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Abstract

Schizophrenia is associated with impairment in a range of cognitive functions. Neuroimaging
studies have reported lower, but also higher, task-induced activation accompanying impaired
performance. Differences in task-load and the ability of people with schizophrenia (PSZ) to stay
engaged in the cognitive operations probed appear to underlie such discrepancies. Similarly, task-
induced deactivation of the default mode network (DMN) was weaker in PSZ relative to healthy
control subjects (HCS) in most studies, but some reported greater deactivation. An inability to stay
engaged in the cognitive operations could account for these discrepancies, too, as it would lead to
more time off-task and consequently less deactivation of DMN functions. The present study
employed a change detection paradigm with small to moderate set sizes (SSs) of 1, 2, and 4 items.
Task training prior to fMRI scanning abolished the group difference in no-response trials. Task-
positive regions of interest (ROIs) displayed greater activation with increasing SS in both groups.
PSZ showed greater activation relative to HCS at SSs 1 and 2. DMN ROls displayed greater
deactivation with increasing SS in PSZ, but not in HCS, and PSZ tended to hyperdeactivate DMN
regions at SS 4. No hypodeactivation was observed in PSZ. In conclusion, when minimizing
differences in task-engagement, PSZ tend to over-recruit task-positive regions during low-load
operations, and hyperdeactivate DMN functions at higher load, perhaps reflecting heightened non-
specific vigilance or effort when dealing with cognitive challenges. This speaks against an
inability to down-regulate task-independent thought processes as a primary mechanism underlying
cognitive impairment in schizophrenia.
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Introduction

Schizophrenia is associated with impairment in a range of cognitive functions (Fioravanti et
al., 2012; Schaefer et al., 2013). Accompanying activation differences in task-specific brain
areas have been studied extensively. Recently, the focus has widened to include task-related
deactivations. A relatively consistent set of brain regions has been shown to deactivate
during various external processing tasks relative to rest. These areas, termed the default
mode network (DMN) of resting brain function, are thought to subserve stimulus-
independent thought processes such as mind-wandering when the individual is not engaged
in external stimulus processing (Gusnard and Raichle, 2001; Buckner et al., 2008). Down-
regulation of DMN activity appears to be necessary for successful cognitive performance
(e.g. Daselaar et al., 2004; Weissman et al. 2006; Eichele et al., 2008).

Functional Magnetic Resonance Imaging (fMRI) studies of cognition reported less
pronounced task-induced DMN deactivation in people with schizophrenia (PSZ) than in
healthy control subjects (HCS; Pomarol-Clotet et al., 2008; Whitfield-Gabrieli et al., 2009;
Hasenkamp et al., 2011; Schneider et al., 2011; Salgado-Pineda et al., 2011; Nygard et al.,
2012; Dreher et al., 2012; Anticevic et al., 2013; Madre et al., 2013; Fryer et al. 2013;
Haatveit et al. 2016). Such findings led to suggestions that an inability to down-regulate
task-independent thought processes may contribute to cognitive impairment in PSZ. There
are, however, discrepant reports of DMN /Ayperdeactivation in PSZ (Harrison et al., 2007,
Hahn et al., 2016), with support also from a study employing constrained principle
component analysis (Metzak et al. 2012). These three studies have in common that
performance of PSZ displayed no clear impairment relative to HCS, whereas PSZ performed
significantly worse in most studies reporting hypodeactivation. Hahn et al. (2016) employed
extensive task practice prior to scanning, which eliminated the group difference in the
number of no-response trials and appeared to equate the time spent “off-task”. This suggests
that difficulty managing the cognitive operations and maintaining task engagement may have
contributed to findings of DMN hypodeactivation in other studies.

These considerations are reminiscent of the neuroimaging literature on working memory
(WM). While early studies overwhelmingly supported lower prefrontal cortex (PFC)
activation in PSZ, several subsequent studies reported equal or even greater activation
(Manoach, 2003; Ragland et al., 2007). This may reflect the inverted-U relationship between
WM load and PFC activation. Greater load increases activation, but when it exceeds an
individual’s capacity, activation decreases (Goldberg et al., 1998; Callicott et al., 1999).
Thus, when imposing task demands manageable for HCS but exceeding the capacity of PSZ,
PFC activation would be lower in PSZ. Indeed, across studies, larger performance deficits of
PSZ tend to be associated with greater hypofrontality (Van Snellenberg et al., 2006). In
contrast, greater activation can be observed in PSZ at lower WM loads, which are
manageable but more challenging to PSZ than to HCS (Manoach, 2003).

The present fMRI study compared WM load-dependent activation of typical task-positive
regions, and deactivation of the DMN, between PSZ and HCS. Load was varied as the
number of items maintained in a Change Detection Task (CDT). Reduced WM capacity in
PSZ has been shown in similar paradigms (Lee and Park, 2005; Gold et al., 2006); however,
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by keeping the set size (SS) modest and providing extensive practice prior to scanning, we
aimed at evoking at most minimally impaired performance and comparable task engagement
in PSZ and HCS. We hypothesized that, under these conditions, both activation of task-
positive and deactivation of DMN regions would be equal or greater in PSZ relative to HCS,
but not reduced.

Materials and Methods

2.1 Participants

Twenty-two medicated (detail in Supplement) outpatients meeting DSM-1V criteria for
schizophrenia (N=21) or schizoaffective disorder (N=1), and 20 HCS, all right-handed,
completed this study. Data from four HCS and one PSZ were excluded because they
appeared to be asleep during parts of the scan. Demographic information of the remaining
participants is summarized in Table 1. Groups did not differ in age, sex, ethnicity, or parental
education. PSZ tended to have fewer years of education (P<0.1) and scored lower on
neuropsychological tests of cognition. Because blood pressure can affect BOLD responses to
neuronal activation (Wang et al., 2006), we compared groups on systolic (P>0.6) and
diastolic blood pressure (P>0.3).

Participants provided informed consent for a protocol approved by the Institutional Review
Boards of the University of Maryland, Baltimore, and the National Institute on Drug Abuse
— Intramural Research Program.

2.2 Procedure

During an initial training session, participants received task instructions, performed the full-
length tasks on a PC, and completed neuropsychological testing. Training performance data
from one PSZ was lost due to recording errors. Scans were always performed on a separate
day to avoid exhaustion. Participants performed two tasks while undergoing fMRI: first a
stimulus detection task, reported elsewhere (Hahn et al., 2016), then the CDT described
below. An anatomical scan was obtained between tasks. The CDT was preceded by four
blocks of a visuomotor control task, not reported here.

2.3 The CDT

The design was first described by Luck and Vogel (1997). Participants viewed a 200-ms
encoding array of 1, 2, or 4 colored squares, circles, or triangles (each participant was
allocated one shape) against a black background (Figure 1A). After a 1100-ms blank-screen
delay, one of the shape stimuli reappeared for 2000 ms. The task was to make an index
finger response if the shape that had been presented at this location changed color, and a
middle finger response if the color stayed the same (50% probability). Trials were separated
by a 1000-ms intertrial interval. The larger a participant’s WM capacity, the more items are
encoded, and the greater the probability of a correct response. While ceiling effects are
likely at SS 1 and 2, SS 4 somewhat exceeds the capacity of most participants and thus is
sensitive to group differences in WM capacity. Dependent variables were accuracy,
reflecting the percentage of correct choices (chance being 50%), average reaction time over
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all responses, and no-response trials, reflecting the percentage of trials in which participants
failed to respond.

The task was presented in 26-s blocks of 6 trials each (3 change, 3 no-change). All trials
within a block were of the same SS (block design analysis). Eight scan runs (each 178 s, or
89 TRs) were separated by rest periods during which the scanner was turned off. Each run
contained one block of each SS, one 26-s rest block during which participants fixated a
central cross, and two blocks in which either one relevant and one irrelevant, or two relevant
and two irrelevant shapes were presented. These two conditions tapped specific hypotheses
about mechanisms of selective attention in PSZ and were modeled but not further analyzed
for the purposes of this study.

2.4 Magnetic resonance imaging

A 3 Tesla Siemens Tim Trio scanner (Erlangen, Germany) acquired whole-brain EPI images
for measuring T2*-weighted BOLD effects [4-mm oblique (30°) axial slices, 64x64 matrix,
FOV=22x22 cm, TR=2 s, TE=27 ms]. An axial T1-weighted image (MPRAGE) provided
anatomical reference (1-mm3 voxels, TR=1.9 s, TE=3.51 ms, FA=9°).

Data were processed using AFNI (Cox, 1996). Each volume was registered to a base
volume. For each subject, a composite motion index was calculated from the six motion
correction parameters (Yang et al., 2005). These scores did not differ between HCS and PSZ
[t(32)=1.66, P>0.1]. TRs with >0.5 mm displacement or >0.5° rotation relative to the
preceding TR were censored out of the time series. The number of censored TRs did not
differ between groups [t(35)=0.60, P>0.5]. The time series was analyzed by voxel-wise
multiple regression. Five 26-s boxcar regressors, corresponding to blocks with 1, 2, and 4
item trials, and to the two blocks involving distractors (see 2.3), were convolved with a
model hemodynamic response function. The six motion parameter curves were included as
regressors of no interest. All correlations between any of three regressors of interest and any
of the motion regressors were near zero (all Ps >0.9), and the groups did not differ in
average stimulus-correlated motion [t(35)=0.50, P>0.6]. For each subject, the voxel-wise
average amplitude of signal change produced by each of the three SSs relative to rest blocks
was determined. These maps were re-sampled to a 1-pL resolution, converted to a standard
coordinate system (Talairaque and Tournoux, 1988), and spatially blurred.

Second-level analyses: For visualization of SS-dependent activity within PSZ and
within HCS, a Gaussian 5-mm root mean square (RMS) isotropic kernel was adopted.
Whole-brain voxel-wise multiple linear regression was performed within each separate
group, with SS as the regressor of interest. Voxel-wise P<0.001 combined with a 438-uL
clustersize threshold yielded overall P<0.05 based on Monte Carlo simulations.

For direct statistical groups comparisons based on pre-defined regions of interest (ROIs), a
10-mm RMS kernel was applied to minimize the impact of morphological differences
between PSZ and HCS (e.g., Palaniyappan et al., 2012; Mueller et al., 2012) and reduce the
risk of group differences in regional activation resulting from comparing non-corresponding
anatomical areas. ROIs were defined by an independent study, to avoid bias through “double
dipping” (Kriegeskorte et al., 2009). Seven-mm-diameter spheres were centered on peak foci
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of the task-positive (16 ROIs) and DMN (13 ROIs) networks identified by Fox et al. (2005;
page 9676) based on spontaneous correlations and anticorrelations at rest. Thus, ROI
definition was not biased by specific task demands. Activity was averaged within each ROI.
Task-positive and DMN ROIls were analyzed by two separate three-factor ANOVASs (group x
SS x ROI).

3. Results

3.1 CDT performance

3.2 fMRI

Performance during fMRI (Figure 1B) was analyzed by two-factor ANOVA (group x SS).
Accuracy decreased with increasing SS [main effect of SS: F(2,70)=66.1; P<0.001], but did
not differ between PSZ and HCS [main effect of group: F(1,35)=0.69, P>0.4]. HCS tended
to outperform PSZ at SS 4, but the group x SS interaction was not significant [F(2,70)=1.30,
P=0.28]. Reaction time slowed with increasing SS [F(2,70)=94.3, P<0.001], and was slower
in PSZ relative to HCS [F(1,35)=4.61, P=0.039], but there was no interaction [F(2,70)=0.81,
P>0.4]. No-response trials displayed no main effects or interaction.

To test whether pretraining had contributed to equating performance between groups,
performance in the training session was analyzed and displayed the same patterns:
significant main effects of SS on both variables, and a trend toward a group x SS interaction
on accuracy [F(2,68)=2.89, P=0.063], with HCS outperforming PSZ at SS 4. However, PSZ
had more no-response trials than HCS during training [group main effect: F(1,34)=9.82,
P=0.004], but not in the subsequent MRI session [F(1,35)=0.02, P>0.8]. In a direct
comparison of effects between sessions by three-factor ANOVA (group x SS x session),
there was indeed a group x session interaction on no-response trials [F(1,34)=8.7, P=0.006].

Figure 2 visualizes linear effects of SS within each separate group. Significant clusters
identified within each group are listed in Supplementary Tables S1 and S2. Regions
displaying step-wise more activity with larger SS are represented by warm colors. These
regions were without exception task-positive. Regions displaying step-wise /ess activity with
larger SS are represented by cold colors. These clusters were all task-negative and converged
with typical DMN regions.

Figure 3 and Table 2 display the spherical ROIs used for statistical comparison of SS-
dependent activity between HCS and PSZ.

3.2.1 Task-positive ROIs: Consistent with Fox et al. (2005)’s classification, the average
activity within most ROIs was task-positive [t(36)>2.03, P<0.05], exceptions being left and
right superior occipital gyri and right insula, whose activity did not differ from zero. These
three ROIs were excluded from further analysis. The remaining 13 ROIs were analyzed by
three-factor ANOVA (group x SS x ROI). A main effect of SS [F(2,70)=14.8, P<0.001]
reflected greater activation with larger SS. The main effect of group narrowly failed
significance [F(1,35)=4.05, P=0.052]. Figure 3 illustrates that PSZ tended to recruit task-
positive regions more, especially at SS 1 and 2, resulting in smaller effects of SS relative to
HCS. Supplementary Figure S1, showing graphs for individual ROIs, suggests that this
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pattern originated in parietal and occipital, but not frontal ROIs. However, neither the group
x SS [F(2,70)=1.23, P=0.27] nor the group x SS x ROI interaction [F(24,840)=1.09, P>0.3]
was significant.

3.2.2 DMN ROls: Average activity across groups and SSs was confirmed to be task-
negative within each ROI [t(36)<-2.3, P<0.03] except the cerebellar tonsils whose activity
did not differ from zero. The retrosplenial ROI (BA 29 and 30) displayed large and
extremely variable negative values, probably due to its location at the intersection of the
Vein of Galen and internal sagittal sinus. The cerebellar and retrosplenial ROIs were
excluded from further analysis. The remaining 11 ROIs were analyzed by three-factor
ANOVA. There was a significant group x SS interaction [F(2,70)=3.21, P<0.05], which was
followed by one-factor ANOVA within each group. As shown in Figure 3, PSZ displayed
step-wise greater deactivation with larger SS, supported by a main effect of SS
[F(2,40)=6.73, P=0.003]. HCS showed no SS-dependent modulation [F(2,30)=0.18, P>0.8].
There was no group x SS x ROI interaction [P>0.5].

Graphs for individual ROIs are shown in Supplementary Figure S2. The apparent outlier
status of activity patterns in inferior temporal ROIs prompted exploratory analyses of
individual ROIs (see Supplement).

3.3 Correlations

We tested whether recruitment of task-positive ROIs at SS 1 (at which PSZ displayed greater
activation as compared with HCS) was associated with cognitive performance, psychiatric
symptoms, or antipsychotic medication in PSZ. There were no significant Pearson
correlations with BPRS, SANS, or LOFS total scores, chlorpromazine equivalents
(Andreasen et al., 2010), or CDT accuracy at SS 4 (as proxy for WM capacity). However,
over-recruitment correlated with slower RT at SS 1 (R=0.56, P=0.009) and SS 4 (R=0.61,
P=0.004), and with lower MATRICS Consensus Cognitive Battery (MCCB) composite
scores (R=-0.51, P=0.017).

No significant correlations were identified between DMN hyperdeactivation at SS 4 and
accuracy or RT at SS 4, MCCB composite scores, BPRS, SANS, LOFS, or chlorpromazine
equivalents.

4. Discussion

Our aim was to compare WM load-dependent activation of task-positive regions and
deactivation of the DMN between PSZ and HCS while minimizing group differences in task
engagement. No-response trials were more frequent in PSZ in the initial training session, but
no longer in the MRI session, suggesting that pre-training remediated group differences in
task engagement that otherwise would have influenced the fMRI results.

As expected, frontoparietal task-positive ROIs displayed increasing activation with greater
WM load. A trend suggested greater activation in PSZ, especially at smaller SSs, consistent
with findings of increased frontoparietal activation in other WM paradigms at lower load
(Manoach et al., 1999; Callicott et al., 2000; 2003; Karch et al., 2009; Ettinger et al., 2011).
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This supports a leftward shift of the load-dependent inverted U-shaped activation curve in
schizophrenia (Manoach, 2003). The present study only probed its putative ascending arm,
at which task load was clearly manageable for both groups, but was probably more resource-
consuming for PSZ due to cognitive impairment associated with the disorder. The latter was
supported by significant correlations between over-engagement of task-positive ROIs at low
load and impaired performance on several cognitive indices.

Considering the above studies reporting PFC over-recruitment in PSZ at manageable load, it
was perhaps surprising that the middle frontal ROIs displayed little SS-dependent activation
and no over-recruitment in PSZ. Results by Callicott et al. (2003) suggested significant
heterogeneity between prefrontal areas with regard to load-dependent recruitment in PSZ
relative to HCS. The present study probed limited PFC regions; the middle frontal ROls may
not have represented the generally more dorsal locations displaying over-recruitment in
these previous studies. However, other studies of WM, controlling for task engagement by
limiting analyses to epochs of correct performance, similarly found no difference in load-
dependent dorsolateral PFC recruitment between PSZ and HCS (Johnson et al. 2006; Walter
et al. 2007; Eryilmaz et al., 2016).

In task-negative DMN ROIs, both groups displayed robust task-induced deactivation of the
DMN; however, only PSZ displayed increasing deactivation with greater WM load. In HCS,
deactivation did not differ between SSs. While numerous studies reported load-dependent
DMN deactivation in healthy participants (e.g., Kim et al., 2009; Ceco et al., 2015; Piccoli et
al., 2015), those employing visual CDT paradigms similar to ours, with brief stimulus
encoding periods, did not observe effects of SS in typical DMN regions (Todd and Marois,
2004; 2005; Ambrose et al., 2016). The color CDT is by and large not conducive to active
rehearsal and is only minimally affected by performance of a secondary attention-
demanding task in the retention period as long as the stimulus modality differs (Woodman et
al., 2001; Woodman and Luck, 2001). Thus, the CDT may vary the number of items stored
in WM without significantly varying the engagement of attentional or executive control
resources. The SS-dependent DMN deactivation seen in PSZ, then, may reflect an increasing
engagement of non-specific vigilance or effort in an attempt to accommodate the increasing
WM storage challenges. Given the absence of correlations, this did not appear to benefit task
performance or cognitive ability; therefore, it may not be an adaptive strategy.

DMN deactivation in PSZ was never lower than in HCS, consistent with our hypothesis that
when minimizing differences in task-engagement by making task-demands manageable, the
ability to down-regulate DMN functions is unimpaired in PSZ. This speaks against an
inability to down-regulate task-independent thought processes as a primary mechanism
causative of cognitive impairment in schizophrenia. Task-induced DMN deactivation even
tended to be greater in PSZ relative to HCS, especially at the largest SS. Given that greater
processing demands are associated with greater DMN deactivation (McKiernan et al., 2003,
2006; Pallesen et al., 2009; Hayden et al., 2010), this phenomenon may reflect more
effortful processing in PSZ. A previous study employing a stimulus detection paradigm of
low difficulty with task pre-training (Hahn et al., 2016) reported DMN hyperdeactivation in
PSZ in response to cue-induced attentional focusing, not accompanied by over-recruitment
of task-positive regions. This prompted the suggestion that DMN hyperdeactivation reflected
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greater non-specific effort. In the present study, a trend towards hyperdeactivation was seen
at higher load, again in the absence of group differences in task-positive ROl engagement.
This adds to the notion that exaggerated down-regulation of DMN function in PSZ may
constitute an independent mechanism of attempting to deal with challenging (but not
unmanageable) task demands.

The use of a block-design did not allow dissociating activity related to WM encoding and
maintenance vs. retrieval and decision-related processes. Future studies will aim at
expanding the present findings by employing an event-related design and larger sample.
Future studies will also test a wider range of SSs that includes WM load conditions that far
exceed participants’ capacity and may result in task-engagement “breaking off”. This will
enable conclusions about modulation of task-positive regions on the descending arm of the
putative load - activation dose-response curve, and may help reconcile reports of DMN
hypodeactivation in schizophrenia with the hyperdeactivation found by our group. We expect
hypodeactivation exclusively at supra-capacity SSs, accompanied by significant performance
deficits in PSZ relative to HCS.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: Task display and performance
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(A) Screen shot of a change detection task encoding array with SS 4. (B) Average (xSEM)
accuracy and reaction time in people with schizophrenia (PSZ) and healthy control subjects

(HCS).
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Figure 2: Within-group effects

Brain regions responding to working memory load in healthy control subjects (HCS) and in
participants with schizophrenia (PSZ). Regions displaying increased BOLD signal with
larger SS are drawn in warm colors. Region displaying decreased signal with larger SS are
drawn in cold colors. Group activation maps are overlaid onto anatomical scans in Talairach
space, averaged separately over all 16 HCS, and over all 21 PSZ.
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Figure 3: ROI-based group comparison

7-mm diameter spheres centered on peak foci of the task-positive (red) and default mode
(blue) networks identified by Fox et al. (2005), overlaid onto the average of all 37
anatomical scans in Talairach space. The numbering corresponds to ROIs in Table 2. The
graphs display average (xSEM) BOLD activity over task-positive and over default mode
network ROIs in healthy controls subjects (HCS) and people with schizophrenia (PSZ) for

each SS. *P<0.05 in independent-samples t-test.
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Table 1
PSZ (N=21) HCS (N=16) Statistic
P-value
Age 36.2+11.0 36.5+14.5 t(35)=.06
(range 20-53) | (range 19-53) | P=0.95
Male: Female 13:8 11:5 x?=0.19
P=0.67
Afr Am : Cauc : Other 6:14:1 4:11:1 X2=0-°9
P=0.96
Education (years) 128+27 141+1.7 t(35)=1.76
P=0.088
Parental Education (yrs) a 131£30 143+20 528)1271'40
Estimated 1Q bf 104.1£13.2 1156+£7.3 ::(250)88512
cf 37.9+131 53.2+6.2 t(35)=4.30
MccB P<0.001
WRAT 4 daf 97.8+14.8 110.3+13.0 gig)(:)gm
e 101.0+18.7 111.6 +9.7 t(35)=2.06
WTAR P<0.05
Smokers: Non-smokers 6:15 2:14 x%=1.38
P>0.2
FTND of current smokers f 3524 35+28 tp(%:g'm
Systolic blood pressure (mm Hg) g | 125.2+£12.0 122.9+159 ggg);OAQ
Diastolic blood pressure (mm Hg) g|762+76 738x98 ;(38);0.87

aAverage over maternal and paternal education

bBased on vocabulary and matrix reasoning subscales of the Wechsler Abbreviated Scale of Intelligence (Wechsler, 1999)
cComposite score on the MATRICS Consensus Cognitive Battery (Nuechterlein and Green 2006)

dWide Range Achievement Test (Wilkinson and Robertson, 2006)

6,Wechsler Test of Adult Reading (Wechsler, 2001)

fFagerstrom Test for Nicotine Dependence (Heatherton et al., 1991)

gtaken during screening
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ROIs representing 7-mm-diameter spheres centered on peak foci of the task-positive and task-negative/default
mode networks identified by Fox et al. (2005)

Region Side | Center of Mass (mm)
LR | PA | IS
Task-positive
1 Superior parietal lobule, intraparietal sulcus L -23 -66 46
2 Superior parietal lobule, intraparietal sulcus R 25 -58 52
3 Inferior parietal lobule, intraparietal sulcus L -42 -44 49
4 Inferior parietal lobule, intraparietal sulcus R 47 =37 52
5 Superior occipital gyrus, cuneus L -26 -80 26
6 Superior occipital gyrus, cuneus R 35 -81 29
7 Superior precentral gyrus (frontal eye field) L =24 -12 61
8 Superior precentral gyrus (frontal eye field) R 28 -7 54
9 Inferior precentral gyrus L -54 0 35
10 | Medial frontal gyrus (supplementary motor area) | L/R -2 1 51
11 | Middle frontal gyrus L -40 39 26
12 | Middle frontal gyrus R 38 41 22
13 | Middle occipital gyrus L -47 -69 -3
14 | Middle occipital gyrus R 54 -63 -8
15 | Insula L -45 5 8
16 | Insula R 45 4 14
Task-negative/ default mode networ k
1 Posterior cingulate gyrus L/R -2 -36 37
2 Retrosplenial cortex L/R 3 -51 8
3 Angular gyrus L -47 -67 36
4 Angular gyrus R 53 -67 36
5 Rostral anterior cingulate gyrus L/R -3 39 -2
6 Medial prefrontal gyrus L/R 1 54 21
7 Superior frontal gyrus L -14 38 52
8 Superior frontal gyrus R 17 37 52
9 Middle & inferior temporal gyrus L -61 -33 -15
10 | Middle & inferior temporal gyrus R 65 =17 -15
11 | Parahippocampal gyrus L =22 -26 -16
12 | Parahippocampal gyrus R 25 -26 -14
13 | Cerebellar tonsils L/R 7 -52 -44
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