Ke et al. Journal of Orthopaedic Surgery and Research (2020) 15:470 .
https://doi.org/10.1186/s13018-020-01915-z Journal of Orthopaedic

Surgery and Research

RESEARCH ARTICLE Open Access

Check for
updates

Evaluation on the application of
transcranial Doppler (TCD) and
electroencephalography (EEG) in patients
with vertebrobasilar insufficiency

Changmin Ke'", Chu-na Zheng?", Juan Wang®, Dongying Yao", Xiaojuan Fang®, Yan Luo', Jianglin Wu®,
Xiaoging Zheng”" and Peiping Wang®"

Abstract

Background: To evaluate the diagnostic value of transcranial Doppler (TCD) and electroencephalography (EEG) in
patients with vertebrobasilar insufficiency (VBI) during clinical diagnosis and treatment

Methods: Eighty patients diagnosed with VBI in our hospital from June 2018 to December 2019 were randomly
selected as the observation group, and 80 healthy people who received physical examination in the same period
were selected as the control group. The abnormal rate, main performance and results, and the peak velocity of
blood flow and vertebrobasilar artery blood flow of the two groups were compared.

Results: The abnormal rate of EEG and TCD in VBI patients was 38.75% (31/80) and the 93.75% (75/80), respectively.
In TCD examination, ACA, PCA, MCA, and VA of both sides of the observation group were higher than those of the
control group, while BA was lower than that of the control group (P < 0.05). The Vs, Vd, and Vm on both sides of
BA and VA in the observation group were lower than those in the control group, while Pl and RI were higher than
those in the control group (P < 0.05).

Conclusions: TCD examination is highly sensitive to the degree and pattern of cerebral ischemia in VBI patients.
EEG examination will define the changes of brain cell function after cerebral ischemia. Therefore, EEG and TCD have
their own advantages. The application of TCD and EEG can be considered in the early diagnosis, curative effect, and
prognosis evaluation of VBI patients, so as to improve the accuracy of diagnosis and prognosis.
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Introduction

As a common disease, vertebrobasilar insufficiency
(vertebro-basal artery insufficiency, VBI) mainly refers to
the temporary insufficiency of blood supply or ischemic
attack of vertebrobasilar artery, which is usually
manifested as recurrent or intermittent attack of nerve
dysfunction, making patients have nausea and vomiting,
tinnitus, vertigo, and other clinical symptoms [1]. The
clinical symptoms and etiology of the disease are
complex and diverse, so it is difficult to use conventional
diagnosis. TCD is mostly used in recent years. Many
studies have confirmed that TCD has significant effect
[2], but there are few reports on application of EEG in
VBL In view of this, TCD and EEG will be used to
analyze VBI patients in order to evaluate the clinical
application value. The aim of our study was to evaluate
the diagnostic value of TCD and EEG in patients VBI
during clinical diagnosis and treatment.

Methods

Patients

Subjects were 80 VBI patients (observation group) and
80 healthy people (control group) who were admitted to
our hospital from June 2018 to December 2019. There
was no significant difference between the two groups
(P > 0.05). Comparability is hence established. Refer to
Table 1.

Inclusion and exclusion criteria

VBI: (1) Inclusion criteria: Mthe clinical examination
(MRI or CT) was in accordance with the diagnosis
standard of vertebrobasilar insufficiency [3]; @the reason
for disease is clear, such as hypertension, diabetes, and
cervical spondylosis; ®patients were examined in 3 days
after the onset of the disease; @consent to participate in
the study and family members are informed; ®vital signs
are stable. (2) Exclusion criteria: ®vertigo caused by ear,
eye, and other intracranial diseases; @with malignant
tumor; (®pregnant or lactating women; @cognitive
impairment and mental illness.

Control group: (1) Inclusion criteria: Mbeing healthy
through regular physical examination; @no history of
diabetes, cerebrovascular, and hypertension; ®volunteer
for research; @informed consents were obtained. (2) Ex-
clusion criteria: Mpatients with nervous system disease;

Table 1 Comparison of general data of the two groups of patients
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there are vertigo symptoms; ®poor coordination;
®pregnant and lactating women; ®data missing and
withdrawal.

TCD and EEG measurements

TCD and EEG were performed in both groups. (1) TCD
examination: TCD color transcranial Doppler instrument
(produced by Sutter of Germany, model DWL) was used
to guide the patients to take their supine position posture
and shift into sitting. The professional doctors used 2MH,,
pulse probe (low frequency), and through the occipital
window, the ultra-low arteries (BA, sampling depth of 74—
80 mm) and vertebral arteries (VA, sampling depth of 60—
70 mm), anterior cerebral arteries (ACA), middle arteries
(MCA), and posterior arteries (PCA) examined were used
to detect and obtain the blood flow spectrum, and then the
peak diastolic velocity (VM), resistance index (RI), systolic
velocity (VS), and arterial index (PI) were recorded. (2)
EEG examination: the EEG instrument (produced by Shen-
zhen Delikai, model 10_20 system EEG monitor) was used
to place the electrodes according to the international 10/20
system, the time constant was adjusted to 0.3 Hz, the filter
wave was adjusted to 35 Hz, the electrodes were placed on
the subject’s earlobe, the tracing time was controlled within
30 min, and the conventional monopole and bipolar tra-
cing were performed to guide the a distribution, symmetry,
and the frequency, and the ratio of 8 to § of diffuse wave
were observed and counted.

Observation index

The TCD and EEG results of VBI patients were
analyzed. The peak velocity of blood flow (ACA, MCA,
PCA, RA, and VA) and the blood flow of vertebrobasilar
artery (VS, VM, R], Pi on both sides of BA and VA) were
compared with those of the control group. The TCD
diagnostic criteria refer to Abreu et al. [4] and other
evaluation criteria. The EEG diagnostic criteria refer to
Zafonte et al. [5] and other evaluation criteria.

Statistical analysis

The data was analyzed through the SPSS22.0 software.
Measurement data were expressed by (Xts), ¢ test, count
data by (%), chi square test, and P < 0.05 means being
statistically significant.

Group Cases Gender [n (%)) Average Average body
Male Fernale age (years) weight (kg)

Observation group 80 43 (53.75) 37 (46.25) 4451 + 203 56.05 £ 6.26

Control group 80 45 (56.25) 35 (43.75) 4356 + 245 55.06 £ 7.27

X/t - 0.126 0.158 0.206

P - 0.722 0.874 0.836
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Results

Comparison of TCD examination between the two groups
The abnormal rate of TCD in observation group was
93.75% (75/80). The main characteristics were that the
blood spectrum was similar to a right triangle, the peak
time was delayed and waveform was blunt, the flow vel-
ocity on both sides was unbalanced, PI showed a de-
creasing or increasing trend, the abnormal frequency
spectrum S1 < S2, and the image comparison between
observation group and control group is shown in Figs. 1
and 2. The peak velocity of MCA, ACA, PCA, and VA
in the left and right sides of the observation group were
higher than those in the control group, while BA was
lower than that in the control group, with a statistically
significant difference (P < 0.05). Refer to Table 2.

Comparison of blood flow of vertebrobasilar artery
between two groups under TCD examination

The Vs, Vd, and Vm of BA and VA in the observation
group were lower than those in the control group, while
PI and RI were higher than those in the control group
(P < 0.05). Refer to Table 3.

Analysis on EEG examination of the two groups

The abnormal rate of EEG in the observation group was
38.75% (31/80), including 16 cases of edge state EEG,
accounting for 51.61% (16/31); 10 cases of mild abnor-
mal EEG, accounting for 32.26% (10/31); and 5 cases of
moderate abnormal EEG, accounting for 16.13% (5/31).
The changes of EEG in limbic state showed a decrease
of a activity, lack of a wave in the occipital and parietal
regions, and poor regulation and amplitude modulation.
Among them, there were 7 cases of a wave generalization
or migration with a frequency between 8 and 10 Hz. The
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mild EEG changes showed that the background EEG lacks
a activity, and the short-term or paroxysmal group
produced 30-50 pV, 5-8 c/s 6 activity. The moderate ab-
normal EEG showed that there were 40~70 uV, 6 rhythm,
and scattered & wave in the background EEG. In eye
open-and-close test, there were 5 patients (16.13%) with
incomplete inhibition of a wave. In hyperventilation, there
was no significant change in the background EEG after
hyperventilation, and there was a slight diffusion increase
in the 8 wave and & wave of slightly abnormal and moder-
ately abnormal EEG. In the control group, EEG showed
marginal state in 6 cases, accounting for 7.50% (6/80);
slight abnormal EEG in 1 case, accounting for 1.25%
(1/80); and no other abnormal special changes were found.

Discussion

As a common type of intracranial vascular disease, VBI
mainly includes reversible ischemic neuropathy and
transient ischemic attack neuropathy. According to the
anatomical standard, the vertebrobasilar artery system is
composed of vertebral arteries on the left and right sides
and inferior pontine basilar arteries. It is mainly responsible
for supplying blood to the brainstem, cerebellum, and oc-
cipital part of the brain [6]. When VBI occurs, the blood
flow in the blood supply area decreases, resulting in insuffi-
cient blood supply, metabolic damage of neuron cells, and
weakening of synaptic function. If the intervention is not
carried out in time to make the recurrent attack, this
change will persist for a long time. Even if it does not
recover in the intermittent period, it is easy to promote the
occurrence of vertebral basilar artery ischemic change.
Brunser et al. [7] reported that there were many branches
in the vertebrobasilar artery, which would connect the mid-
dle cerebral artery and the anterior cerebral artery through
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Fig. 1 Blood flow spectrum of the control group in TCD examination
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Fig. 2 Blood flow spectrum of the observation group in TCD examination

the Willis ring. When VBI has some clinical symptoms,
such as vertigo, the hemodynamics in the brain will change,
the cerebral blood flow will be reduced, and the brain func-
tion will be correspondingly impaired.

At present, a large number of studies have confirmed
the pathogenesis of VBI, mainly including the following
points: Mcervical degenerative changes, cervical spondyl-
osis, neck inflammation and neck muscle brain damage,
etc., which will lead to compression of the vertebral artery.
When the position of the head changes, it will stimulate
the sympathetic nerve of the neck, and then induce the
spasm of the vertebral artery, resulting in change of blood
flow velocity of artery; @due to the influence of their dis-
eases, such as hyperlipidemia, hypertension, and diabetes,
atherosclerosis will occur, involving all blood vessels and
their branches, leading to stage vascular stenosis, resulting
in corresponding changes in blood flow speed and
spectrum morphology [8, 9]. Previously, there was no sim-
ple and effective method for the detection of VBI, but in
recent years, with the development and progress of med-
ical technology and the emergence of TCD, it provides an
accurate, noninvasive, and simple method for the diagno-
sis of VBI. Through the diagnosis results, it will be clear
about the blood flow status of single vessel, such as

diastolic speed, boost index, contraction speed, and vascu-
lar compliance, which is helpful for accurate reflection of
the subtle changes of VBI [10, 11]. In TCD observation
index, Vd and Vm are mainly used to reflect the
hemodynamic changes of the measured blood vessels, PI,
RI, and pulse parameters, and to evaluate the arterial
toughness and compliance. In reflecting the cerebral
vascular pulsation, the boost index is more sensitive to
vascular compliance than the pressure index, which fully
reflects the changes of cerebral vascular resistance. The
study showed that the abnormal rate of TCD in the
observation group reached 93.75%, which was similar to
that of 89.46% of VBI patients in the research results of
Wu et al. [12], and demonstrated that TCD had a high
sensitivity in the diagnosis of VBI and would reflect the
abnormal situation of vertebrobasilar artery. In TCD
examination, VM serves a high-value index. When the
flow rate is too slow, it means that the blood supply of
blood vessels is insufficient, and when the flow rate is fas-
ter, it means that the blood vessels are narrow or spasm.
Both of them will lead to the decrease of cerebral circula-
tion blood flow, which is also verified in the study results
that Vs, Vd, and Vm in the observation group are lower
than those in the control group.

Table 2 Comparison of peak velocity of blood flow between two groups in TCD examination (X £ s, cm/s)

Group Side ACA MCA PCA BA VA

Observation group (n = 80) Left 60.52 + 9457 7864 + 10467 4878 + 8.42° 4452 + 5567 3364 +10.127
Right 60.56 + 10.247 80.56 + 9.14¢ 4836 + 9.12° 33.95 + 11.12°

Control group (n = 80) Left 74.13 £ 946 89.00 + 10.12 5723 £ 6.03 53.12 £ 846 4513 +9.36
Right 7500 £ 9.12 8945 + 10.72 5716 £ 6.17 4325 £ 9.69

Notes: compared with the control group, “P<0.05
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Table 3 Comparison of blood flow change of vertebrobasilar artery between two groups in TCD examination (X + s, v/cms ')

Group Artery Side Vs vd Vm PI RI
Observation group (n = 80) BA 4452 + 5537 2438 + 8397 3246 + 9.46° 073 +0.12° 067 £0.127
VA Left 33.63 + 10.09° 20.30 + 6697 2436 + 7.38° 079 £ 0.12¢ 065 + 0077
Right 3395+ 11.02¢ 1806 + 6457 25.18 + 8367 0.77 £ 0.13¢ 066 + 0.16”
Control group (n = 80) BA 5392 £ 986 27.56 = 895 3646 + 846 0.70 £ 0.08 0.62 £ 0.05
VA Left 4536 + 934 2033 +7.63 30.14 + 746 0.71 £ 0.09 0.58 + 0.06
Right 4326 +9.78 2236+ 756 2860 + 7.08 071 £0.11 0.56 + 0.03

Notes: compared with the control group, “P<0.05

EEG is mainly used to reflect the functional state of
brain cells. It was found in this study that the abnormal
rate of EEG in VBI patients was 38.75%, which was man-
ifested in decrease of a index. There was no advantage
in occipital region. The existence of a wave was moving
forward. The regulation of a wave amplitude was poor,
among which the increase of 6 wave was 32.26% and
16.13% in mild and moderate abnormality. There was no
other serious abnormality EEG and other characteristic
disease wave, which showed that the characteristic of
EEG was poor in VBI diagnosis. However, considering
that brain cells are particularly sensitive to hypoxia and
ischemia, when the intracranial artery is in a state of in-
sufficient blood supply for a long time and there is ar-
teriosclerosis, it is easy to cause hypoxia and hypoxia of
brain cells, resulting in functional damage of brain cells
and changes in electrophysiological activities. Previous
research [13] showed that the vertebrobasilar system
would supply blood to the cerebral cortex to keep elec-
trophysiological activity of the blood supply site at a nor-
mal level. Under normal circumstances, EEG shows that
a rhythm is at a superior point occipital region, with
good amplitude regulation and good synchronous sym-
metry on both sides. VBI showed abnormal changes in o
wave, which also reflected that ischemic changes may
occur in the cortex of blood supply to some extent [14,
15]. The study shows that TCD has a higher abnormal
rate than EEG, which indicates that TCD is highly sensi-
tive in the abnormal changes of cerebral blood volume.
It will not only identifies the changes of cerebral blood
flow in the early stage, but also shows the degree and
scope of cerebral ischemia. TCD can be used to detect
the disease when it occurs in cerebral blood flow.
Zamani et al. [16] showed that TCD was better than
EEG in identifying the diseased vessels, ischemic degree,
and anatomical location. However, EEG may find the
changes of brain wave in VBI patients from the perspec-
tive of electrophysiology. It can evaluate the functional
state of brain cells according to the increase of slow
waves such as a wave, § wave, and 0 wave, reflecting the
situation of cerebral cortex ischemia. In contrast, TCD
examination is mainly to provide objective reference
basis for VBI patients, such as the degree and scope of

cerebral ischemia. EEG examination is more convenient
and will find the changes of cell function upon cerebral
ischemia. Although the positive rate of VBI patients in
this study is significantly different in the two examin-
ation methods, they reflect the pathological and physio-
logical status of VBI from different directions, which
means that the two examination methods are comple-
mentary to some extent.

There were also some limitations in this study. First,
the sample size in this study was relatively small. Further
study with lager sample size was needed. Second, the
combination application of EEG and TCD has not been
evaluated.

Conclusion

In conclusion, TCD examination is highly sensitive to
the degree and pattern of cerebral ischemia in VBI pa-
tients. EEG examination will define the changes of brain
cell function after cerebral ischemia. Therefore, EEG and
TCD has its own advantages. The application of TCD
and EEG can be considered in the early diagnosis, cura-
tive effect, and prognosis evaluation of VBI patients, so
as to improve the accuracy of diagnosis and prognosis.

Abbreviations
TCD: Transcranial Doppler; EEG: Electroencephalography; VBI: Vertebrobasilar
insufficiency

Acknowledgements
None.

Authors’ contributions

We declare that all the listed authors have participated actively in the study
and all meet the requirements of the authorship. CK and CZ designed the
study and wrote the protocol, JW and YL performed research/study, DY and
XF contributed important reagents, JW and PW managed the literature
searches and analyses, XZ and PW undertook the statistical analysis, and XZ
wrote the first draft of the manuscript. The authors read and approved the
final manuscript.

Funding
None.

Availability of data and materials
Not applicable.

Ethics approval and consent to participate
Not applicable.



Ke et al. Journal of Orthopaedic Surgery and Research (2020) 15:470

Consent for publication
Not applicable.

Competing interests
None.

Author details

'Neurology Department, The Fifth Affiliated Hospital of Sun Yat-sen
University, Zhuhai city 519000, Guangdong Province, China. “Department of
Dermatology, The Fifth Affiliated Hospital of Sun Yat-sen University, No.52,
Meihua East Road, Xiangzhou District, Zhuhai City 519000, Guangdong
Province, China. 3Departmem of Health Management Centre, The Fifth
Affiliated Hospital of Sun Yat-sen University, Zhuhai city 519000, Guangdong
Province, China. “Department of Burns and Plastic Surgery, The Fifth Affiliated
Hospital of Sun Yat-sen University, Zhuhai city 519000, Guangdong Province,
China. *Department of Psychiatry and Psychology, The Fifth Affiliated
Hospital of Sun Yat-sen University, Zhuhai city 519000, Guangdong Province,
China. 6Departmem of Orthopedics, No.6, Dongguan TCM Hospital,
Dongguan city 523000, Guangdong Province, China. ’Department of Urinary
Surgery, The Fifth Affiliated Hospital of Sun Yat-sen University, No.52, Meihua
East Road, Xiangzhou District, Zhuhai City 519000, Guangdong Province,
China.

Received: 2 June 2020 Accepted: 24 August 2020
Published online: 13 October 2020

References

1. Manara R, Carlier RY, Righetto Set al. Basilar artery changes in Fabry disease
[J1. INR Am J Neuroradiol. 2017;38(3):123-124.

2. Shin J, von Luhmann A, Blankertz B, et al. Open access dataset for EEG+NIRS
single-trial classification[J]. IEEE Trans Neural Syst Rehabil Eng. 2017;25(10):
1735-45.

3. Siebert E, Bohner G, Zweynert S, et al. Revascularization techniques for
acute basilar artery occlusion: technical considerations and outcome in the
setting of severe posterior circulation steno-occlusive disease [J. Clin
Neuroradiol. 2018;29(11):1-9.

4. Abreu AB, Iglesias RB. Vertebro-basal insufficiency due to low blood
circulation through the subclavian artery. Steal Syndr. 1969,39(2):272-81.

5. Zafonte R, Kurowski B. Transcranial Doppler [M]. Springer New York. 2017;
5(2):2-6.

6. Michel CM, Murray MM, Lantz G, et al. EEG source imaging [J]. Clin
Neurophysiol. 2004;115(10):2195-222.

7. Brunser AM, Lavados PM, Hoppe A, et al. Transcranial Doppler as a predictor
of ischemic events in carotid artery dissection [J]. J Neuroimaging Official J
Am Soc Neuroimaging. 2017,27(2):281-7.

8. Dong-Hua M |, Yang Z H, Yang B, et al. Application of bedside
transcranial Doppler in monitoring of severe cerebrovascular diseases
[J. The Chinese Journal of Stroke. 2018;36(3):379-382.

9. Abecasis F, Cardim D, Czosnyka M, et al. Transcranial Doppler as a non-
invasive method to estimate cerebral perfusion pressure in children with
severe traumatic brain injury [J]. Child s Nerv Syst. 2019;34(7):245-6.

10.  Cardim D, Robba C, Czosnyka M, et al. Noninvasive intracranial pressure
estimation with transcranial Doppler: a prospective observational study [J].
J Neurosurg Anesthesiol. 2019;1.50(3):195-200.

11, Alam M, Ahmed G, Ling YT, et al. Measurement of neurovascular coupling
in human motor cortex using simultaneous transcranial Doppler (TCD) and
electroencephalography (EEG) [J]. Oncotarget. 2018,;39(6):105-6.

12, Jian-Wei WU, Jun-Ping GUO, Jiao-Kun JIA, et al. Study on transcranial
Doppler in predicting delayed cerebral ischemia after subarachnoid
hemorrhage with higher modified Fisher grade [J]. Chin J Stroke. 2017;
23(3):451-4.

13. Wang H-Y, Hao L, Guo Y-S, et al. Effect of hypertension on vascular
contraction and sodium pump activity in rat cerebral basilar artery [J]. Chin
Pharmacol Bull. 2017;33(1):74-83.

14. Lan Z, Sourina O, Wang L, et al. Unsupervised feature learning for EEG-
based emotion recognition [C]// 2017 International Conference on
Cyberworlds (CW). IEEE Comput Soc. 2017;45(6):593-5.

15. Islam MK, Rastegarnia A, Yang Z. A wavelet-based artifact reduction from
scalp EEG for epileptic seizure detection [J]. IEEE J Biomed Health Inform.
2017;20(5):1321-32.

Page 6 of 6

16. Zamani S, Haghighi A B, Haghpanah S. Transcranial Doppler screening in 50
patients with sickle cell hemoglobinopathies in Iran.[J]. J Pediatr Hematol
Oncol. 2017;39(7):593-599.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Patients
	Inclusion and exclusion criteria
	TCD and EEG measurements
	Observation index
	Statistical analysis

	Results
	Comparison of TCD examination between the two groups
	Comparison of blood flow of vertebrobasilar artery between two groups under TCD examination
	Analysis on EEG examination of the two groups

	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

