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The authors investigated the effect of diazepam on
clinically relevant measures from functional mag-
netic resonance imaging (fMRI) examinations.
Twenty volunteers were scanned twice. Using a
double-blind randomized study design, the volun-
teers received placebo on one occasion, and on the
other, 5 mg of diazepam. Three functional tests
were used: motor, word generation, and working
memory. Images were analyzed individually for
each subject and the number of activated voxels
and the laterality index were calculated. No sig-
nificant effects related to the drug were detected.
In contrast, the motor and working memory tasks
showed a significant decrease in the number of ac-
tivated voxels between Sessions 1 and 2, indepen-
dently of diazepam administration. These results
indicate that diazepam may be administered for
premedication prior to fMRI investigations.

(The Journal of Neuropsychiatry and Clinical
Neurosciences 2007; 19:164–172)

Ever since its introduction in the early 1990s, func-
tional magnetic resonance imaging has been an in-

valuable tool for functional mapping of the human
brain. The method is noninvasive and there are no
known health issues preventing repeated studies on vol-
unteers or patients. The very large number of functional
magnetic resonance imaging (fMRI) studies performed
has had a significant impact on the understanding of the
normal function of the healthy brain.

However, as the method has matured, there has been
an increased interest in using fMRI as a clinical tool.
There are several possible clinical applications. The most
obvious is the possibility of using fMRI for presurgical
planning and intraoperative guidance in neurosur-
gery.1,2 Some epileptic patients need to undergo neuro-
surgical resection of the seizure onset area. fMRI has
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proved to be very useful in determining language lat-
erality prior to patients’ surgery.3,4 Another interesting
clinical possibility is to follow the recovery process after
stroke, for example. Patients may recover their func-
tional abilities after cerebral lesions due to the plasticity
of the human brain. By studying the fMRI activation
patterns, it may also be possible to improve the rehabil-
itation strategy.5

The increased interest in using fMRI in clinical appli-
cations in the future calls for further methodological im-
provements to ensure that the results of the examina-
tions are reliable. Several factors can affect the reliability
of the results, including magnetic field inhomogeneities
and motion artifacts. There are also important subject-
dependent factors, such as motivation and intelligence,
that affect the results. Compared with healthy volun-
teers, patients often have reduced abilities, which may
require specially adapted paradigms and instructions.
Another complication is the fact that many patients feel
uneasy in the unfamiliar imaging environment and may
need sedatives to be able to undergo the examination,
which, in turn, may influence the results by making the
patient less focused on the task or by influencing the
brain functions by affecting any of the signal submission
systems. It is also possible that the substance affects the
shape of the hemodynamic response. Any of these fac-
tors may affect the end result (i.e., the activation map
that is presented to the clinician). In recent pharmaco-
logical MRI (phMRI) studies, the effects of common sub-
stances, such as nicotine, alcohol, cocaine, and caffeine
on fMRI have been investigated.6–8 For instance, alcohol
and heroin6,7 both reduce the extent of activation to vi-
sual stimuli, and it has been shown that caffeine8 in-
creases the BOLD (blood-oxygen-level-dependent) con-
trast, which is the basis for fMRI experiments.

Benzodiazepines are used widely for the treatment of
anxiety-related disorders and as hypnotics. Some ben-
zodiazepines are also used in the treatment of epilepsy.
More than 50 different benzodiazepines are known
worldwide. One of the most well-known is diazepam.
The different benzodiazepines have different duration
of action, which is largely due to the fact that they have
different pharmacokinetic half-lives and in some cases
also different active metabolites. The mechanism of ac-
tion is the same for all benzodiazepines; they interact
with the GABAA receptor in the brain, which leads to
reduced arousal and also affects emotions. Benzodiaz-
epine binding sites at the GABA receptor have been
studied by imaging methods, such as single photon

emission tomography (SPECT) and positron emission
tomography (PET), as reviewed by Heiss and Herholz.9

Diazepam is often given to a patient for premedication
in MRI. Streeter et al.10 studied the changes in global
and regional cerebral blood flow (CBF) on alprazolam
by dynamic susceptibility contrast MRI. They found that
CBF decreases at alprazolam administration relative to
placebo, which indicates that benzodiazepines would
influence the resulting activation maps from fMRI ex-
aminations. Kleinschmidt et al.11 studied the effect of an
intravenous injection of diazepam on the BOLD signal.
No significant change of the MR signal was detected
after the diazepam injection. Direct investigations of the
impact of diazepam on brain activation patterns from
motor and word generation tasks have, to our knowl-
edge, not been performed previously.

Diazepam is rapidly absorbed when given orally and
has a high bioavailability and is also highly protein-
bound in plasma. The half-life is stated to be around 40
hours, but it can vary widely. Even more importantly,
the induced active metabolites have even longer half-
lives, up to 100 hours or more.12 Maximum plasma con-
centration is reached 30 to 60 minutes after oral intake.
The sedative effects start in the distribution phase. Ther-
apeutic blood concentration for diazepam is said to
range from 0.1 to 1.0 mg/liter.

The response of the drug depends on the dose. Di-
azepam at low doses causes drowsiness and sleepiness.
At high doses, however, excitement, disinhibition, se-
vere sedation, and effects on respiration may occur. The
duration of the response is dose-dependent; however,
onset of effects occurs within 30 minutes and significant
effects can last from 12 to 24 hours with therapeutic
doses.

Laboratory studies have shown that single doses of
diazepam (5 to 20 mg) are capable of causing significant
decreases in performance, such as decreased divided in-
tention, slowed reaction time, decreased eye-hand co-
ordination and impairment of vigilance, information re-
trieval, and psychomotor and cognitive skills.13–16

In clinical practice, patients who are scheduled for
fMRI can feel fearful or anxious, sometimes to the extent
that they find it difficult or even impossible to carry out
the investigation. Diazepam is therefore sometimes
given to alleviate the patient’s discomfort. In this study,
diazepam and placebo were given to a test sample prior
to fMRI examinations of motor, language, and memory
function in a double-blind, crossover study design. The
aim of this study was to investigate the influence of di-
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azepam in low doses on the outcome of a clinically de-
signed fMRI examination. Studies of the general impact
of diazepam on brain function were out of the scope of
the present study. Administration of the drug, func-
tional testing paradigms, and analysis methods were se-
lected to resemble the clinical situation as closely as pos-
sible.

METHOD

Study Design
Twenty healthy young adults (10 women, ages 22 to 30,
mean�25 [SD�2.1]) participated in the study on a vol-
untary basis. The subjects were recruited by advertise-
ments at Linköping University. None of the test subjects
was on continuous medication, with the exception of
oral contraceptives (female participants). Two of the
women were left-handed; all of the others were right-
handed. The subjects were screened for drug abuse and
cognitive impairments using a questionnaire prior to re-
cruitment. They were also informed not to take alcohol
or other drugs 24 hours before examination and not to
drink beverages containing caffeine or to use nicotine
products on the day of the examination. All participants
signed informed consent forms after a thorough presen-
tation of the study. The study was approved by the local
ethics committee as well as the Swedish Medical Prod-
ucts Agency.

We utilized a double-blind, randomized, counterbal-
anced, and placebo-controlled study design. Prior to the
fMRI examinations, all test subjects underwent an ana-
tomical MRI scan that allowed them to become ac-
quainted with the physical setting of the study.

All participants underwent two fMRI examinations
separated by at least 1 and at most 6 weeks. The choice
of intersession interval was based on the assumption
that it would both minimize learning effects and drop-
outs, which were estimated to increase with increased
intervals between scanning sessions. The subjects were
informed that they would recieve 5 mg diazepam on one
exam occasion and placebo on the other. Half of the sub-
jects got diazepam and the other half placebo on the first
occasion. Approximately 30 minutes prior to the scan-
ning session, which is a clinically relevant interval for
premedication, the test subjects orally received a capsule
containing either 5 mg of diazepam or placebo. Whole
blood and plasma samples from each person were col-

lected immediately before the administration of the
capsule and then later, approximately 45 minutes (min-
imum�37 mins, maximum�68 mins) after administra-
tion and while still in position in the scanner, between
the first and the second functional tests. Whole blood
and plasma samples were analyzed for the concentra-
tion of diazepam. After adding an internal standard
(prazepam), each sample was extracted at pH 7 and the
extract was analyzed on a Hewlett Packard 5890 Series
II GC fitted with a nitrogen-phosphorus detector. The
chromatograph was temperature-programmed. More
details of the analytic method are reported else-
where.17,18

fMRI
In each of the two fMRI sessions, the subjects were ex-
posed to three different tests: motor, language, and
memory. SuperLab (www.superlab.com) was used for
paradigm presentation and subject response recordings.
The subjects had a four-button response pad from Pho-
ton Control (Photon Control Inc, Burnaby, Canada,
www.photonixco.com) in their right hand. The para-
digms were presented to the subjects using a back pro-
jection screen viewed via a mirror mounted on the head
coil.

In the motor test, the subject was asked to press the
buttons on the right-hand response pad at a given visual
cue. The subjects were instructed to press the buttons in
sequence starting with the index finger. There were a
total of 25 events with a mean interstimulus interval of
16 seconds (minimum�14 sec, maximum�18 sec).

During the language test, the subjects were asked to
silently form words beginning with a specific letter.
Each letter was presented for 5 seconds and within a
block of three to five letters. The activation blocks were
separated by control blocks in which nonsense charac-
ters were displayed in the same fashion as in the acti-
vation blocks. In total, there were seven activation
blocks and eight fixation blocks, resulting in a total du-
ration of 5 minutes.

For memory mapping, an n-back letter test was used.
There were four blocks each of 1-back, 2-back, fixation,
and a control task in which the subjects were instructed
to respond when a given letter appeared on the screen
(0-back). The order (0, 1, or 2) of the upcoming n-back
test was presented on the screen before each task block.
Letters were displayed for half a second, followed by a
blank screen for 1.5 seconds. Each block comprised 15
such events, whereof four were targets.
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Data Acquisition
Magnetic resonance images were acquired on a Philips
Achieva 1.5 T scanner. For functional imaging, a BOLD
sensitive EPI-sequence with the following imaging pa-
rameters was used: data matrix 80x80, FOV 230 mm, TE
40 msec, TR 2,700 msec, 31 slices, slice thickness 3 mm
for the language and memory paradigms. For the motor
task the TR was 1,300 msec, and 16 slices were collected;
all other parameters were unchanged.

Data Analysis
Analysis of functional images was performed using
SPM2 (www.fil.ion.ucl.ac.uk/spm/software/spm2).

Preprocessing
First, the image slices were corrected for different ac-
quisition timing. Then, to correct for subject movement,
all images were realigned to a slice in the middle of the
time-series. The data were also corrected for movement-
related susceptibility effects.19 Images were then nor-
malized into a standard space and resliced into 3�3�3
mm3 voxels. Finally the images were smoothed with an
8 mm FWHM isotropic Gaussian filter.

Statistical Analysis
Analysis was performed separately for each subject and
task. The models for each task included the canonical
hemodynamic response function and its temporal and
dispersion derivatives. In the n-back model, each level
(0,1, and 2) was modeled separately and an additional
regressor indicating the button presses was included.
The statistical analysis was restrained to predefined re-
gions of interest (ROIs) created using the Wake Forest
University PickAtlas.20,21 The motor task ROI consisted
of the precentral and postcentral gyri. The ROI for the
language analysis included the middle and inferior fron-
tal gyri, the superior, inferior and middle temporal gyri,
and the angular gyrus and supramarginal gyrus. The
ROI for the working memory test included, bilaterally,
the inferior frontal gyrus, inferior parietal lobule, mid-
dle frontal gyrus, and the superior parietal lobule. All
the ROIs included the above-mentioned gyri of both
hemispheres.

We applied p values of 0.001 and 10�5 to give acti-
vation maps. The numbers of activated voxels inside the
ROIs were calculated for each subject and task. In ad-
dition, the laterality index was calculated as (L–R)/
(L�R) where L and R were the number of suprathresh-
old voxels in the left and right hemispheres, respec-
tively. For the number of activated voxels and the lat-

erality index, simultaneous comparisons between drugs
and between the first and second examination were
made with analysis of variance (ANOVA) with the sub-
ject as a random effect. The analysis was carried out with
JMP 5.1 (SAS Institute, Cary, NC).

The one-sample t test was used to compute activation
maps at the group level. Contrast images for each sub-
ject were included to get the overall activation for each
task. The results were thresholded at p�0.05, corrected
for family-wise errors. In addition, the contrast images
of each of the tests were tested using ANOVA models
to investigate whether there were any differences in the
activation pattern between sessions or substance given.
The results were thresholded at p�0.05, corrected for
family-wise errors.

Based on the group activation maps, two spherical
ROIs (10 mm diameter) were created. One ROI was cho-
sen to be centered on the voxel with the highest statis-
tical significance within the ROI used for the laterality
index analysis. For the motor, word generation, and n-
back tasks, the ROI center was in the left precentral gy-
rus (Broca’s area [BA] 4), left inferior frontal gyrus
(BA9), and left middle frontal gyrus (BA6), respectively.
Within these ROIs, the percent signal change (PSC) was
calculated using MarsBaR.22 The session and substance
effects on the percent signal change were evaluated us-
ing the Wilcoxon signed-ranks test.

The other ROI was chosen to be in an area with no
task-related signal based on the activation maps thres-
holded at p�0.001, uncorrected. For the motor, word
generation, and n-back tasks, the ROI center was in the
left medial frontal gyrus (BA9), right middle frontal gy-
rus, and right superior frontal gyrus, respectively. From
these ROIs the signal time-series was extracted using
MarsBaR. All signals were scaled to a mean value of 100
and the standard deviation of the mean of the ROI time
courses was calculated. The standard deviation was con-
sidered to be a measure of background signal variation,
and the session and substance effects on the standard
deviation were assessed using the Wilcoxon signed-
ranks test.

RESULTS

In this study, the influence of diazepam in low doses on
fMRI examinations was investigated by a placebo-con-
trolled study design. Twenty healthy volunteers were
examined for assessment of activated areas during mo-
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TABLE 1. Mean Reaction Times (ms) and Standard Deviations
for Motor Task

Placebo Diazepam

Session 1 428 ms (SD�51) 438 ms (SD�72)
Session 2 444 ms (SD�70) 438 ms (SD�70)

Both groups (placebo and diazepam) consist of 10 subjects.
There are no significant differences in reaction time between

groups and/or sessions (p�0.94).

tor, language, and memory tasks. Each subject was ad-
ministered 5 mg diazepam at one session and placebo
at the other. The administration of diazepam was ran-
domized with respect to session.

Accuracy and Reaction Times
Behavioral data were collected during the motor and n-
back tasks. For both tasks, the accuracy of the subject’s
responses was generally very high and there were no
differences in performance between runs or substance
given. During the motor task, none of the subjects
missed any of the targets, either in the session with di-
azepam or in the placebo session. The mean reaction
times did not differ significantly between the two ses-
sions, independent of whether diazepam was admin-
istered on the first or second occasion (Table 1). In
addition, there was no difference between placebo and
diazepam groups in total (ANOVA test, p�0.94) (Ta-
ble 1).

For the n-back task, there was a significant difference
in reaction time for the different levels of difficulty
(p�10�3). However, there was no significant difference
between placebo and diazepam groups or sessions
(ANOVA, p�0.76, p�0.38, p�0.76 for N�1, 2, and 3,
respectively) (Table 2). Neither were there performance
differences that were related to the n-back levels and
that could be tracked to diazepam administration (Ta-
ble 3).

Activation Volume
As expected, the different thresholds used to create ac-
tivation maps resulted in altered activation volumes.
However, the conclusions remained the same with re-
spect to session and substance effects. There were no
significant differences in activation volumes between
the diazepam and placebo sessions for any of the tasks,
regardless of the threshold used. However, for the motor
and n-back tasks, a significant session effect, which
could not be explained by diazepam administration,
was observed. Between the first and second sessions, the
number of activated voxels decreased. The significance
of the observed difference was not affected by altering
the threshold (Table 4).

Laterality Index
The word generation and n-back tests showed no sig-
nificant changes in laterality index, either between ses-
sions or substance received, regardless of which thresh-
old was applied (all p values�0.05). For some of the
subjects, the variability of the n-back laterality index
scores was quite large (Figure 1). This variability was
not affected by the statistical threshold applied to the
images. In contrast, the laterality index scores from the
word generation test were much more stable (Figure 2).

The laterality index for the motor task increased sig-
nificantly from Session 1 to Session 2. That is, the left
hemisphere was more dominant at the second session,
regardless of the threshold applied (p�0.008 for the
lower threshold and p�0.002 for the higher threshold).
There were, however, no significant drug effects (p�0.10
for both thresholds) (Figure 3).

Activation Location
The group analysis of the motor test revealed activity in
the precentral gyrus, postcentral gyrus and inferior pa-
rietal lobule bilaterally, and the right middle frontal gy-
rus and cingulate gyrus (Figure 4A).

TABLE 2. Mean Reaction Times (ms) and Standard Deviations for the n-Back Task

Session 1 Session 2

Placebo Diazepam Placebo Diazepam

0-back 468 ms (SD�99) 437 ms (SD�46) 463 ms (SD�39) 454 ms (SD�32)
1-back 541 ms (SD�124) 465 ms (SD�37) 469 ms (SD�53) 477 ms (SD�55)
2-back 577 ms (SD�94) 612 ms (SD�71) 649 ms (SD�120) 577 ms (SD�109)

Both groups (placebo and diazepam) consist of 10 subjects.
The reaction times increase with the difficulty of the task. The reaction times from the different levels of difficulty are significantly different

(p�3�10�12). There are no significant differences in reaction times between groups and/or sessions (p�0.76, p�0.38, p�0.76 for N�1, 2, and
3, respectively).
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TABLE 3. Accuracy for the N-Back Task (%)

Session 1 Session 2

Placebo Diazepam Placebo Diazepam

0-back 94.8% 99.0% 99.5% 98.8%
1-back 96.7% 99.2% 98.5% 99.3%
2-back 97.7% 98.2% 98.7% 98.7%

Both groups (placebo and diazepam) consist of 10 subjects.
There were no differences in performance between sessions or

between diazepam and placebo (p�0.61, p�0.66, p�0.86 for N�1,
2, and 3, respectively). There is no difference in performance
between the different levels of difficulty (N�0, 1, and 2).

Group analysis of the word generation task produced
significant activations bilaterally in the inferior frontal
gyrus and middle occipital gyrus, in the left middle
frontal, middle temporal fusiform and supramarginal
gyri, and in the right superior temporal gyrus (Figure
4B).

The group analysis of the main n-back effect (1 � 2
versus 0) revealed activated clusters in the middle fron-
tal gyrus, precentral gyrus, superior parietal lobule, and
occipital cortex bilaterally, in the left inferior parietal
lobule, superior temporal gyrus and postcentral gyrus,
and also in the right superior frontal gyrus and supra-
marginal gyrus (Figure 4C).

The ANOVA test revealed no significant differences
for the motor and n-back task with respect to session
and substance effects. For the word generation test, the
ANOVA analysis unveiled a difference between Ses-
sions 1 and 2 in Broca’s area.

Intensity of Activation and Background Signal
The calculations of the PSC and SD revealed no sub-
stance-related effects on the intensity of activation.
However, there was a significant reduction of the PSC
for the n-back task and a significant increase of the SD
for the motor task between Sessions 1 and 2 (p�0.05).
The results from the PSC and SD calculations suggest
that there is reduced detectability of activated voxels in
the second session for the motor and n-back tasks. This
is indeed reflected in the reduction of activation volume.

Gender Analysis
In an additional analysis of activation volume and lat-
erality index, the gender of the subjects was included.
The same session effects described above were still pres-
ent and no new significant sessions or substance-related
effects were found. There was, however, a significant
gender difference in the number of activated voxels for

the word generation task; women had a smaller number
of activated voxels (p�0.01 for both thresholds).

Diazepam Concentration
The concentration of diazepam in blood samples was,
in general, quite low and varied significantly. In those
samples that were collected after the diazepam intake,
the median of the plasma level was 0.02 mg/liter (min:
0, max: 0.16, mean: 0.092). There was no significant dif-
ference in the blood level of diazepam between men and
women (p�0.62). More details on the analysis of blood
and plasma samples will be presented elsewhere.

DISCUSSION

Twenty subjects were scanned on two occasions. In one
of the sessions, the subjects received diazepam, and in
the other, placebo. Diazepam administration was ran-
domized and counterbalanced with respect to session.
The subjects were scanned while performing motor,
word generation and n-back tasks. Activation maps
were created using two different thresholds for each task
and subject. Both these activation thresholds were used
in the subsequent calculations of the number of acti-
vated voxels and the laterality index. All results regard-
ing diazepam and session effects were unaffected by the
threshold applied to the statistical images. For the num-
ber of activated voxels, there was a significant difference
between sessions for the motor and n-back tasks. For
both tests, the number of activated voxels decreased. On
the other hand, the word generation task displayed no
session-related effects. The laterality index displayed a
significant session effect, increased left-sided domi-
nance, for the motor task. The word generation task pro-
duced laterality index values that were consistent be-
tween sessions and with little variation between and
within subjects. In contrast, the laterality index from the
n-back task showed much more variation between ses-
sions and subjects as well as within subjects.

The evident session effects might have their origin in
a learning effect. Prior to the scanning sessions, all par-
ticipants attended a short training session to minimize
learning. However, the learning curve for the motor and
n-back tasks may have been underestimated, and more
extensive training could possibly have reduced the ses-
sion effects. The interval between scanning sessions was
relatively long, which ought to diminish the learning
effect, but an even longer interval might have reduced
the practice effect even more. It is also important to con-
sider that the participants were all young adults, mostly
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FIGURE 1. Laterality Index for the n-Back Task Calculated From
Activation Maps Thresholded at p�0.001
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There was no significant change in the mean of the laterality index
scores with respect to session or drug. Note the large variability of
the scores.

TABLE 4. Number of Activated Voxels (SD) in the ROIs for the Different Tasks

Motor Word Generation n-Back

p�10�3 p�10�5 p�10�3 p�10�5 p�10�3 p�10�5

Session 1 (SD) 1004 (516) 616 (434) 1025 (699) 468 (416) 1319 (702) 509 (347)
Session 2 (SD) 756 (428) 394 (279) 913 (355) 381 (239) 455 (373) 107 (120)
Diazepam (SD) 918 (532) 544 (451) 990 (409) 433 (269) 1018 (769) 347 (346)
Placebo (SD) 842 (441) 466 (292) 948 (673) 416 (402) 756 (616) 269 (304)

None of the differences between diazepam and placebo groups is statistically significant.

FIGURE 2. Laterality Index Scores From the Word Generation
Task, Activation Maps Thresholded at p�10�5
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There were no significant session or drug effects on the Laterality
Index.

medical students, who probably were able to improve
their problem-solving strategy while performing the
task. However, the second-level analysis of the statistical
images showed no differences for n-back and motor in
activation patterns related to session number or drug.
The absence of session effects in the word generation
task may be due to the word generation task being more
similar to everyday experiences than the motor and n-
back tasks. It is not likely that the session discrepancy
is related to a sudden change in scanner performance.
The subjects were scanned in an interleaved fashion in
the sense that when some of the subjects had partici-
pated in both of their functional imaging sessions, oth-
ers had not undergone their first examination.

The absence of diazepam-related effects on the acti-
vation volume and laterality index might, to some de-

gree, be explained by the significant session effects in-
ducing large intersession variability. However, this does
not apply to the word generation task, where no signifi-
cant intersession differences were observed and yet no
diazepam-related effects were found. Another potential
source for the absence of drug-related effects is the di-
azepam concentration levels. The concentration of di-
azepam in blood samples was, in general, quite low. In
addition, based on the large variability of the measured
diazepam content, it is possible that the distribution
phase varied much among the subjects, which implies
that a longer waiting period between the drug intake
and the start of the functional imaging would have been
appropriate. However, the 30-minute interval between
drug intake and fMRI scanning was based on the aim
to resemble clinical practice as well as possible.
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FIGURE 3. Laterality Index Scores for the Motor Task, Activation
Maps Thresholded at p�10�5
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There was a significant increase of the scores between the first and
second sessions.

To test whether the high variability of the blood di-
azepam levels had a significant effect on the results, nine
subjects with the highest blood diazepam levels were
selected. The same statistics were recomputed for these
subjects, but there were no significant drug-related ef-
fects for this group of subjects and the session effects
remained. Information on subjective measures (e.g.,

sleepiness) might have contributed to the evaluation of
expectancy effects of placebo administration. Such in-
formation would have been informative, especially as
many subjects, in general, react with substantial sleepi-
ness without sedating drugs at MRI examinations.

One may also be concerned that the method of eval-
uation might not be optimal. In recent work by Smith et
al.23 it was stated that “it is not safe to judge intersession
variability by looking at variability in thresholded sta-
tistic images.” Nevertheless, we think that the number
of activated voxels and the laterality index are appro-
priate measures in the context of this investigation. Eval-
uation of language laterality is important to reduce the
risk of lost functionality after neurosurgical resection of
seizure areas in epileptic patients. In addition, for sur-
gical planning, a thresholded statistical image is usually
presented to the clinician, and the number of activated
voxels has a significant effect on the impression of the
activation map.

CONCLUSIONS

The aim of this study was to test whether diazepam in
doses relevant for premedication affected the results of
a clinical-like fMRI session. No effects on the number of
activated voxels, laterality index, percent signal change,
or standard deviation related to the drug were found.
The importance of the absence of a drug effect must not
be overestimated. There was a distinct session effect that
may have masked a smaller effect caused by diazepam.

FIGURE 4. Group Activation Maps From the Three Different Tasks

All images were thresholded at p�0.05, corrected for family-wise errors. A�Motor task, B�Word Generation task, C�n-Back task.
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versity and Landstinget i Östergötland. The authors thank
Johan Ahlner for his help on planning the project and Örjan
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