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NEURAL RESPONSE TO A VISUAL WORKING MEMORY FMRI TASK IN ADOLESCENTS WITH COMORBID ALCOHOL USE DISORDER AND CONDUCT DISORDER

Valerie Cestone Barlett

With: AD Schweinsburg, B. Nagel, LC Caldwell, C. Pulido, MP Paulus, SF Tapert

   Alcohol use disorders (AUD) and conduct disorder (CD) are often comorbid in adolescence. While teens with both AUD and CD show deficits on measures of executive functioning, visuospatial, and attention skills, the combined effects of these disorders on neural activity remain unclear. The current investigation used functional magnetic resonance imaging (fMRI) to explore the neural correlates of visual working memory in comorbid AUD and CD. 

   Participants were 15 to 17-year-old right-handed boys, including 9 teens with comorbid AUD and CD (AUD+CD), 9 teens with AUD alone (AUD-only), and 12 non-using controls (NC). Participants had no history of psychiatric disorders, head trauma, or neurological illness. All groups were similar on age, family history of AUD, socioeconomic status, and estimated premorbid intellect. Both AUD groups were similar on drinking and drug use characteristics. Blood oxygen level dependent (BOLD) response was measured during a visual working memory task that contrasted high and low working memory loads.       

    AUD+CD performed more accurately on the high-load condition compared to AUD-only (p<.05), but no other task or neuropsychological test differences were found. Despite similar performance levels, several group differences in BOLD response were detected. Results indicate the least amount of activation in the NC group and most activation in the AUD+CD group during this task. Teens with AUD-only had greater activation than NC in bilateral frontal, left posterior cingulate, and right cerebellar regions. AUD+CD teens showed more activation than NC youths in right precuneus, left occipital, and cerebellar areas. AUD+CD adolescents also showed greater response than those with AUD-only in frontal, superior parietal, and occipital regions. 

   These preliminary results suggest that adolescent boys with AUD showed more working memory brain response than non-using peers, perhaps indicating neural compensation to perform adequately. Further, boys with AUD+CD showed more activation than boys with AUD-only, perhaps representing additional compensation among AUD+CD youths. These data suggest that boys with AUD and CD may have neural vulnerabilities beyond those seen in boys with AUD alone, and both groups may exhibit increased neural effort during adolescence to achieve similar performance outcomes. 

Sponsored by NIAAA Grants R21AA12519 and R01AA13419

Poster # 5

NEURAL RESPONSE TO WORKING MEMORY IN MALE AND FEMALE TEENS 

WITH ALCOHOL USE DISORDERS

Lisa C. Caldwell

With: AD Schweinsburg, B Nagel, VC Barlett, SF Tapert

   Studies of adult alcoholics suggest impaired working memory and executive functioning, and that adult female alcoholics may be more susceptible to alcohol’s neurotoxic effects.  Given that alcohol use has been shown to negatively influence cognitive functioning as early as adolescence, this study seeks to determine how gender and alcohol use differentially affect teens’ performance and neural response to a visual working memory (VWM) task.

   The study sample consisted of 39 adolescents ranging in age from 14-17 years.  Alcohol use disordered (AUD) teens (7 female, 12 male) met criteria for alcohol use or dependence.  Control teens (8 female, 12 male) had no history of alcohol or drug problems and were comparable to AUD teens on age, socio-economic status, and premorbid IQ.  After a minimum 72 hours’ abstinence, functional magnetic resonance imaging (fMRI), neuropsychological, alcohol/drug involvement, and mood data were collected.  FMRI evaluated brain response to a VWM task that contrasted low- and high-load memory conditions.

   The teens did not differ in task accuracy, though teens with AUD responded more quickly than controls.  Males showed greater activation than females in frontal, temporal, and occipital gyri, and right limbic areas.  Teens with AUD had greater activation than controls in bilateral frontal, cerebellar, and left occipital areas.  Analyses of interaction effects indicated that male teens with AUD had greater activation than females with AUD and than control males in left medial frontal, angular, and anterior cingulate gyri, and the right insula.  Female controls and females with AUD did not demonstrate significantly different response.  

   These results indicate that male and female teens with AUD demonstrate different patterns of fMRI response during a fast-paced VWM task.  Given that males and females mature at different rates, these differences in neural response patterns may be explained by different stages of neuromaturation.  The increased activation in male teens with AUD may also indicate that they are working harder than nonusing peers to achieve the same level of behavioral performance.  Contrary to findings in adults, female teens with AUD did not demonstrate the same neural compensation during this task, suggesting that mid-adolescent males may be more susceptible to alcohol-related functional decrements on pattern recognition working memory tasks.

Sponsored by NIAAA grants R21 AA12519 and R01 AA13419.
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INTOXICATION EFFECTS ON FMRI STUDIES OF SIMULATED DRIVING: 
ICA REVEALS DISRUPTION IN SYNCHRONOUS NETWORKS

Vince D. Calhoun

With:  GD Pearlson



Driving while intoxicated is a major public health problem. We investigated impaired driving using a simulated driving skill game "Need for Speed II" that presents an "in-car" view of a road and a readout of speed in MPH. We explored behavioral alterations from baseline task performance at two blood alcohol concentrations (BAC's), as well as assessing brain activation during the task using functional MRI (fMRI). From NFS- II we derived 7 highly reliable quantitative driving measures.


The ten participants were screened, with driver’s licenses and good driving records. Each subject received an individualized dose of beverage alcohol individualized to gender and body mass index were calculated using a published algorithm and administered in a single-blind standardized fashion, designed to produce a blood alcohol contents (BAC's) of 0.05 and 0.08, and placebo. BAC's were determined immediately before and after a simulation or on-road testing session, using a hand-held meter. Subjects were scanned on a 1.5T Philips MRI scanner with the NFS-II paradigm. Subjects first trained to asymptote on the game in a mock fMRI scanner. The functional protocol consisted of two 10 minute EPI scans (FOV=24, TR=1s, TE=39ms, thickness=5mm, slices=18). Analysis was performed using spatial group independent component analysis (ICA) to isolate sets of systematically non-overlapping "networks". The ICA analysis enabled visualization of distinct sets of task-related locations and their time courses.



At the lower BAC (mean 0.041), subjects tended to crash more often, to weave more and to slow down (sec. < 100 mph). At the higher BAC (mean 0.096), subjects drove faster, drove less at lower speeds and collided more with other cars. There were thus significant opposite effects at low vs high BAC's. We showed reliability and validity of the simulated driving ratings by means of repeated trials of the same subject at different times showing very similar impairment. Consistent with this phenomenon, driving performance showed a similar wide range of performance deterioration. Imaging results demonstrated six separate networks of brain regions with different time courses. Dose-dependent changes were revealed in temporally synchronous networks localized to orbitofrontal and visual regions, visual association regions were affected similarly by both doses, and motor and medial frontal regions were unaffected. EtOH thus demonstrated unique disruptive effects on timing within one or more circuits.

Poster # 7

A METHOD TO ASSESS SPEED OF HEMODYNAMIC RESPONSE IN ALCOHOLISM

Judith M. Ford

With:  MB Johnson, DH Mathalon

While there are several reports of reduced amplitude of the hemodynamic response function (HRF) in alcoholics (Pfefferbaum et al., 2001), there are no reports of delayed HRFs.  Recently, Henson et al (Neuroimage 2002, 15:83-97) proposed a new method for testing small latency differences (<2 sec) in HRFs.  Using functional magnetic resonance imaging (fMRI) methods, we can now ask whether hemodynamic responses in alcoholics would show a delay similar to that seen in the cognitive components of event-related brain potentials (ERPs) (Pfefferbaum et al. 1987).  We have recently applied this method to the study of schizophrenia and suggest that it can also be applied to the study of alcoholism.  We present our methods and results from a study of schizophrenia.

 In separate sessions, ERP and fMRI data were collected while 12 patients with DSM-IV schizophrenia and 12 healthy controls performed a visual oddball task. Stimuli were infrequent target Ks and frequent Xs, presented every 1-3 sec pseudorandomly, with 7-24 sec between Ks. The general linear model in SPM99 yielded parameter estimates for the HRF and its temporal derivative (TD).  Beta images reflecting HRF amplitude to target stimuli were minimally thresholded (p<.10), and latencies were estimated for surviving voxels usingTD and HRF beta values.  

 Patients had a larger proportion of voxels with late HRFs than controls. A sub-analysis of subjects with sufficient data (both early and late HRFs in each region of interest compared to the idealized HRF) revealed that the HRFs from  thalamus, left and right temporal lobes, visual-parietal cortex, anterior cingulate cortex were all about ~250 msec later in patients than controls. 

   The hemodynamic delay is greater than, but consistent with, the neural delay often observed in cognitive ERPs in schizophrenic patients.  We believe this is the first report of a delay in the hemodynamic response in schizophrenia and may yield important information about slowing in alcoholism.

 This work was supported by NIH grants (MH40052, MH58262), NARSAD, and VAHCS.

Poster # 8

ALCOHOL VERSUS MARINOL INTOXICATION EFFECTS ON VISUAL PERCEPTION: 

AN fMRI STUDY

Nicole R. Giuliani

With:  VD Calhoun, GD Pearlson

   Previous studies have shown that alcohol and marijuana cause disruptions in the higher-order neural circuitry involved in visual processing, but it remains unclear whether these impairments are similar or drug-specific.  The purpose of this study was to examine the effects of alcohol (EtOH) and oral Marinol (synthetic THC, a main ingredient in marijuana) on the neural correlates of an event-related visual perception task using functional magnetic resonance imaging (fMRI).  The Motor-Free Visual Perceptual Test, Revised (MVPT-R) measures overall visual perceptual processing ability by incorporating different cognitive elements, including visual discrimination, spatial relationships and mental rotation.  We predicted that EtOH and Marinol intoxication would impair performance on the MVPT-R as compared to a sober control condition.  Additionally, we hypothesized that activation in frontal regions would be affected by both drugs, whereas Marinol would also modulate cerebellar activity.  Twenty subjects were scanned (6 women) on a Philips 1.5T MRI scanner, 10 before and after EtOH administration (targeting a BAC of 0.1%), and 10 before and after ingestion of 10mg of Marinol.  Functional scans were acquired over 18 slices obtained consistently over a three minute period for a total of 180 scans.  fMRI data analysis was performed using the software program SPM2, and blood alcohol and THC levels were measured for each participant pre- and post-scan.  EtOH decreased activation amplitude in visual, cingulate and some frontal areas, and increased activation was observed in the insula, DLPFC, and precentral regions.  In further analyses, we will examine the effect of Marinol on fMRI activation and the differential effects of alcohol and Marinol.  This study is relevant to the future investigation of the higher-order visual neural circuitry recruited while driving a motor vehicle, an activity impaired by both alcohol and marijuana intoxication.

Sponsored by NIH.

Poster # 9

VISUAL ATTENTION AND FUNCTIONAL NEUROIMAGING

Karyn M. Groth

With: K Celone, VD Calhoun, G Pearlson

   Driving a motor vehicle is a complex behavior that entails integrating a number of diverse cognitive elements for successful performance.  As such, it is difficult to isolate neural changes that may be associated with specific aspects of impaired driving.  The Useful Field of View (UFOV) test is a two-part visual attention task testing form discrimination (UFOV1) or form discrimination plus a simultaneous, independent spatial localization task (UFOV2).  The UFOV test was designed to be a predictor of driving ability that also enables elements of visual processing to be examined.  The purpose of this study was to identify the neural networks associated with successful performance of the UFOV test using an event-related fMRI paradigm.  We assessed 15 healthy volunteers on a Philips NT 1.5-T scanner.  We acquired functional scans over 18 slices consisting of a single-shot, echo-planar scan (TR = 1 s, TE = 39 ms, field of view 24 cm. matrix 64 x 64, slice thickness 5 mm, gap 0.5 mm) obtained consistently over a 3 min period for a total of 180 scans.  Images were analyzed with SPM99 and data from each participant was entered into a general linear model “fixed-effect” group analysis framework.  UFOV1 showed significant activations in the fusiform gyrus and visual association areas while UFOV2 showed similar visual association activation patterns as well as prefrontal and posterior parietal activations.  Subtraction analysis revealed significantly more active prefrontal and posterior parietal areas during the dual than the single task, implicating these regions in the processing of divided attention and/or increased task difficulty and spatial localization.  These findings are consistent with previous research on attention and visual processing and provide a foundation for investigating neural processes that may be related to impaired driving performance, such as alcohol intoxication or age-related degeneration.  Analysis of dose-dependent alcohol effects during the UFOV test will also be discussed. 

Sponsored by NIH.

Poster # 10

MESOLIMBIC RESPONSE TO ALCOHOL OLFACTORY CUES IN HIGH RISK DRINKERS

David A. Kareken

With: E.D. Claus, M. Sabri, M. Dzemidzic, A.E.K. Kosobud, A.J. Radnovich, D. Hector, V.A. Ramchandani, S.J. O’Connor, M. Lowe, T-K Li

The mesocorticolimbic dopamine system is implicated in motivation and reward, and may be involved in the development of alcoholism.  We used functional magnetic resonance imaging (fMRI) to study the blood oxygen-level dependent (BOLD) response to alcohol-related olfactory stimuli (AROS; odors of beer and whiskey) and non-alcohol related olfactory stimuli (NAROS; odors of grass and leather) in 10 high-risk (HR) drinkers (average drinks per week= 19.99, SD=6.99; all with ≥ 2 first- or second-degree alcoholic relatives) and 5 low-risk (LR) social drinking controls (drinks per week=2.82, SD=2.87; one subject with one second degree alcoholic relative).   Data were analyzed with SPM99 and random effects analysis by employing regions of interest and corrected cluster statistics (p< .05) to focus on the nucleus accumbens (NAc) and ventral tegmental area (VTA).

 In HR subjects, there was a greater BOLD signal increase in the NAc during AROS than during clean air.  BOLD signal increases during AROS were also greater in this region than those induced by NAROS.  AROS signal was significantly greater than NAROS signal in a small number of voxels in the VTA.  Finally, the AROS > NAROS difference signal was larger in HR drinkers in both the NAc and VTA.  

Alcoholic olfactory cues appear to invoke the dopaminergic mesocorticolimbic system to a greater degree than non-alcoholic cues, and may be effective tools in exploring the role of the dopamine system in susceptibility to alcoholism.  

Supported by P50 AA07611-13- P42

Poster # 11

DRINKING CHARACTERISTICS CORRELATE WITH BOLD RESPONSE 

DURING A VISUAL WORKING MEMORY TASK

Carmen Pulido

With: AD Schweinsburg, VC Barlett, LC Caldwell, MP Paulus, B Nagel, SA Brown, SF Tapert

Neuropsychological studies have linked specific drinking patterns to degree of functional impairment among youths with alcohol use disorders (AUD). Recent functional magnetic resonance imaging (fMRI) studies have shown altered brain activation in youths with AUD. However, it is unclear how drinking patterns and characteristics may affect blood oxygen level dependent (BOLD) response changes among youths. This study uses fMRI to understand the relationship between personal drinking characteristics and BOLD response during a visual working memory (VWM) task.

   Participants were 15-17 year-olds from both genders recruited from local high schools, including 15 teens with AUD and 18 demographically similar controls. Exclusionary criteria were left-handedness and history of head trauma, neurological illness, or psychiatric disorders. Participants performed a VWM task during fMRI acquisition. In regions where there were significant group differences in brain response, we performed regression analyses to examine the relationship between self-reported drinking characteristics and BOLD activation. 

Groups performed similarly on the VWM task, and demographic characteristics were not associated with BOLD signal change. AUD teens showed more BOLD response than controls in two regions (left superior/medial frontal gyri/anterior cingulate and left cerebellar tuber/tonsil) and less response in two other regions (right inferior frontal gyrus and left inferior frontal gyrus) as compared to controls. More alcohol withdrawal symptoms in the past 3 months predicted increased response in left superior/medial frontal gyri/anterior cingulate. Similarly, more experiences getting drunk and having passed out predicted greater BOLD response in the left cerebellar tuber/tonsil. In contrast, self-reported low level of response to alcohol related to less brain activation in the right inferior frontal gyrus, and number of alcohol abuse/dependence symptoms predicted less BOLD response in the left inferior frontal gyrus.

These results suggest that teens with AUD show abnormal BOLD response relative to controls during a visual working memory task, which may be associated with subtle neural reorganization. Further, withdrawal experiences, drinking to drunkenness, passing out, low level of response to alcohol, and number of alcohol abuse/dependence symptoms related to abnormal brain response, particularly in frontal and cerebellar regions among adolescents.

Sponsored by NIAAA grants AA12519 and AA13419 to Susan Tapert.

Poster # 12

fMRI RESPONSE DIFFERENCES BETWEEN ADOLESCENTS AND ADULTS 

WITH ALCOHOL USE DISORDERS.

Alecia Schweinsburg

With:  BC Schweinsburg, SA Brown, GG Brown, I Grant, & SF Tapert

Neuroimaging studies have revealed structural and functional abnormalities among adult alcoholics. However, it remains unclear whether chronic alcohol consumption differentially affects cognition in youths and adults. We predicted that youths and adults with alcohol use disorders (AUD) would differ on functional magnetic resonance imaging (fMRI) response during a spatial working memory task compared to controls.

   Participants were 23 teens with AUD (mean age 16.9), 13 teenage controls (mean age 16.5), 22 adults with AUD (mean age 46.8) who were recently detoxified from alcohol, and 7 adult controls (mean age 46.7). All participants were male, and clinical groups were comparable to controls on age, ethnicity, and estimated premorbid intellect. Exclusion criteria included loss of consciousness >10 min, medical or neurological illness, and use of psychotropic medication. Participants performed a spatial working memory task during fMRI acquisition.

   No group differences in task accuracy were observed. In frontal and parietal cortices, teenagers showed less response than adults, and the AUD groups demonstrated more activation than controls. Further, alcohol use group and age interacted to predict fMRI response in prefrontal and posterior brain regions. In general, both AUD adults and teens showed more activation than their controls; however, the magnitude of response increase was greater in AUD adults. 

   Both teens and adults with AUD showed increased activation compared to controls during a spatial working memory task, suggesting neural compensation for alcohol-related damage. Moreover, AUD adults showed greater response changes than AUD youths, indicating age-related differences in functional compensation that could be associated with stage of brain development or extent of lifetime drinking. Despite relatively short drinking histories, AUD teenagers demonstrate subtle functional disruption, and activation patterns in AUD adults indicate that further abnormalities may develop in youths who continue drinking heavily.

Supported by NIAAA R21 AA12519 and R01 AA13419 (S.F. Tapert) and VA Merit Review Grant SA-325 (I. Grant)
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Emotional Valence of Alcohol Associated Stimuli and Cue-Induced BOLD Activation

Michael N. Smolka
With: S. Klein, D. Hermann, H.Flor, K. Mann, DF. Braus, J. Wrase, A. Heinz

 
Alcohol-associated cues act as conditioned stimuli and can elicit craving, peripheral physiologic reactions and activation of the reward system and other cortical and subcortical brain structures. Cue reactivity is varying in intensity and emotional valence. Alcohol-associated cues can provoke more or less appetitive or aversive reactions. 

 
In 22 recently detoxified alcoholics emotional response to alcohol-associated visual stimuli was assessed with the affect-modulated eye blink startle reflex. For each subject standardized scores for emotional valence of alcohol-associated stimuli were computed from the startle responses. Another set of alcohol-associated visual stimuli was presented in a blocked design during fMRI. Regression analyses between the valence scores and BOLD responses were performed with SPM99 on a voxel by voxel basis.

 
Regression analyses revealed that the BOLD response in the caudate was increased in patients reacting more appetitive compared to patients exhibiting a more aversive reaction to the cues (left: r = .59, p = .0019; right: r = .60; p = .0015). BOLD responses in none of the brain areas were inversely related to the emotional valence of alcohol-associated cues. 

 
These data indicate that in alcohol-dependent patients activation of the caudate nucleus is predominantly related to the appetitive evaluation of alcohol-related cues. 

Sponsored by the BMBF (01EB0110) and DFG (He 2597/4-2)

Poster # 14

Relapse and gender specific activation in the striatum in 

alcohol dependent patients

Jana Wrase

With: S Klein, D Hermann, SM Gruesser, H Flor, K Mann, DF Braus, A Heinz
Animal experiments have provided evidence that the striatum plays a predominant role in the acquisition and maintenance of drug seeking behavior due to its function in motivational processing and motor behavior. Recent studies have highlighted gender-differences in central processing of emotional stimuli. We therefore assessed gender differences and compared prospectively patients who relapsed in the follow up period with patients who stayed abstinent in respect to concerning the central processing of alcohol associated stimuli.

We assessed the BOLD-response elicited by alcohol-associated pictures compared to control stimuli in 40 currently abstinent alcohol-dependent patients and in 40 age- and gender-matched healthy control subjects. We used a block paradigm. After discharge from the 3-week-inpatient-detoxification-program patients were followed for 6 month and alcohol intake was recorded.

Alcoholics showed a stronger BOLD-response to alcohol-associated cues in the bilateral striatum compared to healthy controls. Comparing subsequent relapsers with abstainers, relapsers exhibited a stronger BOLD-response in the bilateral putamen. This finding indicates that the overall differences between alcohol-dependent and control subjects may be due to increased cue-induced striatal activation in subsequent relapsers. Patients with a strong striatal drug-induced BOLD-response could be therefore more prone to relapse.

Concerning sex differences alcohol-dependent women demonstrated stronger brain activation in the right nucleus caudatus to alcohol cues compared to control subjects and compared to alcohol dependent men. Male alcoholics on the other hand displayed bilateral activation of the striatum. These gender specific lateralization differences may affect the assessment of group difference between alcoholics and control subjects. We therefore recommend considering gender differences when analyzing central processing of drug-associated cues.

The Deutsche Forschungsgemeinschaft (He 2597/4-1) supported this study.

























