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Abstract
Background—Alcoholism can disrupt neural synchrony between nodes of intrinsic functional
networks that are maximally active when resting relative to engaging in a task, the default mode
network (DMN) pattern. Untested, however, are whether the DMN in alcoholics can rebound
normally from the relatively depressed task-state to the active resting-state and whether local
perfusion deficits could disrupt network synchrony when switching from conditions of rest to task
to rest, thereby indicating a physiological mechanism of neural network adaptation capability.

Methods—Whole-brain, 3D pulsed-continuous arterial spin labeling (PCASL) provided
measurements of regional cerebral blood flow (rCBF) in 12 alcoholics and 12 controls under three
conditions: pre-task rest, spatial working-memory task, post-task rest.

Results—With practice, alcoholics and controls achieved similar task accuracy and reaction
times. Both groups exhibited a high-low-high pattern of perfusion levels in DMN regions during
the rest-task-rest runs and the opposite pattern in posterior and cerebellar regions known to be
associated with spatial working memory. Alcoholics showed selective differences from controls in
the rest-task-rest CBF pattern in the anterior precuneus and CBF level in the insula, a hub of the
salience network. Connectivity analysis identified activation synchrony from an insula seed to
salience nodes (parietal, medial frontal, anterior cingulate cortices) in controls only.

Conclusions—We propose that attenuated insular CBF is a mechanism underlying
compromised connectivity among salience network nodes. This local perfusion deficit in
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alcoholics has the potential to impair ability to switch from cognitive states of interoceptive
cravings to cognitive control for curbing internal urges.
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Introduction
Early neuroimaging studies on the effect of chronic alcoholism on brain function based on
single photon emission computed tomography (SPECT) provided initial understanding of
cerebral perfusion effects of alcohol dependence and change with sobriety. During alcohol
withdrawal, regional cerebral blood flow (rCBF) relative to controls was abnormally low
throughout the cortex, but particularly in frontal (1–4), temporal (3, 5–7), and cerebellar (8–
10) regions, even without evidence of structural abnormalities (11). Recovery can
accompany prolonged sobriety (1, 3). Studies using positron emission tomography (PET)
with fluorodeoxyglucose (FDG) have yielded analogous results to those with SPECT, where
sober alcoholics showed deficits in regional glucose metabolism early in abstinence and at
least partial recovery with sustained abstinence (12–14). Even with sustained abstinence,
low glucose metabolism persisted in frontal cortex (15, 16) and limbic sites (17) in
uncomplicated alcoholism, extending to the anterior vermis in cases of alcoholic cerebellar
degeneration with ataxia (18). To the extent that the functional magnetic resonance imaging
(fMRI) blood oxygenation level-dependent (BOLD) response is "dependent" on
cerebrovascular perfusion, chronic alcoholism has the potential of disturbing neural
functions and their measurement by virtue of regional cerebrovascular insufficiencies.
Moreover, regional differences in perfusion may also underlie differences in patterns of
neural connectivity.

Current concepts of regional neural network activity differentiate activation in response to a
task from fluctuating activity while in wakeful rest (19). The latter is considered a
manifestation of intrinsic functional networks (e.g., 20, 21, 22), the most notable being the
"default mode network (DMN)" (23). Identification of intrinsic functional networks relies on
detecting synchronous activity among constellations of brain regions, commonly under task-
free, resting conditions. Constellations identified while in a resting state are considered to be
intrinsically related, concurrently engaged, and functionally relevant for monitoring
interoceptive status and possibly for readying attentional systems to respond to changes in
the environment (24–29). Determination of intrinsic networks has been accomplished using
functional imaging modalities that reflect regional neuronal activity through their sensitivity
to local changes in blood oxygenation, detected with the fMRI BOLD response (26), or in
glucose metabolism, detected with FDG PET (30–32). Given that these physiological
measures and the selective neural functions they reflect depend on local cerebral perfusion,
disease-related disturbance of perfusion may itself affect selective brain functions and
influence measurement.

Arterial spin labeling (ASL) perfusion imaging is a noninvasive, magnetic resonance (MR)
method for measuring CBF (33) that has close similarities with CBF measurement using O15

PET (30, 31) and Tc-99m-HMPAO SPECT (10). ASL image resolution enables
quantification of rCBF and registration with high-resolution structural MR images for
localization and determination of tissue type and quality underlying perfusion (cf., 34, 35).
An advantage of ASL over other noninvasive perfusion imaging methods is that it yields an
absolute measure and is stable and reliable over time (e.g., 30, 36, 37–42), thereby
enhancing the utility of ASL in tracking changes in brain activation as regions respond to
tasks or absence of tasks without the need for depending on a differential response (43–46).
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These features make ASL especially useful for identifying intrinsic functional networks in a
resting state and for independently measuring the change in regional brain activity from
resting when later engaged in selective cognitive tasks (cf., 34, 41).

Previously, we used whole-brain, pulsed continuous ASL (PCASL) imaging (47) with high-
resolution, parcellated structural MRI to quantify changes in rCBF during performance of a
cognitive task involving spatial working memory and during rest blocks before and after the
task (34). The rCBF levels in nodes of the DMN fluctuated with the blocks of rest-task-rest,
with higher rCBF levels in posterior cingulate, posterior-inferior precuneus, and medial
frontal cortices in the two rest conditions and lower levels in the task condition. The return
to the high-activation, resting state perfusion indicated consistency in the measure and
robustness of DMN activation to an intervening cognitive task resulting in temporarily lower
perfusion in DMN nodes while engaged in the task. A connectivity analysis, with an a priori
seed in the posterior cingulate cortex, produced deactivation connectivity patterns consistent
with the DMN and activation connectivity anatomically consistent with engagement in
visuospatial tasks. The degree to which low perfusion can account for compromised regional
connectivity in alcoholics (48–54) has not been investigated.

Herein, we examined abstinent alcohol dependents and low-drinking controls with PCASL
measurements of rCBF under rest and task conditions. We predicted that regions in the
DMN would have higher CBF during rest than task conditions and thus be differentiated
from task-activated regions. We also asked whether alcoholism would modify these patterns
and questioned whether DMN-related activation could return to pre-task levels in alcoholics
(cf., 34). Also considered was the role of other abuse/dependence on observed alcoholism
effects because of the high incidence of cocaine comorbidity in this sample. Finally, we
examined whether local perfusion deficits would disrupt synchrony between nodes of
intrinsic functional networks when switching from rest to task and back to rest conditions.

Methods
Participants

The groups comprised 12 men because they met DSM-IV (55) criteria for alcohol
dependence and 12 control men matched in age (mean of each group=46 years, range=38–
54 years) and handedness (56); the alcoholics had, on average, fewer years of education
(Table 1 and Supplement 1). Alcoholics were recruited per protocol (57) by referral from
local outpatient alcohol and addiction treatment centers and flyers distributed at community
events. Controls were newly recruited for this study by referral from patient participants,
Internet posting, flyers, and word of mouth. Calibrated clinical psychologists and research
nurses administered the Structured Clinical Interview for DSM-IV (55) to identify
individuals who met criteria for alcohol dependence or abuse; exclude those who met
lifetime criteria for schizophrenia or bipolar disorder; and confirm that prospective controls
did not meet DSM-IV criteria for any Axis I disorder. Quantity of lifetime alcohol
consumption and date of last drink were obtained by interview (58–60). All but one
alcoholic had refrained from drinking for at least 31 days; the exception had not drunk for 1
day, showed no withdrawal signs, and had a breathalyzer measurement of 0. Of the 12
alcoholics, eight also met criteria for a lifetime history of Cocaine Dependence (median
sobriety = 347 weeks); two had an additional lifetime diagnosis of Opioid Dependence; one
had past history of Amphetamine Dependence. No control was ever a cigarette smoker; 9
alcoholics were current or past smokers. (Supplement 1 provides additional participant data.)
All subjects gave written informed consent for study participation. Internal Review Boards
of Stanford University School of Medicine and SRI International gave approval to conduct
this study.

Sullivan et al. Page 3

Biol Psychiatry. Author manuscript; available in PMC 2014 October 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



MR Imaging Acquisition
Data were collected in a single session on a General Electric (Waukesha, WI) 3T Signa
Excite human whole-body system, equipped with a receive-only 8-channel array head coil
and body transmit coil. All participants were required to refrain from smoking and drinking
caffeinated beverages for at least 2 hours prior to imaging. Three runs of a whole-brain
PCASL 3D perfusion sequence (PCASL) (47, 61) permitted quantification of rCBF during
rest, a spatial working memory task (62), and a second rest run in this order. Subjects had
eyes open in all three conditions (6:49min per condition). Structural MRI data were used for
anatomical localization of perfusion. In addition to a 3-plane localizer and calibration series
for the multi-channel head coil, the protocols included a T1-weighted Spoiled Gradient
Recalled (SPGR) sequence and a dual-echo, fast spin-echo (FSE) sequence.

MR Image and Perfusion Analysis
Analysis details are presented in Supplement 1. For each subject and each condition, PCASL
CBF data were aligned via a rigid-body registration (http://nitrc.org/projects/cmtk) with the
gray matter probability map because the CBF signal is predominantly in gray matter.
Anatomical locations were identified with 16-region parcellations (Figure S1 in Supplement
1) (34) from the SRI24 atlas (http://nitrc.org/projects/sri24) (63). Data were analyzed as raw
CBF in ml/100cc of gray matter/min for each region and each condition. To account for
across-subject differences in global CBF and to express the data in terms of effect size, each
individual's data were normalized by dividing the CBF value of each voxel minus the mean
of the whole brain CBF by the standard deviation of the whole brain CBF:

normalized CBF = [(voxel CBF − whole brain mean CBF) / whole brain CBF SD)].

CBF images were reformatted into SRI24 atlas coordinate space for group-average displays.

Spatial Working Memory Task
The spatial working memory task (62, 64) had two memoranda load conditions: 3 and 6
items (see Supplement and Figure S2). Subjects memorized spatial memoranda and recalled
spatial sequences after a retention interval, either without interference (control condition) or
with interference (cognitive arithmetic task or motor tracking task).

Rest-Task-Rest rCBF Temporal Connectivity Analysis
A connectivity analysis (34) using the three conditions, Rest 1, Task, Rest 2, in lieu of a
traditional functional time series was conducted with the “conn” toolbox (http://
www.fil.ion.ucl.ac.uk/spm/ext/), implemented in the Statistical Parametric Mapping (SPM)
8 software (Wellcome Department of Imaging Neuroscience, London, UK). Seeded voxel
correlations between the signal from a seed region and that at every other brain voxel
provided seed-to-voxel connectivity estimations using the CBF from the three conditions
(Rest 1, Task, Rest 2) as the temporal variable. The a priori seeds were insula, anterior
precuneus, posterior precuneus, and superior cerebellum, selected from observed between-
group differences and patterns in CBF fluctuation. The magnitude and extent of temporal
connectivity within each group were thresholded using a combined extent and peak intensity
threshold with false discovery rate (FDR) correction of PFDR < 0.05 for the whole brain
volume (65).

Statistical Analysis
Group-by-condition analyses of variance (ANOVA), based on normalized CBF data, tested
for differences between groups (alcoholics, controls), conditions (Rest 1, Task, Rest 2),
laterality (left, right), and their interactions. Where appropriate, Greenhouse-Geisser (GG)
correction was used. Follow-up comparisons of significant ANOVA effects used t-tests

Sullivan et al. Page 4

Biol Psychiatry. Author manuscript; available in PMC 2014 October 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://nitrc.org/projects/cmtk
http://nitrc.org/projects/sri24
http://www.fil.ion.ucl.ac.uk/spm/ext/
http://www.fil.ion.ucl.ac.uk/spm/ext/


(PFDR with =.05 required p=.0028). Similarly, ANOVAs were conducted for the spatial
working memory test and its conditions (34). Relations between rCBF and performance and
demographic variables were examined with Pearson correlations; family-wise Bonferroni
adjustment with =.05 (two-tailed) determined statistical significance.

Results
Group Differences in Regional Perfusion

Analyses (two -group by three -condition ANOVAs; PFDR with =.05 required p=.029 for
condition) performed on bilateral, normalized rCBF revealed four activation patterns
relating to the three acquisition conditions (Rest 1, Task, Rest 2). Supplement 1 presents the
means±SD CBF for each bilateral region by group (Table S1) and ANOVA (control vs.
alcoholic; Table S2). Followup ANOVAs (three group [controls/alcoholics/alcoholics
+cocaine] -by- two condition) considered the effect of cocaine comorbidity on activation
patterns (Table S3). Intraclass correlations indicated high correspondence between
normalized rCBF values by alcoholism subgroup for each condition (Rest 1 ICC r=.94; Task
ICC r=.95; Rest 2 ICC r=.92; Figure S3).

The DMN pattern (high activation for Rest 1, low during the Task, return to high activation
for Rest 2) was present in medial frontal, temporal, anterior and posterior cingulate, and
posterior precuneus cortices and the hippocampus/amygdala. For these regions, ANOVAs
yielded significant condition effects (p=.0001 for all but posterior cingulate p=.0357) but
neither group effects nor group-by-condition interactions (Figure 1). The DMN pattern held
in the same regions in the 3-group ANOVAs considering alcoholism/cocaine comorbidity
(Table S3 in Supplement 1).

The task-activated pattern (low activation for Rest 1, high during the Task, return to low
activation for Rest 2), indicated by condition effects, occurred in parietal (p=.0285), middle
precuneus (p=.0014), and calcarine (p=.0001) cortices, inferior and superior cerebellum (p=.
0001), and showed a trend in the occipital cortex (p=.0334). Neither group effects nor
group-by-condition interactions were present in these regions, and the pattern in the superior
cerebellum did not differ between the hemispheres (Figure 2). The task-activated pattern
held in the same regions in the ANOVAs considering alcoholism/cocaine comorbidity
(Table S3 in Supplement 1).

The alcoholism pattern, indicated by lower rCBF with ANOVA group effects, was present
in the insula (p=.0031) and modestly in caudate/putamen (p=.0258) and globus pallidus (p=.
0359) (Figure 3). The insula also exhibited the DMN pattern (p=.0017) with no group-by-
condition interaction (p=.7435). Although the 3-group ANOVA effects for caudate/putamen
and globus pallidus were not significant, the alcoholism group and condition pattern for the
insula endured (Table S3 in Supplement 1). Further ANOVAs involving pairs of groups
confirmed these effects for controls vs. alcoholics (group p=.0143; condition p=.001) and
controls vs. alcoholics/cocaine (group p=.0074; condition p=.0024) but not for the alcoholics
vs. alcoholics/cocaine comparison (group p=.439; condition p=.227).

The interaction pattern of anterior precuneus CBF (p=.0029) indicated opposing activation
patterns in the groups, with controls showing the task-activation pattern and alcoholics
showing the DMN pattern (Figure 3). Neither the separate effects of group nor repeated
measures were significant. The interaction pattern held for the anterior precuneus in
alcoholism/cocaine comorbidity ANOVAs (Table S3 in Supplement 1).
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Neither group nor condition effects nor their interaction were significant in CBF of the
lateral frontal cortex, total precuneus, or thalamus whether or not with alcoholism/cocaine
comorbidity.

Figure 4 presents normalized rCBF values for each rest condition plotted against the task
condition for the control and alcoholic groups separately. Both groups exhibited similar
gradations of CBF values across the regions, with the lowest values in the globus pallidus
and the highest in the posterior cingulate cortex. The relative positions of rCBF were nearly
overlapping across the two rest conditions, indicating a general return to rest perfusion
levels after task engagement.

Performance on the Spatial Working Memory Task
After practice, the two groups exhibited the same performance pattern and levels for
accuracy and reaction time in the spatial working memory test (Figure S3 in Supplement 1).
Both groups achieved greater accuracy (F(1,22)=15.537, p=.0007 GG) and shorter reaction
times (F(1,22)=277.873, p=.0001 GG) in the 3 than 6 memoranda condition. Similarly,
accuracy was better (F(2,44)=8.935, p=.0006 GG) and reaction times shorter
(F(2,44)=6.308, p=.0052 GG) without than with retention interval interference. The same
pattern was forthcoming when cocaine comorbidity was considered.

Spearman rank order correlations tested whether rCBF was predictive of performance and
focused on the most difficult condition, recalling 6 spatial locations following a retention
interval filled with arithmetic problems. The strongest correlations were as follows: Within
the alcoholics, greater accuracy correlated with higher insular perfusion in Rest 1 (Rho=.78,
p=.0097). Within the controls, shorter reaction times correlated modestly with higher medial
frontal perfusion in Rest 1 (Rho=−.71, p=.0192), Task (Rho=−.76, p=.0122), and Rest 2
(Rho=−.56, p=.0635).

Regional Volume Analysis and Relations with rCBF
We measured the volumes of cortical and allocortical gray matter and subcortical tissue
substrates of the rCBF to address whether group differences in tissue volumes could account
for group differences in perfusion. Because the total brain tissue + CSF supratentorial
volume of the controls was 8.7% greater than that of the alcoholics (p=.0263), we expressed
the regional volumes as ratios of supratentorial volume (Table S4 in Supplement 1).
Comparison using t-tests indicated two group differences: the insula ratio tended to be
smaller in the alcoholics than controls regardless of cocaine comorbidity (p=.0668); by
contrast, the caudate/putamen ratio was larger than controls only in the alcoholics with
cocaine comorbidity (p=.0127).

We next pursued the possible influence of regional volume ratios on CBF by using regional
volumes as covariates in ANCOVAs to test group differences in rCBF. In no case did the
ANCOVAs identifying group differences in rCBF yield results different from those obtained
without consideration of the underlying tissue volume.

Correlates of Regional Perfusion
Individually normalized regional perfusion measures did not correlate significantly with age,
lifetime alcohol consumption, years of education, or smoking status within either group or
when the groups were combined. Despite higher incidence of smokers in alcoholics than
controls, alcoholics had even higher (albeit not significantly) average native, non-
normalized, whole-brain cortical gray matter CBF values than controls in all PCASL
conditions. Further, neither non-normalized nor normalized rCBF levels differed between
participants with (9 alcoholics) vs. those without (3 alcoholics + 12 controls) a history of
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smoking. Similarly, when considering alcoholics only, smoking history did not differentiate
the groups. Indeed, the only regions showing a trend (p=.079) toward a group difference was
the insula at Rest 2, at which time the alcoholic smokers had higher perfusion than alcoholic
non-smokers.

Synchrony of Regional Perfusion from Rest 1-to-Task-to-Rest 2
Synchrony of normalized regional perfusion across conditions was assessed using a seed-to-
ROI approach. Given abnormally low CBF in the alcoholics' insula, we chose the left+right
insula as the seed for whole-brain connectivity analysis (Figure 9). Within controls, rest-
task-rest activation of the bilateral insula was synchronous with activity fluctuation in
bilateral anterior cingulate, medial and lateral frontal, and insular cortices; left parietal lobe
(including supramarginal gyrus); and right superior temporal gyrus (Table 4). For alcoholics,
none of the insula-ROI connectivity tests met FDR correction. In no case did alcoholics
show evidence for greater connectivity than controls, but the opposite did occur. Synchrony
between the bilateral insular seed and the left parietal (extending to the supramarginal
gyrus), medial frontal, and anterior cingulate cortices met FDR correction for significant
differences, greater in the controls than alcoholics (Figure 5; Table S4 in Supplement 1).
Additional analyses appear in Supplement 1.

Discussion
Like controls, the alcoholics exhibited the high-low-high pattern of regional perfusion levels
in nodes of the DMN, notably the medial frontal, anterior and posterior cingulate, posterior
precuneus, and lateral and medial temporal cortices during the rest-task-rest runs. All groups
also exhibited the task-activated pattern, which was the inverse of the DMN pattern, in
parietal, occipital, and cerebellar regions known to be associated with the spatial working
memory task employed (62, 66). In contrast with the posterior DMN precuneus pattern and
middle precuneus task-activation pattern, the groups differed in the rest-task-rest pattern of
CBF activation in the anterior precuneus, where controls showed a task-activated pattern,
whereas alcoholics (with or without cocaine history) showed the DMN/rest-activated
pattern. These functional differences support the heterogeneity of the precuneus structurally
(67) and functionally (34, 68). An additional group difference occurred in the CBF level in
the insula, a brain region central to addiction circuitry and principal node of the salience
network. Thus, depending on the region examined, CBF levels either returned to high or to
low levels at Rest 2 from Rest 1 in alcoholics and controls. These patterns and activation
levels could be established because PCASL enabled independent measurement of rCBF
without relying on differential signals to detect resting state and task-activated patterns (cf.,
46, 69).

Despite the common DMN pattern exhibited by the groups across conditions, the mean
activation level across conditions in the insula of the alcoholics was only 61% (50.3% for
alcoholics; 66.5% for comorbids) of that of the controls. This locally depressed CBF
probably contributed to the alcoholics' connectivity "deficit" identified when testing for
regions of synchronous activity with the insula seed. In contrast with alcoholics, who
showed no significant insular connectivity, controls produced robust synchrony between the
insula and DMN and executive control network nodes, including the anterior cingulate,
medial frontal and parietal cortices (23, 26, 70). Functional synchrony among these brain
regions is consistent with connectivity marking the salience network and communication
between the salience network (incorporating the insula, medial frontal, anterior cingulate,
and dorsolateral prefrontal cortices and thalamus) and the executive control network
(incorporating the dorsolateral prefrontal, orbitofrontal superior parietal cortices including
the angular and supramarginal gyri) (22).
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Although enigmatic for decades, functions of the insula are now being revealed. Functions
invoking insular activity involve impulse control (71), self-regulation (72), conscious
perception of error monitoring (73), awareness of salience (74), and reward processing (75,
76). In its role as directing interoceptive experiences of pleasure and craving, the insula has
been hypothesized to be central in decision making about consuming drugs (including
cocaine (77, 78)) and alcohol (79) and linked to stress in "addiction circuitry" (80). Impulse
control measured in alcoholics while engaged in a Stop Signal paradigm revealed that poorer
impulse control was related to lower activity in regions of the salience network including the
insula (71). Such poor impulse control might be explained, at least in part, by impaired
insular perfusion, as observed herein, impairing the potential for demonstrating perfusion-
based functional connections.

CBF levels of the insula were at similar levels in the groups relative to the other brain
regions measured (Figure 4). Nonetheless, the insula had a significant perfusion deficit in
the alcoholics regardless of cocaine history, which may have diminished the insula's normal
capacity to serve as a hub with critical nodes of the salience, executive control, and default
mode networks. Indeed, a central process of the salience network is thought to enable
switching between resting and activation states within networks with common nodes or
between brain networks (28, 81). The switch could be from interoceptive processing of
DMN to exteroceptive awareness of the executive control network to heed environmental
demands and attend to imperative stimuli (cf., 22, 28). Areas that showed synchrony with
the insula in the controls were the parietal cortex (including the left supramarginal gyrus
purported to be involved in reward regulation), dorsolateral prefrontal cortex (a node of the
executive control network), and anterior cingulate cortex (a common node of the salience
and executive control networks). These areas, however, were poorly synchronized in
alcoholics, suggesting a functional mechanism for impaired ability to switch between
networks and access executive control processes to regulate behavior.

In contrast with the failure to synchronize nodes of the salience network, the alcoholics
showed greater connectivity than controls between the superior cerebellar seed and nodes of
the salience network, excluding the insula but including the lateral and medial frontal,
temporal, and parietal cortices extending to the right angular and fusiform gyri. This positive
connectivity in the alcoholics may appear paradoxical given that the rest-task-rest CBF
pattern of the cerebellum showed the opposite pattern to that of the insula. This cerebellar-
based synchrony might be interpreted to serve a compensatory connectivity function to
alcoholics, whose insular-based switching mechanism of the salience network is
compromised. Although support for cerebellar-based network compensation has precedent
in alcoholism (66), this speculation requires direct experimentation.

Three earlier studies used single-slice ASL to measure CBF in alcoholism. Young alcohol
dependent women exhibited modestly lower perfusion in the prefrontal and left parietal
cortical regions (82). Alcoholics, particularly smokers, had lower perfusion in frontal and
parietal gray matter than controls (83). One longitudinal study revealed CBF improvement
in alcoholics after 5 weeks of sobriety relative to their baseline at 1 week, but only
nonsmoking alcoholics showed substantial improvement (84). Despite the high incidence of
smokers in our alcoholics, history of smoking was not related to CBF abnormalities. Rather,
absolute CBF measurement revealed consistently high rates in both controls and alcoholics
(with and without a smoking history) in the principal DMN nodes compared with other brain
regions.

Among the study's many limitations are small sample size, history of multiple drug use in
some alcoholics, examination of men only, widely varying lengths of sobriety, polydrug use
(increasingly common), and restricted age range. Comorbid history of cocaine in the
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majority of the alcoholics is another potentially confounding factor given reports of cocaine-
related volume (85, 86) and density (87) deficits in prefrontal cortex and focal volume
deficits in orbitofrontal (77, 78, 88) and insular (77, 89) cortices. CBF measured with
SPECT is also depressed in cocaine addiction but is selective to orbitofrontal and superior
temporal cortices (78), regions not implicated in the rCBF patterns noted in the present
study.

Previously, we speculated that disease-related diminution of a rebound in CBF from evoked
(task) to intrinsic (resting) activity levels might represent impairment in functional readiness
or neural reserve (34). Consistent with this possibility, Raichle (90) anticipated that "the
strength of coherence between nodes within systems varies with age and disease" (page 4).
Rather than globally dampened CBF, we observed selective regions of abnormal perfusion
levels in the insula and opposite rest-task-rest patterns in the anterior precuneus in the
alcoholics and controls. We now propose that 1) dampened insular CBF may be a
mechanism accounting for the attenuated neural activity identified in task-activated studies
based on a differential BOLD response; and 2) abnormal CBF levels in the insula indicate a
physiological mechanism that underlies compromised connectivity among nodes of the
salience network and reduces ability to switch from introspection and interoceptive desires
and cravings to cognitive control over these urges.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Brain regions showing DMN pattern.
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Figure 2.
Brain regions showing task-activated pattern.
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Figure 3.
Top: Alcoholic pattern evident from ANOVA. Bottom: Interaction pattern evident from
ANOVA.
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Figure 4.
Relations between rCBF at each rest condition and the task condition for the controls (left
panel) and alcoholics (right panel).
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Figure 5.
Insula seed-to-ROI-connectivity results in controls (green) and between-groups comparison
(red). Please refer to Table S3 in Supplement 1 for statistics.
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