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Depression 

    



Charcot’s behavioral observations (1877) 

 “marked enfeeblement of     
memory” 

 “slowness of response” 

 

 



Major Depression 
Diagnostic criteria 

• Five or more of the following during the same two week period:  

 

• Depressed mood most of the day 

• Markedly diminished interest or pleasure in all activities 

• Appetite change with significant weight loss, or weight gain 

• Insomnia or hypersomnia nearly every day 

• Psychomotor agitation or retardation (observable by others) 

• Fatigue or loss of energy nearly every day 

• Feelings of worthlessness, excessive, inappropriate guilt 

• Diminished ability to think or concentrate 

• Recurrent thoughts of death 

 



Rating scales 



Rating scales 



Major Depression 
Prevalence 

 

• lifetime prevalence in patients attending MS clinics approaches 
50%  

• However, prevalence is also raised in a community based 
sample. 

• In a study of 115,071 Canadians, the 12 month prevalence of depression in 
MS patients exceeded that in healthy subjects (odds ratio: 3.4) 

• In subjects ages 18-45 years, the 12 month prevalence was 25.7%.   

• Rates increased in relation to other neurological disorders. 
 



The clinical importance of depression 

 Effects on cognition 

 Suicidal intent and  completion 

 Quality of Life 

 Depression is treatable 

 



Suicidal intent and MS    

 

 

• Lifetime suicidal intent: 29% 

• Lifetime suicide attempt: 6.4% 

1 Lifetime diagnosis of major depression 

2 Severity of major depression (↑ HAD 
scores) 

3 Living alone 

4 Alcohol abuse 

 70% sensitivity, 95% specificity, 
overall 87% predictive ability 

 

 

 

• 35% of suicidal patients had received 
no Rχ 

• 66% of patients with current major 
depression not received Rχ 

• Of the 9 patients who had attempted 
suicide, 4 had never been given anti-
depressant Rχ 

• These data fit with those from Mohr et 
al (Multiple Sclerosis. 2006:12:204-
208) who showed that over half the 
depressed MS patients in a 
neurological clinic were not receiving 
antidepressant medication and of 
those depressed patients on treatment, 
a quarter were receiving sub-
therapeutic doses. 

 



 
Suicide 

• 7.5x the general population rate  

• 2x the general population rate and increased relative to 
other neurological disorders (Stenager and Stenager, 
1992) 

• At risk: males, < 30 yrs, first 5 years of illness 



Etiology of depression 



MS, depression and brain imaging 
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Figure 3 
Lesions in the left arcuate fasciculus 
region and depressive symptoms in 
multiple sclerosis. 
Pujol, J; Bello, J; Deus, J; Marti-Vilalta, J; 
Capdevila, A 
 
Neurology. 49(4):1105-1110, October 1997. 
 

Figure 3 . Plot of Beck scores with coronal 
lesion areas of the left arcuate fasciculus 
region. Although the relationship was 
significant (r = 0.43, p = 0.001), high 
depression scores were registered in 
patients with no lesions in this region. 



MS, Depression and MRI changes 

 Medial inferior frontal cortex 

 hyper-intense lesion volume 

 hypo-intense lesion volume 

 Anterior temporal region 

 Reduced grey matter volume 





MS, Depression, lesion segmentation 



MS, Depression, brain parcellation 



MS, Depression, diffusion tensor imaging 



MS, Depression, lesions, atrophy, DTI 



MS, Depression and Diffusion Tensor Imaging 
Imaging predictors of depression 

MRI variables Percentage variance 

Lesions + atrophy 23.7% 

Lesions + atrophy + regional DTI 
indices from normal appearing brain 
tiisue 

35.1% 

Lesions + atrophy + regional DTI 
indices from normal appearing brain 
tissue + MD of  right inferior frontal 
lesions. 

43.6% 



ARCHIVAL REPORT 

Smaller Cornu Ammonis 2–3/Dentate Gyrus Volumes 

and Elevated Cortisol in Multiple Sclerosis Patients 

with Depressive Symptoms 

Stefan M. Gold, Kyle C. Kern, Mary-Frances O’Connor, Michael J. Montag, Aileen Kim, Ye S. Yoo, 

Barbara S. Giesser, and Nancy L. Sicotte 

Background: The hippocampus is likely involved in mood disorders, but in vivo evidence for the role of 

anatomically distinct hippocampal 

subregions is lacking. Multiple sclerosis, an inflammatory disease of the central nervous system, is linked to a high 

prevalence of depression 

as well as hippocapal damage and may thus provide important insight into the pathologic correlates of medical 

depression.Weexamined 

the role of subregional hippocampal volume for depression in relapsing-remitting multiple sclerosis. 

Methods: Anatomically defined hippocampal subregional volumes (cornu ammonis 1–3 [CA1–CA3] and the dentate 

gyrus [CA23DG], 

subiculum, entorhinal cortex) were measured using a high-resolution T2-weighted magnetic resonance imaging sequence in 

29 relapsingremitting 

multiple sclerosis patients and 20 matched healthy control subjects. Diurnal salivary cortisol was assessed at awakening, 4 

PM, and 

9 PM on 2 consecutive days. Subjects also completed the Beck Depression Inventory. 

Results: Multiple sclerosis patients showed smaller hippocampal volumes compared with control subjects, 

particularly in the CA1 and 

subiculum subregions. In addition, multiple sclerosis patients with depressive symptoms (Beck Depression Inventory score 

13) also 

showed smaller CA23DG volumes and higher cortisol levels. Within the multiple sclerosis group, CA23DG volume was 

correlated with 

depressive symptoms and cortisol levels. There were no associations with number of previous steroid treatments, global 

atrophy, or disease 

duration. 

Conclusions: This report provides in vivo evidence for selective association of smaller CA23DG subregional 

volumes in the hippocampus 

with cortisol hypersecretion and depressive symptoms in multiple sclerosis. 

  

 

 

 

 

Smaller Cornu Ammonis 2–3/Dentate Gyrus Volumes and 
Elevated Cortisol in Multiple Sclerosis Patients with 

Depressive Symptoms 
Gold et al, Biological Psychiatry 2010, 68, 553-9 

 

 



MS, Depression and brain imaging: summary 



Psychosocial causes of depression 

   
 From the journal:  June 15, 1917. 

 I sit all day in my chair, moving 8 feet to 
my bed at night, and 8 feet from it to my 
chair in the morning—and wait. The 
assignment is certain. 

 

Bruce Frederick Cummings 

From the journal:  October 3, 1918. 
I am grateful to-day for some happy hours  
plucked triumphantly from under the very 
nose of Fate, and spent in the warm sun in the 
garden . . . A Lark sang . . .I sat by some 
Michaelmas Daisies and watched the Bees, 
Flies and Butterflies 



Depression 
Psychosocial etiology 

 Uncertainty (Lynch et al, 2001) 

 Inadequate coping strategies (Mohr et al, 1997; Pakenham et al, 1997; 
Aikens et al, 1997; Jean et al, 1997; Pakenham 1999) 

 Helplessness (Shnek et al, 1997; Patten et al, 2002; van der Werf, 2003) 

 Poor social relationships (Maybury and Brewin, 1984) 

 Loss of recreational activities (Voss et al  2002) 

 High levels of stress (Patten et al, 2000) 

 Fatigue (Lobentanz et al, 2004) 

 

 

 

 



Treating Major Depression:  
Medication 

• Only Two RCTs  

• Desipramine (tricyclic 
antidepressant) 

• Paroxetine (SSRI) 

• Medication effective 

• Side effects troubling: anti-
cholinergic problems 

• Dry mouth 

• Constipation 

• Sedation 

• Blurred vision 

• Sexual difficulties 

    



Major Depression:  
Medication 

 Mirtazepine (Remeron):  

 selective noradrenergic and 5HT1 
serotonergic action 

 Spares sexual function, no nausea 

 But there is fatigue  

 weight gain 

 

 Buproprion  (Wellbutrin) 

 Selective  dopaminergic and 
noradrenergic action 

 Spares sexual function 

 Contraindicated with seizures 



A new antidepressant 

 Vortioxetine 

 Antidepressant effects 

 Cognitive enhancing effects 

 No MS data yet. 

 



Major Depression:  
Psychotherapy 

• Cognitive-behavior Rχ vs. 
Supportive-expressive Rχ vs. 
sertraline Rχ over 16 weeks. 
(Mohr et al, 2005). 

• Can be given effectively over the 
telephone. 

• Mindfulness Based Therapy 
(Grossman et al, 2010)  

 

    



Management of psychiatric disorders in MS 
Recommendations from the American Academy of Neurology @014) 



Stress management 
 

 24 weeks of treatment 

 Less Gd+ lesions 

 Less cumulative lesion load 

 Effects not sustained beyond 24 weeks 

 No clinical benefits, including mood 



Exercise 

 There is, as yet, no exercise study in MS with depression as the primary endpoint 

 No study has used a structured interview to define depression 

 Data from other studies (n=7) are equivocal 

 Hard to draw conclusions from inadequate methodologies, but there is untapped 
potential that needs to be studied further 

 

   



ECT 

 Potentially very useful 

 Very severe depression 

 Failed other treatments 

 If you are concerned about high suicide risk  

 Risk of MS relapse? Gd enhanced MRI can be predictive here 

 



Pathological laughing and crying  

      



Pathological laughing and crying 
(Pseudobulbar affect) 

    

• Crying without sadness 

 

• Laughter without 

 happiness (mirth) 

 

• Up to 10% of MS 
patients affected to 
various degrees 

 



Major Depression and Pathological Laughing and Crying: 
Comparison of MRI variance 

Major Depression 40% 

Pathological laughing and crying ~ 75% 



Pseudobulbar affect 

• Rx: 

• low dose amitriptyline  

• SSRI  

• levodopa and amantadine  

• Neudexta (dextromethorphan/quinidine) 

 

Response to treatment 
in PBA = 48-72 hours 

Response to treatment 
in major depression = 
10-14 days 



Cognition 
 

    



Cognitive dysfunction in MS 
prevalence rates 

 Relapsing-remitting MS 

 40% 

 Secondary progressive MS 

 60-70% 

 



Cognitive dysfunction in MS: 
Clinical significance 

 Cognitively impaired MS patients may experience greater difficulties 
with respect to work, relationships, vocational functions, sexual 
function and activities of daily living. 



Cognitive dysfunction in MS 
 

 Reduction in cognitive speed 

 slowness in information processing 

 Working memory 

 memory (retrieval >> encoding) 

 deficits in abstracting 

 attention and vigilance impaired 

 language largely spared 

 little agnosia and apraxia 

 



Assessing cognition: the choices 

 Self report screening questionnaire  

 Brief Screening batteries 

 Consensus guidelines for more detailed testing: 

 MACFIMS 

 Mini Mental State Examination (MMSE) and Montreal Cognitive 
Assessment (MoCA) 



Assessing cognition 
self report 

 Multiple sclerosis neuropsychological questionnaire (MSNQ) 

 15 questions for patient 

 15 questions for informant 

 Good sensitivity and specificity 

 Informant responses more accurate reflection of patient’s cognition 

 Patient complaints of impaired cognition may better reflect 
depression. 

Benedict et al, 2003 







Screening batteries 

 Brief Repeatable Neuropsychological Battery 
 15 alternative, equivalent versions 

 Consistent Long Term Retrieval (Selective Reminding Test) 

 10/36 Spatial Recall Test 

 COWAT (verbal fluency) 

 PASAT (information processing speed and working memory) 

 SDMT (information processing speed) 

 

 30-40 minutes to complete 

 

 



More detailed cognitive batteries 

 Many to chose from 

 Consensus advice: MACFIMS (Minimal Assessment of Cognitive 
Function in MS). 

PASAT, SDMT (processing speed, working memory) 

CVLT, Brief Visuospatial Memory Test (memory) 

D-KEFS (Executive Function) 

Judgment of Line Orientation Test (visual perception, spatial 
processing 

COWAT (verbal fluency, language, attention)  

 

90 minutes to complete 
 



Mini-Mental State Examination 

 MMSE not sensitive 

 Cognitively impaired MS patients regularly score > 27 on 
the MMSE. 

 MoCA not sensitive too.  



Barriers to Assessment 

 Cognitive assessment screening batteries require 
time and expertise to administer; they are not 
part of a routine assessment. 



Access to neuropsychological testing 

Impediments 

 Shortage of 
neuropsychologists 

 Expensive 

 

Potential solution 

 Computerized batteries 
 ANAM 

 Mindstream 

 Amsterdam Neuropsychological Task 

 Cognitive Stability Index 

 



SUNSCREEN 
Sunnybrook Computerized Screen for Cognitive Assessment in MS 

    



Computerized Tests: Impairment Rate 

Test Impairment rate (score 

less than 1.5 SD below 

mean of healthy 

controls) 

C-SDMT 35.4% 

PVSAT 4 sec 21.2% 

PVSAT 2 sec 19.2% 

CRT 19.2% 

CRT-SRT 19.2% 

STROOP 12.1% 

SRT 11.1% 
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Sensitivity & specificity compared to MACFIMS 

Test(s) Impairment 

Threshold 

Sensitivity 

(%) 

Specificity 

(%) 

C-SDMT 1/1 66.7 87.7 

C-SDMT, PVSAT4 1/2 81.0 87.7 

C-SDMT, PVSAT4, PVSAT2 1/3 83.3 87.7 

C-SDMT, PVSAT4, CRT 1/3 78.4 80.4 

C-SDMT, PVSAT4, CRT-SRT 1/3 83.8 78.2 

C-SDMT, PVSAT4, PVSAT2, 

CRT, CRT-SRT 

1/5 86.5 74.5 



Final Screen 

 C-SDMT, PVSAT 4 sec, PVSAT 2 sec 

 

 

 

 
 10 minute screen. 

 No motor ability required. 

Threshold - Impaired 
on at least: 
 

Sensitivity (%) Specificity (%) 

1/3 83.3 87.7 

2/3 52.4 94.7 

3/3 31.0 98.2 



Cognition and MR imaging 

      



Cognitive correlates 
 brain imaging  

 Total lesion volume 

 Modest correlations with computerized volume estimations. 



Cognitive correlates 
 brain imaging: atrophy 

 Atrophy has emerged as the most robust correlate of cognitive 
dysfunction 

 Benedict et al (2004) 

 Hyperintense lesion volume 

 Hypointense lesion volume 

 Third ventricular width 

 Bicaudate ratio 

 Brain parenchymal fraction 

 MACFIMS  



Cognitive correlates 
 brain imaging: atrophy 

 Atrophy has emerged as the most 
robust correlate of cognitive 
dysfunction 

 Houtchens et al (2007) 
Neurology. 69(12):1213-1223 

 thalamic volume 

   



Cognitive correlates 
 fMRI 

 Growing literature comparing patterns of activation to those seen in healthy 
subjects 

 Similar results: even if MS patients did not do more poorly than healthy 
controls they required additional cerebral activation to achieve this.  

 Imaging reveals the attempts at compensation using ancillary brain regions 
 Brain plasticity within a narrower range of milder impairment.  
 Threshold effect 
 Effects of medication on cerebral activation 

 



Staffen, W. et al. Brain 2002 125:1275-1282; doi:10.1093/brain/awf125 

PVSAT activation in healthy controls 



Staffen, W. et al. Brain 2002 125:1275-1282; doi:10.1093/brain/awf125 

PVSAT activation pattern in the multiple sclerosis patients group 





Cognitive reserve 
Sumowski et al, 2010 

What is cognitive reserve 

 Premorbid IQ 

 Lifetime intellectual enrichment 

 Education 

 Vocabulary 

 Lessens the negative cognitive 
impact of neurological disease 

Brain metrics 

 Positive correlations with cerebral 
activity within the Default Mode 
Network 

 Negatively linked to recruitment 
of prefrontal regions during 
cognitive tasks 





Treatment 

 Disease modifying dugs ± 

 Donepezil x 

 Memantine x 

 4-aminopyridine x 

 Psychostimulants x 
 Lisdexamphetamine √ 

 Cyclophosphamide x 

 The importance of cognitive reserve √ 
 Premorbid IQ 

 Recreational activities 

 Compensatory methods √ 

 Cognitive retraining √ 

 





A RCT to treat learning impairment in MS 







Fatigue 

     



Fatigue and MS 

 80 % of people with MS. 

 Must be distinguished from the lethargy of depression. 

 fMRI: dysfunctional circuit incorporating thalamus, basal ganglia and 

prefrontal cortex. 

  MRI: atrophy of the primary sensorimotor region. 

 Assessment scales: with the Fatigue Severity Scale (FSS); the 

Fatigue Impact Scale (FIS); modified Fatigue Impact Scale (mFIS). 



Fatigue and cognition 

 Relationship to cognitive dysfunction equivocal.  

 Processing speed deficits equivocal. 

 



MS Fatigue: treatment  

 Medications 

 Modafinil (Provigil) 

 Methylphenidate (Ritalin and Concerta) 

 Amantadine 

 Aminopyridine 

 Natalizumab (one armed, uncontrolled study). 

 Exercise 

 Behavioral therapies 

 Group therapy (“take control” program). 

 



Thank you. 
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