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Introduction

The blood flow in the brain helps transport the essential 
nutrients throughout the brain and simultaneously helps 
eliminate waste. During this process, the brain’s metabolic 
rate is maintained constantly. Restrictions of blood flow can 
occur due to the narrowing of blood vessels (stenosis) or due to 
several other reasons like blockage (embolism), clot formation 
(thrombosis), and blood vessel rupture (hemorrhage). This type 
of restriction leads to a lack of adequate blood flow in the brain 
(ischemia), which can result in a stroke [1].

The Transcranial Doppler (TCD) ultrasonography helps 
determine the blood flow through the arteries. This procedure 
passes a high-frequency sound wave through the patient’s 
tissues. These sound waves reflect off the blood cells present in 
the vessels, allowing the examiner to interpret their direction and 
speed. The sound waves are then recorded and displayed on the 
screen [2]. TCD’s specificity and sensitivity are lower than other 
imaging methods such as Magnetic Resonance Angiography 
(MRA) and Computed Tomography Angiography (CTA). It can 
detect most lesions requiring interventional therapy, such as 
angioplasty, stenting, and local thrombolysis [3]. It can assess the 
cerebral hemodynamic consequences of steno-occlusive lesions  

 
in the cervical parent artery and monitor Intracranial Pressure  
(ICP), Cerebral Perfusion Pressure (CPP), and Midline Deviation 
allowing us to assess the patient’s neurocritical pathological 
characteristics in a non-invasive manner [4].

Cerebral angiography has been able to show acute occlusion 
in which 76% of critical Middle Cerebral Artery (MCA) territory 
gets infracted within 6 hours from the onset of stroke [5]. TCD 
can easily detect this kind of angiographic occlusion with high 
specificity (90%) and sensitivity, giving a very high positive 
predictive value [6]. TCD also helps screen for Diabetes Mellitus 
(DM), as the risk of stroke increases by two folds compared to 
non-diabetic [7]. These are a few of the actual uses of TCD. In this 
research, we are going to study about 

i. The comparative analysis of TCD findings with clinical 
& other imaging modalities.

ii. To assess the sensitivity, Specificity, Positive Predictive 
Value, and Negative Predictive Value of TCD Findings in the 
asymptomatic and symptomatic high-risk elderly population.

iii. To study the clinical usefulness of TCD study in 
evaluating patients with Cardiovascular Accidents (CVA).
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Methods

The proposed study included 60 elderly patients ( 60 years 
of age). Out of these 60 patients, 32 patients showed effects of 
cerebellar ataxia, symptomatic hemiplegia, ocular symptoms, 
and aphasia. The remaining 28 patients were asymptomatic 
with high-risk factors of CVA (HTN, DM, IHD, and previous 
stroke/TIA). All of these patients were screened using a TCD 
machine. The four different examination windows studied were: 
transtemporal, submandibular, transorbital, and suboccipital. 
The lesions found in the examination were classified as stenosis 
or vessel occlusion, then the results were compared with 
Magnetic Resonance Angiography (MRA). 

Diagnostic Criteria

For stenosis:

• Mean Velocity: - 100 cm/s

• Comparison of PSV with contralateral vessel PSV

• PSV> 30% - suspicious

• PSV> 50% - definite

For Occlusion: - 

• Absence of arterial wave signal at expected death.

• Presence of signals in vessels that communicate with 
the occluded artery.

• Altered flow in communicating vessels, indicating 
collateralization.

Results

4 patients out of 32 symptomatic patients and 5 out of 
28 asymptomatic patients had a poor examination window; 
therefore, they were not included in the statistical calculation.

Abnormal MRA Normal MRA Total

Abnormal TCD 11 3 14

Normal TCD 3 6 9

Total 14 9 23
    

The TCD findings demonstrated a specificity of 60.87% and 
a sensitivity of (75%) (P=0.0096). The Positive Predictive value 
(PPV) was 70%, and the Negative Predictive Value (NPV) was 
66.7%. The TCD results of the patients were also compared with 
the MRA results of those similar patients. The findings are as 
follows:

Asymptomatic Patients:

Abnormal 
TCD

Normal 
TCD

Total

Symptomatic 21 7 28
Asymptomatic 9 14 23

Total 30 21 51

The sensitivity was 78.57%and specificity was 66.67% (P= 
0.030). The PPV was 78.57%, and the NPV was 66.67%.

Symptomatic Patients:

Abnormal 
MRA

Normal 
MRA

Total

Abnormal 
TCD

18 3 21

Normal 
TCD

4 3 7

Total 22 6 28

Sensitivity was 81.81% and specificity was 50% (P= 0.110). 
The PPV was 85.71%, and the NPV was 42,86%.

Figure 1: Distribution of Risk Factors.
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(Figure 1) In symptomatic patients, majority of them had 
23 Hypertension (HTN), 21 (Diabetes Mellitus) DM, 24 Low 
HDL (High-Density Lipoprotein) followed by 11 Ischemic 
Heart Disease (IHD). 9 patients had High LDL (Low-Density 
Lipoprotein), 5 patient had Atrial Fibrillation, 5 patients with 
history of Stroke, and 5 had High Serum Cholesterol.

In asymptomatic patients, 14 patients had high degree of 
Low HDL, followed by 12 had IHD. 10 patients had HTN, 9 had DM 
and 8 had High LDL (Low-Density Lipoprotein). Furthermore, 3 
patients had Atrial Fibrillation, 2 patients were suffering from 
High Serum Cholesterol (Figure 2).

Figure 2: TCD Findings in the Study Population.

The TCD findings of the symptomatic patients show that 
65.62% have abnormal TCD, and 21.88% have normal TCD, 
12.50% have a poor window period, so they are not added to the 
study analysis. Whereas, in asymptomatic patients, 50% of them 

have normal TCD and 32.18% have abnormal TCD, 17.22% have 
a poor window period, so they were not included in the study 
(Figure 3).

Figure 3: Vessel-wise Distribution of TCD Findings.

If we look at vessel-wise distribution, abnormal TCD group 
had 41% MCA, 25% ACA (Anticardiolipin), 13% PCA (Patient-
Controlled Analgesia), 14% VA (Ventriculo-Atrial) and 6% OA 

(Osteoarthritis). Whereas normal TCD group had 27% OA, 23% 
VA, 21% PCA, 17% ACA and 12% MCA (Figure 4).
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Figure 4: Occurrence of CVA Vs TCD Findings.

In the normal MCA group, the occurrence of CVA was present 
in 7 patients and absent in 17 patients. Whereas in the abnormal 
MCA group, the occurrence of CVA was present in 20 patients and 
absent in 5 patients. In the normal ACA group, the occurrence 
of CVA was present in 16 patients and absent in 17 patients. 
Whereas in the abnormal ACA group, the occurrence of CVA was 
present in 10 patients and absent in 5 patients. In the normal 
PCA group, the occurrence of CVA was present in 24 patients 
and absent in 19 patients. Whereas in the abnormal PCA group, 
the occurrence of CVA was present in 4 patients and absent in 
4 patients In the normal VA group, the occurrence of CVA was 
present in 24 patients and absent in 23 patients. Whereas in 
the abnormal VA group, the occurrence of CVA was present in 
5 patients and absent in 4 patients. In the normal OA group, the 
occurrence of CVA was present in 29 patients and absent in 26 
patients. Whereas in the abnormal OA group, the occurrence of 
CVA was present in 2 patients and absent in 2 patients.

Discussion

TCD provides understanding regarding various intracranial 
and extracranial disorders and their detrimental effects on 
cerebral hemodynamic, which is impossible to find with other 
diagnostic and imagining techniques. It is very helpful for non-
invasive examination of intracranial arteries for quantifying 
and detecting stenosis (8). It was found that the risk factors like 
low HDL, HTN and DM was higher in symptomatic patients as 
compared to asymptomatic patients. Hypertension is considered 
one of the major risk factors for CVA (9), which is similar to 
the findings of some other studies (9-11). It was found that 
symptomatic patients have a higher percentage of abnormal TCD 
compared to asymptomatic patients indicating either hyperemic 
status due to chronic anaemia or arterial stenosis (12). According 
to vessel-wise distribution of TCD findings, it was seen that MCA 
and ACA were higher in abnormal TCD compared to normal TCD, 

whereas, PCA, VA, and OA were higher in normal TCD compared 
to that of abnormal TCD. Furthermore, there is a high occurance 
of CVA in TCD findings of abnormal MCA, abnormal ACA, normal 
PCA, normal VA, and normal OA, compared to their contrary.

Conclusion

TCD is a very useful technique for the treatment of elderly 
patients with CVA. It can be used to determine the stroke 
conditions, mainly those mechanisms related to intracranial 
or extracranial arterial disease, which further helps in the 
exceptional treatment of those diseases. The capability of TCD 
to detect the blood flow over a long period helps accurately 
detect the stroke. Asymptomatic elderly patients with significant 
intracranial artery stenosis or occlusion can be rendered with 
early intervention in prevention of CVA. Due to its non-invasive 
nature routine testing and close follow-up are possible. Although 
MRA remains the golden standard for diagnosing CVA, the rapid 
technological advances in this procedure make this tool more 
reliable and help it increase its use.
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