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ARTICLE

Predictive value of transcranial doppler 
ultrasound for cerebral small vessel disease 
in elderly patients
Valor preditivo do ultrassom doppler transcraniano para doença de pequenos vasos em 
pacientes idosos
Shengqi FU1, Jiewen ZHANG2, Hongtao ZHANG1, Shuling ZHANG1

Cerebral small vessel disease is one of the causes of isch-
emic stroke1. Cerebral small vessel disease has been found 

to be correlated with diseases including stroke2, cognitive 
and affective disorder3, dementia4, and gait dysfunction5. 
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ABSTRACT
Objective: To investigate the predictive value of transcranial Doppler (TCD) ultrasound for cerebral small vessel disease in elderly patients. 
Methods: Transcranial Doppler ultrasound and magnetic resonance imaging (MRI) were performed on 184 elderly patients with cerebral 
small vessel disease. The relationship of clinical characteristics and TCD ultrasound parameters with severe white matter lesions (WMLs) 
in MRI were investigated by univariate analysis and multivariate analysis. Results: The univariate analysis showed that age, left middle 
cerebral artery (MCA) mean flow velocity, right MCA mean flow velocity and mean MCA pulsatility index were significantly correlated with 
severe WMLs (p < 0.05). The multivariate logistic regression analysis showed that only age (odds ratio: 1.21; 95%CI: 1.10–1.36; p < 0.01) and 
MCA pulsatility index (dominance ratio: 1.13; 95%CI: 1.06–1.80; p = 0.02) were significantly correlated with severe WMLs. The analysis of TCD 
ultrasound parameters showed that when the cut-off for MCA pulsatility index was 1.04, it could identify severe WMLs. The area under the 
curve was 0.70 (95%CI: 0.60–0.80). The sensitivity and specificity were 63.0% and 72.0%, respectively. The positive and negative predictive 
values were 35.4% and 86.6%, respectively. Conclusion: The MCA pulsatility index in TCD ultrasound is significantly correlated with severe 
WMLs; and TCD ultrasound can guide selective MRI for the detection of WMLs. 
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RESUMO
Objetivo: Investigar o valor preditivo do ultrassom de Doppler transcraniano (TCD) para doença de pequenos vasos (SVD) em pacientes idosos. 
Métodos: ultrassonografia de TCD e ressonância magnética (RM) foram realizadas em 184 idosos portadores de SVD cerebral. As relações 
das características clínicas e os parâmetros ultrassonográficos do TCD com lesão grave de substância branca (WML) no desempenho da 
RM foram investigados por análise univariada e análise multivariada. Resultados: A análise univariada mostrou que, a idade, a velocidade 
média de fluxo (MFV) da artéria média cerebral (MCA) esquerda, a MFV da MCA direita e o índice de pulsatilidade (PI) médio estiveram 
significativamente relacionados à WML grave (P <0,05). A análise de regressão logística multivariada mostrou que apenas a idade (razão de 
chances: 1,21; IC95%: 1,10-1,36; P <0,01) e o PI da MCA (razão de dominância: 1,13; IC 95%: 1,06-1,80; P = 0,02) estiveram significativamente 
relacionados a WML grave. A análise dos parâmetros ultrassonográficos do TCD mostrou que, quando o ponto de corte do IP do MCA foi 
1,04, ele pôde identificar à WML grave. A área sob a curva foi de 0,70 (IC 95%: 0,60-0,80). A sensibilidade e especificidade foram de 63,0% e 
72,0%, respectivamente. Os valores preditivos positivos e negativos foram de 35,4% e 86,6%, respectivamente. Conclusão: O PI da MCA na 
ultrassonografia do TCD está significativamente relacionado à WML grave. A ultrassonografia TCD pode orientar a ressonância magnética 
seletiva para detecção da WML.

Palavras-chave: Doenças de pequenos vasos cerebrais; ultrassonografia Doppler transcraniano.
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These correlations are especially notable for cognitive dis-
order and dementia. Magnetic resonance imaging (MRI) is 
often used for diagnosis of cerebral small vessel disease6-8. 
Cerebral white matter lesions (WMLs), lacunar infarction 
and microhemorrhage are the main MRI indications of 
cerebral small vessel disease9,10,11. However, the expense of 
MRI in screening the subclinical lesions of patients is high. 
Transcranial Doppler (TCD) ultrasound, with related imag-
ing technology, is an inexpensive and noninvasive exami-
nation method for detection of cerebral lesions. At present, 
it has the most significant clinical application value in the 
diagnosis of subarachnoid hemorrhage and intracranial 
vascular spasm caused by aneurysm rupture12,13. In addi-
tion, TCD ultrasound can effectively assess the cerebral 
blood flow velocity of intracranial blood vessels in patients 
with sickle cell disease, stroke or brain death14. The pulsa-
tility index, a parameter of TCD ultrasound, has been used 
for many years to reflect the resistance of small vessels15,16,17. 
This study aimed to investigate the relationship between 
the pulsatility index in TCD ultrasound and cerebral small 
vessel disease in elderly patients.

METHODS

Participants 
One hundred and eighty-four elderly patients who par-

ticipated in the aging study at the Zhengzhou People’s 
Hospital from November 2011 to September 2014 were 
enrolled in this study. The inclusion criteria were as follows: 
1) the clinical and imaging findings of the patients met the 
diagnostic criteria of the Chinese Expert Consensus on 
the Diagnosis and Treatment of Cerebral small vessel dis-
ease18 (e.g., arteriosclerosis, cerebral amyloid vessels, focal 
demyelination of white matter, etc.); 2) the imaging findings 
showed lacunar cerebral infarction, leukoaraiosis, cere-
bral microhemorrhage or perivascular space enlargement; 
3) the age of patients was 60-85 years. The exclusion cri-
teria were as follows: 1) patients who had a contraindica-
tion for MRI evaluation; 2) patients with a history of atrial 
fibrillation; 3) a carotid ultrasound showed the presence of 
carotid artery stenosis; 4) magnetic resonance angiogra-
phy or conventional TCD ultrasound showed obvious ste-
nosis or occlusion of great vessels near the circle of Willis; 
5) patients who had an absent temporal window or a poor 
temporal window; 6) continuous TCD ultrasound monitor-
ing showed the presence of microembolic signs. This study 
was approved by the ethics committee of the Zhengzhou 
People’s Hospital. Written informed consent was obtained 
from all participants.

TCD ultrasound
Transcranial Doppler ultrasound was performed 

on the day of the patient’s visit using a Dop-X4 TCD 

(Compumedics Germany GmbH, Singen, Germany). The 
patient lay in the supine position and kept calm. The 
2-MHz pulse probe was placed at the temporal window to 
detect the middle cerebral artery (MCA), with a depth of 
60 mm. The TCD ultrasound parameters, including peak 
systolic velocity, end diastolic velocity, mean flow velocity 
and pulsatility index were recorded. The MCA pulsatility 
index was automatically generated based on the calcula-
tion formula: (peak systolic velocity – end diastolic veloc-
ity) ÷ mean flow velocity; and the mean value of the bilat-
eral MCA pulsatility index was obtained.

MRI inspection
The MRI skull inspection was performed on the day 

of the visit using a 3.0T MRI scanner (GE Healthcare, WI, 
USA). The inspection items included T1-weighted image, 
T2-weighted image and gradient echo sequence (T2*). 
White matter lesions were quantitatively calculated by 
using the fluid-attenuated inversion recovery (FLAIR) 9.0 
software. The severity of WMLs were graded using Fazekas 
scale (Fazekas score 0-2 points: without severe WMLs; 
Fazekas score 3–6 points: with severe WMLs)19. A lacu-
nar infarction was defined by a T1-weighted image with 
a 3–15 mm low-density lesion and a FLAIR high-signal 
change. A microhemorrhage was defined by T2* sequence 
with a 2–10 mm circular region of hemorrhagic signal. The 
MRI results were analyzed by a trained neurology specialist 
who was unaware of the TCD ultrasound results. The scores 
of age-related WMLs, lacunar infarction and microhemor-
rhage were 0.91 (95%CI: 0.82–0.97), 0.88 (95%CI: 0.72–0.95) 
and 0.93 (95%CI: 0.85–0.98), respectively.

Collection of general data
The general data of participants were collected on the day 

of the visit, and included gender, age and history, including 
stroke, coronary heart disease, diabetes mellitus, hyperten-
sion, dementia and hyperlipidemia, etc.

Detection of blood biochemical indexes
Ten milliliters of elbow vein blood were taken from the 

participants at admission or on the morning of the sec-
ond day. The blood biochemical indexes including total 
cholesterol, triglycerides, low-density lipoprotein choles-
terol, high-density lipoprotein cholesterol, blood glucose 
and glycosylated hemoglobin were detected and analyzed 
using a type-1747 automatic biochemical analyzer (Hitachi 
High-Technologies Corp., Tokyo, Japan).

Statistical  analysis
Statistical analysis was carried out using SPSS17.0 soft-

ware (SPSS Inc., Chicago, IL, USA). The relationships of clin-
ical characteristics and TCD ultrasound parameters with 
severe WMLs found in MRI evaluation were investigated by 
univariate analysis. The enumeration data were presented as 
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number and rate, and the comparison between two groups 
(with severe WMLs and without severe WMLs) was per-
formed using the χ2 test. The measurement data were pre-
sented as mean ± SD, and the comparison between two 
groups was performed using the t-test. A multivariate logis-
tic regression analysis was performed to identify the inde-
pendent risk factors for severe WMLs. The p value < 0.05 was 
considered as statistically significant.

RESULTS

General information of patients 
Of the 184 patients, there were 88 (47.8%) males and 

96 (52.2%) females. The average age was 68.2 ± 7.3 years. 
There was a history of stroke in 20 (10.9%) patients, coro-
nary heart disease in 35 (19.0%) patients, diabetes mellitus 
in 33 (17.9%) patients, hypertension in 139 (75.5%) patients, 
dementia in 5 (2.7%) patients and hyperlipidemia in 65 
(35.3%) patients. Systolic pressure was 152.61 ± 25.15  and 
diastolic pressure was 76.56 ± 15.52 mmHg. The total cho-
lesterol, triglycerides, high-density lipoprotein cholesterol, 
low-density lipoprotein cholesterol, blood glucose and gly-
cosylated hemoglobin were 5.27 ± 1.44, 1.56 ± 0.23, 1.18 ± 0.04, 
3.33 ± 1.21, 5.43 ± 0.79 and 5.46 ± 1.01 mmol/L, respectively. 
The MCA pulsatility index was 0.97 ± 0.43 (cm/s). The WML 
volume was 2.60 ± 0.56 cm3. According to the age-related 

white matter changes scale, the scores of the WMLs were 
4.43 ± 0.68 points. According to the Fazekas scale, there 
were 29 (15.8%) with a score of 0; 56 (30.4%) with a score of 
1; 63 (34.2%) with a score of 2 and 36 (19.6%) patients with 
a score of 3 points; in other words, there were 36 patients 
with severe WMLs and 148 patients without severe WMLs. 
There were 124 (67.4%), 37 (20.1%) and 23 (12.5%) patients 
with 1, 2 and 3 lacunar infarctions, respectively, and there 
were 172 (93.5%), 7 (3.9%) and 5 (2.9%) patients with 1, 2 
and 3 microhemorrhages, respectively.

Comparison of clinical and TCD ultrasound 
parameters between patients with and without 
severe WMLs

According to the WML quartile scores on the Fazekas 
scale, 184 patients were divided into two groups; those with, 
and those without severe WMLs. The univariate analysis 
showed that the age of patients with severe WMLs was sig-
nificantly higher than that of patients without severe WMLs 
(p < 0.01). The left MCA mean flow velocity and right MCA 
mean flow velocity in patients with severe WMLs were sig-
nificantly lower than those in patients without severe WMLs, 
respectively (p < 0.01; p < 0.05). The mean MCA pulsatility 
index in patients with severe WMLs was significantly higher 
than those in patients without severe WMLs (p < 0.01). There 
was no significant difference of any other index between the 
two groups (p > 0.05) (Table).

Table. Comparison of clinical and transcranial Doppler ultrasound parameters between patients with and without severe WMLs.

Index With severe WMLs (n = 36) Without severe WMLs (n = 148)  p

Age (years) 73.22 ± 6.78 67.23 ± 7.31 < 0.001

Gender [male, n (%)] 19 (52.7%) 69 (46.6%)  0.507

Hypertension [n (%)] 30 (83.3%) 109 (73.6%)  0.225

Diabetes mellitus [n (%)] 8 (22.2%) 25 (16.8%)  0.455

Hyperlipidemia [n (%)] 17 (47.2%) 48 (32.4%) 0.096

Coronary heart disease [n (%)] 8 (15.7%) 27 (17.5%) 0.585

Stroke [n (%)] 5(13.8%) 15 (10.1%) 0.516

Systolic pressure 154.61 ± 24.18 151.82 ± 23.23  0.522

Diastolic pressure 78.76 ± 14.40 75.95 ± 9.23 0.149

Total cholesterol  (mmol/L) 5.31 ± 0.98 5.25 ± 1.07 0.760

Triglycerides (mmol/L) 1.65 ± 0.19 1.53 ± 0.41 0.089

HDL-C (mmol/L) 1.20 ± 0.13 1.17 ± 0.12 0.187

LDL-C (mmol/L) 3.27 ± 0.98 3.35 ± 1.04  0.676

Blood glucose (mmol/L) 5.40 ± 1.75 5.45 ± 1.71 0.876

HbA1C (mmol/L) 5.50 ± 1.32 5.45 ± 1.2 0.826

Left MCA peak systolic velocity (cm/s) 73.21 ± 22.9 77.01 ± 22.03 0.358

Left MCA mean flow velocity (cm/s) 42.03 ± 12.20 49.58 ± 12.67 0.001

Right MCA peak systolic velocity (cm/s) 74.01 ± 24.21 77.41 ± 23.32 0.437

Right MCA mean flow velocity (cm/s)  43.64 ± 12.83 49.78 ± 17.12 0.045

Mean MCA pulsatility index (cm/s) 1.15 ± 0.23 0.95 ± 0.18 < 0.001
WMLs, white matter lesions; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; HbA1c: glycosylated hemoglobin; MCA: 
middle cerebral artery.
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Results of multivariate logistic regression analysis 
on factors related to severe WMLs

As shown above, in univariate analysis, age, left MCA 
mean flow velocity, right MCA mean flow velocity and mean 
MCA pulsatility index were the variables significantly corre-
lated with severe WMLs. Then, multivariate logistic regres-
sion analysis was performed on these variables. The results 
showed that only age (odds ratio: 1.21; 95%CI: 1.10–1.36; 
p < 0.01) and MCA pulsatility index (dominance ratio: 1.13; 
95% CI:  1.06–1.80; p = 0.02) were significantly correlated with 
severe WMLs.

Results of analysis on TCD ultrasound parameters 
Analysis of the TCD ultrasound parameters showed 

that when the cut-off of the mean MCA pulsatility index 
was 1.04 cm/s, this could identify whether the patients 
had severe WMLs or not. The area under the curve was 0.70 
(95% CI: 0.60–0.80). The sensitivity and specificity were 63.0% 
and 72.0%, respectively. The positive predictive value and nega-
tive predictive value were 35.4% and 86.6%, respectively (Figure).

DISCUSSION

Transcranial Doppler ultrasound is a technique that can 
noninvasively detect intracranial arterial lesions. It has the 
advantages of simple operation and strong repeatability. 
In addition, TCD ultrasound is economical and practical, 
and is easily tolerated by patients20. The TCD ultrasound is 
a reliable method for early diagnosis of intracranial arterial 
ischemic lesions, and can provide an objective hemodynamic 

basis for the selection of treatment methods for intracranial 
atherosclerotic lesions21. The pulsatility index is an important 
parameter of TCD ultrasound. It is primarily used to evaluate 
arterial compliance and elasticity, which reflect the changes 
of resistance in the cerebral blood vessels. The pulsatility 
index calculation formula is: (peak systolic velocity – end 
diastolic velocity) ÷ mean flow velocity, from which a pulsa-
tility index value increase shows the increase of cerebral vas-
cular resistance, and a pulsatility index value decrease shows 
the decrease of cerebral vascular resistance. The increase in 
the pulsatility index is commonly found in hypertension, ath-
erosclerosis, arterial stenosis, arterial spasm and intracranial 
hypertension, and its decrease is more common in an arte-
riovenous malformation22.

The results of this study showed that the MCA pulsatil-
ity index was significantly correlated with severe WMLs 
(dominance ratio: 1.13; 95%CI:  1.06–1.80; p = 0.02). When 
the cut-off of the mean MCA pulsatility index was 1.04 cm/s, 
whether the patients had severe WMLs or not, could be iden-
tified. The area under the curve was 0.70 (95%CI: 0.60–0.80). 
The sensitivity and specificity were 63.0% and 72.0%, respec-
tively. The positive predictive value and negative predictive 
value were 35.4% and 86.6%, respectively. At the best cut-off, 
although the positive predictive value was low, the negative 
predictive value was high. Therefore, the possibility of severe 
a WML was low for the patients with a normal MCA pulsa-
tility index. In a study by Kim et al.23, age and the brachial 
ankle pulse wave velocity were the independent determi-
nants of the pulsatility index of MCAs in patients with a lacu-
nar infarction. Mok et al.24 found that the pulsatility index in 
TCD ultrasound correlated with WML severity. With a high 
negative predictive value, the chance of having severe WMLs 
with a normal pulsatility index was low. Results of a study 
by Ghorbani et al.15 showed that an increased TCD-derived 
pulsatility index could accurately indicate small vessel dis-
ease. The results of the present study are similar with those of 
the above studies. For the patients with subclinical cerebral 
small vessel disease, a TCD ultrasound can be used to guide 
a selective MRI scan only for patients with a high MCA pul-
satility index. This can reduce the cost of examination and 
avoid the waste of unnecessary medical resources. In addi-
tion, this study did not find relevance of any other TCD ultra-
sound parameters with the severe WMLs.

The most obvious significance of this study is that it 
quantitatively analyzed the severity of WMLs. However, this 
study also had some limitations. Firstly, the sample sizes of 
patients with multiple lacunar infarctions and microhem-
orrhages were small. Therefore, the correlations of the MCA 
pulsatility index with lacunar infarctions and microhemor-
rhages still need to be studied further. Secondly, the data 
of the extracranial evaluations were not included. Thirdly, 
this study used the mean MCA pulsatility index value cal-
culated from bilateral MCA pulsatility index values, which 
might reduce the difference between severe and non-severe 
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small vessel disease patients. In future studies, the left and 
right MCA pulsatility index should be individually shown, to 
make the result more convincing. In conclusion, the MCA 
pulsatility index in TCD ultrasound is significantly corre-
lated with severe WMLs. Application of a TCD ultrasound for 

diagnosing subclinical cerebral small vessel disease is still an 
important research direction. The TCD ultrasound technol-
ogy is expected to become an important tool for the screen-
ing of cerebral small vessel disease, and has important clini-
cal significance for evaluating WMLs.
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