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Abstract
Background—Among some alcohol-dependent individuals, early alcohol abstinence is marked
by alcohol withdrawal (AW), a phenomenon mediated by GABA and glutamate signaling. We
previously reported that a combination of two medications that affect GABA and glutamate tone,
gabapentin and flumazenil, more effectively reduced drinking among individuals with higher pre-
treatment AW (Anton et al., 2009). This study evaluated whether this finding is related to changes
in neurocognitive performance, which is also affected by cortical GABA and glutamate tone.

Methods—Neurocognitive performance was assessed at baseline and twice during the first week
of treatment among 60 alcohol-dependent participants in the previously published clinical trial.

Results—AW was associated with poorer baseline performance on 4 of 8 measures, and
individuals with higher baseline AW who received the gabapentin and flumazenil combination
demonstrated greater improvement on a measure of response inhibition than those with lower AW
or those who received a combination of placebos. Improvement in response inhibition during the
first week and medication group interacted in their effect on subsequent drinking, such that
improvement predicted greater abstinence only among individuals who received gabapentin and
flumazenil. Improvement on other neurocognitive measures was neither differentially impacted by
medication or baseline AW nor related to subsequent drinking.

Conclusions—Taken together, these data suggest that acute AW accounts for a small proportion
of variance in neurocognitive performance, that gabapentin and flumazenil slightly improve
response inhibition during early abstinence, and that such improvement may somewhat reduce
later drinking. However, these medications may not affect other neurocognitive domains.
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Introduction
Unlike other psychiatric disorders, the process of behavior change in alcohol dependence
often occurs rapidly after treatment instigation, with the initiation of alcohol abstinence
(Miller et al., 2001). During early abstinence, some treatment-seeking alcoholics experience
alcohol withdrawal (AW), the symptoms of which appear 6 to 48 hours after cessation of
heavy alcohol use, are initially characterized by sympathetic hyperexcitability (e.g., anxiety,
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perspiration, tachycardia, nausea, insomnia), and, if untreated, can progress to
hallucinations, delirium tremens (DTs), and seizure (Myrick & Anton, 1998). These
symptoms result, in part, from the effects of chronic alcohol exposure on brain γ–
aminobutyric acid (GABA) and glutamate systems. Alcohol acutely enhances presynaptic
GABA release (Criswell et al., 2008; Roberto et al., 2003) through allosteric modulation at
GABAA receptors (Grobin et al., 1998) and inhibits glutamate function through antagonism
of N-methyl-D-aspartate (NMDA) receptors (Woodward, 2000). Chronic alcohol exposure
elicits compensatory down-regulated GABAA and up-regulated NMDA expression (Krystal
et al., 2003; Kumari & Ticku, 2000), and causes GABAA receptors to shift their composition
to contain more α4 subunits, a formation that is less responsive to GABA signaling (Biggio
et al., 2007; Sanna et al., 2003) and is associated with increased withdrawal-induced anxiety
(Smith et al., 1998). When alcohol intake abruptly ceases and its acute effects dissipate, the
sudden reduction in GABAergic and increase in glutamatergic tone engender AW symptoms
(Cagetti et al., 2003; Tsai et al., 1998).

Benzodiazepines (BZ), which bind at the BZ site on the GABAA receptor and, like alcohol,
acutely enhance GABA and inhibit glutamate signaling, are the current standard of care for
AW, as they reduce anxiety and prevent DTs and seizure (Mayo-Smith, 1997). However,
concern has increased about these medications’ abuse potential, interactions with alcohol,
and cognitive side effects (Myrick et al., 2009). Further, the development of BZ tolerance
after high-dose administration may simply forestall withdrawal, as BZ withdrawal
pharmacologically mimics AW. Hence, interest has grown in other medications that increase
GABA or reduce glutamate signaling.

We previously reported that gabapentin, a GABA analogue that impedes excitatory calcium
currents (Hendrich et al., 2008) and may reduce glial glutamate production (Bonnett et. al.,
1999), effectively reduces AW symptoms (Myrick et. al., 2009). More recently, we
evaluated a proprietary combination (the Prometa protocol; Hythiam, Inc, Los Angeles, CA)
of gabapentin and flumazenil, an antagonist at the GABAA BZ site (Anton et al., 2009). This
medication combination may affect GABA tone by shifting GABAA receptors to a subunit
composition more amenable to GABA effects (i.e., one with fewer α4 subunits) while
avoiding the development of BZ tolerance and subsequent withdrawal (Anton et al., 2009;
Urschel et al., 2007). We found that gabapentin and flumazenil reduced AW symptoms and
drinking, though the latter effect was present, as hypothesized, only in patients who had
higher pre-treatment AW.

This finding suggested that gabapentin and flumazenil might differentially affect some
aspect of alcoholism that is more dysregulated among individuals who experience AW. One
such aspect is neurocognitive functioning. Chronic heavy drinkers display neurocognitive
impairment while actively drinking, and impairment remains pronounced during early
alcohol abstinence (Bates et al., 2002). Further, neurocognitive deficits seem greater among
individuals who experience AW, though most studies have reported an association between
current impairment and past detoxifications, rather than acute AW severity (Duka et al.,
2003; Loeber et al., 2009). Alcoholics in early abstinence display particular impairment in
neurocognitive domains critical to the ability to maintain abstinence, including executive
functioning (complex, goal-oriented cognitive processing that requires the coordination of
multiple cognitive sub-processes; Nöel et al., 2001; Zinn et al., 2004), response inhibition
(the ability to restrain learned behaviors; Cordovil et al., 2010), and impulsivity (the
tendency to choose immediate rewards over delayed ones; Mitchell et al., 2005). Those with
more severe deficits in these domains are more likely to return to harmful drinking during
and after treatment (Wicks et al., 2001; Guardia et al., 2007; Charney et al., 2010) and drop
out of treatment (O’Leary et al., 1979; Teichner et al., 2002) and less likely to attain
treatment goals (e.g., to learn relapse prevention skills; Teichner et al., 2001), perhaps
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because such deficits render them less able to conceptualize the complex process of behavior
change (McCrady & Smith, 1986), inhibit conditioned associations with alcohol (Guardia et
al., 2007), or resist impulsive decision-making when confronted with opportunities to drink
(Feldstein Ewing et al., 2009).

Like AW, neurocognitive functioning is affected by GABA and glutamate signaling.
GABAA and NMDA receptors are widely expressed throughout the brain, including on
pyramidal cells in the prefrontal cortex (PFC) (Mehta & Ticku, 1999), the brain area broadly
associated with executive functioning, response inhibition, and impulsivity (Robbins, 2007).
PFC activity underlying cognition is driven by excitatory dopaminergic and glutamatergic
activity that is regulated by GABA signaling (Tanaka, 2008); deficient GABAergic
regulation of this activity is associated with the “hyperactive” neurocognitive deficits
characteristic of patients with schizophrenia (Guidotti et al., 2005). Neuroimaging studies
suggest that abstinent alcoholics display reduced GABAA receptor expression (Lingford-
Hughes et al., 1998) and cortical GABA levels (Behar et al., 1999; Ke et al., 2004) and
increased glutamate levels (Lee et al., 2007). Thus, medications that normalize GABA and
glutamate tone could resolve alcohol-induced neurocognitive deficits associated with
deficient cortical GABA and glutamate.

This study analyzed neurocognitive data collected during a previously published clinical
trial of gabapentin and flumazenil (Anton et al., 2009). In light of our finding that this
medication combination reduced drinking only among individuals with higher baseline AW,
as well as previous reports of association between AW and neurocognitive deficits and the
relationship between such deficits and treatment outcome, we hypothesized that 1) higher
baseline AW would be associated with greater baseline neurocognitive impairment; 2)
gabapentin and flumazenil, as compared to placebos, would improve executive functioning,
response inhibition, and impulsivity relative to baseline, and would do so to a greater extent
among individuals with higher baseline AW; and 3) individuals who demonstrated greater
improvement in these domains would subsequently display improved drinking outcomes.

Materials and Methods
Participants

Participant characteristics and inclusion and exclusion criteria are fully described in Anton
et al., 2009. Briefly, participants were 60 individuals recruited through media advertisements
who met DSM-IV-TR (Diagnostic and Statistical Manual of Mental Disorders, revised 4th

edition) diagnostic criteria for Alcohol Dependence, as assessed by the Structured Clinical
Interview for DSM-IV-TR (SCID; First et al., 2002). Significant inclusion criteria were 1)
age 18–70; 2) a minimum of 5 drinks per day on 70% of days in the month before screening;
and 3) last drink no more than 72 hours before drug randomization. Significant exclusion
criteria were: 1) diagnosis, as assessed by SCID, of any other Axis I psychiatric disorder; 2)
recent use of any substance except marijuana or nicotine; 3) history of seizures or DTs
during AW (a safety precaution); and 4) use of any psychoactive medication in the previous
two weeks.

Procedure
All procedures were approved by the Institutional Review Board for Human Research at the
Medical University of South Carolina. Inclusion and exclusion criteria were initially
assessed by phone, after which prospective participants were invited to the laboratory for in-
person screening, where, before screening began, they provided informed consent. Eligible
participants were scheduled for their first treatment appointment (day 1), and instructed to
abstain from alcohol the night before the appointment. On day 1, participants were
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administered the Clinical Institute Withdrawal Assessment for Alcohol-Revised (CIWA-Ar;
Sullivan et al., 1989), a clinician-administered rating scale for AW symptoms (range of
measure: 0–67), and also completed the Alcohol Dependence Scale (ADS; Skinner & Horn,
1984) and a short (30-item) form of the Profile of Mood States (POMS; McNair et al.,
1971). To ensure equal distribution of individuals with higher AW between medication
groups, CIWA-Ar scores were subsequently used as an urn variable for medication
randomization. Urn randomization assigns participants to treatment groups randomly, with
the exception that the assignment is biased toward balance in the various covariate (urn
variable) combinations (Stout et al., 1994). Participants with CIWA-Ar scores ≥ 7 were
considered to have clinically significant AW (higher AW group), and were approximately
evenly randomized to active medications vs. placebos, as were participants with CIWA-Ar
scores < 7 (low AW group). As the medication combination assessed here is designed for
outpatient administration (Urschel et al., 2007), the cut-off of 7 was chosen to reflect the
level of AW severity typically seen in outpatient alcohol treatment settings, rather than the
cut-off of 10 originally proposed (Sullivan et al., 1989).

Neurocognitive assessment
Neurocognitive assessment was first conducted before any medication was administered on
day 1, and was repeated on days 3 and 7. Participants were required to have a breath alcohol
concentration (BrAC) below 0.08% before assessment began. Nine participants had a BrAC
between 0 and 0.08% on day 1 (mean = 0.04%); none had a positive BrAC on either
subsequent assessment day. To control potential influences on neurocognitive performance,
day 1 BrAC was covaried in the analyses of Hypotheses 1 and 2; it did not affect any of the
results reported.

On days 1, 3, and 7, participants were administered a brief battery intended to assess
executive functioning, response inhibition, and impulsivity, consisting of Parts A and B of
the Trail Making Test (TMT; Reitan & Wolfson, 1993), the Stroop Color and Word Test
(Stroop, 1935), and Conners’ Continuous Performance Test-II (CPT-II; Conners, 2000). For
TMT Part A, which measures psychomotor processing speed, participants must draw, as
quickly as possible, a continuous line in ascending order between randomly arranged
numerical targets, while for Part B, which measures executive functioning, they must draw
such a line in ascending numerical and alphabetical order while alternating between
numbers and letters. The Stroop task requires participants to first name, as quickly as
possible, the color of ink in which blocks of color are printed (color-naming), then to read
the names of color words printed in black ink (word-reading), and finally, to name the color
of ink in which an inconsistent color word is printed (interference trial; e.g., the word
“RED” printed in blue ink). The color-naming and word-reading trials also assess processing
speed, while the interference trial measures the ability to inhibit a prepotent response (i.e.,
naming the inconsistent color word). Finally, the CPT-II requires participants to respond as
quickly as possible to target stimuli (letters of the alphabet except “X”), while refraining
from responding to less frequent non-target stimuli (the letter “X”). High numbers of
omission errors and long reaction times indicate inattention or slow psychomotor
processing, while high numbers of commission errors and short reaction times indicate
impulsivity. The TMT and Stroop were administered by a trained research assistant, and
participants completed the CPT-II on a laptop computer. For each measure, T-scores were
obtained by comparing raw scores to normative tables, which are adjusted, for the TMT, for
age, gender, ethnicity, and education (Heaton et al., 2004); for the Stroop, for age and
education (Golden & Freshwater, 2002); and for the CPT-II, for age (Conners, 2000).
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Medications
The treatment procedure, including detailed time-courses of the flumazenil infusions and
gabapentin titration and taper, is fully described in Anton et al., 2009. Briefly, participants
received either a combination of flumazenil infusions on days 1 and 2 and oral gabapentin
for 39 days, or two matched placebos. All participants also received six weekly manualized
therapy sessions (combined behavioral intervention; Miller, 2004). On day 1, after
neurocognitive assessment, participants were administered either flumazenil (2 mg) or
sterile saline intravenously. Before leaving the laboratory, participants were provided with
gabapentin (300 mg) or identically packaged placebo, and were instructed to take the
medication orally at bedtime. Participants were also given seven 50 mg hydroxyzine (a
mildly sedating antihistamine) pills to be taken for sleep as needed during the first week.
Hydroxyzine intake was recorded, and was not significantly different between groups.
Covarying the number of hydroxyzine pills taken did not affect the relationships between
medication and AW groups and neurocognitive change (Hypothesis 2). Participants returned
to the laboratory on day 2, and the flumazenil infusion procedure was repeated. Gabapentin
was titrated to 1200 mg by day 4 (day 1: 300 mg; day 2: 600 mg; day 3: 900 mg), and was
tapered from day 31 to day 39.

Urine drug screens were obtained on days 1 and 7 and during week 6; cut-offs were 50 ng/
mL for marijuana, 300 ng/mL for cocaine, opiates, and benzodiazepines, and 1000 ng/mL
for amphetamines. Quantitative metabolite levels were obtained for each sample that was
above the cut-off for any substance. No participant was positive for cocaine, opiates,
benzodiazepines, or amphetamines on day 1 or 7. Eight participants were positive for
marijuana on day 1 and seven were positive on day 7; there were no significant differences
between groups on this variable. Because individual clearance rates for Δ9-
tetrahydrocannibinol (Δ9-THC) vary, it is difficult to ascertain when participants used
marijuana relative to the testing days. To control for the potential influence of recent
marijuana use, day 1 quantitative Δ9-THC levels were covaried for the analysis of
Hypothesis 1, and day 1 and 7 levels for covaried for the analyses of Hypotheses 2 and 3;
neither affected the results described below.

Statistical analysis
All analyses were performed with SPSS 17.0 (SPSS Institute, Chicago, IL); an alpha level of
p = 0.05 was considered statistically significant. The relationship between baseline AW and
baseline neurocognitive performance (Hypothesis 1) was analyzed using partial correlation.
To increase statistical power, baseline CIWA-Ar score was used as a continuous variable for
this analysis, rather than the categorical variable used for medication randomization. One-
tailed partial correlation coefficients were calculated for the relationships between baseline
CIWA-Ar score and baseline T-scores on TMT Parts A and B, the Stroop word-reading,
color-naming, and interference trials, and the CPT-II Omissions, Commissions, and Hit
Reaction Time (Hit RT) subscales, with other variables that might influence performance
(years of alcohol dependence, history of other substance dependence, day 1 BrAc and Δ9-
THC levels, and depression symptoms) covaried. The demographic variables not accounted
for in the normative adjustments for each measure were also covaried: gender for the Stroop,
and gender and years of education for the CPT-II. Years of alcohol dependence were
calculated as the difference between each participant’s current age and the age at which he
or she first met three DSM-IV-TR alcohol dependence criteria.

Effects of medication and baseline AW on changes in neurocognitive performance during
the first week of treatment (Hypothesis 2) were analyzed in a series of linear mixed models
(SPSS MIXED), with day of assessment as a repeated measure in each model, using a first-
order autoregressive variance-covariance matrix. TMT Part B, Stroop interference, and
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CPT-II Commissions and Hit RT were the primary measures of interest for these analyses. A
full factorial model that included between-participants factors for medication (active or
placebo) and AW (low or higher) groups, a within-participants factor for day of assessment
(day 3 or 7), and all interactions was used. Day 1 (i.e., baseline) performance on the measure
of interest was included as a covariate in each model. To account for the potential effect of
continued drinking during week 1 (i.e., slips or relapses), the total number of drinks
consumed during this time was also used as a covariate in each model, as were the
covariates used in the analysis of Hypothesis 1; none of these variables significantly affected
the main effects or interactions reported.

Finally, the relationship between change in neurocognitive performance over the first week
of treatment and subsequent drinking (Hypothesis 3) was analyzed in a series of linear
mixed models in which percent days abstinent (PDA) during the treatment trial was the
outcome variable and week in the study (week 1–6) was a repeated within participants
factor. For these analyses, a first-order autoregressive variance/covariance matrix was again
used. To best approximate the effect analyzed for Hypothesis 2 (i.e., neurocognitive change
between days 3 and 7), change scores (i.e., day 7 T-score – day 3 T-score) for TMT Part B,
Stroop interference, and CPT-II Commissions and Hit RT were created. For each of these
measures, a factor that indicated whether participants were above or below the mean change
score (TMT Part B mean change = 4.3; Stroop interference = 2.7; Commissions = 1.7; Hit
RT = 0.6) was then entered as a predictor of PDA in a full factorial model that also included
between-participants factors for AW and medication groups, a within-participants factor for
week in the trial, and all interactions. PDA during the month before treatment (i.e., baseline
abstinence) was used as a covariate in all analyses. Again, each model was run with the
covariates previously used for the analyses of Hypotheses 1 and 2; none significantly
affected the results reported below.

Results
Medication groups and pre-treatment demographics

Of the 60 participants, 16 had CIWA-Ar scores ≥ 7 (higher AW group; mean CIWA-Ar =
8.2, SD = 2.0), and 44 had scores < 7 (low AW group; mean CIWA-Ar = 2.3, SD = 1.9).
Table 1 lists demographic characteristics, baseline drinking measures, years and severity of
alcohol dependence (ADS), past other substance dependence, and POMS Depression
subscale scores for each group. The only significant differences between groups were on the
ADS, for which the higher AW group had higher scores than the low AW group (t(58) =
2.89, p < .01), and past other substance dependence, for which the low AW/active group had
more participants with such dependence than the low AW/placebo group (χ2(1, N = 43) =
3.85, p = .05). It is unremarkable that the higher AW group had higher ADS scores, as this
measure includes symptoms of AW (e.g., DTs, hallucinations, tachycardia).

Hypothesis 1: Association between AW and neurocognitive performance
Baseline AW was significantly and negatively associated with performance on four
measures, such that participants with higher AW had lower scores on TMT Parts A and B,
Stroop color-naming, and CPT-II Omissions (positive correlations between AW and CPT-II
Omissions and Commissions, on which lower T-scores indicate fewer errors, were
predicted) (see Table 2). The mean effect size (Cohen’s d) for the relationship between AW
and neurocognitive performance was .20, corresponding to a small to medium effect (Cohen,
1992). Of the covariates included, years of alcohol dependence had a significant bivariate
correlation (one-tailed Pearson’s r) with Stroop color-naming, such that participants with
more years of dependence had lower scores, and day 1 BrAC had a significant correlation
with TMT Part A, such that participants with higher BrAC had lower scores.
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Hypothesis 2: Effects of time, AW, and medication on neurocognitive performance
For the primary measures of interest, across all participants, there was a main effect of time
on TMT Part B, Stroop interference, and the CPT-II Commissions subscale, such that T-
scores improved between days 3 and 7 (see Tables 3 and 4), but no such effect for CPT-II
Hit RT. For Stroop interference, there was a significant interaction between AW group and
time (F(1, 56.04) = 4.51, p = .04), such that participants with higher AW were more
improved between days 3 and 7; however, this effect must be interpreted in the context of
the higher-level interaction between medication group, AW group, and time. For this
interaction, as predicted, participants who received active medications and who had higher
AW were more improved between days 3 and 7 relative to the other three groups (F(1,
56.04) = 3.95, p = .05) (see Figure 1). There were no significant interactions between time
and AW or medication group for the other primary measures of interest. When included as a
covariate, the number of drinks consumed during week 1 accounted for unique variance for
some measures, but did not impact any of the effects reported above.

For the other measures, there was a main effect of time for TMT Part A and Stroop word-
reading and color-naming, such that T-scores improved between days 3 and 7, but no such
effect for CPT-II Omissions. For TMT Part A, there was a significant interaction between
AW group and time (F(1, 56.38) = 4.15, p = .05), such that, regardless of medication group,
participants with higher AW were more improved between days 3 and 7. There were no
significant interactions between time and AW or medication group for the other measures.

Hypothesis 3: Relationship between neurocognitive improvement and subsequent
drinking

Improvement during week 1 on Stroop interference interacted with medication group in its
effect on abstinence (PDA) throughout the trial (F(1, 51.07) = 6.31, p = .02). Follow-up F
contrasts revealed that, among participants who received active medications, average PDA
across weeks was significantly higher among those who had higher than average
interference improvement (F(1, 30.80) = 8.31, p < .01). Among participants who received
placebos, average PDA across weeks was significantly higher among those who had lower
than average interference improvement (F(1, 21.78) = 4.31, p = .05) (see Figure 2).

There were no significant effects of TMT Part B, CPT-II Commissions or Hit RT
improvement on PDA, nor interactions between such improvement and medication, AW, or
time. The only significant effect in the models that included improvement on these measures
was the AW by medication interaction observed in the original trial (Anton et. al. 2009),
such that participants with higher AW who received active medications had more PDA.
Notably, for Stroop interference, this interaction was not significant when improvement on
this measure was added to the model (p = .12), suggesting that the interaction between
improvement and medication group partially mediated the influence of medication on PDA.

Discussion
Taken together, these data illustrate the effects of a combination of flumazenil and
gabapentin on neurocognitive performance during early alcohol abstinence, a period during
which some alcoholics experience AW. We previously (Anton et al., 2009) demonstrated
that these medications reduced drinking among individuals with higher pre-treatment AW,
and this study explored whether neurocognitive improvement accounted for this effect. Most
hypotheses were not supported. AW severity was associated with impaired pre-treatment
performance on 4/8 neurocognitive measures, but accounted for at most 10% of the variance
in performance. Regardless of AW or medication, performance improved on 6/8 measures
during the first week of treatment. Response inhibition improved slightly more in the higher
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AW/active medications group, and participants who received active medications and
displayed greater than average improvement in response inhibition subsequently drank less.
However, improvements in other domains (i.e., executive functioning, impulsivity) were
neither differentially impacted by medication or AW nor related to later drinking.

Few previous studies have examined the relationship between acute AW and neurocognitive
performance. The deficits in processing speed, executive functioning, and inattention
associated with AW here have also been found among alcoholics during acute intoxication
and after short- and long-term abstinence (Bates et al., 2002). Acute AW has been associated
with memory impairment (Seifert et al., 2003), but other domains have not been studied.
Though impairment in the higher AW group was subtle (i.e., T-scores within one S.D. of
normative means), so was AW severity, which was clinically significant, but not medically
dangerous. Thus, more severe AW might engender greater neurocognitive impairment.

Though not associated with acute AW severity, response inhibition improved more in the
higher AW/active medications group. In alcoholism, response inhibition is especially
relevant to cue-elicited craving and relapse. As the disorder progresses, alcoholics become
less able to inhibit craving when confronted with alcohol-related cues (Monti et al., 1987).
Individuals with higher AW may be particularly vulnerable to cue-elicited craving:
according to the conditioned withdrawal theory, alcohol cues induce AW symptoms that
motivate drinking, which acts as a negative reinforcer for such symptoms (Niaura et al.,
1988). These data suggest that flumazenil and gabapentin improve higher-AW individuals’
ability to inhibit prepotent responses. The magnitude of improvement, about 6 T points,
might not be considered clinically significant; however, since improvement in response
inhibition also predicted greater abstinence in the active medications group, it may
genuinely reflect an increased ability to withstand relapse triggers.

Notably, gabapentin and flumazenil did not impair cognition, consistent with other reports
of these medications’ side effects and in contrast to the cognitively impairing effects of BZ,
the current standard of care for AW. Among healthy controls, gabapentin marginally slows
cortical electroencephalogram frequencies (Salinsky et al., 2002), but produces no
significant cognitive side effects (Meador et al., 1999; Salinsky et al., 2002, 2005).
Flumazenil, a medication often used to reverse cognitive impairment after BZ sedation, is
generally inert among healthy controls (Ghoneim et al., 1993), and may reverse memory
impairment among alcoholics (Kapczinski et al., 1995). This study suggests that neither
medication produces cognitive side effects among alcoholics.

Limitations
There were several methodological limitations to this study, which was conducted within an
outpatient clinical trial. Considerations that facilitated recruitment for this trial (e.g.,
permitted marijuana and alcohol use) would have been counter-indicated in a study solely of
the relationship between acute AW and neurocognitive performance. The higher AW group
was relatively small, and contained only four women, of whom one received active
medications. Thus, power to detect higher-level interactions was limited, and these
interactions, or the lack thereof, should be interpreted with some caution, particularly
regarding medication effects among women. Further, the short intervals between
assessments may have engendered practice effects, to which the TMT and Stroop are
vulnerable (Buck et al., 2003; Davidson et al., 2003), that contributed to neurocognitive
improvement (though all groups presumably benefitted equally from such effects). Short-
interval testing has been used in other similar studies (Seifert et al., 2003), and was intended
to capture short-term changes associated with acute AW.
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Finally, it is unclear whether neurocognitive impairment predated the onset of participants’
drinking, alcoholism, or AW. Prospective studies suggest that, while there are no premorbid
neurocognitive differences among alcohol-naïve adolescents, those who progress to regular
binge drinking subsequently display widespread impairment (Tapert & Brown, 1999).
Further, adolescents who more frequently experience AW after binges display more severe
impairment at eight-year follow-up (Tapert et al., 2002), suggesting a “kindling” effect,
whereby early AW potentiates the severity of future AW (Becker & Hale, 1993). However,
neurocognitive impairment may also reflect the effects of recent, rather than lifetime,
alcohol use (Horner et al., 1999). The analyses reported here did not covary recent drinking
because this variable was quite collinear with baseline AW severity. Thus, it is unclear
whether AW is wholly separable from recent heavy drinking.

Conclusions
Despite these limitations, this study evaluated a putative mechanism of action,
neurocognitive improvement during early alcohol abstinence, for a combination of GABA-
and glutamatergic medications in alcohol dependence. Though most hypotheses were not
supported, AW severity was associated with greater impairment in some neurocognitive
domains, individuals with higher baseline AW who received gabapentin and flumazenil had
slightly greater improvement in response inhibition (but not other domains), and individuals
with more improvement in this domain who received active medications subsequently drank
less. Thus, flumazenil and gabapentin may differentially improve one aspect of
neurocognitive performance during early abstinence, but do not seem to affect other
domains.
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Figure 1.
T-scores for the Stroop interference trial on Days 3 and 7 of the first week of treatment for
participants treated with flumazenil and gabapetin (A: FMZ/GBP) and with placebos (B:
PLA). Participants who were treated with active medications and who had higher baseline
AW demonstrated greater improvement between Days 3 and 7 than those in the other
groups. Figures are least-squares means (± standard errors) from the linear mixed model.
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Figure 2.
Percent days abstinent during the 6-week treatment trial for participants treated with
flumazenil and gabapentin (A: FMZ/GBP) and with placebos (B: PLA). Participants who
were treated with active medications who had greater than average improvement on the
Stroop interference trial between Days 3 and 7 had more abstinence throughout the trial,
while the opposite was true for participants treated with placebos. Figures are least-squares
means (± standard errors) from the linear mixed model.
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Table 2

Measure subscale Function measured Mean baselineT-
score (SD)

Correlation with
baseline AW

Trail Making Test

Part A Processing speed 43.4 (9.0) r = −.31, p = .009

Part B Executive functioning 49.7 (9.8) r = −.24, p = .04

Stroop Color-Naming Test

Word-reading Processing speed 43.1 (10.6) r = −.14, p = .14

Color-naming Processing speed 43.9 (10.5) r = −.27, p = .02

Interference Response inhibition 45.2 (8.1) r = −.19, p = .08

Conners’ Continuous Performance Test-II

Omission Inattention 45.9 (7.6) r = .30, p = .01

Commission Impulsivity 44.9 (8.3) r = .04, ns

Hit reaction time Impulsivity 50.3 (11.3) r = .07, ns

Baseline neurocognitive scores and association (one-tailed partial correlations) with baseline AW severity.

SD = standard deviation.
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Table 4

Change between Day 3 and Day 7

Measure subscale PLA-Low PLA-Higher FG-Low FG-Higher

TMT Part B 5.2 (11.8) 4.5 (9.3) 2.7 (10.0) 8.4 (7.8)

Stroop Interference* 2.2 (4.3) 2.6 (9.1) 1.6 (4.7) 8.0 (3.0)

CPT-II Commission 2.4 (4.2) 2.2 (4.0) 0.7 (5.3) 3.6 (4.0)

CPT-II Hit RT 0.1 (7.2) 4.1 (5.4) 2.6 (6.3) 1.1 (9.7)

For primary measures of interest, average change (standard deviations) in T-scores between days 3 and 7 for the four groups: placebo/low alcohol
AW (PLA-Low); placebo/higher AW (PLA-Higher); flumazenil/gabapentin/low AW (FG-Low); and flumazenil/gabapentin/ higher AW (FG-
Higher).

*
p < .05 for interaction between AW group, medication group, and time.
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