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MRI : What Do We Measure? 



Historical Perspective 

500 BC 1st CENTURY 
AD 

13th 
CENTURY 1918 1927 1973 MID 1970s 

“phrenitis”  
(Hippocrates) 

“delirium”  
(Celsus) 

“delirium phrenesis  
caused by  

disease of the brain  
and its membranes”  

(Bartholomeus Anglicus) 

ventriculography and  
pneumoencephalagraphy 

(Walter Dandy) 

cerebral arteriogram 
(Moniz)   

CT applied to  
clinical diagnosis  

(Hounsfield) 

first MRI 
(Lauterbur)   



Role of Neuroimaging 

DELIRIUM 
(syndrome) 

Predisposing Factors 
Vulnerability 

What Happens  
During Delirium 

(Methodologically Challenging) 

Long-term Effect 

1. QUANTIFY 
 
1. LOCALIZE 



Acquisition 

Safety  
PMK, metal, kidney function 
for contrast-MRI 
Motion  
≥30 min exam 
$$$ 
Price/hour 
Physicist  
Non-conventional sequences 

Analysis 

Image Analysts 
Supervised postdoc/RA 

 
Computer Scientist 

Non-conventional analyses, 
improve workflows 

 
Time-consuming 

Human-interactive tools, 
quality control 

 
 



Is MRI the Right Tool to Answer Your 
Scientific Question? 





Successful AGing after Elective Surgery 
Study Participants 

• Older Individuals ≥70 years 
• Dementia-free 
• Non-cardiac Elective Surgery 



Successful AGing after Elective Surgery 
Study Design and Aims 

DELIRIUM 

time 

T0 (surgery) T1 (1 year) 

1 
2 

N=146 
(32 with delirium) 

N=126 
(28 with delirium) 

PREDISPOSING SUBSTRATES  LONG TERM EFFECT 

Analysis controlled for Age, Sex, Vascular 
Comorbidity, Baseline Cognitive Performance 



• STRUCTURAL (T1, T2, FLAIR) 
– Global Brain Atrophy 
– Hippocampal Volume 
– Cortical Thickness 
– White Matter Hyperintensity Volume 

• PERFUSION (Arterial Spin Labeling) 
– Cerebral Blood Flow 

• DIFFUSION TENSOR IMAGING (DTI) 
– Microstructural Brain Abnormalities 

Successful AGing after Elective Surgery 
MRI Measures 



SAGES Study / MRI Measures 

• STRUCTURAL (T1, T2, FLAIR) 
– Global Brain Atrophy 
– Hippocampal Volume 
– Cortical Thickness 
– White Matter Hyperintensity Volume 





RETROSPETIVE Design 
CONFOUNDERS 

NO CONTROL Group 
NO Pre-Delirium MRI 

NO Association with  
Global WMH score 









Preliminary Longitudinal  
Structural MRI Analysis 

•  Accrual of Global Brain Atrophy and WMH 
Volume over time across the entire cohort 
 

•  No association of Global Brain Atrophy and 
WMH accrual with delirium occurrence and 
severity 
 

•  WMH volume increase was mainly a result of 
expansion of existing lesions. No evidence of 
new embolic type infarcts potentially resulting 
from surgery 



SAGES Study / MRI Measures 

• STRUCTURAL (T1, T2, FLAIR) 
– Global Brain Atrophy 
– Hippocampal Volume 
– Cortical Thickness 
– White Matter Hyperintensities Volume 

• PERFUSION (Arterial Spin Labeling) 
– Cerebral Blood Flow 

• DIFFUSION TENSOR IMAGING (DTI) 
– Microstructural Brain Abnormalities 





(Alsop et al., Ann Neurol 2000) 

• Reduced flow and metabolism 
in the posterior cingulate is 
the earliest functional 
predictor of cognitive 
impairment and Alzheimer’s 
disease 
 

• The absence of an association 
between blood flow in this 
region and delirium argues 
against a role for incipient AD 
in the risk of delirium in 
elderly subjects without 
dementia. 



SAGES Study / MRI Measures 

• STRUCTURAL (T1, T2, FLAIR) 
– Global Brain Atrophy 
– Hippocampal Volume 
– White Matter Hyperintensities Volume 

• PERFUSION (Arterial Spin Labeling) 
– Cerebral Blood Flow 

• DIFFUSION TENSOR IMAGING (DTI) 
– Microstructural Brain Abnormalities 



1 pixel = 1-3 mm 

[10 µm] [4-100 µm] 

DTI Abnormalities Indicate Brain 
Microstructural Damage 







WHAT WE LEARNED 

• Microstructural tissue damage captured by Diffusion MRI 
underlies the occurrence of delirium.  

• The spatial distribution and predominance of diffusion 
findings over dementia sensitive techniques like gray matter 
atrophy and perfusion suggest that delirium is associated 
more with age related decline in white matter pathways 
than neuronal loss and reduced perfusion or metabolism. 

• Implications regarding the pathogenesis of delirium can come 
from the regional specificity of the abnormalities associated 
with delirium. 
– Baseline DTI abnormalities predisposing to delirium showed two 

separate phenomena (AD-like, and frontal/parietal) 
– Longitudinal DTI abnormalities seem more diffused, but the 

observed effect was too small to localize abnormalities with 
confidence 



IMPORTANT FACTORS 

•  Baseline scan  
 

•  Control for confounders  
 

•  Inclusion/exclusion criteria  
– Generalizability  
– Sensitivity/specificity  



FUTURE WORK 

• Relationship between delirium and dementia 
– long-term follow-up cognitive data 
 

• Further explore the regional specificity of the 
relationship between brain damage and 
delirium  
– Regional WMH 
– Structural/Functional Connectivity (DTI 

Tractography, Resting-State fMRI) 
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