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Relationship between MR lesion burden and neuropsychological test scores

Location of lesions and neurobehavioral syndromes

Natural history studies: Correlations between changes in MR lesion burden and neuropsychological test scores

MRI Correlates Of Neuropsychological Testing 
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Correlation of Lesion Location 

With Cognitive Dysfunction in MS

Swirsky-Sacchetti et al. Neurology. 1992;42:1291; Sperling et al. Arch Neurol. 2001;58:115;  Rovaris et al. Neurology. 1998;50:1601; Rovaris and Filippi. J Neurovirol. 2000;6(suppl 2):S172.

Study 	Lesion location	Predicted cognitive deficit

Swirsky-	Frontal lobe	Abstract problem solving 

Sacchetti 		Memory

et al, 1992 		Word fluency

	

	Left parieto-	Verbal learning 

	occipital lobe 	Complex visual-integrative 		skills	

Sperling	Frontal and 	Attention 

et al, 2001	parietal areas	Verbal memory

	

Rovaris 	Frontal lobe 	Frontal lobe functions

et al, 1998	lesion



Specific lesion locations have been found to account for the presence and characteristics of cognitive dysfunction 

in patients with MS.8 Decreased performance in NP tests indicated that left frontal lobe lesions best predicted deficits in abstract problem solving, memory, and word fluency.9,10 Left parieto-occipital lobe lesions best predicted impaired verbal learning and complex visual-integrative skills.9

In a recent study,11 it was observed that patients with MS who had a lesion burden in the frontal and parietal areas 

of the brain experienced decreased performance in tasks requiring sustained complex attention and working verbal memory.

In addition to the lesion location, the extent of overall damage in a specific brain area has also been correlated with specific cognitive deficits.
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Relationship between Atrophy and Cognition

		Cognitive dysfunction has been shown to be more highly correlated with brain atrophy than T2 and T1 disease burden1,2

		Studies looking at brain parenchymal fraction indicate that global atrophy is strongly correlated with developing cognitive dysfunction1,2

		



		Zivadinov et al. Neuroradiology. 2001;43:272.

		Zivadinov et al. J Neurol Neurosurg Psychiatry. 2001;70:773.

		Benedict et al. J Neuropsychiatry Clin Neurosci. 2002;14:44.

		Benedict et al. Arch Neurol. 2004;61:226.
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Atrophy as a Predictor of Cognitive Dysfunction 



		Brain atrophy has been found to be an independent predictor of cognitive dysfunction1,2

		Recent research suggests that, in fact, central atrophy, as measured by third ventricle width, was more strongly predictive of cognitive dysfunction than either global atrophy or lesion load.3 

		Quantitative analysis of MRIs of patients with MS suggests that atrophy of the superior frontal lobes is associated with cognitive morbidity3,4



		Zivadinov et al. Neuroradiology. 2001;43:272.

		Zivadinov et al. J Neurol Neurosurg Psychiatry. 2001;70:773.

		Benedict et al. Arch Neurol. 2004;61:226.

		Benedict et al. J Neuropsychiatry Clin Neurosci. 2002;14:44.
















_1143378639.ppt


Summary:  Correlation of Cognitive Dysfunction with Other Assessments of MS

		Strongly correlated with prior inflammatory disease activity

		Strongly correlated with MRI measures 

		Atrophy 

		T2 lesion load

		Weakly correlated with physical disability 

(EDSS)



Rao. Curr Opin Neurol. 1995;8:216; Simon et al. J Neuroimmunol. 1999;98:7; 

Benedict et al. J Neuropsychiatry Clin Neurosci. 2002;14:44.

Benedict et al. Arch Neurol. 2004;61:226.



Key Point:

Cognitive impairment has been shown to be strongly correlated 

with disease duration and MRI measures associated with prior 

and present inflammatory disease activity.



Cerebral atrophy visualized on MRI is predictive of cognitive impairment in MS

T2 lesion load and cognitive impairment are strongly correlated

Cognitive dysfunction is only weakly correlated with physical disability as measured by the EDSS
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Effect of Therapy on

Cognitive Dysfunction

“When considering the effects that disease modifying medications have on MRI disease activity, there is considerable hope that altering the cerebral demyelinating process will be associated with a slower decline in cognitive functions over time and result in improved activities of daily living for patients with multiple sclerosis.”

Bobholz and Rao. Curr Opin Neurol. 2003;16:283.














_1143378647.ppt


Future Directions

		With increased precision in neuroradiologic and neuropathologic techniques, researchers have been able to more accurately characterize the underlying mechanisms of cognitive deterioration in MS



		Correlations between cognitive decline and brain involvement, however, remain moderate at best



		This points to the complex and multifactorial etiology of MS-related cognitive dysfunction, and it indicates the need for continued neurocognitive research using the increased precision and sensitivity of newly developed radiologic and pathologic techniques1 







            1   Camp SJ, Stevenson VL, Thompson AJ, Miller DH, Borras C, Auriacombe S, Brochet B, Falautano M, Filippi M, Herisse-Dulo L, Montalban X, Parrcira E, Polman CH, De Sa J, Langdon DW.  Cognitive function in primary progressive and transitional progressive multiple sclerosis: a controlled study with MRI correlates.  Brain  1999; 122: 1341-1348.



Several studies have analyzed the potential relationship between the presence of cognitive deficits and extent of CNS inflammation (MRI measures), physical disability (EDSS), and disease duration.
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Relationship between Atrophy

and NP Dysfunction

		 Simon. J Neuroimmunol. 1999;98:7.

		 Benedict et al. J Neuropsychiatry Clin Neurosci. 2002;14:44.

		 Benedict et al. Arch Neurol. 2004;61:226.



“Nearly all correlation studies have shown associations between atrophy and disturbances in neuropsychological and clinical function.”  1



“…we conclude that cortical atrophy…is associated with cognitive dysfunction in MS.”  2,3



Key Point: 

The apparent correlation between atrophy and neuropsychologic 

and clinical function suggests that if early treatment can delay atrophy, improved patient outcomes with respect to cognitive function can be obtained.










_1143378617.ppt


Correlation Between 

MRI Lesion Load and NP Testing 

3 Year Follow-up Study

With permission from S.M. Rao.

		Cognitive dysfunction correlates with T2 lesion load but not with disability (EDSS)
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Evaluation of 100 patients with MS over a 3-year period indicated a correlation between cognitive dysfunction and T2 lesion load. There was no correlation between cognitive dysfunction and physical disability as measured by EDSS in these patients.

Patients with deteriorating cognitive function experienced a nonsignificant increase in EDSS and a significant increase in T2 lesion area.
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MRI Correlation Between Enhancing Lesions

and Brain Atrophy

		The course of cerebral atrophy in MS appears to be influenced by the presence of enhancing lesions

		In patients with relapsing MS and only 

mild-to-moderate disability, significant cerebral atrophy develops over 1 to 2 years



Simon et al. Neurology. 1999;53:139.



Identifying cognitive dysfunction is of practical significance because patients with MS who suffer from cognitive impairment are less likely to be employed than cognitively intact patients.

Indicators of cognitive dysfunction impairment in patients with MS include a wide range of changes in behavior and social life (such as the need for help in daily activities, mood disorders other than depression, withdrawal from usual social activities, and personality changes), as well 

as unemployment in the absence of physical disability. 

These indicators may help doctors diagnose cognitive dysfunction early and, consequently, initiate early treatment that may prevent worsening of the cognitive impairment.
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Relationship between MR lesion burden and neuropsychological test scores

Location of lesions and neurobehavioral syndromes

Natural history studies: Correlations between changes in MR lesion burden and neuropsychological test scores

MRI Correlates Of Neuropsychological Testing 
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Normal Appearing

White Matter (NAWM)

 Rovaris and Filippi (2000):

In addition to burden of lesions and severity of pathology within particular lesions, MS-associated cognitive decline associated with pathological damage in the NAWM.
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Relationship between MR lesion burden and neuropsychological test scores

Location of lesions and neurobehavioral syndromes

Natural history studies: Correlations between changes in MR lesion burden and neuropsychological test scores

MRI Correlates Of Neuropsychological Testing 








_1143378606.ppt


WAIS-R Verbal Intelligence

WCST Perseverative Responses

MS Patient Subgroups

Relationship between Frontal Lobe White Matter Lesions and Wisconsin Card Sorting Test*

*Arnett, Rao et al., Neurology, 1994, 44, 420-425
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Normal Appearing

White Matter (NAWM) and Grey Matter

		Cutting edge research using techniques such as magnetization transfer ratio and diffusion tensor imaging has enabled researchers to examine brain regions that look normal on traditional MRI scans. 



		There is mounting evidence that damage to neurons in NAWM and gray matter is highly correlated with cognitive deterioration in MS1,2 



          1    Zivadinov R, De Masi R, Nasuelli D, Bragadin LM, Ukmar M, Pozzi-Mucelli RS, Grop A., Cazzoto G, Zorzon M.  MRI techniques and cognitive impairment in the early phase of relapsing-remitting multiple sclerosis.  Neuroradiology  2001; 43; 272-278.     2   Rovaris M, Iannucci G, Falautano M, Possa F, Martinelli V, Comi G, Filippi M.  Cognitive dysfunction in patients with mildly disabling relapsing-remitting multiple sclerosis: an exploratory study with diffusion tensor MR imaging.  Journal of the Neurological Sciences  2002: 103-109.
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Studies Reporting Relationship between Neuropsychological Testing and MRI T2 Lesion Load

  1. 		S. J. Huber, et al, Archives of Neurology 44, 732 (1987).

  2. 		R. Medaer, et al, J. Neurol. 235, 86 (1987).

  3. 		G. M. Franklin, et al, Neurology 38, 1826 (1988).

  4. 		S. M. Rao, et al, Neurology 39, 161 (1989).

  5. 		M. M. Callanan, et al, Brain 112, 361 (1989).

  6. 		G. P. Anzola, et al, J. Neurol. Neurosurg. Psychiatry 53, 142 (1990).

  7. 		C. Pozzilli, et al, J. Neurol. Neurosurg. Psychiatry 54, 110 (1991).

  8. 		M. A. Ron, M. M. Callanan, E. K. Warrington, Psychol. Med. 21, 59 		(1991).

  9. 		C. M. Clark, et al, Can. J. Neurol. Sci. 19, 352 (1992).

10. 		L. Pugnetti, et al, J. Neurol. Sci. 115, Suppl:S59 (1993).

11. 		C. Pozzilli, et al, J. Neurol. Sci. 115, Suppl:S55 (1993).

12. 		M. S. Damian, et al, Acta Neurol. Scand. 90, 430 (1994).

13. 		F. Patti, et al, Functional Neurology 10, 83 (1995).
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Significantly increased likelihood of cognitive dysfunction in patients with:

Greater overall T2 lesion area1

Greater T1 and T2 lesion load2,3

Greater number of juxtacortical lesions4

Relationship Between Cognitive Dysfunction and Lesion Load 

          1 Rao SM, Leo GJ, Haughton VM, St Aubin-Faubert P, Bernardin L.  Correlation of  magnetic resonance imaging with neuropsychological testing in multiple sclerosis. Neurology  1989; 39: 161-166.       2 Comi G, Rovaris M, Falautano M, Santuccio G, Martinelli V, Rocca MA, Possa F, Leocani L, Paulesu E, Filippi M. A multiparametric MRI study of frontal lobe dementia in multiple sclerosis. Journal of the Neurological Sciences  1999; 171: 135-144.     3  Rovaris M, Filippi M, Falautano M, Minicucci L, Rocca MA, Martinelli V, Comi G. Relation between MR abnormalities and patterns of cognitive impairment in multiple sclerosis.  Neurology  1998; 50: 1601-1608.      4   Lazeron RH, Langdon DW, Filippi M, van Waesberghe JH, Stevenson VL, Boringa JB, Origgi D, Thompson AJ, Falautano M, Polman CH, Barkhof F. Neuropsychological impairment in multiple sclerosis patients:  The role of juxtacortical lesion on FLAIR.  Multiple Sclerosis 2000; 6: 280-285.
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Total T2 Lesion Area (sq cm)

Number of Cognitive Tests Performed 

< 5th Percentile of Controls*

*Rao et al., Neurology, 1989, 39, 161-166
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“Clinicians typically overestimate the relationship between cognitive dysfunction and physical disability.”



Fischer JS, Foley FW, Aikens JE, et. al.

What do we really know about cognitive dysfunction, affective disorders and stress in multiple sclerosis ? A practitioners guide.

J Neurol Rehabil, 1994
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Progression of 

Cognitive Dysfunction in MS

		The evolution of cognitive dysfunction in early-onset MS was assessed over 10 years in 45 consecutive inpatients and outpatients

		Of 37 patients who were not cognitively impaired on initial testing, only 20 remained so by the end of the 10-year follow up

		Previously detected deficits in verbal memory, abstract reasoning, and linguistic processing confirmed.  Problems in attention, spatial memory developed.

		The proportion of patients who were cognitively impaired by the end of the 10-year follow-up reached 56%



Amato et al. Arch Neurol. 2001;58:1602.
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Progression of 

Cognitive Dysfunction in MS

Kujala et al. (1997):  3 year follow up

23 cognitively normal MS pts. (EDSS 5.1)

20 cognitively impaired MS pts. (EDSS 5.5)

Subjects non-impaired at baseline remained non-impaired.  Subjects impaired at baseline deteriorated

Impaired patients progressed in

    memory/Visual Spatial/PASAT
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MS-Associated Inflammation Leads to...

		 Myelin Damage



		 Axonal Damage



		 Brain Atrophy
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Cognition and MRI in MS
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