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Abstract  
 
Patients suffering from auditory verbal hallucinations (AVHs) may utilize unique coping strategies in 
order to reduce distraction caused  by the perception of internal speech. Behavioral strategies may 
include externalizing speech through self-talk. This paper examines the benefits of a multimodality 
brain to behavior approach applied  to the outpatient psychiatric assessment of a 55-year-old  Caucasian 
female presenting with auditory verbal hallucinations and  challenges in attention, concentration, and  
emotional regulation, who employed  self-talk as a coping strategy to focus her attention.  
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1. INTRODUCTION  
 
Convergent quantitative EEG (LORETA), quantitative SPECT, and  neuropsychological data 
are presented  in order to highlight the need  for objective, ind ividualized  assessment and  
treatment of patients with complex clinical presentations. The comprehensive assessment 
revealed  several aberrant find ings, which help to explain the patient’s presenting symptoms. 
Treatment considerations are also presented .  
 
 
2. CASE REPORT 
 
The patient is a 55-year-old , right-handed  Caucasian female, who presented  for outpatient 
evaluation with the primary complaints of aud itory verbal hallucinations (AVHs) and  
d ifficulty with attention, concentration, and  emotional regulation, all of which had  been 
chronic issues for the past 15 years. At the time of neuropsychological assessment , she 
reported  she could  hear her “other personalities talking to each other inside [her] head .”  

The patient reported  problems with reduced  productivity at several jobs in recent years 
due to memory gaps, d ifficulty telling time, and  a lack of attention an d  concentration. She 
was unemployed  at the time of evaluation. Her primary healthcare physician had  previously 
d iagnosed  the patient w ith Attention Deficit/ Hyperactivity Disorder accord ing to the DSM -
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IV-TR (American Psychiatric Association, 2000). At the p resent evaluation, her working 
d iagnosis was Dissociative Identity Disorder assigned  by her previous therapist. She was 
referred  for a neuropsychological evaluation accompanied  by neuroimaging. The patient 
gave written, informed consent for involvement in both therapy and  research.  

The patient denied  any history of traumatic brain injury or seizures. She has a history of 
sexual and  physical abuse that began at the age of 4 and  continued  throughout her adu lt 
years. She reported  a long history of emotional dysregulation. The patient exp lained  that, 
prior to 2008, she engaged  in self-cutting up to three times per week and  was preoccupied  
with rejection and  abandonment by others. She denied  current self-harm.  

Between the ages of 15 and  26, the patient used  a variety of illicit substances  includ ing 
alcohol, amphetamines, barbiturates, cannabis, cocaine, hallucinogens, and  opiates. The 
patient had  completed  more than 15 years of formal education at the time of evaluation, 
throughout which she attained  variable grades ranging from A’s to F’s  reported ly due to 
problems with attend ance and  inconsistent levels of motivation.  

On the d ay of evaluation, the patient reported  her fasting blood  sugar was 90 mg/ d l. She 
listed  the use of the following medications: Cinnamon (500mg q.d .), Vyvanse (60 mg q.d .), 
Omega 3 supplements (900mg BID), Vitamin D Drops (q.d .), and  Centrum Silver Vitamin 
(q.d .). The patient denied  any illicit d rug use at the time of evaluation.  

 
 

3. BRAIN IMAGING METHODS 
 

Localization of neurological activity was measured  with neuroimaging techniques includ ing 
quantitative Electroencephalography (qEEG) with Low Resolu tion Brain Electromagnetic 
Tomography (LORETA) and  quantitative Single Photon Emission Computerized  Tomo -
graphy (qSPECT). The patient completed  a qEEG, followed one month  later by qSPECT and  
finally a neurobehavioral evaluation three months after her qEEG. 

EEG was recorded  in the alert resting state with eyes closed . Digital EEG was acquired  
from 19 cephalic electrodes applied  based  on the International 10/ 20 System. Silve r silver-
chloride electrodes were used . Four non-cephalic electrodes were applied  to monitor EKG as 
well as eye movements. The ear lobes had  active lead s. Linked  ears reference was computed  
from the active leads and  used  in subsequent analyses. The electrode imped ance was < 5 
kOhms and  was checked  throughout the record ing. The acquisition -sampling rate was at 500 
Hz and  the filter settings were at 0.015 and  70.   

During the EEG record ing, the patient was seated  in a comfortable chair in a qu iet room 
with an ambient temperature of about 23°C. The data analysis of qEEG was performed using 
NeuroGuide V2.1.1 EEG software.  

qEEG objectively measures electrical activity of the brain and  statistically compares this 
activity to a normative sample based  on age, gender, and  handed ness (Thatcher et al., 2003). 
The point of maximal activity is then localized  with low resolution brain electromagnetic 
tomography (LORETA) to identify more precise areas of activation within 3-D MRI space. 
Find ings were considered  significant at the level of ± 2.0 stand ard  deviations. NeuroGuide’s 
normative database set the comparison from which we evaluated  normality.  

The brain SPECT study was performed  during a baseline period  whereby the patient was 
injected  with a 26.1 mCi dose of technectium-99m-HMPAO (Amersham International) 
without complication. Again the patient was seated  in comfortable chair in a quiet room with 
an ambient temperature of about 23°C d uring the SPECT stud y. SPECT imaging data 
acquisition occurred  approximately 90-minutes after the injection of the HMPAO ligand  (see 
Goforth et al., 2004). SPECT data acquisition was performed using a rotating gamma camera 
system equipped  with ultra high-resolu tion fan beam collimators. 

A visual inspection of unprocessed  SPECT images was done by board  certified  nuclear 
medicine physician. Using the HERMES processing system (Nuclear Diagnostics, Hagerstad , 
Sweden), images were spatially and  intensity normalized . Region of interest based  template 
was used  for statistical evaluation of the intensity measures using HERMES BRASSTM based 
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methods (Nuclear Diagnostics, Stockholm, Sweden). Statistical maps were generated  based  
on the comparison of the SPECT data between the patient and  the normal controls developed  
by HERMES. The abnormality threshold  was set to a 2.5 mm with a stand ard  deviation of 3.5. 

 
 
4. NEUROBEHAVIORAL METHODS 

 
Neuropsychological functioning was assessed  with the Repeatable Battery for the 
Assessment of Neuropsychological Status (RBANS), Integrated  Visual and  Auditory 
Continuous Performance Task (IVA+Plus), Cambrid ge Neuropsychological Test Automated  
Battery (CANTAB), and  Trail Making Test A and  B (TMT). All neurobehavioral measures 
were conducted  on the same day. The patient was tested  in a quiet room. 

RBANS is a brief objective measure of broad  neuropsychological functioning with norms 
based  on age. This test contains 10 subtests that comprise five index scores and  a total scale 
score. These index measures include immediate and  delayed  memory, visuospatial-
constructional skills, language, and  attention. RBANS provides an overall summary of broad  
neuropsychological functioning. Its effectiveness has been well documented  as a cognitive 
screening tool for many psychological d isorders (Dickerson et al., 2004).  

IVA+Plus is a computerized  continuous performance task that measures visual and  
aud itory attention and  response control (Kane & Whiston, 2001). The test contains a 
normative group d ivided  by age and  gender. This test also ind icates the presence of fine 
motor hyperactivity and  highlights preferences for visual or aud itory information encoding. 
Previous stud ies have suggested  that patients with schizophrenia demonstrate better visual 
over aud itory performance (Baerwald , Tyron, & Sandford , 2001). 

CANTAB is a comprehensive, non-verbal computerized  cognitive test battery measuring 
six general indexes: Induction, Visual Memory, Executive Function, Attention, Semantic-
Verbal Memory, Decision Making and  Response Control. The ind ividual CANTAB tests are 
presented  on a computer-controlled  touch-screen monitor and  are designed  to assess specific 
brain regions, yield ing a z-score normed  by age and  gender. Induction tests were used  prior 
to the ad ministration of function-specific tests to control for abilities in comprehension and  
reaction time. The tests in the present battery assessed  executive functioning and  visual 
memory. One of these tests, the Stockings of Cambridge (SOC), measures executive 
functioning and  is essentially a computerized  version of the Tower of London Test. The 
patient is shown a d isp lay containing three d ifferent colored  balls and  is asked  to make 
his/ her arrangement match the computer generated  d isplay in the fewest number of moves 
possible. For an overview of the other specific tests used  in the current batter y (Big Little 
Circle, Spatial Span, In tra/ Extrad im ensional Set Shift, and  Paired  Associates Learning), see 
Sweeney, Kmiec, and  Kupfer (2000). For a detailed  description of CANTAB tests, see 
Lawrence and  Sahakian (1996) and  Robbins et al. (1994). 

The Trail-Making Test (TMT) is a brief measure of prefrontal lobe functioning involving 
such abilities as following brief instructions, sustaining attention, shifting cognitive sets, 
problem solving and  planning (Reitan & Wolfson, 1986; Lezak, 1995). Trails A  requires 
mental processing speed , visual scanning, and  sustained  attention. Trails B requires the 
simultaneous alteration of attention between two response sets. Scoring for these tasks are 
recorded  accord ing to the time participants take to complete them. Higher times ind icate 
greater impairment in neuropsychological functioning. 

 
 

5. RESULTS 
 

5.1. Imaging findings 
 
Imaging resu lts revealed  notable convergent find ings. A statistical comparison of the SPECT 
data between the patient and  normal controls identified  perfusion excess in the patient’s left 
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lateral temporal lobe (Figure 1A). The quantitative analysis of background  EEG activity 
demonstrated  statistically significant corresponding excess activity in alpha -2 frequency (11 
Hz, z = 2.36) and  a deficit of slow activity in theta frequency (5 Hz, z = -2.45).  
 

 
 
Figure 1A. Left Temporal Lobe Excess 
 

R   L                            L R 
           
Statistical SPECT Excess Perfusion                LORETA Excess in Alpha 2 (11hz)  
 
Figure 1B. Right Dorsal Lateral Frontal Deficit 
 

R      L 
 
Statistical SPECT Perfusion Deficit  
 
Figure 1C. Right Temporal Lobe Deficits 
 

R           L                        L     R 
      
Statistical SPECT Perfusion Deficit                        LORETA Deficit in Theta (6hz)  
 

Figure 1. Statistically significant findings in SPECT and LORETA.  
Note: (A) Left: Perfusion excess in left lateral temporal lobe; Right: Excess alpha-2 frequency in 
superior temporal gyrus at 11 Hz, z = 2.36, BA 38. (B) Perfusion deficit in right posterior dorsal 
frontal cortex. (C) Left: Perfusion deficit in right lateral temporal lobe; Right: Deficit in  theta 
frequency in right inferior temporal gyrus at 6 Hz, z = -2.53, BA 20.  

 
Through LORETA, we localized  the source of aberrant activity of excess beta to the 

superior temporal gyrus (Brodmann area 38; Figure 1A) and  deficit in theta to the left inferior 
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temporal gyrus (Brod mann area 20). In SPECT find ings alone, add itional areas of stat istical 
significance include hypoperfusion in the right posterior dorsal frontal cortex (Figure 1B). 
EEG d id  not have correlate find ings to this area of d eficit. SPECT also revealed  a deficit in 
perfusion in the right lateral temporal lobe, overlapping with EEG deficit in theta (6 Hz, z = -
2.53). This deficit was localized  in LORETA to the right inferior temporal gyrus, Brodmann 
area 20 (Figure 1C). 

 
 

5.2. Neurobehavioral findings 
 

The patient’s performance on the IVA+Plus revealed  extreme deficits in aud itory attention 
(See Table 1). The patient obtained  a Sustained  Auditory Attention Quotient of 34 points, 
which is a large d iscrepancy compared  to her Sustained  Visual Attention Quotient of 104 
points. This d iscrepancy highlights the patient’s p reference for visual processing and  
encoding over aud itory processing. These aud itory deficits are likely due to the patient’s 
reported  aud itory verbal hallucinations (AVH). 
 
 
Table 1. IVA+Plus data with performance descriptors. 
 

INDEX SCORE 
Sustained Auditory Attention 34 

Extreme Deficit  
Sustained Visual Attention 104 

Average 
 

Note. IVA+Plus has a mean of 100 and  a SD of 15. 
 
 
Table 2. CANTAB data with performance descriptors. The results are ind icated  in z -scores. 
 
CANTAB Test  

Category  
CANTAB Test  Performed  Standard 

Score 
Performance Description  
Below 
Average 

Average Above 
Average 

EXECUTIVE 
FUN CTION , 
WORKIN G 
MEMORY, AN D  
PLAN N IN G 
TEST 

Stockings of Cambridge 
(SOC) 

Mean Initial 
Thinking 
Time (5 
moves) 
-2.11  

X      

Mean 
Subsequent 
Thinking 
Time (5 
Moves) 
1.19 

  X 

Problems 
Solved  in 
Minimum 
Moves 
1.09 

  X 
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In terms of executive functioning, working memory, planning, and  visual memory as 
measured  by CANTAB, the patient was functioning in the average to above average range 
(Figure 6). On the Stocking of Cambridge subtest, the patient took extra time to aud ibly  
verbally plan each move and  d iscuss her strategy before engaging in the task.  

This process proved  effective for the patient in regard s to problem solving; however, self -
talk negatively affected  her processing speed  and  resulted  in a lower score. (See Tab le 2). 
Additionally, the patient continued  to aud ibly verbalize her answers to herself throughout 
the assessment process. All other neuropsychological test results were within normal limits.  

 
 

6. DISCUSSION  
 

The results of the patient’s neuroimaging and  neuropsychological tests verified  underlying 
biological constructs that play a key role in her symptomatology. Convergent deficits in 
SPECT and  EEG revealed  focal abnormalities in the left temporal lobe. Such focal 
abnormalities found  across mod alities imp licate the importance of left temporal lobe 
involvement in the patient’s clinical presentation. These results are supported  by previous 
imaging stud ies of AVHs. Additionally, aberrant activity in the patient’s right dorsolateral 
prefrontal area as identified  by SPECT implicate this region in the patient’s d ifficulties with 
attention and  concentration. 

 
 

6.1. Auditory Verbal Hallucinations 
 

Auditory hallucinations are correlated  with increased  activity in aud itory -processing 
networks (Ford  et al., 2009; van den Ven et al., 2005; Lennox et al., 2000; McGuire, Silberweig, 
& Frith, 1996; Tiijhonen et al., 1992). Previous SPECT stud ies of AVHs focus on patients 
d iagnosed  within the schizophrenia d isorder spectrum. However, Mauri et al. (2008) 
reported  hyperperfusion in the left temporal cortex in patients with AVHs who, similarly to 
our patient, do not have add itional symptoms of schizophrenia. In add ition, Bentaleb et al. 
(2002) demonstrated  find ings of a woman with continuous AVHs that stopped  when she 
listened  to external speech. Bentaleb et al. (2002) reported  elevated  metabolic activity in the 
left primary auditory cortex in the absence this external speech. Although neuroimaging of 
our patient while talking is unavailable, she d id  demonstrate increased  perfus ion to aud itory 
processing areas in the left hemisphere during rest and  she used  self-talk throughout 
neuropsychological testing as a method  to improve concentration. 

Previous EEG to stud ies of AVHs have ind icated  similar patterns of focal activity. Ishii 
and  colleagues (2000) identified  a strong association between activity of the superior 
temporal gyrus and  hallucinations. Spencer et al. (2009) suggest that hallucinations are 
related  to cortical hyperexcitability, and  similarly to SPECT stud ies, point to language-related  
areas of the left hemisphere. Supporting previous stud ies, our patient d emonstrated  
convergent focal abnormalities in EEG and  SPECT localized  to the left temporal gyrus, 
demonstrating a deficit in theta frequencies (5 Hz) and  excess in alp ha-2 (11 Hz) as well as 
significantly increased  perfusion in the left lateral temporal lobe.  

Results of the patient’s neurobehavioral assessment support the results in the literature 
regard ing auditory performance. Significant find ings were identified  with in IVA whereby 
the patient demonstrated  extreme deficits in aud itory attention, while neuropsychological 
find ings of attention and  concentration were within normal limits. This d iscrepancy 
highlights the patient’s d ifficulty with encoding verbal information, likely due to her 
reported  AVHs. The multimodal neuroimaging results confirm the patient’s d isrupted  
auditory networks. Results in qSPECT ind icated  perfusion abnormalities in the left lateral 
temporal lobe and  overlapping EEG excess beta in the superior  temporal gyrus. Thus, the 
neuroimaging abnormalities support the localization of the patient’s clinical aud itory 
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abnormalities, highlighting the sensitivity of neuroimaging tools to specific clinical 
presentation. 

 
 

6.2. Attention and Concentration 
 

Many areas of our patient’s aberrant brain activity that relate to aud itory hallucinations are 
also involved  in attentional processes. Amen and  Carmichael (1997) identified  decreased  
perfusion in the prefrontal cortex both at rest and  during cognitive tasks, w i th an increase in 
left temporal lobe activity. Kim et al. (2002), using statistical parametric mapping, reported  
decreased  blood  flow in the right prefrontal and  right middle temporal cortices in 40 child ren 
with ADHD. In a SPECT study of impulsivity-related  personality d isord ers such as 
Borderline Personality Disorder and  Antisocial Personality Disorder, Goethals et al. (2005) 
reported  similar areas of d ecreased  rCBF in the right prefrontal cortex as well as the right 
lateral temporal cortex, suggesting th at these areas are relating to the impulsive component 
of certain impulsive-personality d isorders. Impulsivity, a central characteristic of ADHD, 
may also overlap with the patient’s behaviors of inattention and  lack of concentration. Thus, 
while the neuropsychological assessment failed  to fully verify reported  symptoms, 
neuroimaging results valid ate the patient’s reported  d ifficulties with attentional d ifficulties 
that, prior to treatment, had  caused  significant occupational impairment.  

 
 

6.3. Limitations 
 

While our patient was assessed  across mod alities to aid  in d iagnosis and  treatment, our study 
would  be more powerful if SPECT and  EEG were performed simultaneously and  
immed iately following a neurobehavioral assessment. Instead , the patient had  SPECT 
approximately one month after an EEG test and  approximately two months before 
neuropsychological testing (Poprawksi et al., 2007). Because of the span of time between each 
assessment, SPECT, EEG, and  neuropsychological data may be under -representative of 
convergent patterns of activation. Areas of activity may have changed  based  on temporary 
states. Also, the database for z-score estimation in qEEG and  qSPECT are d ifferent, limiting 
the statistical correlation between the two measures. 

Another weakness of this study is that the patient was taking several medications at the 
time of brain imaging, which could  also alter both imaging and  neuropsychological results.  
Additionally, it would  be beneficial to have our patient perform a task, such as TMT, during 
SPECT in order to see if normalization of perfusion would  occur in the aud itory processing 
areas in the left hemisphere in the presence of external speech. Finally, while case stud ies can 
be useful examples, the generalizability of our results is limited .  

 
 

7. CONCLUSION  
 

In summary, w ith a multimod al approach to d iagnosis and  treatment, clinicians can identify 
the involvement of d ifferent brain networks allowing more specific designs to therapeutic 
intervention. Such an approach is likely to reduce costs and  dura tion of symptoms and  
treatment. qEEG as a modality is widely available, transportable, inexpensive, and  non -
invasive, and  it is based  on a normative sample (Thatcher et al., 2003). This mod ality also has 
confirmed  cross-cu ltural specificity and  replicability (Hughes & John, 1999; Conged o & 
Lubar, 2003). SPECT, although more costly, can provide information about brain perfusion to 
correlate with electrical activity and  further the accuracy of localization and  severity of 
abnormality. By correlating these mod alities with neuropsychological testing d ata, clinicians 
can assess d irect behavioral ou tputs based  on brain patterns and  utilize clinical judgment to 
focus on areas most in need  of intervention. 
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Our patient presented  with a complex psychiatric history and  had  been in treatment for 
several years prior to these neuropsychological and  neuroimaging stud ies. Without objective 
assessment measures, previous mental health professionals had  attempted  to treat her using 
talk therapy. This approach is inherently problematic for our patient because of her impaired  
ability to process aud itory information. Objective neuroimaging and  neuropsychological 
measures, however, revealed  that the patient’s attentional networks and  language -processing 
networks showed aberrant activation patterns, explaining why she d id  not benefit from 
listening to a therap ist. After these stud ies, the patient’s treatment providers altered  
approaches to therapy and  medication, incorporating neuroimaging and  neuropsychological 
test data to optimize the patient’s strengths in treatment. An objective brain -to-behavior 
approach allowed  the patient to engage in treatment modalities specific to her strengths, 
lead ing to demonstrable improvement over the course of her most recent interventions.  
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