
Neurocognitive mapping of spatial working memory in Hyperthyroidism – an fMRI study 
 

M. Bhattacharya1, S. Khushu1, S. Modi1, T. Sekhri2, and R. P. Tripathi1 
1NMR Research Centre, Institute of Nuclear Medicine and Allied Sciences, Delhi, Delhi, India, 2Division of Health, Institute of Nuclear Medicine and Allied Sciences, 

Delhi, Delhi, India 
 

Introduction: Thyrotoxicosis or hyperthyroidism refers to the clinical syndrome of hypermetabolism that results when the serum concentrations of free thyroxine 
(FT4), free tri-iodothyronine (FT3) or both are increased. Acute hyperthyroidism results in poor performance on tests requiring complex visual discrimination, 
conceptualisation, mental flexibility or organisation [1-3]. Working memory and attention functions are probably supported by a system that is distributed throughout 
the brain, it is the prefrontal cortex which is particularly important in attention-demanding tasks. In this study, fMRI was carried out to assess the difference in patterns 
of activation, if any, in healthy subjects and hyper-thyroid patients for a spatial working memory task.  
 
Materials & Methods: Eight healthy and three frank hyperthyroid subjects (25-40 years) were chosen for the study. Thyrotoxicosis patients had FT3 and FT4 values of 
14.3pM/L and 31.7pM/L respectively and TSH <0.001 μIu/ml. The fMRI paradigm used, focused on spatial working memory and attention [5]. The task required 
participants to update the location of a red circle within a 2×2 matrix in accordance with a sequence of arrows. The location of the circle at the beginning of each trial 
was randomly chosen and the arrows indicated in which direction the circle should be mentally moved. Subjects reported the final location of the circle with the help of 
a feedback response device built in-house. fMRI was carried out using 1.5 Tesla whole-body MRI system (Magnetom Vision, Siemens, Germany) with a circularly 
polarized head coil. 33 oblique slices covering entire brain were acquired using gradient echo based interleaved EPI sequence with TE = 64ms and field of view = 230 x 
230mm2. Block paradigm (BABABABA….) with alternating phases of activation (A) and baseline (B) was chosen. 65 sequential image volumes were taken with an 
optimized inter-scan interval of 7.4 seconds. Pre-processing and post-processing were performed using SPM2 software. The height threshold was 5.34 with extent 
threshold value ‘k’ = 5 voxels. One-sample‘t’ test for group analysis within task was performed.  
 
Results & Discussion: Group analysis showed significant BOLD activations (FDR corrected, p<0.05) in the middle, superior and inferior frontal gyrus, precuneus, 
superior and inferior parietal lobules (SPL/IPL), middle and superior temporal gyrus and the middle and inferior occipital gyrus in controls. The activations in the frontal 
lobe, particularly the middle, inferior and superior frontal gyrus are related to shift in attention (active phase) compared to fixation (baseline) and decision making. 
Inferior and superior frontal gyri also play an important role in visuospatial memory encoding tasks. Activations in superior and inferior parietal lobules are attributed to 
spatial orientation processing and spatial encoding respectively. The activations in precuneus are attributed to the retrieval of the visual images and they play an 
important role in recall and judgment. Additional activations observed in the middle and inferior occipital gyrus can be attributed to the higher order processing of visual 
information. In any visuospatial task, vision is combined with somatosensory information to give a sense of the object’s location in space while memory functions in the 
temporal lobe allow for recognition of the visual perceptions. The processed sensory input finally makes its way to the frontal lobe where decisions are made regarding 
various stimuli.  
Reduced activation was observed in the hyperthyroid patients in prefrontal, parietal, temporal and occipital lobes (Figure 1, Table 1).  The diminished responsiveness of 
these areas in the patient group could account for their difficulties in task performance and their decreased ability to change focus of attention in a flexible and adaptive 
manner resulting in poor working memory. The hyperthyroid subjects additionally activated BA 10 which is attributed to memory retrieval and executive functioning 
(Figure 2). Hence, we infer that hyperthyroid patients need to recruit additional pathways to comprehend the same task as compared to controls. 
 
Conclusion:  The study suggests fronto-parietal interactions in tasks involving spatial memory and judgment. This interaction is impaired in subjects with acute thyroid 
disorders as compared to healthy controls.  
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Figure 2: Shows the activation pattern in BA 10 (a) healthy subject 
and (b) hyperthyroid patient. 
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Figure 1: Shows the significantly activated areas for spatial working 
memory and attention task in (a) healthy subjects after Group analysis     
(b) hyperthyroid subject. 

(a) (b) 

 Controls Hyperthyroid 
subjects 

FRONTAL 

BA 9 1223 14 

BA 6 1358 92 

BA 47 107 0 

BA 10 0 60 

OCCIPITAL 

BA 18/19 1292 382 

PARIETAL 

BA 7 2451 233 

TEMPORAL 

BA 37 915 7 

BA 38 206 17 

 

Table 1: Average cluster summary in controls and thyroid subjects 
 during spatial working memory and attention task. 
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