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Gr   upSM
Advanced MR Imaging Techniques in                 

Alcoholics Showing No Clinical Evidence of  
Cognitive Impairment

Alcohol is a common substance of abuse. Consumption of alcohol activates the reward 
circuitary in the brain compelling individuals to consume more and more alcohol. Prolonged 
consumption of alcohol is known to have a damaging effect on the brain. There are conflicting 
reports on the amount and duration of alcohol consumption that leads to cognitive impairment. 
But it is known that chronic alcohol consumption leads to white and gray matter atrophy leading 
to volume loss. Advanced Magnetic Resonance Imaging (MRI) techniques such as Magnetic 
Resonance Spectroscopy (MRS) and Diffusion Tensor Imaging (DTI), functional Magnetic 
Resonance Imaging (fMRI) as well as Positron Emission Tomography (PET) have characterised 
cerebral atrophy, metabolic abnormality, white matter atrophy and reduced glucose metabolism 
and have correlated their findings with cognitive impairment. 
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 Numerous MRS studies have examined the metabolite ratios of the cortex and some of white 
matter of the brain in alcoholics. Glucose metabolism of the brain has been studied using PET 
imaging. The integrity of the white matter tracts has been examined using DTI. Activation of 
specific areas on performance of predesigned neuropsychological tests to investigate a specific 
brain function are often correlated with functional neuroimaging studies (fMRI) to gain deeper 
insight into the functioning of the alcoholic brain.

 	 Motor coordination as well as neurocognition are grossly affected by alcohol consumption. 
Frontal and prefrontal regions of the brain, which are responsible for executive functions, face the 
brunt of the damaging effect of alcohol. CT and MRI have consistently demonstrated reduction in 
the volumes of the gray mater and white matter of the fronto-parietal lobes [1], medial temporal 
lobes, cerebellar cortex [2,3] brain stem [4].

The frontal lobe of the brain is connected to the parietal, temporal and occipital lobes through 
white matter tracts which send and receive nerve impulses to various subcortical structure, 
deep gray matter nuclei and the spinal cord. Fronto-parietal network commonly subserve 
cognitive functions related to perception, memory, language and information processing. Chronic 
alcoholism is associated with cognitive deficits and impaired visual perception. Frontal and 
prefrontal regions of the brain are affected in alcoholics resulting in impaired executive functions 
and blunting of working memory. Understanding the mechanisms that affect the mental capability 
in chronic alcoholism will be a step forward in understanding the etio-pathogenesis of damage 
caused by excess alcohol intake. Hence a number of studies have focussed on understanding the 
changes brought about at macro and microscopic level in the brain due to both acute and chronic 
consumption of alcohol. Chronic alcohol consumption results in brain atrophy that is most 
profound in the frontal lobes [5-7]. Studies performed on chronic alcoholics have reported altered 
cerebral metabolism [8,9] and impaired metabolite ratios in both the gray and white matter of the 
cerebral hemisphere, cerebellum and brain stem [4,10,11,]. Visual processing functionality is seen 
to be impaired in chronic alcoholism but their verbal abilities are relatively preserved [12,13]. 
Visual cortex is thought to participate in perception of form and motion. Physiological studies 
have demonstrated that a number of visual functions such as visual acuity, contrast sensitivity 
and motion perception can be impaired by acute alcohol exposure [14]. Fama et al, Modi et al 
have shown that the impairment in visual processing seen in chronic alcoholics is due to impaired 
functioning of the visual cortex.

Many researchers have used Diffusion Tensor Imaging to study the integrity of the white 
matter in the brain of alcoholics since white matter damage is known to precede atrophy in chronic 
alcoholics. Pfefferbaum and Sullivan in 2002 have found that alcoholism affects the coherence of 
the microstructure of the white matter which results in deficits in attention and working memory 
of chronic alcoholics. Bagga et al performed a study on 35 detoxified alcoholics and 35 healthy 
controls using 3T MRI. Each subject underwent Proton MRS, DTI & fMRI evaluation of their 
cerebral hemispheres. [15,16]. The investigators correlated the DTI and 1HMRS findings with 
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the visual processing tasks of the Post graduate Institute Battery of Brain Dysfunction (PGIBBD) 
namely the Bender-Gestalt test, Nahor-Benson test and Koh’s block test. The study investigated 
the extent of white matter damage caused by chronic alcohol consumption on visual information 
processing tasks. On analysis of the results it was seen that there was an inverse correlation of 
Fractional Anisotropy (FA) values with the raw dysfunction scores of the visual information 
processing tasks in fibres connecting the Frontal and Occipital lobes namely the Inferior Fronto 
Occipital tract (IFO), Superior Longitudinal Faciulus (SLF) and the Superior Fronto Occipital 
(SFO). Mean Diffusivity (MD) values of these fibre tracts correlated directly with the raw 
dysfunction scores of the visual information processing tasks of the PGIBBD [15]. Thus it was 
clear that an alteration in the integrity of the white matter of the Fronto Occipital fascilculus on 
prolonged alcohol consumption could be responsible for impaired visual information processing 
in alcoholics who exhibit no neurological deficit.

The metabolite ratios of the alcoholic subjects were correlated with the dysfunction scores 
on all the three visual information processing tests [16]. Convention MRI did not show any 
morphological abnormality in the alcoholic subjects. The alcoholics performed poorly on the 
visual information processing tests as compared to the controls. Proton spectra obtained from 
the visual cortex showed an elevated Cho/Cr, mI/Cr and reduced NAA/Cr and Glu-Gln/Cr ratios. 
A significant inverse correlation between NAA/Cr and BG and NB tests as well as Glu-Gln/Cr and 
NB and BG tests were noted while a significant direct correlation between Cho/Cr and BG and NB 
tests were noted. No correlation was noted between mI/Cr and the dysfunction scores. A similar 
trend was noted with Koh’s block design but it did not reach statistical significance. No correlation 
between the metabolite ratios and dysfunction scores were noted in case of the control subjects. 

Prolonged alcohol consumption is associated with decreased brain energy metabolism [8,17]. 
Lower ATP levels are associated with high Choline levels [18]. Other authors who have also found 
raised Cho/Cr levels in chronic alcoholics [19,20] have suggested that a high Cho/Cr ratio in these 
subjects is most likely a reflection of increase in membrane turnover, as Cho peak is a potential 
biomarker of the status of membrane phospholipid metabolism. The positive correlation with 
Cho/Cr and the dysfunction scores on the visual information processing tasks indicates that the 
alcohol induced damage to the neuronal cell membranes of the Occipital cortex as well as reduced 
glucose metabolism was responsible for the poor performance by the subjects on the visual 
information processing tasks.

A reduced NAA/Cr is indicative of either neuronal loss or neuronal dysfunction and has also 
been noted by researchers in earlier studies [10,21,22]. A positive correlation of NAA/Cr with the 
dysfunction scores of the visual information processing tasks indicated that neuronal damage/
dysfunction in the occipital cortex, caused by chronic alcohol intake, was responsible for the poor 
performance of the alcoholic subjects. This study has brought out evidence of altered metabolite 
ratios in the occipital cortex and the corresponding dysfunction in the visual information 
processing tests in chronic alcoholics. This is suggestive of disordered metabolism of the occipital 
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lobe translating into impaired visual skills in chronic alcoholics. Such a theory is supported by 
fMRI study [23] wherein reduced activation of the occipital lobes was noted in alcoholic subjects 
when they were made to perform visuo-spatial and visual processing tasks.

Blumenfeld RS and Ranganathan C (2007) [24] reviewed and integrated findings from 
neuropsychology and neuroimaging studies dealing with the relationship between prefrontal 
cortex and long term memory encoding. They concluded that the dorsolateral and venterolateral 
regions of the Prefrontal Cortex (PFC) are responsible for encoding various processes that 
enhance or attenuate memory for certain events/ situations. Muscovitch (2006) [25] stated that 
the hippocampus played a vital role in re-living episodic or spatial memories irrespective of when 
such memories were formed. Nikos Markis et al (2008) performed morphometric analysis using 
Magnetic resonance Imaging on 21 abstinent chronic alcoholics. They found volume of the part 
of the brain subserving the reward network in chronic alcoholics was significantly reduced when 
compared to control subjects. Using DTI, Trivedi et al (2013) [26], studied ten abstinent alcoholics 
and ten control subjects. They reconstructed the major fibers of the brain using continuous fiber 
tracking and studied the following fiber tracts of the brain: Superior Longitudinal Fasciculus 
(SLF), Inferior Llongitudinal Fasciulus (ILF), Corticospinal Tracts (CST), Cingulum (CNG), 
Superior (SCP), Middle (MCP) and Inferior Cerebellar Peduncles (ICP), Fornix (FX), Arcuate 
Fasciulus (AF), Uncinate Fasciulus (UNC), Thalamic radiations [Anterior (ATR), Superior (STR) 
and Posterior (PTR) thalamic radiations] Inferior Fronto Occipital fasciulus (IFO). These fiber 
tracts were quantified using an in house JAVA based soft ware [27]. Student’s independent t test 
was used to compare the memory dysfunction score between alcoholics and control groups. 
The alcoholic subjects were found to have a significantly higher memory dysfunction score as 
compared to the control group.

FA was found to be significantly reduced in CC, FX, Right Anterior Fasciculus (RAF), Right 
Anterior Thalamic Radiation (RATR) and Right Inferior Longitudinal Fasciculus (RILF) in the 
chronic alcoholics. CNG, UNC and ILF which form part of the reward circuitary, showed an inverse 
correlation in chronic alcoholics with memory dysfunction scores. No such correlation was noted 
in the controls. Fractional Anisotrpy is universally accepted as a measure of the organisation of 
fiber tracts within the white matter. Factors which cause a reduction of FA are degradation of 
myelin sheaths and axonal membranes [28] or reduced density of axonal fibers or abnormalities 
of the myelin sheath with sparing of the axonal fibers [29]. The reduced FA in these white matter 
tracts is indicative of degradation of myelin sheaths or reduced density of axonal fibers [28,29]. 
Thus white matter damage due to chronic alcohol intake was responsible for memory decline in 
these subjects.

Significant increase in MD was noted in the FX and CC. At a cellular level, free diffusion of water 
molecules is restricted by the cell membranes. Increase in MD is indicative of higher microscopic 
diffusion of water which was noted in FX and CC in this study. This is suggestive of alcohol related 
brain damage causing cell death, loss of axons, dendrites or synapses, which would increase the 
diffusivity of water molecules. This is supported by the post mortem findings of demyelination 
[30,31], microtubule disruption and axonal deletion [32,33] in the alcoholic brain.	
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Activation in the inferior frontal and middle temporal gyrus on fMRI has been implicated in the 
processing of abstract concepts while concrete concepts are associated with greater activation in 
posterior cingulate, precuneus, fusiform gyrus and parahippocampal gyrus [34]. The language 
processing areas [35,36] rest in the parietal and temporal lobes. Atrophy of these areas have 
been reported in various neuroimaging studies [1,37,38]. Inspite of the atrophy of the language 
processing areas in chronic alcoholism, the language skills of these subjects is relatively preserved. 
To explore the preserved language skills in chronic alcoholics a lexico-semantic component of the 
language domain was used in a fMRI study by Bagga et al [39]. The study investigated the neural 
representation of semantic processing in alcohol dependent subjects. The subjects were given a 
semantic judgement task in which they had to judge whether the word presented to them was 
abstract or concrete. Thirteen words were presented during the activation phase and non words 
were given in the baseline in which the subjects had to judge whether the words were in upper 
case or lower case. The study showed that there was no significant difference in the accuracy 
of the response to the tasks assigned when the chronic alcoholics were compared to controls. 
However a significant difference was noted in the time to accomplish the task between the two 
groups with the alcoholic subjects taking a longer time. The increased time taken by the alcoholic 
subjects to complete the task could be interpreted as increased task demand for achieving the 
same level of accuracy as the controls. When compared to controls, the alcoholic subjects were 
seen to recruit additional brain areas namely the precuneus bilaterally, left angular gyrus and left 
postcentral gyrus, to complete the task. Thus recruitment of additional areas to complete tasks 
involving interpretation of word meanings and word categorization is suggestive of compensatory 
mechanisms being brought into play, to maintain accuracy, in lexico semantic judgement tasks in 
alcoholics. 

Abstract reasoning is known to get affected after years of heavy alcohol consumption [40]. 
The fronto-parietal region is actively involved in tasks like reasoning, attention and decision- 
making. In another fMRI study Bagga et al [41] looked at the neural recruitment pattern evoked 
by alcoholics to complete tasks requiring abstract reasoning. The subjects were trained to 
respond to an abstract reasoning task and after they were able to comprehend the nature of the 
reasoning task, they were subjected to the fMRI study. The alcoholics were able to accurately 
perform the abstract reasoning task but took longer than the controls for the same amount of 
accuracy. In both the alcoholics and the controls the frontoparietal region was activated in the 
abstract reasoning task. The alcoholics in addition, showed greater activation, when compared 
to controls, in the following regions: the Inferior Frontal Gyrus (IFG), Occipito Temporal Gyrus 
(OTG), Post Central Gyrus (PG) and Superior Parietal Lobule (SPL) in the right hemisphere. 
Earlier studies investigating abstract reasoning in alcoholics have also found activation of SPL and 
PG [42,43,44]. These areas are considered to be a part of a network that maintains reasoning [45]. 
The greater activation of the right SPL and right PG in chronic alcoholics as compared to controls 
could indicate the increased effort required by the compromised alcoholic brain in accurately 
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completing the abstract reasoning task. The IFG is the key area that supports reasoning and 
problem solving [42,43,46]. The greater activation of IFG in the alcoholic subjects is indicative 
of the difficulty faced by these subjects in processing information to solve the abstract reasoning 
problems. Recruitment of additional area of the IFG was required by these subjects to reach 
the same level of accuracy in solving the abstract reasoning problem. OTG is associated with 
spatial stimuli and visual perception [43]. Greater activation of OTG in the alcoholic subjects, is 
indicative of greater neuronal recruitment by the alcoholic brain to process a visual task. These 
findings indicate that the alcoholics are able to perform the same tasks as the control subjects, 
albeit with reduced ability. Pfefferbaum, et al (2001) [47] have tried to determine whether the 
alcoholics recruit the same brain regions or different brain regions as compared to controls 
for equal performance in working memory tasks. The results of the fMRI studies conducted by 
them led them to the conclusion that alcoholics recruited addition brain regions as compared to 
controls for equal performance of the working memory task. Hence the alcoholic brain undergoes 
functional reorganisation to accomplish the task accurately.

Spadoni et al (2005) [48] recruited 22 youths (aged 10 -18 yr) with a history of heavy prenatal 
alcohol exposure (ALC gp) and subjected them to a Spatial Working Memory (SWM) task. They 
studied the (Blood Oxygen level dependent) BOLD response of these youths in an fMRI study. 
They found that the youths with history of prenatal alcohol exposure did not differ in the accuracy 
of the response to the SWM task but their brain showed a greater BOLD response. They concluded 
that the neural connections of the ALC group subserving the SWM task were either working 
inefficiently or were recruiting additional areas as a compensatory mechanism for deficiency at 
the neural level.

	 Despite the metabolic and functional brain damage caused by chronic alcohol consumption 
some of it can be reversed on abstinence. Benzdus et al (2001) [11] performed a sequential MR 
study on recently detoxified alcoholics. They studied seventeen alcohol dependent subjects on 
days 1 through3 and days 36 through 39 of abstinence. They found reduced NAA/Cr in frontal 
lobes and cerebellum and reduced Cho/Cr in the cerebellum immediately on abstinence (days 1 
through 3). These ratios showed a significant increase on the examination performed on days 36 
through 39. The increased NAA/Cr correlated with improved performance on neuropsychological 
test. They also recorded a decrease in the enlarged CSF spaces on cessation of alcohol consumption. 
Bartsch et al (2007) [49] have shown that NAA loss caused by chronic alcohol intake gets reversed 
in the first few weeks of abstinence and this is accompanied by improved cognitive performance. 
In addition they have also documented a two per cent global brain volume gain on attaining 
soberity.

Thus chronic alcohol consumption for prolonged periods is bound to affect the functionality of 
the human brain. The prefrontal cortex that subserves higher cognitive functions gets impaired and 
these subjects show lack of inhibition, indulge in impulsive and risky behaviour, make decisions 
based on poor judgement are unable to plan or regulate their behaviour. Memory is impaired in 
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these subjects. The reward circuitary is affected as has been seen by DTI studies investigating 
the reward circuitary leading to compulsive drinking and finally addiction. Visual information 
processing is also affected in these individuals. The damage inflicted by alcohol results in atrophy 
of white mater tracts and sophisticated neuroimaging techniques can objectively identify 
the damage caused. The alcoholic brain recruits additional areas to complete tasks involving 
higher cognition such as abstract reasoning, memory, language skills etc. indicating functional 
reorganisation of the brain. 

Over the years, neuroimaging studies have brought out the various facets of brain damage 
caused by chronic alcohol consumption. These non invasive methods can be used to monitor 
the treatment and to gauge the success of newer methodologies to wean these individuals from 
alcohol intake. Utilising these techniques one can study reversal of metabolites, document extent 
of areas showing increased brain activation and make a note of markers of white matter damage 
(FA and MD) when chronic alcoholics are subjected to abstinence.
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