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Introduction 

  

The World Health Organization (WHO) predicts that by 2025, about 3/4th of the 

estimated 1.2 billion people aged >60 years will reside in developing countries1. 4.6 

million new cases of dementia are added every year, and the highest rate of growth is 

expected in South Asian countries including India. Education attainment is known to 

protect against dementia. Diet and lifestyle can also influence risk of dementia, and 

studies suggest that disorders affecting the vascular system, such as hypertension, 

diabetes mellitus and obesity, increase the risk for dementia, including Alzheimer's 

disease (AD). 

There is increasing evidence linking cerebral hypoperfusion and neurodegeneration, 

specifically in Alzheimer’s disease (AD) and vascular dementia (VaD)2. In the 

Rotterdam study3, cerebral hypoperfusion was demonstrated to be a risk or an 

aggravating factor in dementia. Hypoperfusion because of microangiopathy, 

macroangiopathy or cardiac dysfunction can promote or accelerate 

neurodegeneration, blood-brain barrier disruption and neuroinflammation.4 Diagnostic 

tools that can provide real-time functional assessment of the cerebrovascular tree can 

have a significant impact on our understanding of the vascular contribution to 

neurodegeneration at different stages of cognitive decline.  

Ultrasound can evaluate the cerebrovascular tree for pathological structure and 

functional changes contributing to cerebral hypoperfusion. Studies have shown an 

association between leukoaraiosis and transcranial doppler (TCD) pulsatility index 

(PI) in several kinds of patients.5 Despite increasing evidence supporting the utility of 

these methods in detection of microvascular pathology, cerebral hypoperfusion, 
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neurovascular unit dysfunction and disease progression, non-availability for routine 

use and incomplete standardisation limit their use in daily routine.  

Studies have evaluated the utility of Middle cerebral artery-Pulsatility index (MCA 

PI) to differentiate between AD and VaD and have found conflicting results.6 PI has 

been correlated with severity of cognitive decline in few studies. Studies have also 

evaluated correlation of PI with decline in cognition. However, correlation of PI with 

detailed cognitive profile has not been evaluated.   

In this background, we planned our study to assess whether MCA PI can be used to 

differentiate between patients with AD and VaD. Also, we propose that increase in PI 

correlates with severity of cognitive deficit in patients with dementia. 
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1. Burden of dementia 

The prevalence of dementia rapidly increases from ~ 2-3% among those aged 70–75 

years to 20–25% among those aged >85 years7. Dementia rates are growing at 

alarming rate in all regions of the world and are related to population aging. 

Neurologic conditions, including dementia, were estimated by the Global Burden of 

Disease 2010 Study as the third leading cause of years lived with disability at global 

level.8 Dementia modifies survival and increases the risk of death. In a study among 

Shanghai residents9, mortality risk ratios for AD and VaD, particularly in those over 

75 years of age, were found to be similar to the mortality risk ratio for cancer. 

 

2. Alzheimer’s dementia  

Late-onset AD is the most common subtype of age-related dementia, even in 

developing countries; 60% of all cases of dementia fulfilled the US National Institute 

of Neurological and Communicative Disorders and Stroke and the Alzheimer's 

Disease and Related Disorders Association (NINCDS–ADRDA) criteria.1  

The amyloid hypothesis has been the most dominant in regards to pathophysiologic 

process of AD. It states the sequential cleavage of APP leading to formation of Aβ 

aggregates is responsible for neuronal injury and cognitive decline in AD.  
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Cognitive profile of patients with AD 

Cognitive symptoms of AD commonly includes deficits in short-term memory, 

executive and visuospatial dysfunction, and praxis. Several rarer variants of AD with 

relative preservation of memory have been recognized.  

Stages of AD 

Early in the disease course, recent episodic memories are most affected, while 

memories from the distant past are usually spared. As the disease progresses, all 

aspects of episodic memory become affected. In contrast to episodic memory, 

working memory and semantic memory are preserved until later in the disease course. 

Language disturbance, especially word-finding difficulties, is a common early 

symptom in AD. Subtle decline in visuospatial skills occurs in the mild dementia 

stages. Executive dysfunction begins in the predementia stages and, similar to all 

other cognitive domains, worsens over the disease course. 

Atypical AD variants 

Frontal variant of AD is characterized by substantial behavioral or personality 

changes that are out of proportion to the observed short-term memory loss. 

Posterior cortical atrophy presents with visuospatial dysfunction often in the form of 

partial or full Balint syndrome (simultanagnosia, ocular apraxia, and ocular ataxia), 

partial or full Gerstmann syndrome (acalculia, agraphia, right/left disorientation, and 

finger agnosia), apperceptive visual agnosia, and environmental disorientation. 
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Patients with AD may also present with early progressive language involvement, most 

often in the form of logopenic aphasia with pronounced anomic deficits and impaired 

repetition but preserved grammar and syntax. 

Findings suggestive of AD pathology include mesial temporal atrophy. Functional 

brain imaging using single-photon emission computed tomography (SPECT) and PET 

technologies can be used to identify AD-specific patterns such as temporoparietal 

hypoperfusion/hypometabolism in patients with AD. More recently, arterial spin-

labeling MRI sequences have been shown to capture perfusion abnormalities. 

 

3. Vascular cognitive impairment and Vascular dementia 

Vascular dementia (VaD) is recognised as the second most prevalent type of 

dementia.1 

In poststroke vascular cognitive impairment, the cognitive impairment is the 

immediate and direct consequence of a symptomatic stroke. In nonstroke-related 

vascular cognitive impairment, the cognitive impairment is the consequence of 

clinically hard to detect cerebrovascular disease, which may be evident only on 

neuroimaging with CT or MRI.  

The term vascular cognitive impairment is intended to encompass all forms of 

cognitive impairment, not only dementia, and to include all cases where vascular 

disease contributes to impairment, including in cases where it is not the sole 
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contributor. Vascular cognitive impairment is a frequent contributor to mixed 

dementia, accompanied by other neuropathologies such as Alzheimer pathology. 

Diagnostic criteria for Vascular cognitive impairment include clinical or 

neuroimaging evidence of presence of stroke or small vessel ischemic changes. 

Neuroimaging is not routinely available in developing countries, which influences the 

accuracy of VaD detection and the confirmation of cases of mixed dementia.  

Cognitive profile of patients with Vascular dementia 

Lacunar infarcts have been related to cerebral small vessel disease (SVD), 

pathologically characterized by lipohyalinosis in end arteries deep in the brain, and 

both lacunar infarcts and SVD are associated with cognitive impairment and 

dementia. Studies have documented cognitive impairment in the acute phase as well 

as in long-term follow-up. Cognitive impairment in patients with lacunar infarcts may 

be just as frequent and important as motor and sensory sequelae, but may be 

overlooked.  

There can be great variety in the spatial distribution and severity of cerebrovascular 

disease, which determines the neuropsychological profile. Therefore, there is no 

uniform pattern of neuropsychological impairment in patients with vascular cognitive 

impairment. A systematic review by Edwards et al. documented that all major 

cognitive domains were affected in lacunar infarcts. No typical clinical presentation 

exists for vascular cognitive impairment. Patients with large-territory strokes may 

have a stepwise decline and focal signs (eg, hemiparesis), while those with cerebral 

small vessel disease may present with an insidious onset of cognitive slowing with 
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gait disturbance and parkinsonism. Vascular cognitive impairment is associated with 

relatively greater impairments in executive function and processing speed than in 

episodic memory for a given level of overall disability. It is important to recognize 

that some degree of memory impairment is very common in vascular cognitive 

impairment as well. Diagnosis of Vascular cognitive impairment should not be made 

based on neuropsychological profile alone. 

 

4.  Risk factors for dementia  

Increasing age is the most consistent risk factor for dementia worldwide. Various 

genetic and environmental factors, including early-life brain development, body 

growth, socioeconomic conditions, environmental enrichment, head injury, and 

cognitive reserve, likely contribute to dementia risk. Illiteracy or low educational 

achievement has been shown to be a risk factor for dementia. Vascular factors, such 

as hypertension, dyslipidaemia, hyperinsulinaemia and type 2 diabetes, obesity, 

subclinical atherosclerosis, and arrhythmias, are associated with greater risk of 

cognitive impairment and dementia, including AD. Factors that decrease vascular 

function, such as tobacco use, might further influence cognition in old age.  Current 

smoking, hypertension, AF, IHD, carotid stenosis and elevated Homocysteine levels 

were found more frequent in patients with Post stroke dementia in study by Khedr et 

al.10 Control of hypertension and diabetes may help in preventing dementia.11 
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5.  Association between Alzheimer’s dementia and Vascular dementia 

Chronic hypoperfusion is not only a result of brain tissue loss, but it actively 

promotes, initiates or accelerates neurodegeneration through multiple mechanisms, 

including induction of oxidative stress, synaptic dysfunction, tau 

hyperphosphorylation, amyloid beta (Aβ) accumulation and aggregation, neuronal 

loss, white matter hyperintensities(WMH), and neuroinflammation. Vascular aging 

with consequent chronic hypoperfusion may contribute to blood-brain barrier 

disruption which, according to emerging in vivo imaging evidence, occurs relatively 

early in life in selected areas, such as hippocampus, thus making individuals prone to 

memory disturbances.  

Consensus criteria recommend that the diagnosis of nonstroke vascular cognitive 

impairment should be based on a pattern of diffuse, severe cerebrovascular disease. In 

most cases, nonstroke vascular cognitive impairment is caused by subcortical 

ischemic cerebral small vessel disease, also called Binswanger disease. Understanding 

the relationship between the location, extent, and severity of the cerebral small vessel 

disease and the resulting clinical syndromes is still incomplete. Silent brain infarcts 

and white matter hyperintensities on MRI predict risk for dementia in population-

based studies, and silent brain infarcts are associated with presence of dementia in 

autopsy-based studies, while the relationship of cerebral microbleeds to cognition is 

less clear. 

Roher et al.12 documented the presence of major leptomeningeal arterial stenosis in a 

group of neuropathologically diagnosed AD whose magnitude was correlated with the 
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densities of AD neuropathology lesions and with the degree of atherosclerotic 

vascular disease of the circle of Willis13. Reduction of resting cerebral blood flow and 

disturbance of cerebrovascular auto-regulation were observed in the cortex and 

hippocampus of mice over-expressing amyloid precursor protein (APP)14. As 

hypothesized by Iadecola, Aβ amyloid could be able to compromise the ability of 

endothelial cells to produce vasodilatory factors, impairing cerebral auto-regulatory 

mechanisms to maintain an adequate flow during hypotension and to relatively 

increase CBF during brain activity15.  

Recent observations have shown that sporadic AD is associated with a failure of 

soluble amyloid-β (Aβ) clearance and that soluble Aβ can exit the brain through 

vascular and perivascular clearance pathways.  

Data from 5715 cases from the National Alzheimer's Coordinating Center database16 

assessed the correlation between the prevalence of CVD and vascular pathology in a 

variety of neurodegenerative diseases with dementia severity. The study identified a 

significantly higher prevalence of vascular pathology and CVD in Alzheimer's disease 

than any other neurodegenerative diseases causative of dementias, such as α-

synucleinopathy, fronto-temporal lobar dementias (FTLD), and prion disease. 

Vascular pathology coexisting with AD pathology is thought to act as additional 

“hits” to the brain thereby lowering the threshold for cognitive impairment in persons 

with AD pathology.  

Increased neuritic plaque burden and a higher Braak stages was associated with 

increased grades of atherosclerosis in both subjects with AD and vascular dementia13. 
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In an autopsy study, the circle of Willis arteries of AD patients exhibited numerous 

and severe stenosis, which correlated with AD pathology [60]. More recently 

developed imaging techniques have been used to visualize arterial structures and 

atherosclerotic plaque burden. A study using positon emission tomography showed an 

increase in amyloid deposition in patients having both carotid artery occlusions and 

dementia17. In contrast, examining 200 brains in the Baltimore Longitudinal Study of 

Aging18 showed no correlation between atherosclerosis and AD pathology.  

In one study, microscopic infarcts were present in 43% of patients with AD, 62% of 

patients with vascular dementia, compared to 24% of subjects of normal cognitive 

ability. In the Religious Orders Study19, microscopic infarcts further add to the 

likelihood of dementia and cognitive impairment in persons with AD pathology and 

macroscopic infarcts. The effect of infarcts and AD pathologies was independent and 

there was no interaction between AD and infarct pathology. 

White matter lesions were significantly related to progression of amyloid deposition in 

sporadic AD patients20. In addition, WM volume has also been inversely related to 

AD pathology21 and reduced cerebral autoregulation22. In another study, overall T2 

signal prolongation was related to AD pathology and gross infarcts 23. These studies 

highlight the importance of the relationship between vascular factors, the white matter 

and neurodegenerative pathologies and how they may be interrelated in the 

pathogenesis of AD dementia. The underlying pathology causing WMH maybe 

causally related to AD pathology itself 22. Current findings from the literature suggest 

that WMH and other white matter changes are complex abnormalities that are 
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important markers of cerebrovascular burden, but may also be related to 

neurodegenerative pathologies and have independent relationships with cognition. 

 

Data from the Memory and Aging Project (MAP) and Religious Order Study (ROS)19 

found that about half the subjects whom were clinically-diagnosed with probable AD 

had mixed pathologies, the most common being AD and infarct pathology. 

Due to the overlap of pathologies there may not be a single causative pathology for 

mixed dementia, and even the initiating pathology becomes unclear. 

Neuropathological examination of brains from participants of the Medical Research 

Council Cognitive Function and Ageing Study (MRC-CCFAS)24 report 78% with 

vascular pathology and 70% with AD pathology in this cohort. 

Overall, there is a striking overlap between AD and vascular pathologies contributing 

to probable AD and dementia in these community cohorts. Mixed vascular pathology 

with AD pathology is the most prevalent ahead of dementia with Lewy bodies, and 

hippocampal sclerosis16, 24. Due to the high prevalence of the vascular pathologies in 

mixed dementia, prevention and treatment of the vascular component is important to 

reduce risk of dementia. 

Interactions between cerebrovascular and Alzheimer pathology seem to be in their 

combined effects on brain cellular and network function, and not because one disease 

directly causes the other; however, this observation does not exclude a role for 

variance in (non-diseased) vascular clearance of Aβ in the pathogenesis of AD. 

Diabetes mellitus doubles the risk of AD corresponding with an increase in 

microinfarcts and without a corresponding increase in plaques and tangles25. Higher 
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total cholesterol, LDL concentrations and a history of diabetes is associated with 

faster cognitive decline in AD26. Additionally, in studies on AD patients the presence 

of atherosclerosis was related to an increased frequency of neuritic plaques and 

neurofibrillary tangles27. Furthermore, treatment of vascular risk factors in patients 

with AD is associated with slower cognitive decline. 

Studies have shown hypertension is a consistent CVD risk factor for developing 

stroke and dementia28. However, most clinical–pathological studies suggest that 

vascular risk factors are related to infarcts rather than AD pathology. 

Autopsy studies consistently show that vascular pathology, mostly consisting of 

manifestations of cerebral small vessel disease such as small infarcts, independently 

predicts the risk of dementia even when accounting for Alzheimer and Lewy body 

pathology. The burden of cerebrovascular and Alzheimer pathology are considered  

independent of one another and that effects on the odds of dementia are additive, not 

multiplicative. 

 

Transcranial Doppler in patients with Dementia 

While neuroimaging remains the most useful diagnostic test to link the presence and 

severity of cerebrovascular disease with the presence of vascular cognitive 

impairment, it does not have perfect sensitivity for all clinically relevant 

cerebrovascular lesions. It is unable to detect microinfarcts, which are infarcts as 

small as 0.2 mm in diameter that are visible at autopsy in approximately 1/4th of all 
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deceased elderly but in up to half of all deceased elderly patients with dementia. 

These infarcts fall below the limit of spatial resolution of clinical MRI.  

Unlike structural imaging, there is no optimal investigative modality to 

understand the hemodynamic changes coexisting with cSVD. Recently, transcranial 

ultrasound is increasingly being used to evaluate the hemodynamic changes of the 

cerebral vessels including microcirculatory disturbances.6 Transcranial Doppler 

ultrasonography (TCD) is a promising investigative tool which is non-invasive, 

inexpensive, and mobile without having hazard of radiation exposure. It can indirectly 

evaluate the functional status of small vessels with a good inter-observer reliability.29 

It provides physiologic data such as mean velocity, peak systolic velocity, and end 

diastolic velocity from intracranial vessels. Among the various TCD parameters, the 

Gosling’s Pulsatility Index (PI) described by Gosling and King30, 31  was found to be 

the most useful parameter for evaluation of downstream resistance in cerebral 

vascular bed. It reflects the microvascular resistance and compliance of the small 

vessels.32, 33 Cerebral small vessel disease can potentially increase downstream 

resistance in the cerebral circulation resulting from lipohyalinosis and micro-

atherosclerosis. This can be reliably evaluated with TCD.5 

Previous studies have indicated that TCD derived PI can be a useful tool in detection 

of small vessel disease (white matter hyper intensities- WMHI) with sensitivity of 70-

89% and specificity of 73-86%5. It has a high negative predictive value for diagnosing 

small vessel disease.9 In study by Xiong et al34, the PI correlated with the volume of 

white matter changes. 
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Examination of CBF velocity, measured by transcranial Doppler, in participants of the 

Rotterdam Study showed subjects with a higher CBF velocity were less likely to have 

dementia35. In keeping with this, another study showed cerebrovascular reactivity was 

significantly reduced in subjects with AD36. These studies suggest that cerebral 

hemodynamics may be an important factor in the pathologic process of AD. Whether 

the relationship between amyloid deposition and CBF is direct or whether CBF 

decline is a byproduct of a different AD pathophysiologic process needs further study. 

The majority of studies reported similar Mean Blood flow velocity (MBFV) in AD 

and VaD groups37-39. Study by Ries et al.40 reported that the multi-infarct dementia 

group displayed lower MBFV and diastolic flow velocities compared to both control 

and AD groups. Caamaño et al.41 reported that individuals with AD and multi-infarct 

dementia displayed reduced systolic and diastolic (as well as mean) flow velocities 

compared to healthy controls. 

PI was the most commonly employed measure of vessel resistance and was found to 

be increased in AD 39, 42-45 and VaD or multi-infarct dementia patients45-47, as 

compared to healthy controls. Some studies have shown that subjects with VaD have 

higher pulsatility indices, as compared to controls and AD patients37, 38, 41, 48. In other 

reports45-47, PI was not significantly different between dementia subtypes. 
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TCD PI and severity of cognitive deficit 

TCD studies have shown positive correlation between hemodynamic impairment and 

degree of cognitive deficit suggesting that microvascular damage may contribute to 

the cognitive changes in the early stage of dementia36. 

In study by Altmann et al.49, TCD PI values were significantly associated with 

MMSE, TMT A, and TMT B performances in patients with a lacunar infarct. This 

study suggested TCD as a possible adjunct tool for early diagnosis of cognitive 

impairment after stroke. 

 

Risk factors and pulsatility index 

Patients with diabetes are more likely to develop dementia than those without 

diabetes. Diabetes is an independent risk factor for lacunar infarction, and has been 

found to be independently associated with a high PI.50 Age, current smoking and  

mean arterial BP have also been shown to be correlated with PI.51 

 

TCD and US technology as tools to study vascular contributions to dementia are 

being considered only recently. The technological aspect of US devices has not 

changed in recent years, but there is a constant development of new analytical tools 

enabling a better understanding of microvascular effects on blood flow in standardly 

insonated large arteries. There is a need for a greater application of these tools across 
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the spectrum of neurodegenerative disorders. These tools have greater significance in 

resource poor countries for early detection and institution of preventive measures.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 18
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Aims and Objectives 

 

 

1. To determine whether PI in TCD correlates with cognitive profile of patients 

with dementia. 

2. To determine whether increase in PI can differentiate between Alzheimer and 

Vascular dementia  
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MATERIALS AND METHODS 
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Materials and Methods 

Patients above 18 years of age attending Neurology, Stroke and Cognitive 

Neurology services at SCTIMST, with a diagnosis of dementia were included in the 

study, and their eligibility was assessed as per inclusion and exclusion criteria. All the 

patients were recruited after written informed consent from patient/care giver. Study 

was done after obtaining approval from the Institutional Ethics Committee. 

Sample size: 

Sample size determination was done and the number required for this study 

using a correlation coefficient 0.5 with a significance level of 0.05 and a power of 

90% was 38 patients. Hence a sample size of a total of 50 patients was decided. 

Inclusion criteria:   

Patients attending Neurology, Stroke or Cognitive Neurology services, 

SCTIMST with diagnosis of Alzheimer’s dementia (as per NINCDS-ARDRA 

criteria) or Vascular dementia (as per VASCOG criteria) 

Exclusion criteria: 

1. Patients with modified Rankin score (mRS) >3. 

2. Patients with evidence for large vessel atherosclerosis (>50% stenosis of the 

extra or intracranial vessels with any of the imaging modalities) 

3. Patients with large artery territory infarcts or major ICH at any point of 

time. 
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Methodology: 

 Patients attending Neurology, Stroke or Cognitive Neurology services at 

SCTIMST were taken up in the study after applying the selection criteria. Information 

regarding clinical, demographic & risk factors was collected.  

All the patients underwent TCD evaluation (Nicolet® Sonara® digital TCD system)  

using 2 Hz probe for every patient. TCD was done on both sides through the temporal 

window on the MCA. The depth and angle of insonation giving the highest mean flow 

velocity was selected. For each artery, the mean, systolic, and diastolic velocities was 

measured, and the Gosling pulsatility index (PI) was calculated automatically as 

(systolic velocity - diastolic velocity)/mean velocity. Then a mean MCA PI was 

calculated by averaging bilateral MCA PI.  If the subject only had good temporal 

window on one side, then unilateral MCA PI was considered as mean MCA PI. An 

average over at least 10 heart beats was applied in order to have a representative value 

of the TCD measures. 

Neuropsychology assessment was performed in detail by a trained 

Neuropsychologist of the Institute using a formatted questionnaire. Detailed cognitive 

examination included MMSE, Addenbrooke cognitive examination-Malayalam, 

Wisconsin card sorting test, Trail making test A and B, RAVLT and patients also 

underwent evaluation by HADS questionnaire for anxiety and depression. 

Statistical methods: 

 The data was entered on to a spreadsheet and was analysed with SPSS version 

25 software(SPSS Inc,Illinois,Chicago). Numerical variables were summarized as 

means and standard deviations. Univariate analysis was undertaken to examine 

relationship of various factors. A p value less than 0.05 was considered statistically 
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significant. Crude odds ratio with 95% confidence interval have been reported. Chi 

square test/ Fisher’s exact test was applied to evaluate statistical significance. 

Multivariate analysis/ logistic regression was used to evaluate the independent and 

joint effect of the variable of interest on the outcome 

 

Ethical considerations  

This registry has the approval of the Institutional Ethics Committee and written 

informed consent was obtained from the patient or caregiver.  
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RESULTS: 

43 patients fulfilled the inclusion and exclusion criteria. 4 patients were excluded due 

to poor temporal window bilaterally and 1 patient had Atrial fibrillation with variable 

conduction, which made averaging of MCA PI values impossible. Finally, 38 patients 

(28 males, 10 females) were evaluated and their data was analysed. 

25 patients had Alzheimer’s disease and 13 patients had Vascular dementia. Of the 25 

patients with AD, 1 patient had Posterior cortical atrophy variant.  

 

Figure 1: Gender distribution of patients 

 

 

 

28 patients (73.7%) were males. 

 24 (64.1%) had hypertension, 21 (55.3%) had diabetes mellitus. 
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Figure 2: Age distribution of patients 

 

 

 

Mean age of patients was 69.63 years (SD=8.57).  

Maximum patients were in 66-75 years age group. 

Mean age at onset was 65.03 years (SD=8.08).  
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Figure 3: Correlation of right and left MCA PI 

 

 

 

Mean PI was 1.33 (SD=0.34).  

Mean PI right was 1.33 (SD=0.34) and PI left was 1.31(SD=0.31) 

 

Left and right MCA PI showed significant correlation (Pearson’s correlation co-

efficient=0.865, p<0.001) 

 

Mean MCA PI for females was 1.43 (SD=0.4) and for males was 1.3 (SD=0.31), 

p=0.291. 
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Figure 4: Correlation of ACE and MMSE scores 

 

 

 

Mean ACE was 64.93 (SD=13.81). Mean MMSE was 21.49 (SD=4.63)  

MMSE and ACE scores showed significant correlation (Pearson correlation co-

efficient=0.738, p<0.001).   

Mean PI did not show significant correlation with MMSE (r=0.091, p=0.602).  
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Table 1: Comparison between AD and VaD groups 

 

 AD  (n=25) VaD (n=13) P value 

Age,  Mean (SD) 69.56 (8.87) 69.77 (8.32) 0.944 

Age at onset, Mean (SD) 64.36 (7.97) 66.31 (8.46) 0.489 

Duration of illness, Mean (SD) 5.2 (4.31) 4.1 (2.78) 0.417 

Males, n(%) 16 (64%) 12 (92.3%) 0.118 

Hypertension, n(%) 12(48%) 12 (92.3%) 0.012 

Diabetes mellitus, n(%) 12 (48%) 9 (69.2%) 0.307 

CAD, n(%) 5 (20%) 3(23.1%) 1.0 

Right MCA PI, Mean (SD) 1.277 (0.296) 1.437 (0.397) 0.18 

Left MCA PI, Mean (SD) 1.31 (0.33) 1.30 (0.26) 0.91 

Mean MCA PI, Mean (SD) 1.30 (0.30) 1.40 (0.39) 0.37 

MMSE, Mean (SD) 21.54 (4.6) 21.36 (4.8) 0.92 

ACE, Mean (SD) 65.47 (12.58) 63.9 (16.58) 0.78 

White matter ischemic changes, 

Mean (SD) 

0.81 (0.75) 2.50 (0.674) <0.001 

 

Hypertension was significantly more common in patients with VaD, as compared to 

AD. Mean MCA PI was similar between the 2 groups. Patients with VaD had 

significantly higher white matter ischemic changes, than patients with AD.  
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Table 2: Comparison between hypertensive and non-hypertensive patients 

 Hypertensive (n=24) Non-

hypertensive(n=14) 

P value 

Age at onset of 

dementia, Mean (SD) 

67.63 (7.2) 60.57 (7.8) 0.008 

Age, Mean (SD) 72.58 (7.49) 64.57 (8.14) 0.004 

Diabetes mellitus, n(%) 17 4 0.018 

Mean PI, Mean (SD) 1.46 (0.34) 1.12 (0.19) 0.002 

MMSE, Mean (SD) 22 (4.1) 20.71 (5.37) 0.429 

ACE, Mean (SD) 65.79 (13.2) 63.3 (15.36) 0.653 

White matter ischemic 

changes, Mean (SD) 

1.82 (1.006) 0.64(0.81) 0.002 

 
 

Hypertensive patients were older at onset of dementia, and were more likely to have 

associated diabetes mellitus. Mean MCA PI was significantly higher in hypertensive 

patients. Hypertensive patients also had higher Fazeka changes. MMSE and ACE 

scores did not differ significantly between groups.   
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Table 3: Comparison between diabetic and non-diabetic patients 
 
 

 Diabetic(n=21) Non-diabetic(n=17) P value 

Age at onset, Mean (SD) 67.43 (6.2) 62.06 (9.26) 0.040 

Age, Mean (SD) 72.90 (5.5) 65.59 (10.02) 0.007 

Mean MCA PI, Mean (SD) 1.5 (0.34) 1.13 (0.19) <0.001 

MMSE, Mean (SD) 21.3 (4.5) 21.73 (4.9) 0.789 

ACE, Mean (SD) 63.89 (15.5) 66.42 (11.47) 0.635 

White matter ischemic 

changes, Mean (SD) 

1.82 (0.95) 1.00(1.1) 0.028 

 

Diabetic patients were older at onset of dementia, and at evaluation. Mean MCA PI 

was significantly higher in diabetic patients. Diabetic patients had significantly more 

Fazeka changes. MMSE and ACE scores did not differ significantly between groups. 
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Table 4: Detailed cognitive profile of patients with AD and VaD  

 
Cognitive domain tested AD (n=25) VaD (n=13) P value 

Attention, Mean (SD) 2.79 (2.0) 2.36 (1.43) 0.428 

Lexical fluency, Mean (SD) 6.7 (2.96) 4.67 (3.39) 0.113 

Category fluency, Mean (SD) 7.05 (3.49) 7.56 (3.64) 0.724 

Retrograde memory, Mean (SD) 2.95 (1.4) 2.89 (1.27) 0.912 

Verbal immediate memory, Mean 

(SD) 

6.29 (6.18) 13.71 (7.95) 0.029 

Verbal delayed memory, Mean (SD) 0.82 (1.70) 2.86 (3.34) 0.059 

Visual immediate memory, Mean 

(SD) 

7.39 (5.77) 14.67 (12.45) 0.061 

Visual delayed memory, Mean (SD) 0.50 (1.43) 1.17 (2.86) 0.453 

Forward digit span, Mean (SD) 4.17 (2.07) 4.13 (1.96) 0.962 

Backard digit span, Mean (SD) 2.56 (1.72) 2.50 (1.77) 0.941 

HADS- anxiety, Mean (SD) 4.64 (3.3) 7.0 (5.68) 0.220 

HADS-depression, Mean (SD) 6.29 (5.34) 9.56 (6.1) 0.188 

 
Patients with AD has significantly lower scores on verbal immediate memory, and 

also noted to have lower scores on verbal delayed and visual immediate memory, 

although it was not significant. HADS- anxiety and HADS-depression scores were 

higher in patient with VaD, but was non-significant. 
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Table 5: Correlation of mean MCA PI with cognitive profile 

 
Cognitive parameter tested for 

correlation with mean MCA PI 

Pearson’s 

correlation 

P value 

MMSE 0.091 0.602 

Attention 0.050 0.776 

ACE -0.176 0.361 

Lexical fluency 0.026 0.893 

Categorical fluency -0.020 0.916 

Retrograde memory 0.151 0.436 

WMS-verbal immediate 0.150 0.518 

WMS-verbal delayed -0.033 0.877 

WMS-visual immediate 0.106 0.620 

WMS-visual delayed -0.096 0.654 

HADS-depression 0.495 0.016 

HADS-anxiety 0.238 0.274 

 
Mean PI showed significant correlation with depression as per HADS-depression 

score (r=0.495, p=0.016). This significance was mostly for patients with VCI 

(r=0.762, p=0.017) than with AD (r=0.151, p=0.607). Although insignificant, MMSE 

tended towards a positive correlation, while ACE as found to have a negative 

correlation. 
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Figure 6: Correlation of Mean MCA PI with age 

 

 

 

Mean MCA PI significantly correlated with age of the patient (Pearson correlation co-

efficient=0.422, p=0.008)  
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Figure 7: Correlation of mean MCA PI with White matter ischemic 

changes 

 

 

 

Mean MCA PI showed significant correlation with White matter ischemic changes- 

Fazeka’s grade (Pearson’s correlation co-efficient=0.355, p=0.043) 
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Table 6: Logistic regression assessing predictors for mean MCA PI >1.3 
 

Variables P value Adjusted OR 95% CI for adjusted OR 

Age .685 1.028 .899 1.175 

Male .382 .390 .047 3.225 

Hypertension .104 7.620 .658 88.198 

Diabetes 

mellitus 

.011 12.464 1.763 88.128 

 

Mean MCA PI was 1.33, and MCA PI value of 1.3 was taken as cut-off to perform 

binary regression.  

On binary logistic regression analysis, diabetes mellitus was found to be significant 

predictor for mean MCA PI >1.3 (OR=12.464, p=0.011). Although age correlated 

significantly with mean MCA PI, it lost significance on regression analysis. 
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Table 7: Logistic regression assessing predictor for MMSE < 22 
 

Variables P value Adjusted OR 95% CI for adjusted OR 

Age .205 .932 .837 1.039 

Male .847 1.209 .176 8.320 

Hypertension .859 .840 .122 5.784 

Diabetes 

mellitus 

.056 10.186 .940 110.434 

Mean MCA PI .125 .035 .000 2.544 

 

Mean MMSE was 21.49, and was converted to binary variable with 22 as cut-off. 

No significant predictor for worse cognition (MMSE < 22) was found. Patients with 

low MMSE had higher odds of being diabetic. 
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Table 8: Logistic regression assessing predictor for ACE < 70 
 

Variables P value Adjusted OR 95% CI for adjusted OR 

Age .425 .955 .854 1.069 

Male .907 .888 .121 6.538 

Hypertension .971 1.041 .120 9.058 

Diabetes 

mellitus 

.837 1.239 .161 9.543 

Mean MCA PI .751 1.643 .077 35.275 

 

Mean ACE was 64.93. ACE cut-off score of 75/76 was found optimal to detect 

dementia in a Japanese population52. For detecting dementia in Parkinson’s disease 

patients, ACE cut-off of 70.5 showed greatest accuracy.53 We took cut off of 70 to 

separate patients with mild and moderate dementia    

No significant predictor for worse cognition (ACE < 70) was found.   
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Table 9: Logistic regression assessing predictor for Vascular dementia 

 

Variables P value Adjusted OR 95% CI for adjusted OR 

Age .138 .910 .804 1.031 

Hypertension .016 29.185 1.880 453.155 

Diabetes 

mellitus 

.423 2.295 .300 17.535 

Mean MCA PI .717 .609 .042 8.919 

 

Hypertension was found to be a significant predictor for Vascular dementia, after 

adjusting for age, diabetes mellitus and mean MCA PI. 
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Discussion 

38 patients with dementia (25 AD, 13 VaD) were recruited for the study. Patients with 

significant major vessel stenosis or large strategic infarct were excluded. Mean age 

was 69.63 years, which was similar to other studies evaluating patients with 

dementia.39, 40, 45  

Risk factors for dementia  

64.1% patients had hypertension and 55.4% had diabetes mellitus in our study. 

Patients with VaD were more likely to be hypertensive and had more white matter 

ischemic changes. Lacunar stroke and white matter hyperintensities are associated 

with a hypertensive arteriopathy, which was earlier considered primarily responsible 

for Vascular dementia.  

We found that hypertensive patients were older at disease onset and were more likely 

to have associated diabetes mellitus. Diabetic patients were also older at disease onset. 

Age, hypertension and diabetes have been independently identified as risk factors for 

dementia. Long standing hypertension predisposes to subcortical white matter disease, 

and can cause cognitive impairment.54  

Mean MCA PI significantly correlated with age of the patient. Mean MCA PI was 

significantly higher in hypertensive and diabetic patients. Hypertensive and diabetic 

patients also had higher Fazeka grade.  

 

Cognitive evaluation of patients 

After detailed cognitive testing, few parameters could be assessed uniformly in all 

patients, including ACE and MMSE. Detailed analysis of cognitive domains 
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evaluated in ACE and MMSE was done. MMSE is usually considered a screening test 

and cannot detect mild cognitive impairment or single domain impairment.55For 

evaluating patients with Vascular cognitive impairment, ACE has been shown to have 

better sensitivity and specificity.56 

In our study, MMSE and ACE scores showed significant correlation. Correlation 

between MMSE and ACE scores has been reported earlier. 57      

Patients with AD and VaD did not differ in their MMSE and ACE scores. Patients 

with AD had significantly lower scores on verbal immediate memory, and also noted 

to have lower scores on verbal delayed and visual immediate memory, although it was 

not significant. In an earlier review, no significant difference between 

neuropsychological profile has been found in patients with AD and VaD, except for 

worse executive functioning, verbal fluency and motor performance in VaD58. In 

another study, memory has been found to be more severely impaired in early stages of 

AD, with the difference getting diluted as disease progresses.59  

 

Differentiating Alzheimer’s disease from Vascular dementia based on Pulsatility 

index 

Both AD and VaD had similar mean MCA PI values in our study, and it did not help 

in differentiating between them. Similar conclusion has been reached in other 

studies45-47, however few studies have reported higher PI in patients with VaD 37, 38. 

The response to vasodilatory stimuli, such as CO2 or acetazolamide, has been used to 

evaluate and quantify cerebral vasoreactivity. Initial study assessed cerebral 

vasoreactivity in patients with dementia, and had found reduced vasodilatory reserve 

in patients with VaD as compared to AD60. This finding also was challenged in recent 
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study, which found that vasoreactivity cannot be used to differentiate between 

dementia subtypes47.  

 

Correlation of Pulsatility index with cognitive parameters  

Mean MCA PI did not show significant correlation with MMSE scores or ACE 

scores. Studies have reported varying results on such correlation61. Although 

insignificant, ACE tended to have a negative correlation with mean MCA PI. In study 

by Silvestrini et al36, cognitive decline was associated with increase in MCA PI. 

Impaired VR has been found to be associated with worse evolution of cognitive 

function in AD patients.62, 63 In a cohort of patients with asymptomatic carotid 

stenosis, vasoreactivity was shown to be strong predictor of cognitive decline64. TCD 

evaluation for vasoreactivity was not done in our study. 

Mean MCA PI showed significant correlation with depression as per HADS-

depression score (r=0.495, p=0.016). This significance was mostly for patients with 

VaD (r=0.762, p=0.017) than with AD (r=0.151, p=0.607). The term “Vascular 

depression” has been suggested for late life depression with white matter lesions65, 66. 

Patients with Vascular depression are prone for dementia, if risk factors are not 

adequately controlled. Brain tissue pulsatility, as measured by tissue pulsatility 

imaging, has been found to be significantly higher in depressed patients as compared 

to controls.67 

 

Pulsatility index and correlation with clinical/radiological parameters 

Mean MCA PI showed significant correlation with White matter ischemic changes, as 

per Fazeka’s grading (Pearson’s correlation co-efficient=0.355, p=0.043). Previous 
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studies have indicated that TCD derived PI can be a useful tool in detection of small 

vessel disease (white matter hyperintensities- WMHI) with sensitivity of 70-89% and 

specificity of 73-86%5. It has a high negative predictive value for diagnosing small 

vessel disease.68 In study by Mok et al, MCA PI correlated significantly with WMC 

volume, independent of age, sex, and vascular risk factors. However, MCA PI was 

found to have low specificity for this association.69 In study by Xiong et al, the PI 

correlated with the volume of white matter changes.34 Previous studies have reported 

that age70, 71, diabetes72, hypertension73 and vascular dementia46 were associated with 

increase in PI. 

On univariate analysis, age, hypertension and diabetes.was associated with higher 

mean MCA PI. Diabetes mellitus was found to be the sole significant predictor for 

mean MCA PI >1.3 (OR=12.464, p=0.011) after adjusting for age, gender and 

hypertension.  
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Strengths of the study: 

1. This is one of the first study to assess the association between Pulsatility index 

and detailed cognitive profile. Even though previous studies have studied 

association between MMSE and PI, executive functions are poorly covered in 

MMSE and may not detect early executive dysunction. 

2. Since we have ruled out significant proximal vessel disease with vessel 

imaging, confounding effect of co-existing large vessel disease on the TCD 

parameters could be avoided.   
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Limitations of the study 

1. The major limitation of the study was the small sample size.  

2. This was a cross-sectional study and follow-up changes in PI and cognitive 

performance was not assessed, which could give a better insight into relation 

between PI and severity of cognitive deficit.  

3. Controls were not used for comparison 
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Conclusions  

 

1. There was no difference in MCA-Pulsatility Index between patients with AD 

and VaD, however MCA-PI correlated with the presence of hypertension and 

diabetes mellitus (irrespective of the clinical type of dementia), probably 

reflecting their etiopathological role in microcirculatory disturbances. 

2. We did not find any correlation between elevated mean MCA PI and MMSE, 

ACE and cognitive subtests. 

3.  Elevated mean MCA PI was significantly associated with higher scores of 

depression, as per HADS-depression scoring.  

4. There was significant correlation between mean MCA PI and presence of 

white matter ischemic changes (Leukoaraiosis) indicating presence of 

microcirculatory disturbances along with white matter disease.  
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APPENDIX 

 

a.ABBREVIATIONS: 

 

ACE: Addenbrooke cognitive examination-Malayalam 

AD: Alzheimer’s disease 

AF: Atrial fibrillation 

CBF: Cerebral blood flow 

HADS: Hospital anxiety and depression scale 

IHD: Ischemic heart disease 

MCA: Middle cerebral artery 

MMSE: Mini mental state examination 

RAVLT: Rey Auditory verbal learning test 

PI: Pulsatility index 

TCD:  Trail making test 

VaD: Vascular dementia 

VaMCI: Vascular mild cognitive impairment 

VCI: Vascular cognitive impairment 

WMS: Wechsler Memory scale 
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b. Proforma 

1. Personal Data: 

1.1. Patient ID-----------------     

1.2. Age ------------ years 

1.4 Sex -------------- 1.Male 2.female 

1.5. If outpatient or inpatient ----------- 

1.6. Educational status-------------- 

1.7 Age at onset of symptoms--------- 

2. Risk factors:(1=Yes, 2=No) 

2.1. Hypertension------------ Duration in years 

2.2. Diabetes mellitus--------Duration in years  

2.3 Current smoking---------Pack years----------- 

2.3a. Ex-Smoker-------------Stopped -------------years back 

2.3b.Tobacco chewing ------------- 

2.3c. Alcoholism---------------------- 

2.4. Coronary artery disease-------- Duration in years -----------Detected now ------ 

2.5. Peripheral vascular disease-------- 

2.6. Hyperlipidemia-----------------Duration in years-------------Detected now---------- 

2.7. History of prior stroke --------Date of ictus---------------- 

2.8. History of prior TIA-----------Date of ictus----------------- 

2.9. Patients on treatment ------------------- 

2.9a. If yes, Type of treatment ---------- 

2.10. Family history of stroke/CAD (first degree relatives) -------------- (Male<55yrs and 
Female <65 years of age 

2.11 Family history of dementia (first degree relatives)---------------- 

3. Symptoms: 

3.1 Memory disturbances 1. Present 2. Absent  If present,  duration - - - - - -  

3.2 Executive dysfunction 1. Present 2. Absent  If present,  duration - - - - - -  

3.3 Visuospatial dysfunction 1. Present 2. Absent  If present,  duration - - - - - -  
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3.4 Behavioural disturbances 1. Present 2. Absent  If present,  duration - - - - - -  

3.5 Impaired attention 1. Present 2. Absent  If present,  duration - - - - - -  

3.6 Language problems 1. Present 2. Absent  If present,  duration - - - - - -  

3.7 Depression 1. Present 2. Absent  If present,  duration - - - - - -  

3.8 Disinhibition 1. Present 2. Absent  If present,  duration - - - - - -  

3.9 Insight 1. Present 2. Absent  If present,  duration - - - - - -  

4. Neuropsychology assessment : 

4.1 Test for executive function and attention  

4.1.1 Colour object matching test-------------- 

4.1.2  Category Fluency  

4.1.3. Verbal fluency  

4.1.4. Trail Making Test (TMT)  

           DiceBead Test  

4.2. Visuospatial    

4.2.1. Modified Taylor Complex Figure Test (MTCF)  

           Stick FigureTest (for illiterates)Copy   

4.2.2 Line Bisection 

4.3 Language   

4.3.1. Picture Naming Test (PN)-finalizing stimuli 

4.3.2 Franchay’sAphasia Test (FAST)  

4.4 Memory   

4.4.1. Verbal Memory(Kolkatta Screening Battery)- Recall 

4.4.2  Modified Taylor ComplexFigure Test (MTCF) [Recall]  

             Stick FigureTest (for illiterates) Recall  

4.4.3 Verbal Memory(KolkattaScreening Battery)- Recognition  

4.4.4 Modified Taylor Complex Figure Test (MTCF) [Recognition]  

          Stick FigureTest (for illiterates) Recognition  

4.5 Cognitive Screening   
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4.5.1. Montreal Cognitive Assessment (MoCA)  

4.5.2  Addenbrooke’s Cognitive Examination-III(ACE-III)  

4.5.3 Hindi Mental State Examination (HMSE)  

4.6 Behavioral Screening   

4.6.1 NeuroPsychiatric Inventory–brief (NPI-Brief)  

4.6.2 IQCODE   

4.6.3. Inventory of Activities of Daily Living(IADL) 

4.6.4 Quality of Life Scale [SF-36 (RAND)]  

4.6.5 Geriatric Depression Scale-30 

5. Investigations: 

5.1. Serum cholesterol-------------- 

5.2. LDL-------- 

5.3. HDL----------- 

5.4. Serum triglycerides---------- 

5.5. Hb A1C----------------------- 

6. Imaging 

6.1 CT scan -------------------------1.Normal.2. New infarct 3. Old infarct 4.Small vessel 
Ischemic changes 5.Not done 

6.2MRI scan ------------------------1. DWI negative 2.DWI positive single lesion 3.DWI-
Multiple lesions 4.Not done 

6.2a Fazeka changes------------1. Present 2. Absent  If present,  specify-------------- 

6.2b Microbleeds----------1. Present 2. Absent  If present,  specify 

6.2c Old infarcts--------1. Present 2. Absent  If present,  specify 

6.3 Transcranial doppler 

6.3a Mean blood flow velocity  1. Right MCA--------- 2. Left MCA-------- 

6.3b Pulsatility index 1. Right MCA--------- 2. Left MCA----------- 

 

 
 



Mini-Mental State Examination (MMSE)

Patient’s Name:                                                                                  Date:                           

Instructions: Score one point for each correct response within each question or activity.

Maximum
Score

Patient’s
Score

Questions

5 “What is the year?  Season?  Date?  Day?  Month?”

5 “Where are we now?  State?  County?  Town/city?  Hospital?  Floor?”

3

The examiner names three unrelated objects clearly and slowly, then
the instructor asks the patient to name all three of them. The patient’s
response is used for scoring. The examiner repeats them until patient
learns all of them, if possible.

5
“I would like you to count backward from 100 by sevens.” (93, 86, 79,
72, 65, …)
Alternative: “Spell WORLD backwards.” (D-L-R-O-W)

3 “Earlier I told you the names of three things.  Can you tell me what
those were?”

2 Show the patient two simple objects, such as a wristwatch and a pencil,
and ask the patient to name them.

1 “Repeat the phrase: ‘No ifs, ands, or buts.’”

3 “Take the paper in your right hand, fold it in half, and put it on the floor.”
(The examiner gives the patient a piece of blank paper.)

1 “Please read this and do what it says.” (Written instruction is “Close
your eyes.”)

1 “Make up and write a sentence about anything.” (This sentence must
contain a noun and a verb.)

1

“Please copy this picture.”  (The examiner gives the patient a blank
piece of paper and asks him/her to draw the symbol below.  All 10
angles must be present and two must intersect.)

30 TOTAL



Addenbrooke's Cognitive Examination - Malayalam
NAME: HOSP. NO.:
D.O.B.: TESTING DATE(S):
AGE: EDUCATION (YEARS): 
Handedness:_____________ Tested in (Language):
Gender: Urban / Rural: 

ORIENTATION
Ask the subject the following questions and score a point for each correct  
answer. Record all errors. Total Score for Orientation (0 - 10) O

1 a) What is the CXv / C¶p b) Where are we CXv GXmWv / F{Xmas¯ 

year ** country
 GXp hÀjamWv cmPyw

season state
GXp ImeamWv (kok¬) kwØm\w

month city
GXp amkamWv \Kcw

* date *** hospital (or street/road)
 XobXn F{XbmWv Bip]{Xn (tdmUv)

day *** floor (or house name/no.)
BgvNbnse GXp ZnhkamWv \ne (ho«vv t]cv/\¼À)

*Allow an error of +  2.
** Give the example of SriLanka  if the subject gives the name of the state when asked the country  
*** The items in the brackets are to be used if the subject is being tested in his/her house

ATTENTION/CONCENTRATION
2 Tell the subject I will name three objects and you have to remember and repeat them

 after I finish. Taking one second for each, say aloud : lemon, key, ball. 
Say them only  once and ask the patient to repeat all  three. Give one point for each
correct answer at first attempt only. If score <3 repeat all three items until 
the patient learns all 3. Maximum trials allowed = 5.

Rm³ \n§tfmSv aq¶v km[\§fpsS t]cv ]dbpw.  

]dªv \nÀ¯pt¼mÄ AXvvv HmÀ¯v h¨v Gäp]dbpI.

\mc§, Xmt¡mÂ, ]´vv. Score (0 - 3)
Number of trials administered = 

3 Ask the patient to  subtract 7 from 100. 
\qdnÂ \n¶v Ggv Ipdbv¡pI

Step 1 Give one point only for the right answer (93).
Step 2 If the subject's answer is wrong then tell the correct answer. 
Step 3 Ask the subject to  now subtract 7 from the correct answer (93).

AXnÂ \n¶v ho−pw Ggv Ipdbv¡pI (93).

Repeat steps 1 to 3 for a total of 5 subtractions (93, 86, 79, 72, 65). 
Score the total number of correct subtractions Score (0 - 5)

Spell 'WORLD' backwards: This test is not scored for m-ACE.
Score the number of letters  in the correct order, e.g., dlorw = 3.
"]cntim[\' F¶ hm¡nsâ A£c§Ä, FXnÀ{Ia¯nÂ  

 (]ndInÂ \n¶v apt¶m«v) ]dbpI. "B\' F¶v Rm³ ]d¯mÂ \n§Ä " \B ' F¶v 

]dbWw.

MEMORY
4 Ask the subject to  recall the names of the 3 objects learnt earlier 

in question 2. Score a point for each correct recall.
t\cs¯ ]dª aq¶v km[\§fpsS t]êv HmÀ½n¨v ]dbpI Score (0 - 3)

CBNC, SCTIMST, m-ACE, ver Oct. 2003 Reference: Int J Geriatr Psychiatry  2004;19:1188-1194. Page 1 of 6



5 Anterograde Memory : Tell the subject  I will read a name followed by an address and ask
you to repeat it when I have finished.  Now read aloud the following name and address
which has a total of seven elements in it. Score one point for each element recalled correctly. 
Regardless of the score after the first trial, repeat the instruction and the task twice in exactly
the same way. Record scores for each of the three trials.  Record errors. 

Rm³ ]dbp¶ t]cpw, hnemkhpw tI«n«v HmÀ¯p ]dbpI.

Elements Trial 1 Trial 2 Trial 3 Delayed
Velayuthan Thambi thembp[³ X¼n 2
42 Kovil Road 42 tImhnÂ tdmUv 3
Chengammanad sN§a\mSv 1
Elanji Ceªn 1

Total /7 /7 /7 /7 /7
Trial 1-3: Score (0 - 21)

Delayed: Score (0 - 7) M

6 Retrograde Memory: Score one point for each correct answer to the following questions 
and record errors. 
Tell me the name of apgph³ t]cv ]dbpI Score (0 - 4)

the capital of India C´ybpsS XeØm\w

the Indian currency `mcX¯nsâ \mWbw

the Chief Minister of Kerala tIcf¯nsâ apJya{´n

the town where Taj Mahal is XmPvalÂ FhnsS ØnXn sN¿p¶p

VERBAL FLUENCY
7 Letter: Ask the patient to  tell me all the words you can think of, but not people or  

places, beginning with the letter P. Time the subject for 1 minute and record all   
answers in the space provided below. Error types: perseverations and intrusions.

"]' sIm−p XpS§p¶ Ipd¨p hm¡pIÄ ]dbpI,    

Øe¯nsâtbm, Bfnsâtbm t]cv BIcpXv.

8 Category:  In the same way ask the patient to generate and  now tell the names of as  
many animals as you can beginning with any letter of the alphabet. Time the subject  
for 1 minute & record all responses in the space provided below. Errors: perseverations 
and intrusions.

Adnbmhp¶ arK§fpsS FÃmw t]cp ]dbpI. Ah GXv  

A£cw sIm−pw XpS§mw

Scoring
P ] Animals arK§Ä         Raw Score Scaled 

P Animals Score
>12 >15 7

11 to 12 13 to 15 6

8 to 10 10 to 12 5
5 to 7 7 to 9 4
3 to 4 4 to 6 3

2 2 to 3 2
<2 <2 1

Raw Score =
Scaled Score = /7 /7 Total Scaled Score (0 - 14) V

CBNC, SCTIMST, m-ACE, ver Oct. 2003 Reference: Int J Geriatr Psychiatry  2004;19:1188-1194. Page 2 of 6



LANGUAGE
9 Observe the subject's spontaneous speech and record the following 

Fluency (phrases > 5 words)
Paraphasic errors (phonemic or semantic)
Word finding difficulties

10 Naming: Show the subject the following two line-drawings and ask him/her to name  
each of the these. Record responses and errors. Give one point for each correct response.

Hmtcm¶nsâbpw t]cp ]dbpI.

Score (0 - 2) L

Naming: Show the subject the following ten line-drawings and ask him/her to name each 
of these. Record responses and errors. Give one point for each correct response. If response is 
different from expected then ask them if it resembles anything else. 

Hmtcm¶nsâbpw t]cp ]dbpI.

Score (0 - 10) L

11 Comprehension (one -stage): Request the subject to obey the following simple  
commands. Score (0 - 2) L

Xmsg ]dbp¶ \nÀt±i§Ä Aîkcn¡pI.

point to the door hmXnÂ Nq−n ImWn¡pI

point to the ceiling X«v Nq−n ImWn¡pI

CBNC, SCTIMST, m-ACE, ver Oct. 2003 Reference: Int J Geriatr Psychiatry  2004;19:1188-1194. Page 3 of 6



12 Show the subject the instruction in the box below and ask him/her to  read this aloud   
and obey it. 

Xmsg FgpXnbncn¡p¶Xv hmbn¡pI F¶n«v, AXv 

A\pkcn¡pI

Score one point if performed correct. Score (0 - 1) L

CLOSE YOUR EYES

I®pIÄ ASípI

13 Comprehension (3-stages): Give the subject a piece of paper and tell him to  take this 
paper in your right / left hand.  Fold the paper in half. Then put it on the floor.

Cu ISemkv heXp / CSXp I¿nÂ FSp¡pI  t\À ]IpXn aS¡pI  
F¶n«v AXvv XdbnÂ hbv¡pI.

Score one point for each correctly performed step Score (0 - 3) L

14 Comprehension (complex grammar):  Request the subject to obey the following commands. 
Cu \nÀt±i§Ä ]men¡pI Score (0 - 2) L

point to the ceiling then the door X«nteíp Nq−nb tijw hmXnenteíp Nq−pI 

point to the door after touching the taitbm, InS¡tbm sXm«n«v IXInteíp Nq−pI.

bed/desk

Score one point only if entire command is performed correctly .

15 Repetition (single words): Ask the subject to repeat each of these words after me.  
Score one point for each correct repetition. Allow only one repetition Score (0 - 3) L

Rm³ ]dªp Ignbpt¼mÄ \n§Ä AXv BhÀ¯n¡pI

Brown {hWw 

Conversation ImehÀjw

Articulate AÁIpÁw

16 Repetition (phrases): Ask the subject to repeat each of these phrases after me. 
Rm³ ]dbp¶ hmNI§Ä \n§Ä BhÀ¯n¡pI.

Score one point for each correct repetition. Allow only one repetition.

No ifs, ands or buts Score (0 - 1) L
AhÀ ChnsS h¶nê¶psh¦nÂ F\n¡v Ahsc ImWmambnê¶p

The orchestra played and the audience applauded Score (0 - 1) L
HgnhpIgnhpIsfm¶pw ]dbêXv.
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17 Reading (regular):  Ask the subject to read each of these words aloud and show 
him/her the following five words. Score (0 - 1) L

Xmsg ]dbp¶h Dds¡ hmbn¡pI.

SHED i_vZw

WIPE sh¸v 

BOARD t_m[w

FLAME s{^bnw 

BRIDGE `rXy³

18 Reading (irregular):  Ask the subject to read each of these words aloud and show
 him/her the following five words. Score (0 - 1) L

Xmsg ]dbp¶ hm¡pIÄ Dds¡ hmbn¡pI.

SEW k©n

PINT kpµcn

SOOT ^enXw

DOUGH DXvIWvT

HEIGHT {_lvamWvUw

19 Writing: Ask the patient to  make up a sentence and write it down in the space below.
 If stuck, suggest a topic e.g. weather, journey. Score one point if the sentence has a correct 
subject and verb and is meaningful. 

Hê hmNIw Xmsg FgpXpI. Score (0 - 1) L

20 Now to check delayed recall ask the subject Tell me the name and address 
 that I had told you and you had practiced at the beginning of the test. Record points,  
scores and errors as for question 6 in the space provided in question 5 on page 2.

t\cs¯, Rm³ ]dªp X¶ t]êw, hnemkhpw \n§Ä¡vv 

HmÀ¯v ]dbpI.

VISUOSPATIAL ABILITIES
21 Overlapping pentagons and Wire Cube: Show the subject the two figures in the next page and 

ask him/her to copy these figures in the space provided. Score as follows
For the Overlapping pentagons, score one point if both figures have 

5 sides and overlap. 
For the Cube, score one point if the figure is correct.
Xmsg ImWn¨n«pÅ Nn{Xw H¶p hc¨p ImWn¡mtam?

CBNC, SCTIMST, m-ACE, ver Oct. 2003 Reference: Int J Geriatr Psychiatry  2004;19:1188-1194. Page 5 of 6



Score (0 - 1) 

Score (0 - 1)

22 Clock : Ask the patient to  draw a clock-face with all the numbers and the hands at 5:10
Score 1 point each for- correct circle, numbering of the clock-face & position of the hands

Hê LSnImc¯nÂ /t¢m¡nÂ FÃ A¡§fpw hc¨v, AXnÂ 5:10 F¶ kabw 

 hc¨v ImWnípI. Score (0 - 3) 

23 CHECK : Have you recorded the delayed recall for name and address in Q 5 on page 2?

OVERALL SCORES : MMSE (0 - 30)
(Enter the sum of the scores in the boxes on each side of the vertical line) +

ACE         
(0 - 100)VLOM Ratio V + Sum of L

O + M

If < 2.2 FTD If > 3.2 AD

CBNC, SCTIMST, m-ACE, ver Oct. 2003 Reference: Int J Geriatr Psychiatry  2004;19:1188-1194. Page 6 of 6
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The World Health Organization (WHO) predicts that by 2025, about 3/4th of the estimated 1.2 billion people aged >60 years will
reside in developing countries1. 4.6 million new cases of dementia are added every year, and the highest rate of growth is
expected in South Asian countries including India. Education attainment is known to protect against dementia. Diet and
lifestyle can also influence risk of dementia, and studies suggest that disorders affecting the vascular system, such as
hypertension, diabetes mellitus and obesity, increase the risk for dementia, including Alzheimer's disease (AD). There is
increasing evidence linking cerebral hypoperfusion and neurodegeneration, specifically in Alzheimer’s disease (AD) and
vascular dementia (VaD)2. In the Rotterdam study3, cerebral hypoperfusion was demonstrated to be a risk or an aggravating
factor in dementia. Hypoperfusion because of microangiopathy, macroangiopathy or cardiac dysfunction can promote or
accelerate neurodegeneration, blood-brain barrier disruption and neuroinflammation.4 Diagnostic tools that can provide
real-time functional assessment of the cerebrovascular tree can have a significant impact on our understanding of the
vascular contribution to neurodegeneration at different stages of cognitive decline. Ultrasound can evaluate the
cerebrovascular tree for pathological structure and functional changes contributing to cerebral hypoperfusion. Studies have
shown an association between leukoaraiosis and transcranial doppler (TCD) pulsatility index (PI) in several kinds of patients.5
Despite increasing evidence supporting the utility of these methods in detection of microvascular pathology, cerebral
hypoperfusion, neurovascular unit dysfunction and disease progression, non-availability for routine use and incomplete
standardisation limit their use in daily routine. Studies have evaluated the utility of Middle cerebral artery-Pulsatility index
(MCA PI) to differentiate between AD and VaD and have found conflicting results.6 PI has been correlated with severity of
cognitive decline in few studies. Studies have also evaluated correlation of PI with decline in cognition. However, correlation of
PI with detailed cognitive profile has not been evaluated. In this background, we planned our study to assess whether MCA PI
can be used to differentiate between patients with AD and VaD. Also, we propose that increase in PI correlates with severity of
cognitive deficit in patients with dementia. REVIEW OF LITERATURE 1. Burden of dementia The prevalence of dementia rapidly
increases from ~ 2-3% among those aged 70–75 years to 20–25% among those aged >85 years7. Dementia rates are growing
at alarming rate in all regions of the world and are related to population aging. Neurologic conditions, including dementia,
were estimated by the Global Burden of Disease 2010 Study as the third leading cause of years lived with disability at global
level.8 Dementia modifies survival and increases the risk of death. In a study among Shanghai residents9, mortality risk ratios
for AD and VaD, particularly in those over 75 years of age, were found to be similar to the mortality risk ratio for cancer. 2.
Alzheimer’s dementia Late-onset AD is the most common subtype of age-related dementia, even in developing countries; 60%
of all cases of dementia fulfilled the US National Institute of Neurological and Communicative Disorders and Stroke and the
Alzheimer's Disease and Related Disorders Association (NINCDS–ADRDA) criteria.1 The amyloid hypothesis has been the most
dominant in regards to pathophysiologic process of AD. It states the sequential cleavage of APP leading to formation of Aβ
aggregates is responsible for neuronal injury and cognitive decline in AD. Cognitive profile of patients with AD Cognitive
symptoms of AD commonly includes deficits in short-term memory, executive and visuospatial dysfunction, and praxis.
Several rarer variants of AD with relative preservation of memory have been recognized. Stages of AD Early in the disease
course, recent episodic memories are most affected, while memories from the distant past are usually spared. As the disease
progresses, all aspects of episodic memory become affected. In contrast to episodic memory, working memory and semantic
memory are preserved until later in the disease course. Language disturbance, especially word-finding difficulties, is a
common early symptom in AD. Subtle decline in visuospatial skills occurs in the mild dementia stages. Executive dysfunction
begins in the predementia stages and, similar to all other cognitive domains, worsens over the disease course. Atypical AD
variants Frontal variant of AD is characterized by substantial behavioral or personality changes that are out of proportion to
the observed short-term memory loss. Posterior cortical atrophy presents with visuospatial dysfunction often in the form of
partial or full Balint syndrome (simultanagnosia, ocular apraxia, and ocular ataxia), partial or full Gerstmann syndrome

(acalculia, agraphia, right/left disorientation, and finger agnosia), apperceptive visual agnosia, and environmental
disorientation. Patients with AD may also present with early progressive language involvement, most often in the form of
logopenic aphasia with pronounced anomic deficits and impaired repetition but preserved grammar and syntax. Findings
suggestive of AD pathology include mesial temporal atrophy. Functional brain imaging using single-photon emission
computed tomography (SPECT) and PET technologies can be used to identify AD-specific patterns such as temporoparietal
hypoperfusion/hypometabolism in patients with AD. More recently, arterial spin-labeling MRI sequences have been shown to



hypoperfusion/hypometabolism in patients with AD. More recently, arterial spin-labeling MRI sequences have been shown to
capture perfusion abnormalities. 3. Vascular cognitive impairment and Vascular dementia Vascular dementia (VaD) is
recognised as the second most prevalent type of dementia.1 In poststroke vascular cognitive impairment, the cognitive
impairment is the immediate and direct consequence of a symptomatic stroke. In nonstroke-related vascular cognitive
impairment, the cognitive impairment is the consequence of clinically hard to detect cerebrovascular disease, which may be
evident only on neuroimaging with CT or MRI. The term vascular cognitive impairment is intended to encompass all forms of
cognitive impairment, not only dementia, and to include all cases where vascular disease contributes to impairment, including
in cases where it is not the sole contributor. Vascular cognitive impairment is a frequent contributor to mixed dementia,
accompanied by other neuropathologies such as Alzheimer pathology. Diagnostic criteria for Vascular cognitive impairment
include clinical or neuroimaging evidence of presence of stroke or small vessel ischemic changes. Neuroimaging is not
routinely available in developing countries, which influences the accuracy of VaD detection and the confirmation of cases of
mixed dementia.
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Cognitive profile of patients with Vascular dementia Lacunar infarcts have been related to cerebral small vessel disease (SVD),
pathologically characterized by lipohyalinosis in end arteries deep in the brain, and both lacunar infarcts and SVD are
associated with cognitive impairment and dementia. Studies have documented cognitive impairment in the acute phase as
well as in long-term follow-up. Cognitive impairment in patients with lacunar infarcts may be just as frequent and important as
motor and sensory sequelae, but may be overlooked. There can be great variety in the spatial distribution and severity of
cerebrovascular disease, which determines the neuropsychological profile. Therefore, there is no uniform pattern of
neuropsychological impairment in patients with vascular cognitive impairment. A systematic review by Edwards et al.
documented that all major cognitive domains were affected in lacunar infarcts. No typical clinical presentation exists for
vascular cognitive impairment. Patients with large-territory strokes may have a stepwise decline and focal signs (eg,
hemiparesis), while those with cerebral small vessel disease may present with an insidious onset of cognitive slowing with gait
disturbance and parkinsonism. Vascular cognitive impairment is associated with relatively greater impairments in executive
function and processing speed than in episodic memory for a given level of overall disability. It is important to recognize that
some degree of memory impairment is very common in vascular cognitive impairment as well. Diagnosis of Vascular cognitive
impairment should not be made based on neuropsychological profile alone. 4. Risk factors for dementia Increasing age is the
most consistent risk factor for dementia worldwide. Various genetic and environmental factors, including early-life brain
development, body growth, socioeconomic conditions, environmental enrichment, head injury, and cognitive reserve, likely
contribute to dementia risk. Illiteracy or low educational achievement has been shown to be a risk factor for dementia.
Vascular factors, such as hypertension, dyslipidaemia, hyperinsulinaemia and type 2 diabetes, obesity, subclinical
atherosclerosis, and arrhythmias, are associated with greater risk of cognitive impairment and dementia, including AD.
Factors that decrease vascular function, such as tobacco use, might further influence cognition in old age. Current smoking,
hypertension, AF, IHD, carotid stenosis and elevated Homocysteine levels were found more frequent in patients with Post
stroke dementia in study by Khedr et al.10 Control of hypertension and diabetes may help in preventing dementia.11 5.
Association between Alzheimer’s dementia and Vascular dementia Chronic hypoperfusion is not only a result of brain tissue
loss, but it actively promotes, initiates or accelerates neurodegeneration through multiple mechanisms, including induction of
oxidative stress, synaptic dysfunction, tau hyperphosphorylation, amyloid beta (Aβ) accumulation and aggregation, neuronal
loss, white matter hyperintensities(WMH), and neuroinflammation. Vascular aging with consequent chronic hypoperfusion
may contribute to blood-brain barrier disruption which, according to emerging in vivo imaging evidence, occurs relatively
early in life in selected areas, such as hippocampus, thus making individuals prone to memory disturbances. Consensus
criteria recommend that the diagnosis of nonstroke vascular cognitive impairment should be based on a pattern of diffuse,
severe cerebrovascular disease. In most cases, nonstroke vascular cognitive impairment is caused by subcortical ischemic
cerebral small vessel disease, also called Binswanger disease. Understanding the relationship between the location, extent,
and severity of the cerebral small vessel disease and the resulting clinical syndromes is still incomplete. Silent brain infarcts
and white matter hyperintensities on MRI predict risk for dementia in population-based studies, and silent brain infarcts are
associated with presence of dementia in autopsy-based studies, while the relationship of cerebral microbleeds to cognition is
less clear. Roher et al.12 documented the presence of major leptomeningeal arterial stenosis in a group of
neuropathologically diagnosed AD whose magnitude was correlated with the densities of AD neuropathology lesions and with
the degree of atherosclerotic vascular disease of the circle of Willis13. Reduction of resting cerebral blood flow and
disturbance of cerebrovascular auto-regulation were observed in the cortex and hippocampus of mice over-expressing
amyloid precursor protein (APP)14. As hypothesized by Iadecola, Aβ amyloid could be able to compromise the ability of
endothelial cells to produce vasodilatory factors, impairing cerebral auto-regulatory mechanisms to maintain an adequate
flow during hypotension and to relatively increase CBF during brain activity15. Recent observations have shown that sporadic

AD is associated with a failure of soluble amyloid-β (Aβ) clearance and that soluble Aβ can exit the brain through vascular and
perivascular clearance pathways. Data from 5715 cases from the National Alzheimer's Coordinating Center database16
assessed the correlation between the prevalence of CVD and vascular pathology in a variety of neurodegenerative diseases
with dementia severity. The study identified a significantly higher prevalence of vascular pathology and CVD in Alzheimer's
disease than any other neurodegenerative diseases causative of dementias, such as α-synucleinopathy, fronto-temporal lobar
dementias (FTLD), and prion disease. Vascular pathology coexisting with AD pathology is thought to act as additional “hits” to



dementias (FTLD), and prion disease. Vascular pathology coexisting with AD pathology is thought to act as additional “hits” to
the brain thereby lowering the threshold for cognitive impairment in persons with AD pathology. Increased neuritic plaque
burden and a higher Braak stages was associated with increased grades of atherosclerosis in both subjects with AD and
vascular dementia13. In an autopsy study, the circle of Willis arteries of AD patients exhibited numerous and severe stenosis,
which correlated with AD pathology [60]. More recently developed imaging techniques have been used to visualize arterial
structures and atherosclerotic plaque burden. A study using positon emission tomography showed an increase in amyloid
deposition in patients having both carotid artery occlusions and dementia17. In contrast, examining 200 brains in the
Baltimore Longitudinal Study of Aging18 showed no correlation between atherosclerosis and AD pathology. In one study,
microscopic infarcts were present in 43% of patients with AD, 62% of patients with vascular dementia, compared to 24% of
subjects of normal cognitive ability. In the Religious Orders Study19, microscopic infarcts further add to the likelihood of
dementia and cognitive impairment in persons with AD pathology and macroscopic infarcts. The effect of infarcts and AD
pathologies was independent and there was no interaction between AD and infarct pathology.
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White matter lesions were significantly related to progression of amyloid deposition in sporadic AD patients20. In addition, WM volume has also been inversely related to
AD pathology21 and reduced cerebral autoregulation22. In another study, overall T2 signal prolongation was related to AD pathology and gross infarcts 23. These studies
highlight the importance of the relationship between vascular factors, the white matter and neurodegenerative pathologies and how they may be interrelated in the
pathogenesis of AD dementia. The underlying pathology causing WMH maybe causally related to AD pathology itself 22. Current findings from the literature suggest that
WMH and other white matter changes are complex abnormalities that are important markers of cerebrovascular burden, but may also be related to neurodegenerative
pathologies and have independent relationships with cognition. Data from the Memory and Aging Project (MAP) and Religious Order Study (ROS)19 found that about half
the subjects whom were clinically-diagnosed with probable AD had mixed pathologies, the most common being AD and infarct pathology. Due to the overlap of
pathologies there may not be a single causative pathology for mixed dementia, and even the initiating pathology becomes unclear. Neuropathological examination of
brains from participants of the Medical Research Council Cognitive Function and Ageing Study (MRC-CCFAS)24 report 78% with vascular pathology and 70% with AD
pathology in this cohort. Overall, there is a striking overlap between AD and vascular pathologies contributing to probable AD and dementia in these community cohorts.
Mixed vascular pathology with AD pathology is the most prevalent ahead of dementia with Lewy bodies, and hippocampal sclerosis16, 24. Due to the high prevalence of
the vascular pathologies in mixed dementia, prevention and treatment of the vascular component is important to reduce risk of dementia. Interactions between
cerebrovascular and Alzheimer pathology seem to be in their combined effects on brain cellular and network function, and not because one disease directly causes the
other; however, this observation does not exclude a role for variance in (non-diseased) vascular clearance of Aβ in the pathogenesis of AD. Diabetes mellitus doubles the
risk of AD corresponding with an increase in microinfarcts and without a corresponding increase in plaques and tangles25. Higher total cholesterol, LDL concentrations
and a history of diabetes is associated with faster cognitive decline in AD26. Additionally, in studies on AD patients the presence of atherosclerosis was related to an
increased frequency of neuritic plaques and neurofibrillary tangles27. Furthermore, treatment of vascular risk factors in patients with AD is associated with slower
cognitive decline. Studies have shown hypertension is a consistent CVD risk factor for developing stroke and dementia28. However, most clinical–pathological studies
suggest that vascular risk factors are related to infarcts rather than AD pathology. Autopsy studies consistently show that vascular pathology, mostly consisting of
manifestations of cerebral small vessel disease such as small infarcts, independently predicts the risk of dementia even when accounting for Alzheimer and Lewy body
pathology. The burden of cerebrovascular and Alzheimer pathology are considered independent of one another and that effects on the odds of dementia are additive, not
multiplicative. Transcranial Doppler in patients with Dementia While neuroimaging remains the most useful diagnostic test to link the presence and severity of
cerebrovascular disease with the presence of vascular cognitive impairment, it does not have perfect sensitivity for all clinically relevant cerebrovascular lesions. It is
unable to detect microinfarcts, which are infarcts as small as 0.2 mm in diameter that are visible at autopsy in approximately 1/4th of all deceased elderly but in up to half
of all deceased elderly patients with dementia. These infarcts fall below the limit of spatial resolution of clinical MRI. Unlike structural imaging, there is no optimal
investigative modality to understand the hemodynamic changes coexisting with cSVD. Recently, transcranial ultrasound is increasingly being used to evaluate the
hemodynamic changes of the cerebral vessels including microcirculatory disturbances.6 Transcranial Doppler ultrasonography (TCD) is a promising investigative tool
which is non-invasive, inexpensive, and mobile without having hazard of radiation exposure. It can indirectly evaluate the functional status of small vessels with a good
inter-observer reliability.29 It provides physiologic data such as mean velocity, peak systolic velocity, and end diastolic velocity from intracranial vessels. Among the various
TCD parameters, the Gosling’s Pulsatility Index (PI) described by Gosling and King30, 31 was found to be the most useful parameter for evaluation of downstream
resistance in cerebral vascular bed. It reflects the microvascular resistance and compliance of the small vessels.32, 33 Cerebral small vessel disease can potentially
increase downstream resistance in the cerebral circulation resulting from lipohyalinosis and micro-atherosclerosis. This can be reliably evaluated with TCD.5 Previous
studies have indicated that TCD derived PI can be a useful tool in detection of small vessel disease (white matter hyper intensities- WMHI) with sensitivity of 70-89% and
specificity of 73-86%5. It has a high negative predictive value for diagnosing small vessel disease.9 In study by Xiong et al34, the PI correlated with the volume of white
matter changes. Examination of CBF velocity, measured by transcranial Doppler, in participants of the Rotterdam Study showed subjects with a higher CBF velocity were
less likely to have dementia35. In keeping with this, another study showed cerebrovascular reactivity was significantly reduced in subjects with AD36. These studies suggest
that cerebral hemodynamics may be an important factor in the pathologic process of AD. Whether the relationship between amyloid deposition and CBF is direct or
whether CBF decline is a byproduct of a different AD pathophysiologic process needs further study. The majority of studies reported similar Mean Blood flow velocity
(MBFV) in AD and VaD groups37-39. Study by Ries et al.40 reported that the multi-infarct dementia group displayed lower MBFV and diastolic flow velocities compared to
both control and AD groups. Caamaño et al.41 reported that individuals with AD and multi-infarct dementia displayed reduced systolic and diastolic (as well as mean) flow
velocities compared to healthy controls.
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PI was the most commonly employed measure of vessel resistance and was found to be increased in AD 39, 42-45 and VaD or multi-infarct dementia
patients45-47, as compared to healthy controls. Some studies have shown that subjects with VaD have higher pulsatility indices, as compared to controls and
AD patients37, 38, 41, 48. In other reports45-47, PI was not significantly different between dementia subtypes. TCD PI and severity of cognitive deficit TCD
studies have shown positive correlation between hemodynamic impairment and degree of cognitive deficit suggesting that microvascular damage may
contribute to the cognitive changes in the early stage of dementia36. In study by Altmann et al.49, TCD PI values were significantly associated with MMSE, TMT
A, and TMT B performances in patients with a lacunar infarct. This study suggested TCD as a possible adjunct tool for early diagnosis of cognitive impairment
after stroke. Risk factors and pulsatility index Patients with diabetes are more likely to develop dementia than those without diabetes. Diabetes is an
independent risk factor for lacunar infarction, and has been found to be independently associated with a high PI.50 Age, current smoking and mean arterial BP
have also been shown to be correlated with PI.51 TCD and US technology as tools to study vascular contributions to dementia are being considered only
recently. The technological aspect of US devices has not changed in recent years, but there is a constant development of new analytical tools enabling a better
understanding of microvascular effects on blood flow in standardly insonated large arteries. There is a need for a greater application of these tools across the
spectrum of neurodegenerative disorders. These tools have greater significance in resource poor countries for early detection and institution of preventive
measures. Materials and Methods Patients above 18 years of age attending Neurology, Stroke and Cognitive Neurology services at SCTIMST, with a diagnosis of
dementia were included in the study, and their eligibility was assessed as per inclusion and exclusion criteria. All the patients were recruited after written
informed consent from patient/care giver. Study was done after obtaining approval from the Institutional Ethics Committee. Sample size: Sample size
determination was done and the number required for this study using a correlation coefficient 0.5 with a significance level of 0.05 and a power of 90% was 38
patients. Hence a sample size of a total of 50 patients was decided. Inclusion criteria: Patients attending Neurology, Stroke or Cognitive Neurology services,
SCTIMST with diagnosis of Alzheimer’s dementia (as per NINCDS-ARDRA criteria) or Vascular dementia (as per VASCOG criteria) Exclusion criteria: 1. Patients
with modified Rankin score (mRS) >3. 2. Patients with evidence for large vessel atherosclerosis (>50% stenosis of the extra or intracranial vessels with any of the
imaging modalities) 3. Patients with large artery territory infarcts or major ICH at any point of time. Methodology: Patients attending Neurology, Stroke or
Cognitive Neurology services at SCTIMST were taken up in the study after applying the selection criteria. Information regarding clinical, demographic & risk
factors was collected. All the patients underwent TCD evaluation (Nicolet® Sonara® digital TCD system) using 2 Hz probe for every patient. TCD was done on
both sides through the temporal window on the MCA. The depth and angle of insonation giving the highest mean flow velocity was selected. For each artery,
the mean, systolic, and diastolic velocities was measured, and the Gosling pulsatility index (PI) was calculated automatically as (systolic velocity - diastolic
velocity)/mean velocity. Then a mean MCA PI was calculated by averaging bilateral MCA PI. If the subject only had good temporal window on one side, then
unilateral MCA PI was considered as mean MCA PI. An average over at least 10 heart beats was applied in order to have a representative value of the TCD
measures. Neuropsychology assessment was performed in detail by a trained Neuropsychologist of the Institute using a formatted questionnaire. Detailed
cognitive examination included MMSE, Addenbrooke cognitive examination, Wisconsin card sorting test, Trail making test A and B, RAVLT and patients also
underwent evaluation by HADS questionnaire for anxiety and depression. Statistical methods: The data was entered on to a spreadsheet and was analysed
with SPSS version 25 software(SPSS Inc,Illinois,Chicago). Numerical variables were summarized as means and standard deviations. Univariate analysis was
undertaken to examine relationship of various factors. A p value less than 0.05 was considered statistically significant. Crude odds ratio with 95% confidence
interval have been reported. Chi square test/ Fisher’s exact test was applied to evaluate statistical significance. Multivariate analysis/ logistic regression was
used to evaluate the independent and joint effect of the variable of interest on the outcome Ethical considerations This registry has the approval of the
Institutional Ethics Committee and written informed consent was obtained from the patient or caregiver.
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38 patients with dementia (25 AD, 13 VaD) were recruited for the study. Patients with significant major vessel stenosis or large
strategic infarct were excluded. Mean age was 69.63 years, which was similar to other studies evaluating patients with
dementia.39, 40, 45 64.1% patients had hypertension and 55.4% had diabetes mellitus in our study. Patients with VaD were
more likely to be hypertensive and had more white matter ischemic changes. Lacunar stroke and white matter
hyperintensities are associated with a hypertensive arteriopathy, which was earlier considered primarily responsible for
Vascular dementia. We found that hypertensive patients were older at disease onset and were more likely to have associated
diabetes mellitus. Diabetic patients were also older at disease onset. Age, hypertension and diabetes have been
independently identified as risk factors for dementia. Long standing hypertension predisposes to subcortical white matter
disease, and can cause cognitive impairment.54 Mean MCA PI significantly correlated with age of the patient. Mean MCA PI was
significantly higher in hypertensive and diabetic patients. Hypertensive and diabetic patients also had higher Fazeka grade.
After detailed cognitive testing, few parameters could be assessed uniformly in all patients, including ACE and MMSE. Detailed
analysis of cognitive domains evaluated in ACE and MMSE was done. MMSE is usually considered a screening test and cannot
detect mild cognitive impairment or single domain impairment.55For evaluating patients with Vascular cognitive impairment,
ACE has been shown to have better sensitivity and specificity.56 In our study, MMSE and ACE scores showed significant
correlation. Correlation between MMSE and ACE scores has been reported earlier. 57 Patients with AD and VaD did not differ
in their MMSE and ACE scores. Patients with AD had significantly lower scores on verbal immediate memory, and also noted to
have lower scores on verbal delayed and visual immediate memory, although it was not significant. In an earlier review, no
significant difference between neuropsychological profile has been found in patients with AD and VaD, except for worse
executive functioning, verbal fluency and motor performance in VaD58. In another study, memory has been found to be more
severely impaired in early stages of AD, with the difference getting diluted as disease progresses.59 Both AD and VaD had
similar mean MCA PI values in our study, and it did not help in differentiating between them. Similar conclusion has been
reached in other studies45-47, however few studies have reported higher PI in patients with VaD 37, 38. The response to
vasodilatory stimuli, such as CO2 or acetazolamide, has been used to evaluate and quantify cerebral vasoreactivity. Initial
study assessed cerebral vasoreactivity in patients with dementia, and had found reduced vasodilatory reserve in patients with
VaD as compared to AD60. This finding also was challenged in recent study, which found that vasoreactivity cannot be used to
differentiate between dementia subtypes47. Mean MCA PI did not show significant correlation with MMSE scores or ACE
scores. Studies have reported varying results on such correlation61. Although insignificant, ACE tended to have a negative
correlation with mean MCA PI. In study by Silvestrini et al36, cognitive decline was associated with increase in MCA PI. Impaired
VR has been found to be associated with worse evolution of cognitive function in AD patients.62, 63 In a cohort of patients
with asymptomatic carotid stenosis, vasoreactivity was shown to be strong predictor of cognitive decline64. TCD evaluation
for vasoreactivity was not done in our study. Mean MCA PI showed significant correlation with depression as per HADS-
depression score (r=0.495, p=0.016). This significance was mostly for patients with VaD (r=0.762, p=0.017) than with AD
(r=0.151, p=0.607). The term “Vascular depression” has been suggested for late life depression with white matter lesions65, 66.
Patients with Vascular depression are prone for dementia, if risk factors are not adequately controlled. Brain tissue pulsatility,
as measured by tissue pulsatility imaging, has been found to be significantly higher in depressed patients as compared to
controls.67 Mean MCA PI showed significant correlation with White matter ischemic changes, as per Fazeka’s grading
(Pearson’s correlation co-efficient=0.355, p=0.043). Previous studies have indicated that TCD derived PI can be a useful tool in
detection of small vessel disease (white matter hyperintensities- WMHI) with sensitivity of 70-89% and specificity of 73-86%5. It
has a high negative predictive value for diagnosing small vessel disease.68 In study by Mok et al, MCA PI correlated significantly
with WMC volume, independent of age, sex, and vascular risk factors. However, MCA PI was found to have low specificity for
this association.69 In study by Xiong et al, the PI correlated with the volume of white matter changes.34 Previous studies have

reported that age70, 71, diabetes72, hypertension73 and vascular dementia46 were associated with increase in PI. On
univariate analysis, age, hypertension and diabetes.was associated with higher mean MCA PI. Diabetes mellitus was found to
be the sole significant predictor for mean MCA PI >1.3 (OR=12.464, p=0.011) after adjusting for age, gender and hypertension.
1. This is one of the first study to assess the association between Pulsatility index and detailed cognitive profile. Even though
previous studies have studied association between MMSE and PI, executive functions are poorly covered in MMSE and may
not detect early executive dysunction. 2. Since we have ruled out significant proximal vessel disease with vessel imaging,



not detect early executive dysunction. 2. Since we have ruled out significant proximal vessel disease with vessel imaging,
confounding effect of co-existing large vessel disease on the TCD parameters could be avoided. 1. The major limitation of the
study was the small sample size. 2. This was a cross-sectional study and follow-up changes in PI and cognitive performance
was not assessed, which could give a better insight into relation between PI and severity of cognitive deficit. 3. Controls were
not used for comparison
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1. There was no difference in MCA-Pulsatility Index between patients with AD and VaD, however MCA-PI correlated with the
presence of hypertension and diabetes mellitus (irrespective of the clinical type of dementia), probably reflecting their
etiopathological role in microcirculatory disturbances. 2. We did not find any correlation between elevated mean MCA PI and
MMSE, ACE and cognitive subtests. 3. Elevated mean MCA PI was significantly associated with higher scores of depression, as
per HADS-depression scoring. 4. There was significant correlation between mean MCA PI and presence of white matter
ischemic changes (Leukoaraiosis) indicating presence of microcirculatory disturbances along with white matter disease.
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