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Abstract 

Background: Vertigo is an illusory sense of motion in the absence of real movement, either in the self or the 

environment. Vertigo is isolated and has no positive indications of dysfunction of the central neurological system. 

Study aims at studying MRI, TCD and BAEP relationships and alterations in individuals with isolated vertigo. 

Methods: Patient control research involves 50 patients with isolated vertigo, 50 matched age and gender health 

controls, from Al-Azhar University Hospitals, Assuit, Egypt, neurology and audio vestibular hospitals, from May 

2019 through to June 2021. Results: patient start age with vertigo (40-60), disease duration (2-3) years, 70% with 

peripheral vertigo,30% with central vertigo, 86% with abnormal and 70% with abnormal BAEP and 74% with 

vertigo with an abnormal TCD. Relationship and variations in cervical MRI, TCD and BAEP in 50 patients with 

"isolated" vertigo and 50 healthy controls respectively were examined. Results: A statistically significant differences 

between the two groups were found for total TCD, BAEP abnormalities and no significant differences between the 

two groups in cervical MRI abnormalities. The findings revealed strong associations between TCD and cervical 

MRI, TCD and BAEP in the vertigo group. And TCD PI analysis and certain BAEP items revealed positive linear 

relationships. In the control group, there were no statistical differences or relationships. Conclusions: TCD is a 

"isolated" vertigo screening sensitive technique. A combined cervical MRI, TCD and BAEP test regimen is suited to 

evaluate the "isolated" vertigo. 
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1. Introduction  
Vertigo is not a single illness but a symptom of 

a broad variety of illnesses of different aetiology, 

which may originate in the inner ear, brain and brain 

stem or can be of internal, vestibular, or 

psychosomatic origin [1]. 

Isolated vertigo seems more complicated if both 

neurological testing and MRI are negative. [2] 

Kerber et al (2006)[3] found that individuals 

with an isolated vertigo symptom had a modest stroke 

prevalence (0.7%), while patients with mixed vertigo 

symptoms and unbalance have a significant incidence 

of stroke (3.2 percent ). 

Nearly 50 percent of dizzy individuals have 

vertigo [4, 5]. 

The vertigo of central neurological vascular 

origin should be distinguished from benign peripheral 

diseases at an early stage after the development of 

symptoms [6]. 

Dizzy individuals are frequently wrongly 

diagnosed with VBI if they fall within a category of 

stroke-prone age, thus errors in diagnosis and 

inadequate treatment of stroke are ordered[7]. 

Vertebrobasilar arteries supply the key 

components of the vestibular system with arterial 

blood flow (inner ear, VIII nerve, and vestibular 

nuclei and their connections with folliculonodular 

lobes of the cerebellum). It is thus frequent that 

decreased blood flow may lead to vertigo in the 

vertebrobasilar system Hypo-perfusion or transitory 

ischemia may accompany brief symptoms but more 

severe symptoms may be caused to post- fossal-

circulation thrombotic vascular accidents [8]. 

Cervical vertigo may or may be one of the 

major causes of vertigo [9]. 

The Audio Brain Stamm Reaction (ABR) or 

Audio Evoked Potentials (BAEPs) is a 

straightforward, objective and non-invasive approach 

utilised in the assessment of the brainstem's cochlear 

nervous and auditory pathways [11]. 

In addition, ABR may help to locate lesion 

locations and differentiate between vertigo related to 

vestibular dysfunction owing to VBI and vertigo. 

VBI presence affects the integrity of the cochlear 

nerve vestibular and brain stem that may be identified 

with the use of ABR [11]. 

Transcranial Doppler (TCD) is a cheap, painless 

and non-invasiv technique for measuring the rate and 

direction of blood flow from the vertebral, basilar, 

extra- and intracranial sections of the artery [12, 13, 

and 14]. 

The use of (TCD) and (TCCD) in vertigo 

patients has many advantages: they may be used 

repeatedly in the nurse of the patient and also 

cheaply. It may assist differentiate an ischemic stroke 

from a hemorrhagic stroke by an active stroke with 

an expert physician [15]. 

Olszewski et al (2006) [16] suggest TCD for 

cervical vertigo diagnosis. In a TCD examination 

with a 15 percent reduction in vertebral artery flux, 

the presence of a positive neck rotation test indicates 

the cervical vertigo. 

 

3. Patients and methods. 

This study was a case-control study. Included 50 

patients with isolated symptom of vertigo recruited 
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from 312 patients with vertigo, 50 healthy individuals 

of matched age and sex from Neurology and audio 

Vestibular unit ENT departments.  

The study was approved by the ethics 

committee of research involving human subjects of 

faculty of medicine Al- Azhar University, Assuit 

branch. Informed consent was obtained from each 

individual before being enrolled in the study. 

 

2.1. All patients were subjected to  

1. Full medical, audio vestibular, neurological 

history and examination. 

2. Blood tests:  Including (CBC, ESR, CRP, 

Fasting blood sugar, 2hour post prandial blood 

sugar, Liver function tests (AST, ALT), Kidney 

function tests (Serum creatinine and 

urea),Thyroid function tests(Free T3 , Free T4 

and TSH). 

3. Cervical MRI: was acquired on a 1.5 T MR 

Scanner (Philips, Netherland), Conventional 

turbo spin echo T1-and T2-weighted sagittal and 

axial images were obtained. 

4. Transcranial Duplex: The apparatus used in 

this study is Philips ClearVue 650 Ultrasound 

System with L 12-3 MHz linear transducer 

probe. 
 

2.2. Statistical analysis 

The collected data was revised, coded, tabulated 

and introduced to a PC using Statistical package for 

Social Science (IBM Corp. Released 2017. IBM   

SPSS Statistics for         Windows,  Version 25.0. 

Armonk, NY: IBM Corp.). Data were presented and 

suitable analysis was done according to the type of 

data obtained for each parameter. Descriptive 

statistics: Mean Standard deviation (± SD) for 

numerical data. Frequency   and percentage  of non-

numerical data. Shapiro test was done to test the 

normality of data distribution. Analytical statistics: 

Student T Test was used to assess the statistical 

significance of the difference between two study 

group means. 
 

3. Results 

The present study included 50 patients with 

isolated vertigo   and 50 healthy control subjects of 

matched age and sex.  

In vertigo group, cervical MRI results showed 

normality in 16 cases, cervical curvature abnormality 

in 5 cases, intervertebral space narrowing in 4 cases, 

cervical disk bulging in 20 cases, and cervical disk 

herniation in 5 cases. In control group, cervical MRI 

results showed normality in 20 cases, cervical 

curvature abnormality in 30 cases. There was   no 

significant difference of cervical MRI between two 

groups and the results showed significant differences 

of TCCD and BAEP between two groups. Table (1) 

There is significant differences of Mean flow 

velocity (MFV) findings of Right vertebral V2 

segment, BA, Left V2 a between patients and control 

group. 

There is significant differences of Pulsatility 

index (PI) findings of basilar between patients and 

control groups, with no  significant differences of PI 

of right and left  V2 Table (2). 

 

Table (1) the overall abnormalities of three examinations of the studied   patients   and controls groups. 
  

     Cases                     N=50 Controls                 N=50 P-Value 

Cervical MRI N (%) N (%)  

Normal 16 32.0 20 40.0 0.53  NS 

Abnormal 34 68.0 30 60.0 

TCCD N (%) N (%)  

Normal 13 26.0 40 80.0 <0.05 S 

Abnormal 37 74.0 10 20.0 

BAEP N (%) N (%)  

Normal 15 30.0 48 96.0 
<0.05 S 

Abnormal 35 70.0 2 4.0 

Table (2) Mean flow velocity (MFV) and Pulsatility index (PI) findings of vertebral and basilar arteries between the 

studied patients and controls groups. 
 

 Cases                    N=50 Controls              N=50 P-Value 

Parameters Mean ±SD Mean ±SD  

Right 

RV2   MFV 32.22 7.19 24.73 7.16 <0.05 S 

RV2   PI 1.05 0.2 1.12 0.24 >0.05 NS 

BA    PI 1.06 0.25 0.92 0.16 <0.05 S 

Left 

LV2     MFV 17.11 5.83 27.35 9.4 <0.05 S 

LV2     PI 2 0.62 1.1 0.22 >0.05 NS 

LV2     MFV 17.11 5.83 27.35 9.4 <0.05 S 

LV4     PI 1.13 0.29 0.9 0.24 <0.05 S 

http://peripheralneuropathycenter.uchicago.edu/learnaboutpn/evaluation/neuroexam/index.shtml
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ABR study revealed that 35  patients (70%) 

have abnormalities in one or more parameters of  

ABR .There were statistically significant differences 

of I, III, V latency on the left side, and also I, III 

latency and III-V IPL on the right side between two 

groups. Table (3)  

There were statistically significant differences 

between BA PI and III-V IPL , I-V IPL on the left 

side with no statistically significant differences 

between BA PI and BAEP on the right side. Table (5) 

     

Table (3) BAEP latency and IPL between vertigo and control groups. 
 

 Cases                                  N=50 Controls                           N=50 P-Value 

 Mean ±SD Mean ±SD  

 Right BAEP    

I 2.24 0.48 1.35 0.19 <0.05 S 

III 4.34 0.53 3.26 0.47 <0.05 S 

V 5.44 0.56 5.35 0.36 >0.05 NS 

I-III 2.016 0.4 2.09 0.23 >0.05 NS 

III-V 1.72 0.44 1.67 0.14 <0.05 S 

I-V 3.99 0.45 3.9 0.29 >0.05 NS 

 Left BAEP    

I 2.25 0.48 1.39 0.22 <0.05 S 

III 4.36 0.51 3.25 0.54 <0.05 S 

V 6.39 0.53 5.38 0.42 <0.05 S 

I-III 2.18 0.39 2.11 0.24 >0.05 NS 

III-V 1.69 0.44 1.67 0.15 >0.05 NS 

I-V 4.1 0.45 3.87 0.28 >0.05 NS 

Table (4) Performance of TCD and BAEP for diagnosis of vertigo using ROC  Curve. 
 

Markers Cutoff AUC (95% CI) Sensitivity (%) Specificity (%) 

BAEP 3.01 0.74 (0.64-0.82) 74% 92% 

TCD 1.25 0.58 (0.48*0.68) 90% 82% 

 

 
 

Fig. (1) ROC  Curve of TCD and BAEP for diagnosis of vertigo  
 

Table (5) Correlation between Basilar pulsatility index (PI) and BAEP parameters between the studied cases. 
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 RT BAEP  r- Value P-Value 

BA PI I 0.011 >0.05 NS 

III -0.031 >0.05 NS 

V 0.025 >0.05 NS 

I-III -0.009 >0.05 NS 

III-V -0.011 >0.05 NS 

I-V -0.006 >0.05 NS 

 LT BAEP  r- Value P-Value 

BA PI I  0.011 >0.05 NS 

 III -0.015 >0.05 NS 

V  0.023 >0.05 NS 

I-III  -0.013 >0.05 NS 

III-V  -0.32 <0.05 S 

I-V  -0.34 <0.05 S 
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4. Discussion 

Isolated vertigo seems to be more Complex, if 

neurological tests are negative for both neurological 

and head RMR [2]. Certain vertigo may occur in 

brain stem or cerebellum, which has a significant 

effect on the patient [2]. 

This research includes 50 solitary vertigo 

patients, 30 men and 20 females (53,06±8) years of 

age. At the same time, there was a recruitment of 50 

healthy con trolles matched in sex and age, including 

30 males and 20 females, with a mean age 

(53.3±8.01) years. 

In our research, there is no statistically 

significant difference between vertigo and control 

group of cervical MRI abnormalities. It may be 

ascribed to the significant instances of middle age. 

The findings are consistent with Ji and Zhang 

(2014)[17] which showed that the cervical anomalies 

of the patients and control groups were not 

statistically significant. 

In our findings the major BAEP anomalies 

revealed that the delay of I, III and V on the left was 

statistically significant. 

and I, III latency and III-V Interpeak latency 

between patient and control group on the right-hand 

side. These findings are consistent with Ji and Zhang, 

(2014)[17] who have found statistically significant 

difference between the two categories I, III, V on the 

left and I, III latency and III-V on the right. 

The results of the study indicated that the 

statistically significant difference between the patient 

and the control group was between the median flow 

velocity (MFV) of the right and left vertebrals 

(Proximal-Extra cranial (V1); also there were 

significant differences between the right and left 

vertebral arteries (PI) findings of pulsatility index 

(PI) and the control group with. There are also 

substantial variations between the Pulsatility Index 

(PI) of the results of Rt and Lt vertebral (V1) between 

patients and control groups under this agreement with 

Ji and Zhang, (2014) [17], who found statistical 

significant differences in (MFV). 

A statistically significant difference between 

patients and the control group was found in Mean 

Flow Velocity (MFV) of the right and left vertebral 

(Distal-intracranial (V4). These findings are 

consistent with Rageh et al. (2010)[18], which 

showed statistically significant variations in the 

MFVs of the right and left vertebral arteries between 

two groups. 

The pulsation index (PI) data from Right and 

Left Vertebral (Distal-intracranial (V4)) between 

patients and the control group were statistically 

significant. and These findings accord with Rageh et 

al., (2010)[18] who found that the right- and left-

vertebral artery PI group had statistically significant 

differences. 

The findings revealed that the mean flow-speed 

(MFV) and the pulsatility index (PI) of basilar 

arteries were statistically significantly different 

among patients and the control group. This was 

agreed with Ji and Zhang,[17]and Rageh et 

al.,[2010][18], which reports that the difference 

between basillary artery parameters in patients and 

the control group is statistically significant. 

In the vertigo group statistically relevant 

correlation exists between the general abnormalities 

TCD and cervical MRI (X2=4.77, P<0.05) and TCD 

and BAEP (X2=40.77, P<0.05), but there has been no 

significant correlation between cervical MRI and 

ABR (X2=3.43, P>0.05), therefore, cervical MRI and 

BAEP abnormen in the presence of TCD 

abnormalities can be predicted. 

This result suggests the superiority of the TCD in 

patients with vertigo over cervical MRI and ABR. 

This was in agreement with Ji and Zhang (2014)[17], 

who reported that the correlation was statistically 

significant not only between TCD and cervical MRI 

(X2=15.90, p<0.01) but also between TCD and 

BAEP (X2=17.31, <0.01), but also between cervical 

MRI and BAEP (X2=3.01, p>0.05) and, also, 

Mohammed et al. (2012)[19] and we could draw the 

conclusions from this report. The results are not 

statistically significant. 

Our findings also revealed substantial quality 

correlations between LV1 PI and I, III latency, III-V, 

I-V IPL on the left and V latency, III-V IPL on the 

right hand side, apart from the quantitative 

connection between TCCCD and BAEP. And also 

there is a correlation between RV1 PI and I, III 

latency, III -V, I-V IPL to the left, and III-V IPL to 

the right, and also, to the left, BA PI and III-V, I-V 

IPL to the left, and also positive linear linkages exist 

between LV4 PI and V latency, III-V IPL to the left, 

and I latency to the right. And there was also a 

correlation between the right latency of RV4 PI and 

III, V with no links on the left, which confirms that 

the TCCD and BAEP parameters can reflect brain 

stem blood supply and nerve function respectively 

and therefore can distinguish vertigo of 

vertebrobasilar origin from the periphery. It showed 

if a patient with isolated vertigo has an abnormal 

TCD result, we should consider the abnormal BAEP 

outcomes, and vice versa if a patient with isolated 

vertigo has an abnormal BAEP result, consider the 

abnormal TCD results and our current VBI sensitivity 

outcomes of 90 percent and 82 percent support the 

clinical value of using TCD. 

TCCD and BAEP should thus be investigated in 

vertigo patients, and TCCD should be the initial 

evaluation when evaluating vertebrobasilar vertigo. 

In contrast the combination of cervical MRI, TCD 

and BAEP has superiorities to exclude 

vertebrobasilar insufficiency of its negative 

correlations, with the agreement of Searls et 

al.,[2012].[2] They have reported that TCD is 

superior in early detection of isolated vertigo, small 

vascular focal, neurological injury or other conditions 

He considered that TCD MFV of vertebral artery 

declines 15 per cent for positive neck rotation for 

cervical vertigo diagnosis, and also for Syme P 

diagnosis, (2004)[21] reported that TCD is more 

sensitive (96 per cent) for the early detection of acute 

occlusions of the small vessel, especially when 

conducted with transcranial, color-coded duplication. 

The surveillance of TCD basilar arteries by patients 
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with acute post-circulation ischemia was conducted 

by imaging[2013] and Hwang etc., (2012)[23], and 

the link was discovered to be between microembolic 

signals and intracranial vertebrobasillary stenosis It 

indicated that the post-circulation micro-embolics 

during the TCD predicted stroke incidence in this 

region if there was no intervention. TCD should thus 

be utilised for primary prevention of post-circulation 

stroke following a vertigo episode. 

The total abnormality in vertigo group was 70% 

in our research, while only 4 percent in the control 

group and the lack of head MRI may suggest 

microvascular ischemia within the imaging threshold 

compared to Cai et al., (2012)[24] and Grad et al., 

(1989)(25) in those patients with abnormal BAEP. 

5.Conclusion. 

TCCD is an essential technique of diagnosing 

vertigo, a sensitive approach for vertigo screening, 

and superior to early identification of isolated vertigo, 

tiny vascular focal cell, neurological injury or other 

non-structural head damage problems. 

The TCCD and BAEP characteristics may 

represent the status of the brainstem's blood supply 

and nerve function and can differentiate 

vertebrobasilar vertigo from peripheral aetiology. It 

showed that if a patient with isolated vertigo has an 

abnormal TCD, an abnormal BAEP result should be 

taken into account and vice versa. 

In the case of TCD abnormalities, cervical MRI 

and BAEP abnormalities may be anticipated. 

This result shows that the TCD is superior to 

cervical MRI and ABR in vertigo patients. 
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