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Neuropsychologic
al Evaluation 



Neuropsychology 
Brain Behavior Relationship 

“Clinical Neuropsychology is an applied science 

concerned with the behavioural expression of 

brain dysfunction” 
Muriel Lezak 

 



 PSYCHIATRY 

  Krapelin (1919)  ‘Dementia Praecox’ 

 “A mental disorder is a health condition caused by 

significant dysfunction in an individual’s cognitions, 

emotions or behaviors that reflects disturbances in 

psychological, biological or developmental processes 

underlying mental functioning…’DSM V 

 

 



Neuropsychiatric Signature  

 Schizophrenia: Ventricular enlargement  and 
‘Hypofrontality’ 

 Mood Disorders: Fronto-temporal networks, over-
activation of  amygdala and alterations in hippocampus, 
anterior cingulate cortex 

 OCD:  Disruptions in the control loops, circuits that 
initiate/inhibit actions; the link between the orbito-frontal 

cortex with basal ganglia. 

 Substance Abuse: The Orbito-Frontal Cortex  (OFC ) is the 
key area involved in decision making and addiction is 

regarded as deficits in the ability of weighing costs and 

rewards.  
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Cognitive Dysfunction in Psychiatry 

 Impaired performance on NP tests correlated with deficits 
in everyday living (self care, community living skills, 
employment) and social functioning. 

 Fronto-temporal profiles with impairments in processing 
speed, attention, executive function and memory. 

 Neuropsychological assessments useful for 
prognostication (treatment tracking, predicting 
outcomes) rather than diagnosis. 

 The NP profile of relative strengths and difficulties useful 
in rehabilitation planning. 
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The pathos and fame of  
pt. H.M. are pertinent to 
neuropsychology and epilepsy 
surgery since he 
demonstrates the benefits i.e 
becoming seizure free, as well 
as the cognitive risks of 
epilepsy surgery”  

Christopher Helmstaedler  
Neuropsychological aspects of epilepsy 
surgery Epilepsy & Behaviour, 2004 
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Neuropsychology 
Brain Behavior Relationship 

Neuropsychology disengaged itself from its parent disciplines 
of neurology and psychology to emerge as a separate field 

1970 

 1980 



The neuropsychological evaluation involves cognitive 

and psychological (behavior, mood, personality, QoL) 

assessments.  

 

Neuropsychology 
Brain Behavior Relationship 



What and How Do We Examine? 

 Cognitive Tests 

 Mood, Personality and Behavior 
Scales 

 Collation of this data with… 

 Detailed clinical history 

 Review of medications  

 Imaging and other investigations. 

OUR TOOL KIT 
Paper Pencil Tests, 

Quantitative Norms  

Boston Process Approach 
Qualitative, Flexi Battery 

Dr Edith Kaplan et al, 1986  



Comprehensive Cognitive Evaluation 

Multiple domains and sub domains, >1 test per domain,  
approx 4 to 6 hours.  

Detailed domain specific testing useful for defining patterns of cognitive 
loss and differential diagnosis 

Functions  

General 
intelligence  

Attention  

Immediate 
and focused 

Complex  

Sustained  

Memory  

Verbal  

Visual 

Working   

Executive 
functions  

Fluency  

Verbal 

Visual  

Set 
shifting/ 
cognitive 
flexibility  

Problem 
solving/ 
decision 
making 

Response 
inhibition  

Language  

Expressive  

Receptive  

Visual 
spatial  

Perceptual  

Conceptual  

Constructive  



Rating Scales and Screens 

Mood 

Depression 

HDRS 

MADRS 

GDS 

Anxiety  

HARS 

Psychopathology 

/Behavior /Personality/QoL 

NPI/MMPI/MCM
I/QoLIE 

 

CBCL/CONNERS 

CARS/GARS 

BRIEF 

Dementia 

Objective 

Cognitive 
Screens 

ACE/ MMSE 

MOCA 

DRS  

Subjective/ 
Caregiver Rated 

Scales 

CDR 

ADL/IADL 
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The Expanding Tool Kit…. 

 Paradigms in fMRI 

 Wada Test 

 Extra and Intra  
operative mapping 
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Choosing the Right Tool… 
APPROPRIATE NORMS 

 One Size (Does Not) Fit All….. 
 



Education Effects 

Cut Off Score Sensitivity Specificity 

<24 (Dementia) 0.66 0.99 

<27 (Dementia) 0.89 0.91 



The Ballabgarh Study (1995-1998) 
Indo-US Cross National Dementia Epidemiology Study 







18 tests, 5 domains 





SPEED OF PROCESSING 

 Mental Speed of Processing 

 Digit Symbol Substitution Test DSST (WAIS) 

 Motor Speed of Processing 

 Finger Tapping 

 Grooved/Purdue Pegboard 

 

 





ATTENTION 

 Immediate Attention 

 Digit Span Forward 

 Focused Attention 

 Colored Trails I 

 Sustained Attention 

 Digit Vigilance 

 

 



Trails I : Focused Attention  



Trails II : Focused Attention  



Digit Vigilance:Sustained Attention 



EXECUTIVE FUNCTIONING 

 Problem Solving/Planning 
 Tower of London 

 Cognitive Flexibility 
 Wisconson Card Sorting Test (WCST), Colored Trails II 

 Cognitive Control 
 Stroop Test 

 Working Memory 
 N-Back Tests 

 Digit Span Backwards/Serial Subtractions  
 Fluency 

 Verbal Fluency-COWAT, Category tests 



PRE-FRONTAL CORTEX (PFC) 

Phylogenetically and ontogenetically 
last to develop….. 

 Dysexecutive Syndrome-
Dorsolateral Areas 

 Disinhibited-Orbital Areas 

 Akinetic-Medial Areas 

 

 

 



Dysexecutive Syndrome 
Dorsal-Lateral  

Problems 
being 

organized 

Difficulty problem 
solving 

Difficulty 
prioritizing  

Decreased awareness 
of thinking changes   

in self 

Difficulty planning/ 
setting goals 

Difficulty 
being 

flexible Emotional  
Dyscontrol   



Tower of London Test 
Executive Function – Problem Solving 



Wisconson Card Sorting Test 
WCST 



Stroop Test 



Working Memory N Back Tests 



MEMORY 

 Verbal Memory  

 Auditory Verbal Learning Test  

 Passages (WMS III) 

 Paired Associates (WMS III)  

 Visual Memory  

 Complex Figure Test (CFT) 

 Visual Reproduction (VR) (WMS III)  

 Faces (WMS III) 

 Design Learning (WMS IV) 



Memory Systems and Substrates 

Squire & Knowlton (1995) 

MEMORY 

Explicit/ 
Declarative 

Priming 

Implicit/ 
Procedural 

Skills and  
habits 

Episodic 
(event-based) 

Classical 
conditioning 

Semantic 
(factual) 

Medial  
temporal lobe 
Diencephalon 

Striatum 

Emotional  
responses - 
amygdala 

Skeletal  
musculature -  

cerebellum 

Reflex 
pathways 

Non-associative 
learning 

Neocortex 



Types of Memory 

 Procedural Memory – How is tennis played? 

 Semantic Memory – What are the rules of a  
tennis game? 

 Episodic Memory – When did I last play tennis? 

 

 





Verbal Memory Tests: Indian Norms 

Type Process 
Screen/Battery/Test 
*Indian Elder Norms 

65+years  

3 Words Immediate Recall MMSE* 

7 Word Address  
Immediate Recall, 3 Learning  Trials, 

Delayed Recall 
ACE* 

7 Word Address  
 

Immediate Recall, 3 Learning  Trials, 
Delayed Recall & Recognition Trial 

ACE III 
 

10 Word List 
Immediate Recall, 3 Learning Trials, 

Delayed Recall, Recognition Trial 
CERAD 

Kolkotta Norms* 

15 Word List   
Immediate Recall, 5 Learning Trials, 

Delayed Recall, Recognition Trial 
AVLT 

Paragraph/Story  
Immediate Recall, Delayed Recall, 

Recognition Trial 
WMS III 

Paired Associate  
Immediate Recall, 4 Learning Trials, 

Delayed Recall. 
WMS III 



CORTICAL/SUBCORTICAL 

Function 
Cortical Dementia 

(e.g Alzheimer’s Disease) 
Subcortical Dementia 

(e.g Huntington’s disease) 

SPEED OF PROCESSING Normal Marked ‘slowing up’ (bradyphrenia) 

ATTENTION Intact in early stages Impaired 

EPISODIC MEMORY Amnesia 
Retrieval Deficits: Recognition better 
than Recall 

FRONTAL ‘Executive’ Normal until later stage Typically impaired from onset 

PERSONALITY Preserved Apathetic, inert 

LANGUAGE Aphasic features 
Normal, except for reduced output 
and dysarthria 

PRAXIS Impaired  Normal  

VISUO-SPATIAL  Impaired Impaired 



Visual Memory: Complex Figure Test 



COMMON fMRI PARADIGMS 

 DLPFC: Working Memory N-Back Tasks, WCST 

 OFC: Stroop, Go-No Go  

 ACC: Attention Tasks 

 Amygdala: Emotion Recognition Tasks 

 Hippocampus: Memory Tasks 
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EPILEPSY 

 Neurobehavioral Comorbidities (cognition, behavior 
mood) 

 Most frequent and maximally impact QOL.  

 Depression  and suicidality major concerns. ADHD, 
Autism and IDD frequently co morbid 

 Often precede epilepsy. Possible bidirectional 
relationship common pathogonomic pathways 

 Atypical QoL trajectories and psychosocial outcomes 

 



Neuropsychological Evaluations in Epilepsy 

 Pre Surgical: Lateralization/Localization; Predicting 
Outcomes 

 Identification: ‘At Risk Populations’, Pseudoseizures 

 Tracking Changes: AED Tolerability, EEG changes 

 Counseling and Rehabilitation: Cognitive, Behavior 
Issues/Academic Underperformance/ Vocational 
Rehabilitation  

 

 



Cognitive Impairments 

 Low General Intelligence 

 Domain Specific Profile 

 Speed of Processing (AED’S) 

 Memory, Naming (TLE) 

 Attention & Executive Function (FLE) 

 

 

 





Epilepsy and Depression 

“Melancholics ordinarily become epileptics, epileptics 
melancholics: what determines the preference is the direction 
the malady takes;  

 If it bears upon the body-epilepsy,  

 If upon intelligence-melancholy”. 

 Hippocrates, 400 B.C. 

 
 





Pseudoseizures: MMPI Profile 



Benign Rolandic Epilepsy 

 Normal intellectual functioning  may mask subtle 
cognitive deficits in children with BECTS. 

 Deficits usually missed unless tested for but have a 
significant impact on academic performance. 

 Early detection, timely interventions, parental 
counseling may help ease the negative impact of the 
academic failures. 

 These findings call into question the ‘benignness’ of 
BECTS 

Shah et al, ECON 2006. 

 



BECTS 



Behavior Rating 



Traumatic Brain Injury TBI 



Rehabilitation Planning  



CASE 



Million’s Clinical Multiaxial Inventory MCMI III 



The Case of Mr R.A 



Symptom Validity Testing  (SVT) 



Symptom Validity Testing  (SVT) 



Dementia 

 Normal aging changes versus MCI changes. 

 Normative data particularly in old-old (80+years) and 
uneducated illiterate populations. 

 Cognitive Screens ACE versus MoCA 

 Domain Specific Evaluation for Differential Diagnosis 

 Mood, Behavior Functional Evaluation : GDS, NPI, CDR 

 

 



Mini Mental State Exam MMSE 

 Best known, most widely used measure of cognition 
worldwide. Overwhelmingly ubiquitous in practice. 

 Brief (10 min), 11 items, max score 30, examines 
Orientation, Attention, Memory Recall, Language, 
Visual spatial. No Executive Function test. 

 Lacks sensitivity in early dementia, FTD, LBD; has 
ceiling and floor effects. Affected by age, ethinicity and 
education. Folstein et al, 1975 

 

 



 Validated against standard neuropsychological tests-
significant correlation between domain scores and 
performance on standard NP measures 

 Certain weak items changed  (language, visuo spatial) 

 No longer possible to derive MMSE score 

 

 

 

 



 M-ACE takes <5 minutes, total score of 30 

 5 items-Time Orientation, Animal Naming, Clock Drawing,  
Learning and Recall of Name and Address 

 More sensitive than MMSE and less likely  ceiling effects. 

 Two cut off scores 25 and 21 with latter specificity of 1.00.  



Montreal Cognitive Assessment MoCA 

 Visuospatial and Executive 

 Language: Naming, repetition and 
letter fluency ‘F’. 

 Memory: 5 word, two trial 
learning, delayed recall, cued recall 
and recognition trials. 

 Attention: Digit Span 
Forward/Backward and Vigilance 

 Abstract Reasoning: Similarities 

 Orientation: Time/Place 

Nasredine et al, 2005 

 

 



Neuropsychiatric Inventory 



Geriatric Depression Scale GDS 





CDR Online Training 

https://www.alz.washington.edu/NONMEMBER/train.html 

 MMSE and ACE Normative Data 

 Mathuranath et al, Neurology India, April-June 2007, Vol 55, Issue 2, pg 106-110 

 

 



CASE 

65 year old medical consultant presenting with memory 
complaints since last 2-3 years-forgetting names of junior 
colleagues, information during presentations at meetings, 
appointments and becoming over reliant on diary and secretary. 

Cognitive Evaluation: MMSE=29/30,  ACE=90/100. (DR= 5/7) 
NIMHANS Battery: Scores in above average range (80th.-90th). 

Memory: MMSE: 2/3; ACE: 7/10, AVLT Word List: DR=25th. 
Percentile 

Mood and Behavior: NPI= Mild anxiety GDS= 5/30 
Functional Evaluation: CDR=0.5, No changes in ADL/IADL 

Diagnosis: __________ 
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appointments and becoming over reliant on diary and secretary. 

Cognitive Evaluation: MMSE=29/30,  ACE=90/100. (DR= 5/7) 
NIMHANS Battery: Scores in above average range (80th.-90th). 

Memory: MMSE: 2/3; ACE: 7/10, AVLT Word List: DR=25th. 
Percentile 

Mood and Behavior: NPI= Mild anxiety GDS= 5/30 
Functional Evaluation: CDR=0.5, No changes in ADL/IADL 
Diagnosis: Amnestic MCI 



Cognitive Profile I 
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CASE 

74 year old housewife presenting with symptoms of anxiety, 
agitation and forgetfulness since last 2-3 years. Referred by 
psychiatrist as anxiety decreased but increased apathy, mild 
disinhibition decreased IADL and persisting memory 
complaints. 

Cognitive Evaluation: MMSE=26/30,  ACE=70/100. (DR= 1/7) 

Memory Recall: MMSE: 3/3; ACE: 4/10, Recognition: 5/5  

Mood and Behavior: NPI= Apathy,  disinhibition, GDS= 5/30 
Functional Evaluation: CDR=1, No changes in ADL but 
significant decline in IADL 
Diagnosis: __________ 

 



CASE 

74 year old housewife presenting with symptoms of anxiety, 
agitation and forgetfulness since last 2-3 years. Referred by 
psychiatrist as anxiety decreased but increased apathy, mild 
disinhibition decreased IADL and persisting memory 
complaints. 

Cognitive Evaluation: MMSE=26/30,  ACE=70/100. (DR= 1/7) 

Memory Recall: MMSE: 3/3; ACE: 4/10, Recognition: 5/5  

Mood and Behavior: NPI= Apathy,  disinhibition, GDS= 5/30 
Functional Evaluation: CDR=1, No changes in ADL but 
significant decline in IADL 
Diagnosis: bv FTD 
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CASE 

64 year old educated housewife, h/o increasing forgetfulness 
since 2 yrs-names, faces, reading difficulties, following TV 
serials, conversations in a group. Slow in comprehending and 
responding, repetitive and tangential- ‘not connecting with the 
Q asked’.  

Cognitive Evaluation: MMSE=28/30, (Recall=3/3); ACE=74/ 100. 
(cut off 88/100) Naming=1/10 (camel = elephant…’what does 
elephant look like?’)  

Memory: MMSE: 3/3; ACE: 4/7; AVLT List: DR=5th percentile 
Recog= 100th. percentile  

Mood and Behavior: NPI= Irritability and Anxiety GDS= 8/30 
Functional Evaluation: CDR=1, Changes in IADL (card playing) 

Diagnosis: 
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64 year old educated housewife, h/o increasing forgetfulness 
since 2 yrs-names, faces, reading difficulties, following TV 
serials, conversations in a group. Slow in comprehending and 
responding, repetitive and tangential- ‘not connecting with the 
Q asked’.  

Cognitive Evaluation: MMSE=28/30, (Recall=3/3); ACE=74/ 100. 
(cut off 88/100) Naming=1/10 (camel = elephant…’what does 
elephant look like?’)  

Memory: MMSE: 3/3; ACE: 4/7; AVLT List: DR=5th percentile 
Recog= 100th. percentile  

Mood and Behavior: NPI= Irritability and Anxiety GDS= 8/30 
Functional Evaluation: CDR=1, Changes in IADL (card playing) 

Diagnosis: FTD Language Variant/Semantic Dementia 

 

 



To Summarize 

Role of Neuropsychological Evaluation 

 Diagnosis: Detection and/or Differential diagnosis 
 Prognosis: Tracking Changes  
 Rehabilitation: Planning and Training 
  Certification: Fitness/Competency 
 Pre-Surgical: Lateralization/Localization, Predicting 

Outcomes/ Fitness for Surgery 

The Tool Box 

 Tests with appropriate psychometric properties and 
Indian normative data. 



Development of an ICMR comprehensive neuropsychological test battery 
for patients with vascular cognitive disorders in the Indian context. 

Stroke Specialists 
 Dr. Subhash Kaul,  
 Dr. M.V. Padma 

 
 
 
 

Neuropsychologists 
 Dr. Urvashi Shah 
 Dr. Aparna Dutt 
 Dr. Jwala Narayanan 
 Dr. Gowri Iyer 
 Dr. Shailaja Mekala 

 
 

Cognitive Neurologists 
 Dr. Suvarna Alladi,  
 Dr Manjari Tripathi 
 Dr. Amitbha Ghosh,  
 Dr. Ratnavalli E.,  
 Dr. P.S. Mathuranath,  
 Dr. R.S. Menon,  
 Dr. Robert Mathew 
 Dr. Apoorva Pauranik 

 
 
 

Speech Language 
Pathologists 
 Dr. Sunil Kumar Ravi 
 Dr. Vasantha Duggarla 

ICMR Task Force Experts 
 Dr. Meenakshi Sharma 
 Dr. J.S. Chopra 
 Dr. S.K. Das 

 Multi center 

 60/ 30 /5min, 
versions 

 Tests for illiterates 



“The mind is ephemeral and mysterious, the brain 
  concrete …. But both essential for a  full 
 understanding of why we act as we do…” 

 


