blood 
perfusion increased in patients after ESAA, which improved 
the blood and energy supply to neurons in the hippocampus, 
and also improved the metabolism of neurons and restored 
brain and nerve function. (3) The recurrence of posterior cir-
culation infarction was reduced. Symptomatic arterial steno-
sis is an important risk factor for cerebral infarction in patients 
with severe vascular stenosis, which can occur with or with-
out symptomatic cerebral infarction, especially in the key part 
of cerebral infarction, which is more likely to cause cognitive 
damage. When ESAA was used to treat vertebrobasilar artery 
stenosis, atherosclerotic plaques were covered by stents to 
prevent plaque from falling off and to reduce the incidence of 
cerebral infarction and prevent cognitive impairment of stroke 
after stenting. In this study, patients with symptomatic verte-
brobasilar artery stenosis were followed up for 1 year, and no 
recurrence of stroke was found.

Due to the severity and harmfulness of posterior circulation 
ischemia, early and aggressive intervention is extremely impor-
tant in secondary prevention of stroke. Traditionally, the treat-
ment of patients with symptomatic vertebrobasilar arterial ste-
nosis mainly included medical treatment, surgical treatment, 
and endovascular treatment based on actively controlling the 
risk factors of atherosclerosis. The complexity and complica-
tions of surgery limit its use in these patients [36–38]. In re-
cent years, with the advancement of interventional techniques 
and materials, ESAA has become an effective method for the 
treatment of symptomatic vertebrobasilar stenosis due to small 
trauma and exact effect [4,7,39,40]. None of the randomized 
controlled trials that compared medical treatment versus en-
dovascular treatment in patients with symptomatic vertebral 
artery stenosis identified any clear-cut difference in the safe-
ty and efficacy with respect to secondary stroke prevention 
and vascular event outcomes, and currently there is no clear 
evidence to guide treatment [41–43]. The present study found 
that ESAA can prevent recurrence of stroke and improve non-
somatic symptoms in patients, as well as affecting cell metab-
olism in the hippocampus of elderly patients with symptom-
atic vertebrobasilar stenosis. In this regard, our findings offer 
some suggestions for alternative indications for treating symp-
tomatic atherosclerotic vertebrobasilar stenosis.

Our study has certain shortcomings that deserve mention 
(1) This was a single-center study with a small number of pa-
tients and no control group. (2) The follow-up time was too 
short to assess long-term improvement of cognitive function. 
(3) Although brain cellular metabolism combined with brain 
perfusion testis provides stronger evidence, we did not evalu-
ate brain perfusion. Our results need to be confirmed by con-
trolled clinical studies.

Conclusions

For elderly patients with symptomatic vertebrobasilar artery 
stenosis, intravascular stenting can not only reduce the re-
currence rate of stroke, but also improves cognitive func-
tion and changes in cellular metabolism in the hippocampus. 
The mechanism underlying the improvement of cognitive func-
tion may be related to the influence of cellular metabolism in 
the hippocampus. 
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