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Abstract 

Background: Transcranial Doppler sonography (TCD) is widely used to demonstrate 

intracranial stenosis and TCD findings have been validated with angiographic 

findings. Transcranial color-coded duplex sonography (TCCD) provides imaging 

facilitated better cerebral vessel identification. However, TCCD has no validated flow 

criteria, this was necessary to demonstrate correlation between TCD and TCCD. 

Adjustable angle corrections in TCCD result in different flow velocities. To use TCD 

criteria, we need to determine whether angle correction is necessary while performing 

TCCD to best correlate with TCD results. 

 

Objectives: To assess whether MFV values from TCCD with and without angle 

correction show closer MFV to the results from TCD method. 

 

Materials and Methods: In this comparative study, we enrolled 36 patients who had 

subacute to chronic neurological deficit and were consulted for sonography. Both 

TCD and TCCD with and without angle correction were performed at depth 58 mm 

and 50 mm of bilateral middle cerebral artery (MCA). Primary outcome was 

comparison of mean differences of MFV between different methods of TCCD with 

MFV results from TCD.       

 

Results: A total of 140 insonated MCA locations were analyzed. Absolute mean 

difference of MFV from TCCD with angle correction and without angle correction 

were 5.4 and 8.9 cm/s respectively. MFV from TCCD with angle correction had 

closer values to the TCD result with no statistically significant differences to the TCD 

in depth 58 mm of insonation and ≥50% stenotic vessels of MCA. Angle correction 

range at 0-30° provided closer MFV values than the results from angle of 31-60°.    

Conclusion: To use TCD criteria, TCCD with angle correction provided MFV of the 

MCA closer than the TCCD without angle correction. Degree of angle correction 

more than 30 provided overcorrection of the MFV.   
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Introduction 

 Nowadays transcranial Doppler sonography (TCD) is a non-invasive 

diagnostic tool for intracranial basal arteries stenosis. TCD was limited by its inability 

to provide vessel images and was operated blindly by insonation at setting depth. 

However, TCD had scientifically been validated with vascular studies such as 

angiogram, computed tomography angiography (CTA), or magnetic resonance 

angiography (MRA). The common cut-off values for diagnosis of moderate (>50%) 

stenosis for TCD were published by Stroke Outcomes and Neuroimaging of 

Intracranial Atherosclerosis (SONIA) criteria [1]. 

Transcranial color-coded duplex sonography (TCCD) is able to display 

intracranial vessel by color-coded Doppler signal and helpfully guide the proper 

targeted vessel segments correcting angle of insonation parallel to blood flow 

directions lead operators to follow vascular curving course. Calculated velocity (v) 

from Doppler shift equation [∆f/f0 = 2 (v/c) • cos θ] will increase from original value 

(cos 0°) if angle correction was applied. Speed error increases exponentially when 

over increased degrees of angle correction. Aaslid suggested that TCD-derived blood 

flow velocity in the middle cerebral artery (MCA) is not reliable to errors of more 

than 15% (angle of insonation being more than 30°) [2]. 

TCD flow criteria was recommended to be cut-off values of mean flow 

velocity (MFV) of the TCCD to identify >50% stenosis. So, this was important to 

demonstrate correlation between TCD and TCCD to identify >50% stenosis when 

performing TCCD. To correlate with TCD, whether optimal angle correction should 

be applied is still unclear. Some experts applied angle correction when sampling gate 

can be located in sufficiently long vessel segments and omitted in curved arterial 

segments [3]. As TCD was assumed to insonate at 0°, so TCCD without angle 

correction should produce MFV values closer to the TCD than TCCD with angle 

correction. We tested hypothesis that TCCD without angle correction would obtain 

MFV close to the results for TCD in the MCA.   

Materials and Methods 

 This study was approved by the Institutional Review Board Royal Thai Army 

Medical Department (IRBRTA) 208/2562. All participants provided written informed 

consent. The primary objective was to assess which TCCD methods provide the MFV 

values close to the results from TCD. 

Study population 

Patients who aged of 18 years or older with subacute to chronic stable 

neurological deficit symptoms underwent carotid and transcranial ultrasound to work 

up cause of ischemic stroke or transient ischemic attack (TIA) and follow up 

progression of MCA stenosis were recruited. All cases had adequate temporal 

windows. Patients were excluded if they had any of the following: >50% stenosis of 

proximal internal carotid artery (ICA), bilateral >50% MCA stenosis, co-existing 
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>50% stenosis of other major vessels [anterior cerebral artery (ACA), posterior 

cerebral artery (PCA), intracranial ICA, vertebral artery (VA) and basilar artery 

(BA)], old parenchymal infarction >1/3 of MCA territories, other brain pathologies 

(increased intracranial pressure, tumor, and vascular malformation), and history of 

systemic conditions that effect cerebral blood flow velocities such as severe anemia 

(Hb<8g/dL; WHO), heart failure, thyroid dysfunction (out of normal range of FT3 

230-420 ng/L, FT4 0.7-1.6 ng/dL, TSH 0.4-4.5 µIU/mL), cirrhosis and kidney failure 

(eGFR<15mL/min.1.73m2) 

Study design 

 This study was a comparative study conducted at a single stroke centre in 

Thailand. Patients who met inclusion criteria were assigned to carotid and vertebral 

duplex ultrasound using L9-3 probe on Philip iU22 (Thermal Index < 2 and 

Mechanical Index < 1.9). TCD was performed by using 2MHz PW probe on DWL 

(maximum ISPTA 720mW/cm2) and analysed by QL software version 3.5.8 capturing 

flow signal information with 10 mm sampling gate size at depth 58 mm and 50 mm of 

the MCA [4]. Diagnosis of >50% stenosis was made when the MFV from TCD was 

>100 cm/s at 58 mm or 50 mm depth of MCA. The TCCD was performed by S5-1 

probe on Philip iU22. We positioned the probe to same orientation with TCD, also set 

the same sampling gate size, placed sampling gate in the center of optimized color-

coded signal and repositioned the probe to minimize angle between beam and color 

stream. Maximal signal amplitude and intensity in spectral analysis were captured. 

Signal information at 58 mm and 50 mm depth of the bilateral MCA segments were 

recorded without angle correction (assumed zero angle) and with angle correction. 

Angle correction was done by adjustment of shoulder axis out of beam axis to parallel 

to the color stream with corresponding to velocity vectors at the center of sampling 

gate even in the curved segment. 

Measurements 

 Primary outcome was comparison of mean differences of the MFV between 

TCCD in different methods paired with TCD.       

 Secondary outcomes were TCCD assessment of the MFV in selected depth of 

58 mm and 50 mm, in <50% stenotic vessels and in ≥50% stenotic vessels. We also 

assessed range of degrees of angle correction that may affect the outcomes into 0-30° 

and >30°. 

 Most calculated MFV were obtained by automated envelop of spectral 

analysis in case of low signal to noise ratio and mean of manual measurement of 

MFV was acquired. 

Statistical analyses 

 We calculated that a sample of 34 patients (17 patients with <50% stenotic 

vessels and 17 patients with ≥50% stenotic vessels) would provide 90% power to 
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detect statistically significant differences between TCCD and TCD with a two-sided 

type I error of 0.05 [5, 6]. 

 We presented demographic data of all patients. Means with standard deviation 

(SD) were used for continuous variables, and proportions were used for categorical 

variables. Differences between ultrasound methods were assessed with the use of pair 

t-test and reported in mean differences with 95% confidence interval. All test were 

two-sided, and P value of 0.05 was considered to indicate statistical significance. All 

statistical analyses were performed using SPSS software version 26.     

Results 

 A total of 40 patients with adequate temporal window were screened by 

carotid and vertebral duplex, TCD and TCCD between March and November 2020. 

Four (10%) patients were excluded due to bilateral >50% MCA stenosis. Thirty-six 

patients with 140 sites of targeted insonation were analysed with missing insonated 

data in 3 patients (4 targeted sites) (Figure 1). 

 The mean age was 61.4 years, and 72.2% of patients were men, mean 

SBP/DBP was 130/75mmHg and HR was 76.5/min. A total of 75% of patients had a 

history of hypertension, 72.2% had dyslipidemia, and 66.7% had prior ischemic 

stroke or TIA. Other demographic data was shown in the appendix 1. 

Figure 1. Flow chart of the study 
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Primary outcome 

 MFV from TCCD in both methods were statistically significant differences to 

the MFV from TCD. Mean differences of TCCD without and with angle correction 

when compared with TCD were 8.9 and -5.4 cm/s respectively (Figure 2 and Table 2). 

Figure 2. Correlation between MFV from TCCD and MFV from TCD  

 

Table 2. Paired differences in all targeted insonation sites 

Method MFV differences (cm/s)* t P 

value Mean (95% CI) SD 

TCD and TCCD without angle correction 

TCD and TCCD with angle correction 

8.9 (5.6 to 12.3) 

-5.4 (-8.4 to -2.3) 

20.2 

18.3 

5.3 

-3.5 

0.000 

0.001 
*MFV differences were MFV from TCD method minus MFV from TCCD method. 

Secondary outcome 

 Our study had further assessed 3 subgroups in correlation between TCD and 

TCCD methods including insonation depth 50 mm and 58 mm, degree of vessel 

stenosis <50% and ≥50%, and angle correction range (Figure 3, Table 3).  

Insonation at depth 58 mm showed that MFV from TCCD with angle 

correction was not statistically significant differences to MFV from TCD. While MFV 

from TCCD with angle correction had larger mean differences than MFV from TCCD 

without angle correction at depth 50mm. Degrees of angle correction were 27.5 at 

depth 58 mm and 34.3 at depth 50 mm and no site had angle correction >60°. In 

assessment of <50% stenotic vessels, mean differences of MFV from TCCD without 

angle correction and TCCD with angle correction when compared with TCD were 5.4 
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and -8.3 cm/s respectively which both had statistically significant differences from 

TCD (p<0.001). In contrast to ≥50% stenotic vessels, MFV from TCCD with angle 

correction were closer to TCD than TCCD without angle correction without 

statistically significant differences to TCD (p=0.064). MFV values were shown in 

Table 4. Finally, MFV from TCCD with angle correction range 0-30° was not 

statistically significant differences to MFV from TCD (p=0.118). 

Figure 3. Subgroups of correlation between MFV from TCCD and MFV from TCD  
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Table 3. Paired differences in different subgroups 

 MFV differences (cm/s)* t P 

value Mean (95% CI) SD 

Insonation depth subgroup 

At depth 58mm 

TCD and TCCD without angle correction 

TCD and TCCD with angle correction 

At depth 50mm 

TCD and TCCD without angle correction 

TCD and TCCD with angle correction 

 

10.5 (6.3 to 14.7) 

-2.7 (-6.1 to 0.8) 

 

7.3 (2.0 to 12.7) 

-8.2 (-13.2 to -3.1) 

 

17.6 

14.5 

 

22.3 

21.2 

 

5.0 

-1.6 

 

2.7 

-3.2 

 

0.000 

0.125 

 

0.008 

0.002 

Vessel stenosis subgroup 

<50% stenosis  

TCD and TCCD without angle correction 

TCD and TCCD with angle correction 

≥50% stenosis  

TCD and TCCD without angle correction 

TCD and TCCD with angle correction 

 

5.4 (2.7 to 8.1) 

-8.3 (-11.0 to -5.6) 

 

29.2 (15.0 to 43.4) 

11.2 (-0.7 to 23.1) 

 

14.9 

14.8 

 

31.2 

26.2 

 

3.9 

-6.1 

 

4.3 

2.0 

 

0.000 

0.000 

 

0.000 

0.064 

Angle correction subgroup  

TCD and TCCD with angle correction 

range 0-30° 

TCD and TCCD with angle correction 

range 31-60° 

-3.0 (-6.7 to 0.8) 

 

-8.0 (-12.9 to -3.1) 

16.0 

 

20.2 

-1.6 

 

-3.2 

0.118 

 

0.002 

*MFV differences were MFV from TCD method minus MFV from TCCD method. 

Table 4. MFV in <50% and ≥50% stenosis 

 

Method 

MFV (cm/s) – Mean ± SD 

<50% stenosis ≥50% stenosis 

TCD 

TCCD without angle correction 

TCCD with angle correction 

57.1 ± 18.6 

51.8 ± 17.0 

65.4 ± 20.7 

124.9 ± 23.1 

95.7 ± 31.9 

113.7 ± 32.3 

 

Discussion 

 From our results, we found that MFV from TCCD with angle correction 

showed MFV values were closer to the MFV from TCD because of lesser absolute 

mean difference in overall population. The graph shown TCCD without angle 

correction line seemed to run closer to TCD line in high MFV range (>100cm/s). This 

meant that angle correction may not be acquired when measuring the high MFV but 

we could not conclude this due to small samples with high MFV comparing to those 

with normal MFV range. 

From the previous study comparing MFV TCCD with angle correction 

ranging 20-29° to TCD in the MCA in normal volunteers. It was demonstrated 

significantly greater values of MFV corresponding to our results that calculated 
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velocities by angle correction was higher than calculated velocities without angle 

correction in all analysis [6]. 

Assessment at depth 50 mm need to have angle correction more degree than at 

depth 58 mm (mean degrees of angle correction was 34.3 compared with 27.5) owing 

to more curvature of the vessel course at 50 mm. Regarding angle correction degree, 

MFV from TCCD with angle correction at depth 50mm required more degree of angle 

correction (31-60°) and resulted in overcorrection causing larger mean differences 

from TCCD with angle correction than without angle correction. 

There were 3 major limitations in our study. First, most data were collected for 

physiologic velocity, so this would not be applied to the pathologic high MFV range. 

The results could be optimized by enrolled more high velocity population. Second, we 

captured single measurement of individual insonated site that variation of velocity 

generally occurs during breathing cycle. these could be optimized by mean of multiple 

captured velocity. Lastly, we use single instrument (Philip iU22 with S5-1 probe) that 

may be causing different velocities when performed in other different devices. For 

future direction, TCCD with angle correction should be correlated to TCD in larger 

population especially in ≥50% stenosis to confirm that angle correction was needed 

for high MFV. 

Conclusion 

 Using TCD criteria for reference, TCCD with angle correction provided MFV 

of the MCA more reliable than TCCD without angle correction. Degree of angle 

correction more than 30 provided overcorrection of MFV.   
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Appendix 1: Demographic data of patients 

 

Characteristics Total 

 

< 50% 

stenotic 

MCA 

vessels* 

>50% 

stenotic 

MCA 

vessels** 

Age – year (mean ± SD) 61.4 ± 14.4 62.8 ± 14.2 59.6 ± 13.9 

Male sex – n (%)  26 (72.2) 16 (80) 10 (62.5) 

Systolic blood pressure – mmHg  

(mean ± SD) 

Diastolic blood pressure – mmHg 

(mean ± SD) 

Heart rate – per min (mean ± SD) 

129.9 ± 19.2 

 

74.9 ± 9.9 

 

76.5±11.6 

131.5 ± 20.0 

 

76.1 ± 10.5 

 

75.2 ± 12.2 

127.0 ± 15.9 

 

72.7 ± 7.5 

 

78.8 ± 9.3 

Medical history – n (%) 

Diabetes mellitus 

Hypertension 

Dyslipidaemia 

Ischemic stroke or TIA 

Coronary artery disease 

Atrial fibrillation 

Chronic obstructive pulmonary disease 

 

8 (22.2) 

27 (75) 

26 (72.2) 

24 (66.7) 

4 (11.1) 

0 

1 (2.8) 

 

3 (15) 

14 (70) 

12 (60) 

11 (55.5) 

1 (5) 

0 

1 (5) 

 

5 (31.3) 

13 (81.3) 

14 (87.5) 

13 (81.3) 

3 (18.8) 

0 

0 

Angle correction – degrees  

(mean ± SD) 

At depth 58mm – degrees (mean ± SD) 

At depth 50mm – degrees (mean ± SD) 

30.9 ± 13.6 

 

27.5 ± 11.8 

34.3 ± 14.4 

30.9 ± 14.0 

 

27.1 ± 11.9 

34.2 ± 14.8 

30.8 ± 11.2 

 

28.8 ± 11.4 

35.7 ± 9.0 
*Less than 50% stenotic MCA vessels in 20 patients, **More than or equal 50% 

stenotic MCA vessels in 16 patients. 

 

Appendix 2: Data collection form 

 

MCA 

Depth 

(mm) 

Sample volume 10mm3 

TCD TCCD with angle correction TCCD without angle 

correction 

MFV 

(cm/s) 

PSV/ 

EDV 

(cm/s) 

PI MFV 

(cm/s) 

PSV/ 

EDV 

(cm/s) 

PI Angle 

correction

(degree) 

MFV 

(cm/s) 

PSV/ 

EDV 

(cm/s) 

PI 

L-58           

L-50           

R-58           

R-50           

Patient code…………………………..., Degree of stenosis (%) ………………………… 

Baseline characteristic: age……., sex ….…..., SBP/DBP………/.……, HR …………. 

Underlying disease ……………………………………………………………………… 
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Appendix 3 

TCD process:  

We selected information at depth 58mm and 50mm of MCA in both sides. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Right MCA at depth 58mm Left MCA at depth 58mm 

  
Right MCA at depth 50mm Left MCA at depth 50mm 
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TCCD process: 

We captured information at depth 58mm and 50mm of MCA in both sides by 

assumed 0° and angle correction method. 

 

Right MCA at depth 58mm Left MCA at depth 58mm 

  

  
Right MCA at depth 50mm Left MCA at depth 50mm 
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