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COGNITIVE, BEHAVIORAL, AND 

AFFECTIVE DISTURBANCES IN MS  

Terminology

		COGNITIVE DYSFUNCTION



Processing speed/working memory

Learning and memory

Executive functions (e.g., problem-solving, planning)

Visual perception and construction

Language/verbal abilities

		BEHAVIORAL DISTURBANCE (“personality disorder”)



Affective instability/irritability

Impulsivity/disinhibition



Unfortunately, we have a confusing array of professional terms to capture cognitive, behavioral and affective disturbances.  Just to make sure that we’re all on the same page with respect to terminology.....
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COGNITIVE DYSFUNCTION IN MS

Attention/Information Processing

  *Frequently impaired

**May be impaired, depending on sample (span) or task demands (selective)

		Processing speed*		Speed of processing information (external or internal)

		Attention span**		Focusing attention on a single stimulus for a few seconds

		Selective attention**		Focusing on one stimulus while ignoring others

		Alternating attention*		Shifting attention from one stimulus to another

		Divided attention*		Simultaneously processing and responding to multiple stimuli























Comment on the terms “primary memory” (attention span), “working memory” (on-line processing), relationship between deficient information processing and memory impairment

Note that fMRI studies have shown that intact performance does NOT equal normal cortical activation (vPASAT - Staffen et al., 2002; PASAT in CIS-Audoin et al., 2003; PASAT, memory – Mainero, 2004; nBack-Sweet et al., INS 2004; Wishart et al., 2004; counting Stroop-Parry et al., 2003); activation differences if performance comparable or mildly impaired, but not severely impaired (Penner et al., 2003; Mainero et al., 2004)
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COGNITIVE DYSFUNCTION IN MS

Language

Aphasia syndromes are rare (< 1%)

Non-fluent aphasia (esp. Broca’s) most common

Often acute onset, with large lesion on MRI

Most recover completely with tx

Subtle abnormalities may be present

Comprehension of concept meanings, attributes

Comprehension of complex or ambiguous grammatical structures

Sentence production (“empty” speech)



Recent paper on acute aphasia (Lacour et al., 2004) – 22 cases (20 RRMS, 8 as first sx), most nonfluent aphasia (9 Broca (40%), 2 transcortical motor, 1 global); 19 tx with IV MP x 3 days, 14 recovering completely; prev. 16 published cases, 2 as first sx; 5 in status; 8 with giant plaques on MRI 

Subtle auditory comprehension deficits: Laatu et al., 1999; Grossman et al., 1995

“Empty” speech:  fewer complete and grammatically correct sentences, fewer information units/sentence (Wallace & Holmes, 1993)
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COGNITIVE DYSFUNCTION IN MS

Impact on Employment and ADLs

 *Comprehensive NP Battery

**Focused NP Battery

		Study		Sample		Findings

		Rao et al. (1989)*		N=53 (40% RR) 
EDSS: 3.8 (0-8)    Age: 43.9 (27-61)		Cognitively impaired group (n=19):
3 (16%) employed vs. 
15 (44%) of unimpaired group

		Amato et al. (2001)**
10 yr. FU		N=45 (58% RR) 
EDSS: 3.5 (sd=2.6) Age: 39.1 (sd=8.3)		Cognitively impaired group (n=25):  
17 (68%) quit or modified work        18 (72%) needed help > 3 hrs/day  18 (72%) had limited social contact
vs. 2/20 (10%) in unimpaired group





















Rao et al. (1989) – grouped by cognitive status, impaired (19) vs. unimpaired (34)

Amato et al. (2001) – also grouped by cognitive status, impaired (25) vs. unimpaired (20)

(Beatty et al. (1995) – grouped by employment status, so not included on slide)
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COGNITIVE DYSFUNCTION IN MS

Impact on Benefit from Treatment

 *Comprehensive NP Battery

**Focused NP Battery

		Study		Sample		Findings

		Langdon & Thompson (1999)*		N=38 rehab patients
Mdn EDSS: 7.5 (5-9) Age: 40.6 (21-63)		NP performance (word retrieval) predicted improvement in function (after baseline motor ability) 

		Mohr et al. (2003)*		N=30 MS with major depression
Mean EDSS: 2.4 (0-8) Age: 44.0 (sd=9.8)		NP performance predicted maintenance of gains x 6 months after treatment for depression





















Langdon & Thompson (1999): Initial FIM motor (38% σ2); Word retrieval (13% σ2); Cerebellar fx (6% σ2)

Mohr et al. (2003): SDMT, Stroop, DSB, RAVLT, COWAT, CCST composite score per PCA

Also note possibility of different cognitive functions predicting response to different tx (Julian & Mohr 2004 INS poster; Mayberg’s work)



Comment on limitations of traditional ADL measures
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COGNITIVE DYSFUNCTION IN MS

Summary

		Common

		Not just a “memory problem”

		Persists over time, often worsening without treatment

		Can have devastating effects on daily functioning

		Often difficult to detect without formal assessment













A

)
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MULTIPLE SCLEROSIS

Suggested References

		Compston A, Coles. Multiple sclerosis. Lancet 2002;359:1221-1331.

		Fischer JS. Cognitive impairment in multiple sclerosis. In Cook SD, ed. Handbook of multiple sclerosis. New York: Dekker, 2000, pp. 233-255.

		Bobholz JA, Rao SM. Cognitive dysfunction in multiple sclerosis: A review of recent developments. Curr Opin Neurol 2003;16:283-288.
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COGNITIVE DYSFUNCTION IN MS

Predictors of Cognitive Function

Note:  Values refer to the relationship between the predictor and objective NP performance.

(lesions)



(NABT)

		Weak   (r’s<0.30)		Moderate  (r’s=0.30 to 0.60) 		Strong (r’s>0.60)

		Patient’s report		X

		Neurologist’s impression		X		X

		Disease duration		X

		EDSS		X		X

		Disease course		X

		MRI (T2 lesion, atrophy)		X		(X)

		MTR		X		X

		MRS (NAA/Cr)		X		X



































Subjective cognitive function – correlates weakly with objective performance (unless depression controlled-Heinze et al., 2004 INS); overestimates related to executive dysfunction; relatives are more accurate (cf. Benedict et al., 2003 15-item NP screen) 

MRI: Note shift from lesion burden to atrophy, esp. regional atrophy (e.g., Benedict)

MTR: esp. Filippi et al. (2000) – increasing emphasis on subtle abnormalities in NABT

Abnormalities in brain tissue may precede lesions by up to 2 years (Pike et al., 2002; Werring et al., 2002)

MRS: Gadea (2004) – association between forced DL and pontine NAA (esp. R); also Krupp’s group (Christodoulou et al., 2003- MCI; Pan et al., 2001); increasing emphasis on gray matter 

Also increasing emphasis on gray matter abnormalities
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COGNITIVE DYSFUNCTION IN MS

 Impact on Community Independence

The 7-item Environmental Status Scale (ESS) covers work status, social activity, 

personal assistance, community services, financial status, transportation, and residence.

		Study		Sample		Findings

		Higginson et al. (2000)**		N=31 (55% RR)                  
EDSS: 5.0 (sd=1.5) Age: 46.7 (sd=7.6)		Cognitive impairment was a significant predictor of ESS (after physical disability)

		Schultheis et al. (2001, 2002)**
		N=28  (61% RR)    
Age:  43.4 (sd=2.3)		Cognitively impaired patients (n=13) were slower on timed NDT, made more errors on UFOV, and had more MVAs

		Kotterba et al. (2003)		N = 31 (100% RRMS)
EDSS: 2.8 (+1.4)     Age: 35.6 (+8.3)		Driving simulator accident rate higher in MS (vs. controls), correlated moderately with PASAT























		Higginson et al. (2000): EDSS (33% σ2), degree of cognitive impairment (10% σ2)

		Schultheis et al. (2001): but note equal accuracy on NDT

		Kotterba et al. (2003): MS pts - more concentration faults; accident rate correlated less strongly with other MSFC

		Based on clinical experience, CI also have difficulty with complex multi-step activities (including treatment regimens), are more accident-prone (at home and while driving), and need more assistance w/decision-making (including $)
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COGNITIVE DYSFUNCTION IN MS

Natural History

  

*Comprehensive NP Battery; **Focused NP Battery

		Study		Initial Sample		NP Course

		Jennekens-Schinkel et al. (1990)*		N = 39 (51% RR)		 Initial deficits persisted at 4 yrs
 6-12% patients worsened

		Amato et al. (1995, 2001)**		N=50 (88% RR)
 		 Initial deficits persisted, and new deficits emerged
 24% worsened over 4-1/2 years,          and 42% worsened by 10 years     

		Kujala et al. (1997)**		N=42 (86% CP)
  Intact  (A) vs.  Impaired (B)         at baseline		 Intact patients (A) generally stable over 2-4 yrs
 Impaired patients (B) worsened, though at variable rates























		Jennekens-Schinkel et al. (1990) - Age: 42 (range=17-73); DSS: 3.5 (range=1-7)

		Rao unpublished study (20% had marked deterioration in 3 years) (c/w Jennekens-Schinkel 1990)

		Amato et al. (1995) - Age: 29.9 (sd=8.5); EDSS: 2.6 (sd=2.4); memory and concept formation impaired initially; information processing emerged; 51% intact at 4 years and 44% at 10 years (vs. 74% at baseline)

		Kujala et al. (1997) – (A) Age: 46.8 (sd=8.7), EDSS: 5.7 (sd=1.6); (B) Age: Age: 45.9 (sd=7.5), EDSS: 6.5 (sd=1.1)/

Note exceptions, i.e., 35% of intact group worsened and 23% of impaired group stable or improved
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COGNITIVE DYSFUNCTION IN MS

Emotional Processing/Social Cognition

  *Impaired moderately often

**May be impaired, depending on task and sample

		Emotional comprehension**		Comprehension of affective states based on auditory (prosodic) cues

		“Theory of mind” (TOM)**		Ability to infer underlying mental states (intentions, desires) from a person’s words and actions

















Beatty et al. (2003) – Comprehension portion of Aprosodia Battery

Ouellet et al. (MNI) - INS 2004: esp. Conversations and Inferences (film clips) as opposed to Strange Stories, Faux Pas
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COGNITIVE DYSFUNCTION IN MS

Visual Perception

  *Impaired moderately often

**May be impaired, depending on sample

		Facial perception*		Perception of facial features (“knowing who”)

		Object/form perception*		Perception of objects, geometric figures, pictures, etc.          (“knowing what”)

		Visuospatial perception**		Perception of spatial relationships among objects (“knowing where”)



















Often reported as primary problems with “vision”, concerns re: driving

Comment on Vleugels et al. (2002) careful dissection of visual perception 

Ruggieri et al. (2003) study of 50 RRMS < 3.5 vs. HCs shows similar pattern (FR impaired; V-S OK)
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COGNITIVE DYSFUNCTION IN MS

Problem-Solving/Executive Functions

  *Impaired moderately often

**May be impaired, depending on task demands

		Concept formation/ Abstract reasoning*		Identification of common features or rules linking items in a series

		Problem-solving flexibility**		Ability to shift conceptual frameworks or strategies

		Planning/ Sequencing*		Planning and carrying out a series of actions, putting steps in the correct order

		Cognitive estimation*		Estimating time, quantities, distances, etc.

		Monitoring*		Monitoring an external stimulus or one’s own behavior 























Mention debate re: inflexibility (difficulty shifting) vs. poor concept formation, which limits perceived choices – esp. evident on CCST (Beatty et al., 1995, 1996)
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COGNITIVE DYSFUNCTION IN MS

Patterns of Cognitive Impairment (Relapsing MS)



Although this is the overall “MS profile,” there are clearly subgroups with different patterns of impairment.

Ryan et al. 1996: n=177 younger (<50), less disabled (EDSS < 6), RRMS vs. 89 matched healthy controls

Fischer et al. 1998: n=276 from IFNB-1a sample at baseline vs. norms; within circumscribed subgroup, 27% information processing deficits were prominent; 12% executive function; 10% memory 
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COGNITIVE DYSFUNCTION IN MS

Memory



 *Frequently impaired

**May be impaired, depending on sample

		
EXPLICIT MEMORY		Memory for material that one has been explicitly instructed to learn; focus of most clinical memory tests

		Episodic memory*		Memory for events and for things that one reads, hears, or sees

		Semantic memory**		Memory for previously acquired knowledge (eg, words and facts)



















Let’s look at the nature of specific types of cognitive deficits seen in MS (remind re: Set A/B/C “color code” from earlier slide).  

“Memory” has clearly been the most intensively studied:

		Mention patients’ “short-term memory” complaints, but we know that they’re referring to “recent memory”

		Describe typical deficit (impaired first trial recall but normal learning curve), but flattened curve possible

		Discuss acquisition vs. retrieval debate (esp. DeLuca training to criterion paradigm; Thornton et al. (2002) encoding specificity paradigm)

		Autobiographical memory can also be impaired, esp. in advanced MS (Kenealy et al. 2002) – episodic > semantic
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COGNITIVE DYSFUNCTION IN MS

Memory

***Intact

		
IMPLICIT MEMORY		Learning and remembering without conscious awareness, demonstrated through a change in behavior

		Priming***		Memory for words previously seen but not explicitly learned

		Procedural memory (“skill learning”)***		Memory for newly acquired skills 



















Priming = Lexical, semantic, or perceptual priming (describe lexical, incl. Seinela et al., 2002)

Procedural memory = Pursuit rotor, serial visual RT, or mirror reading 

**Important implications for rehabilitation
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COGNITIVE DYSFUNCTION IN MS

Clinical Heterogeneity



At the individual patient level, this is what you see clinically.  These are test scores for different cognitive domains—expressed in terms of %iles vs. published norms—for 4 individual patients referred for NP evaluation at a comprehensive MS center.  Without going into specifics about each individual patient, note the variation in test profiles. Thus, MS-related CI does not strictly fit the “subcortical dementia” concept, which implies distinct and homogeneous pattern.















Case 1: 38 yo female, MS x 12 yrs
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Case 2: 47 yo female, MS x 5 yrs
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Case 3: 52 yo male, MS x 25 yrs
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Case 4: 39 yo female, MS x 10 yrs
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COGNITIVE DYSFUNCTION IN MS

Prevalence

 *Expanded Halstead-Reitan Battery

**Comprehensive NP Battery

		Study		Sample Characteristics		Prevalence Rates

		Heaton et al. (1985)*		N=100                (57% RR; 43% CP)
DSS: 3.1 (sd=2.1) Age: 37.4 (sd=8.3)		46% (Relapsing)           72% (Progressive)
57% MS vs. 13% controls Adjusted rate: 44%

		Rao et al. (1991)**		N=100                (39% RR; 61% CP)
EDSS: 4.1 (sd=2.2) Age: 45.7 (sd=11.3)		
48% MS vs. 5% controls Adjusted rate: 43%





















CI was ignored for years, but is now increasingly appreciated; in some cases, CI is the presenting symptom (see Zarei et al. JNNP 2003 for 6 cases + review of 17 cases from literature)

Heaton definition: Impairment rating (clinical judgment based on review of test performance)

Rao definition: 5th %ile cut-off for # tests failed (NB: >1 test per domain) 
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COGNITIVE DYSFUNCTION IN MS

Prevalence of Impairment by Cognitive Domain



Adapted from Rao et al. (1991)
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How common are specific types of deficits?  This is the overall “profile” of cognitive deficits seen in a heterogeneous group of community-dwelling MS patients.  There were multiple tests in each domain, so each bar reflects a range of scores (give example).
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COGNITIVE, BEHAVIORAL, AND 

AFFECTIVE DISTURBANCES IN MS  

Terminology

		AFFECTIVE DISTURBANCE



Apathy/flattened affect

Euphoria

Pathological laughing and crying (PLC)

		AFFECTIVE DISORDER 



Major depression

Bipolar disorder



Note that focus has been on affective disorders, but anxiety disorders occur as well (25% per Feinstein et al., 1999) as does subsyndromal distress (about 50%, per Feinstein & Feinstein, 2001).
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MULTIPLE SCLEROSIS

Disease Course (adapted from Lublin & Reingold, 1996)

Relapsing-

Remitting

Primary

Progressive

Secondary

Progressive

Progressive

Relapsing



This is the clinical course of MS from the neurologist’s perspective....

RRMS – Up to 10% benign MS; most convert to SPMS

PPMS/PRMS – About 20% (most PPMS) 
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MULTIPLE SCLEROSIS

Examples of T2-weighted MRI Scans

Case 1

Case 2

Case 3



Neurologists have increasingly come to appreciate the fact that neurologic exam does not capture underlying disease activity, so many consider an MRI essential as well.  Role that MRI should play in diagnosis is still controversial (cf. McDonald criteria, 2001).

Case 1 – RRMS; at least 6 active lesions 

Case 2 – SPMS; confluent periventricular lesions and enlargement of the lateral ventricles

Case 3 – Patient with extensive enhancing confluent lesions and considerable atrophy
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MULTIPLE SCLEROSIS

Symptoms Commonly Reported by Patients (n=300)

 MSQLI Working Group (1997)

		Symptom		% Reporting

		*Fatigue		84%

		*Difficulty walking		75%

		Stiffness/spasticity		69%

		*Bladder/bowel problems		62%

		Emotional problems		55%

		Pain		50%

		Memory problems		50%

		Visual problems		42%

		Tremors		32%

































And this is MS from the patient’s perspective.

N=300 patients from 4 MS centers in US and Canada involved in the development/validation of the MSQLI.

Patients were asked to check (yes/no) symptoms they’d experienced within the last month and then indicate which 3 were the most disruptive.
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MULTIPLE SCLEROSIS

Kurtzke Expanded Disability Status Scale (EDSS)

		Semi-quantitative method for rating neurologic impairment based on neurologic examination

		Composed of Functional Systems Scales



FSS 1:  Pyramidal

FSS 2:  Cerebellar

FSS 3:  Brainstem

FSS 4:  Sensory

FSS 5:  Bowel and bladder function

FSS 6:  Visual

FSS 7:  Cerebral

FSS 8:  Other

		Ranges from 0.0 (normal) to 10.0 (death due to MS)





And this is how the neurologist summarizes the findings on neurologic exam to come up with a clinical severity rating for MS.
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COGNITIVE DYSFUNCTION IN MS

Objectives of Presentation

		Define cognitive, behavioral, and affective disturbances

		Describe the prevalence and features of cognitive impairment in MS

		Present data on the functional impact of MS-related cognitive impairment

		Identify clinical correlates of cognitive impairment in MS
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MULTIPLE SCLEROSIS

Overview



		Most common progressive neurologic disease affecting young adults

		Typical age of onset:   20-40 years old

		Gender distribution:   1.6 F: 1 M

		Estimated US prevalence:   250,000 – 300,000

		Unknown cause

		Pathology involves inflammation, demyelination, and axonal degeneration in CNS





First, a brief overview of MS.....

Difficulty walking and visual disturbances are physical hallmarks, but MS also includes sensory symptoms (including pain), tremor and fatigue
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“Cognitive and Neurobehavioral Issues in Multiple Sclerosis”



MS-RELATED COGNITIVE IMPAIRMENT 

Jill Fischer, PhD



April 19, 2004


















