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Background: In an attempt to avoid unknown influence, most neuroimaging studies examining the pathophysiology of posttraumatic
stress disorder (PTSD) exclude patients taking medications. Here we review the empirical evidence for relevant medications having a con-
founding effect on task performance or cerebral blood flow (CBF) in this population. The evidence for potentially confounding effects of
psychotherapy in PTSD are also discussed. Methods: The literature that we reviewed was obtained through a PubMed search from 1980
to 2009 using the search terms posttraumatic stress disorder, PTSD, psychotropic medications, neuroimaging, functional magnetic res on -
ance imaging, positron emission tomography, cerebral blood flow, CBF, serotonin-specific reuptake blocker, benzodiazepine, ketamine,
methamphetamine, lamotrigine and atypical antipsychotic agents. Results: The empirical evidence for relevant medications having a con-
founding effect on task performance or CBF in relevant areas remains sparse for most psychotropic medications among patients with
PTSD. However, considerable evidence is accumulating for 2 of the most commonly prescribed medication classes (serotonin-specific re-
uptake inhibitors and benzodiazepines) in healthy controls. Compelling data for the potentially confounding effects on brain areas relevant
to PTSD for psychotherapeutic interventions are also accumulating. Conclusion: Neuroimaging studies examining the pathophysiology of
PTSD should ideally recruit both medicated (assuming that the medication treatment has not resulted in the remission of symptoms) and
unmedicated participants, to allow the findings to be generalized with greater confidence to the entire population of patients with PTSD.
More research is needed into the independent effects of medications on task performance and CBF in regions of interest in PTSD. Neuro -
imaging studies should also take into account whether patients are currently engaged in psychotherapeutic treatment.
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Introduction

In the last decade, functional neuroimaging research in post-
traumatic stress disorder (PTSD) has resulted in an explosion of
new data implicating the brain circuits involved in the patho-
physiology of this disorder. Studies of cerebral blood flow (CBF)
using positron emission tomography (PET) and functional mag-
netic resonance imaging (fMRI) have examined neural re-
sponses to script-driven imagery, to viewing fearful, happy and

neutral faces, and to non–trauma-related scripts or pictures.1 A
recent meta-analysis has shown that PTSD patients tend to ex-
hibit greater brain activation than healthy controls in the amyg-
dala and insula, structures involved in fear conditioning and in
the perception of bodily states, respectively. Moreover, de-
creased activation of the dorsal and rostral anterior cingulate
and altered activation in the ventromedial prefrontal cortex, re-
gions involved in the experience and regulation of emotion,
have repeatedly been observed in patients with PTSD.1
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In an attempt to avoid unknown influences, most neuro -
imaging studies examining the pathophysiology of PTSD
thus far have included predominantly medication-free 
patients; only a few studies have included patients taking
psycho tropic medications.2–4

In this article, we argue that the assumption that medica-
tion use will affect the results carries with it a number of im-
portant costs that are not generally acknowledged. Moreover,
in what appears to be an example of dualistic reasoning,
there has been less focus on excluding patients receiving
psycho logic interventions for PTSD, even though these inter-
ventions may also affect neuroimaging findings. We con-
clude with recommendations for future investigations with
regard to the use of psychotropic medications and psycho -
therapy in neuroimaging studies.

The primary rationale for including only medication-free
patients is to eliminate the potentially confounding factor of
medication use. This confounding factor may exist in 3 main
forms: medication may influence task performance indepen-
dent of symptom levels; medication may independently in-
fluence blood flow or blood oxygen level–dependent (BOLD)
effects in areas implicated in the condition under study; and
medication may independently influence neural activity that
reflects the interaction between the study group and task.

To address the assumption that it is best to include only
medication-free patients, we review the evidence for the first
2 types of confounding effects in PTSD by examining studies
that have compared outcomes in medicated and unmedi -
cated participants. However, it should be noted that because
medication status tends not to be experimentally controlled,
these comparisons may be influenced by factors correlated
with medication status that could conspire to create and/or
eliminate true differences. To date, no studies have examined
the influence of specific medications on task performance in
PTSD using neuroimaging methods.

Methods

We obtained the literature reviewed in this article through a
PubMed search dating between 1980 and 2009 using the
search terms posttraumatic stress disorder, PTSD, psycho -
tropic medications, neuroimaging, functional magnetic reso-
nance imaging, positron emission tomography, cerebral
blood flow, CBF, serotonin-specific reuptake blockers, benzo-
diazepines, ketamine, methamphetamine, lamotrigine and
atypical antipsychotic agents. In addition, we also included
articles identified from the reference lists of the articles ob-
tained in this search. 

Results

Effects of psychotropic medications on task performance in
PTSD

Various nonneuroimaging studies involving PTSD patients
have examined medication effects in a variety of different
paradigms. Two studies from the same research group exam-
ined physiologic responses to loud tones in veteran PTSD 

patients5 and monozygotic Vietnam veteran twins discordant
for combat exposure.6 Whereas the specific medications used
in the veteran sample were not reported, the studies included
as a covariate in the analysis the use of one or more poten-
tially confounding medications, including narcotics, anti -
depressants, neuroleptics and benzodiazepines. Both studies
found that the inclusion of patients taking prescription med-
ications did not alter the findings of increased autonomic re-
sponses to loud tone stimuli in patients with PTSD. In the
same sample of twins, the presence of reduced recall for fear
extinction was also examined. Retention of extinction of con-
ditioned fear was deficient in the PTSD group. The PTSD
combat veterans showed larger skin conductance responses
during extinction recall compared with their own twins as
well as compared with non-PTSD combat veterans and their
twins.6 These results were again not affected by the use of
psychotropic medications, as determined by an analysis of
covariance for medication status.7

A study of reward function in patients with combat-related
PTSD used pictures of beautiful male and female faces and
found no difference in responses between the medicated and
unmedicated patients; both medicated and unmedicated
combat-related PTSD veterans groups expended less effort
by pressing a particular button to extend the viewing time of
these pictures compared with Vietnam veterans without
PTSD.8 The specific medications used in the study were not
reported. A study investigating neurocognitive function, in-
cluding visual memory, attention and encoding, executive
function and visuospatial ability in medicated and unmedi -
cated twins discordant for combat exposure showed that the
results were not affected by current psychotropic medication
use.9 Whereas no analysis by medication type was reported,
the authors specify that 50% of medicated veterans reported
benzodiazepine use, 25% reported use of a selective serotonin
reuptake inhibitor (SSRI), 42% were prescribed a serotonin
modulator and 25% reported taking multiple medications,
which included a benzodiazepine in addition to a SSRI or a
serotonin modulator in all cases.

A study of attention, learning and memory performance
and estimated intellectual potential in Vietnam veterans also
failed to find significant differences between medicated and
unmedicated PTSD subgroups. Both groups of patients ex-
hibited cognitive deficits on tasks of sustained attention,
working memory, initial learning and estimated premorbid
intelligence, but not on measures of focus of attention, shift of
attention or memory savings.10 In addition, neither Golier and
colleagues11 nor Nixon and colleagues12 reported a relation
between memory performance and the use of psychotropic
medications. The latter 2 studies did not report the specific
psychotropic medications used by the participants.

Orr and colleagues13 examined psychophysiologic re-
sponses in a group of women with PTSD due to childhood
sexual abuse by use of personal sexual abuse imagery (a
method similar to script-driven imagery symptom provoca-
tion neuroimaging studies). The investigators found that the
larger physiologic responses of heart rate and skin conduc-
tance in the PTSD group were not significantly different 
in medicated versus unmedicated subgroups; however, the 



specific medications used in these studies were not reported.
Similar results were found in studies examining olfactory
identification as a measure of orbitofrontal integrity and
qualitative block design performance in Vietnam veterans
with PTSD.14,15 Although it is noteworthy that neither one of
these studies could establish a significant correlation between
medication status and task performance, interpretation of
these findings is limited owing to a lack of medication-
specific analyses.

In contrast, a study that examined auditory event-related
potential, especially the parietal P3 amplitude, to tone stimuli
in combat-related PTSD reported abnormalities in unmed-
icated patients (n = 8) that were not present in a group of pa-
tients medicated (n = 16) with either an SSRI (n = 11), tra-
zodone (n = 6), lithium (n = 1), carbamazepine (n = 1),
buspirone (n = 2), neuroleptics (n = 4) or benzodiazepines 
(n = 1). Medicated patients did not differ significantly from
those in the control group without PTSD, and the authors
suggested that psychotropic medications may normalize
evoked potential-related deficits in PTSD.16 However, to sub-
stantiate this hypothesis further, carefully designed studies
that analyze the specific effect of medication groups on
psycho physiologic parameters are warranted.

In summary, the majority of studies that involved sub-
groups taking or not taking psychotropic medication and
studied psychophysical responses, neurocognitive function-
ing and reward functioning have not found a significant ef-
fect of medication on these domains, although there was a
medication effect detected for auditory event-related poten-
tials. It is noteworthy that the use of covariate analyses may
not always be the most sensitive means of evaluating poten-
tial medication effects because medication use itself may co-
vary with other clinically relevant characteristics such as
severity of illness, which is not taken into account in this type
of analysis. In addition, some of the studies, most of which
had small sample sizes, may have lacked the power to detect
a potential medication effect. This is particularly relevant for
the studies discussed above that examined PTSD patients
who were taking benzodiazepines or antidepressants at the
time of the study, because it has been clearly demonstrated
that these drugs can affect memory performance17,18 as well as
emotional processing.19 In addition to memory, psychomotor
functioning and concentration are the cognitive domains
most commonly affected by commonly used prescription
medications.20 Furthermore, complex interactions between
medication and task performance need to be considered, be-
cause some medication types may influence performance of
certain tasks. To date, it is impossible to determine which
medication types will influence performance of certain tasks
by PTSD patients, because these influences have not directly
been studied in this population. Therefore, differential inter-
actions between medication type and task need to be taken
into account when studying BOLD responses in PTSD pa-
tients. This warrants separate analysis of patients using only
one type of pharmacologic agent as well as an evaluation of
the potential differential effects of various psychotropic
agents. To our knowledge, no PTSD neuroimaging studies
have manipulated medication status and compared task 

performance independent of PTSD symptoms. In addition,
only a few studies have examined the effects of psychotropic
medications on CBF; these are described in the next section.

Direct effects of psychotropic medications on CBF in
healthy participants

Understanding the effects of psychotropic medications on
CBF in brain areas associated with PTSD is important for de-
termining the potential effects of including medicated pa-
tients in neuroimaging studies.21 Current psychobiologic
models construe PTSD fundamentally as a disorder of fear
and affect arousal regulation,22–25 and they implicate alter-
ations in the amygdala, medial prefrontal cortex, anterior cin-
gulate cortex and hippocampus. Studies have begun to exam-
ine the effects of several psychotropic medications on CBF in
these brain areas in healthy participants, including SSRIs,
benzodiazepines, methamphetamine, ketamine and lamotri -
gine (Table 1). The SSRIs and benzodiazepines are particu-
larly relevant to PTSD because they are often used in the
treatment of this condition.

During a hand sensorimotor task, a single dose of the SSRI
fluoxetine and fenozolone led to more focused activation in
the contralateral sensorimotor area, increased activation of
the posterior supplementary motor area and a widespread
decrease in bilateral cerebellar activation, as assessed by
fMRI in healthy controls.26,27 Moreover, 1-month administra-
tion of paroxetine modulated human motor cortex excitabil-
ity in healthy participants.27 More recently, Peran and col-
leagues28 examined the effects of long-term paroxetine
administration (20 mg for 1 mo) on the activity of cortical 
areas implicated in higher-order representations of action-
related language processing in healthy controls. Both verb gen-
eration and mental simulation of action showed a paroxetine-
mediated hypoactivation of the left prefrontal and right 
medial premotor cortex and hyperactivation of the right
Brodmann area (BA) 6 for less demanding verb repetition
tasks. Short-term administration of citalopram (1 dose of
7.5 mg given intravenously) in healthy volunteers enhanced
the right BA 47 responses and attenuated the medial or-
bitofrontal cortex to the no-go condition. In contrast, citalo-
pram attenuated right BA 47 responses but attenuated right
amygdala response to aversive faces.29

Recently, this finding has been replicated in a randomized,
placebo-controlled study.30 Healthy volunteers were given 
either a single oral dose of citalopram (20 mg) or placebo.
Amygdala activity in reaction to fearful facial expressions
was significantly reduced 3 hours later in the treatment
group compared with the placebo group. A similar effect was
found for long-term treatment with escitalopram for
21 days,31 which led to a reduction in amygdala activation
during an emotion face assessment task.31 This was also
found in a placebo-controlled 7-day trial32 that used noncon-
scious exposure to fearful faces. These effects of SSRIs on
amygdala responses to threat support the idea that antide-
pressants may produce relevant effects in emotion processing
areas early in the course of treatment. The amygdala is known
to be involved in the processing of emotional stimuli and, in

Lanius et al.

82 J Psychiatry Neurosci 2010;35(2)



Medication-free patients in neuroimaging research

J Psychiatry Neurosci 2010;35(2) 83

particular, the rapid detection of threat-relevant cues such as
fearful facial expressions.33

Because both depression and PTSD have been associated
with hyperactivity of the amygdala,4,34,35,36 and converging evi-
dence demonstrates that one mechanism by which SSRIs may
exert their action is by constraining such overactivity, the ef-
fects of SSRIs on BOLD responses in paradigms examining
threat-relevant cues in PTSD should be studied. Therefore, pa-
tients taking SSRIs should be included in PTSD studies. 

The effects of short-term treatment with the selective nora-
drenaline reuptake inhibitor reboxetine were also investi-
gated in healthy volunteers during processing of emotional
faces. Compared with those taking a placebo, those taking re-
boxetine had a reduced amygdala response to fearful faces
and increased activation to happy versus neutral facial ex-
pressions in the right fusiform gyrus.37

The effects of benzodiazepines on brain activation during
memory encoding tasks have been investigated.38,39 Studies

Table 1: Effects of psychotropic agents on brain function in healthy controls 

Study Medication (duration of use) 
Healthy 

controls, no. 
Neuroimaging 

method Task Neural effects 

Loubinoux et al.
26
 Fluoxetine (short-term) 

Fenzole (short-term) 
12 fMRI •  Hand sensorimotor task •  ↑ activation of posterior supplementary  

  area 

•  ↓ activation of bilateral cerebellum 

Loubinoux et al.
27
 Paroxetine (1 mo) 19 fMRI •  Active/passive movement 

  dexterity task 
•  Sensory discrimination task 

•  Modulation of motor cortex  
  excitability 

Peran et al.
28
 Paroxetine (4 mo) 12 fMRI •  Action-related language  

  processing 
•  ↓ activation of left prefrontal and 

  right medial premotor cortex 

•  ↑ activation of right BA 6 for less  

  demanding and repetition tasks 

Del-Ben et al.
29
 Citalopram (short-term) 12 fMRI •  No-go task 

•  Adverse faces 
•  ↑ activation of right BA 47 to no-go 

•  ↓ activation of right amygdala  

  to adverse faces 

Murphy et al.
30

 Citalopram (short-term) 26 fMRI •  Fearful facial expressions •  ↓ amygdala response to fearful facial  

  expressions 

Harmer et al.
32

 Citalopram (7 d) 24 fMRI •  Masked fearful and happy  
   facial expressions 

•  ↓ amygdala responses 

•  ↓ hippocampus response 

•  ↓ medial prefrontal cortex masked    

  presentations of fearful faces 

•  ↓ recognition of fearful facial  

  expressions assessed after the scan 

Arce et al.
31
 Escitalopram (21 d) 13 fMRI •  Emotion face assessment 

task 
•  ↓ amygdala activation 

Mintzer et al.
38
 Triazolam (short-term) 15 PET150 – H

2
O •  Episodic memory encoding •  ↓ memory performance associated  

  with ↓ activation in anterior  

  cingulated cortex, precuneus and  
  cerebellum 

Mintzer et al.
39
 Triazolam (short-term) 12 PET150 – H

2
O •  Somatic, episodic memory  

   encoding 
•  ↓ memory performance associated  

  with ↓ activation in anterior  

  cingulate, prefrontal cortex and  
  parahippocampal gyrus 

Paulus et al.
40
 Lorazepam (short-term) 15 fMRI •  Emotion face assessment 

task 
•  ↓ activation in bilateral amygdala  

  and insula 

Norbury and Mackay
37

 Reboxetine (7 d) 24 fMRI •  Categorization and 
recognition  
   of positive and negative  
   words 

•  ↑ left precuneus and right inferior  

  frontal gyrus during categorization  
  of positive words 

•  ↓ left precuneus, anterior cingulate  

  and medial frontal gyrus during  
  recognition of positive words 

Kleinschmidt et al.
41
 Methamphetamine  

(short-term) 
7 fMRI •  Dynamic gradient-echo  

   imaging 
•  ↑ signal in cerebellum and  

  subcortical grey matter structures 

Holcomb et al.
42
 Ketamine (short-term) 23 PET H

2

15
O •  Resting scan •  Brain activation in the anterior  

  cingulated and medial prefrontal  
  cortex correlated with the  
  psychomimetic action of ketamine 

Holcomb et al.
42
 Ketamine (short-term) 8 fMRI •  Perception of face–non- 

  face contrast 
•  No BOLD signal change in any  
  region during ketamine administration 

Li et al.
44

 Lamotrigine (short-term) 12 TMS/fMRI  •  Lamotrigine diffusely inhibited  
  cortical activation induced by TMS  
  applied over motor cortex 

BA = Brodmann area; BOLD = blood oxygen level–dependent; fMRI = functional magnetic resonance imaging; PET = positron emission tomography; TMS = transcranial magnetic 
stimulation. 



using PET revealed that triazolam significantly impaired
memory performance and led to deactivation in brain areas
previously shown to be associated with memory encoding,
including the anterior cingulate cortex, precuneus and cere-
bellum.38 These results were later replicated in a similar study
which found that triazolam produced dose-related impair-
ment in memory performance and dose-related deactivation
in brain regions previously shown to be associated with
memory encoding and known to show differential activity 
or connectivity in PTSD, such as the anterior cingulate 
cortex, prefrontal cortex and parahippocampal gyrus.39 Dose-
dependent decreases in brain activation in the bilateral amyg-
dala and insula have also been reported in response to lo-
razepam (1-time dosing) as compared with placebo during
an emotion face assessment task in healthy volunteers,40 ren-
dering these studies equally relevant for PTSD research.

The effects of methamphetamine on cerebral activity have
been examined using dynamic gradient-echo imaging be-
fore, during and after intravenous administration in healthy
controls. Methamphetamine was associated with fMRI sig-
nal increases in the cerebellum and subcortical grey matter
structures.41

In healthy participants, ketamine has been shown to be as-
sociated with CBF increases in the anterior cingulate, medial
prefrontal and inferior frontal cortices and decreases in cere-
bral activation in the cerebellum.42 In this study, brain activa-
tion in the anterior cingulate and medial prefrontal cortex
was correlated with the psychomimetic action of ketamine,
whereas there was no correlation with this psychologic
change and the level of brain activation in the cerebellum.
The consequences of ketamine and placebo and their effects
on BOLD versus alterations in cognitive state in healthy par-
ticipants has also been examined.43 The changes in BOLD  sig-
nal during perception of the face–nonface contrast exhibited
widespread BOLD changes. However, in the placebo group
compared with in the ketamine group, there was signifi-
cantly greater BOLD signal change only in the middle occipi-
tal gyrus (BA 18) and the precentral gyrus (BA 4). The
changes in BOLD signal were not significantly greater in 
any region during ketamine administration. The authors
suggested that the BOLD signal changes represented 
task-dependent effects of drug or placebo, rather than task-
independent effects of drug.43

The effects of lamotrigine on BOLD signal changes induced
by transcranial magnetic stimulation (TMS) have also been ex-
amined in healthy participants.44 Lamotrigine at clinically rele-
vant serum concentrations diffusely inhibited cortical activa-
tion induced by TMS applied over the motor cortex. In
contrast, when TMS was applied over the prefrontal cortex,
lamotrigine increased the TMS-induced activation of limbic
regions such as the orbitofrontal cortex and hippocampus.

In summary, there is sufficient evidence that psychotropic
drugs can influence task-dependent and task-independent
cerebral blood flow in healthy participants. Additionally, sev-
eral studies have shown similar effects in other psychiatric
populations such as schizophrenia, depression and bipolar
disorder. Schlagenhauf and colleagues state that both typical
neuroleptics and olanzapine influence task-dependent blood

flow in schizophrenia patients using BOLD responses during
a working memory task.45

In a longitudinal study, schizophrenia patients exhibited
significant correlations between the increase in the LORETA
value of the left superior temporal gyrus during an auditory
oddball task with improvements of negative symptoms after
6-month treatment with olanzapine.46 In patients with depres-
sion, functional correlates of antidepressant treatment and
symptomatic responses were identified using pre–post com-
parisons of activations elicited by sad facial affect processing,47

masked emotional faces,48 working memory tasks49 and in
combination with sleep deprivation.50 In bipolar disorder, 
unmedicated patients exhibited significantly higher BOLD re-
sponses throughout the motor cortex, basal ganglia and thala-
mus compared with patients taking antipsychotic or mood-
stabilizing medication during a motor reaction task.51 In
addition, a study examining emotion processing demon-
strated decreased amygdala activity in medicated versus un-
medicated bipolar patients.52,53 These findings indicate that
careful studies examining medication effects on neuroimaging
results are necessary to analyze possible interaction effects be-
tween disorder and medication type. Therefore, careful exam-
ination of specific medication effects in PTSD will be essential.

Preliminary evidence of medication effects in PTSD

Several studies have begun to examine the differential effects
of psychotropic drugs on brain function in PTSD. For example,
investigators have examined the effects of yohimbine, an α2

adrenoreceptor antagonist, on cerebral glucose metabolism in
combat-related PTSD. The veterans with PTSD exhibited in-
creased anxiety in response to yohimbine and decreased metab -
olism in the prefrontal, temporal, parietal and orbitofrontal
cortex compared with healthy participants.54 In a group of 
11 patients with PTSD, treatment with citalopram was associ-
ated with decreased activation in the left medial temporal cor-
tex, and symptomatic improvement was positively correlated
with increased medial prefrontal cortex activity.55

Whereas the effects of long-term treatment with psycho -
pharmacologic agents on brain morphology have been inves-
tigated extensively (e.g., in schizophrenia56), literature on
neuroanatomical changes associated with pharmacotherapy
in PTSD is just beginning to emerge. The neurobiology of
PTSD has been hypothesized to involve alterations in gluta-
matergic transmission with subsequent neurotoxicity, espe-
cially involving the hippocampal region. Phenytoin, an anti-
convulsant used to treat epilepsy, is believed to act by
modulating glutamatergic neurotransmission and has been
associated with a 6% increase in right brain volume. More-
over, increased hippocampal volume was correlated with re-
ductions of PTSD symptom severity.57 Animal studies have
suggested that stress is associated with hippocampal volume
changes, inhibition of neurogenesis and deficits in hippocampal-
based memory dysfunction, and the literature is beginning to
show that SSRIs promote neurogenesis and can reverse the
effects of stress on hippocampal atrophy, whereas the neuro-
biological mediators are still being investigated.58 In PTSD 
patients, treatment with the serotonin-specific reuptake
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blocker paroxetine for 1 year resulted in a 5% increase in hip-
pocampal volume and a 35% improvement in declarative
memory function.59

In conclusion, there is evidence in healthy participants that
some psychotropic drugs not commonly used to treat PTSD,
including methamphetamine, ketamine and clozapine, may
affect brain regions that have been implicated in PTSD, in-
cluding the orbitofrontal cortex, anterior cingulate cortex,
amygdala and medial prefrontal cortex. Accumulating evi-
dence suggests that some SSRIs and lamotrigine affect some
of these same regions. Benzodiazepines have clearly been
shown to affect memory performance and brain activation of
regions that have been associated with PTSD, including the
anterior cingulate cortex, prefrontal cortex and parahip-
pocampal gyrus. It is of note that most of the above described
studies were conducted in non-PTSD samples and across a
variety of paradigms. As a result, the findings can only be
generalized with caution to PTSD neuroimaging studies be-
cause the effects of psychotropic drugs on CBF in PTSD re-
main largely unknown. Given the emerging evidence of dif-
ferential effects of various psychotropic agents on CBF
and/or BOLD, future studies need to continue to focus on
evaluating the specific effects of each psychotropic agent in
healthy populations and patients with PTSD. Furthermore,
no studies to date have examined the effects of adjunctive
pharmacotherapeutic treatment in PTSD (even though multi-
ple medications are often used in the treatment of PTSD60 or
the extent of placebo effects in this population.61,62 Because a
positive placebo response is evident in up to 50% of patients
with pain syndromes and depression, the influence of
psycho pharmacologic agents in PTSD patients should be ex-
plored in randomized, placebo-controlled trials.

Disadvantages of including medication-free patients

One disadvantage of focusing purely on medication-free
PTSD patients is the risk of studying a population that does
not necessarily represent all patients with PTSD. This is not
such an issue if the aim is to isolate underlying mechanisms
of the disorder; however, it is still important to establish
whether such mechanisms can be equally well identified in
patients encountered in routine clinical practice. Even though
to date no studies have compared characteristics of treated
and untreated PTSD patients, future studies should focus on
factors that may prevent PTSD patients from seeking treat-
ment. Several studies have examined prescribing practices in
a variety of PTSD populations and have reported that 77%
and 80% of domestic and military PTSD populations, respec-
tively, received psychotropic medications,60,63 suggesting that
medication-free PTSD patients do not represent the majority
of PTSD patients.

In addition to the implications of representativeness, includ-
ing only medication-free patients in PTSD research may also
introduce various sample biases. Samples are likely to include
patients and treating psychiatrists who can be persuaded to
voluntarily discontinue medication. In many cases these pa-
tients may be less severely ill or less prone to have their anxiety
exacerbated by being exposed to the scanning environment.64–66

This is particularly problematic because PTSD patients with
more severe and complex symptoms are often much more dif-
ficult to treat and therefore present a greater financial burden
to the health care system.67,68 Understanding the pathophysiol-
ogy of PTSD may contribute to the development of better
treatment strategies; however, if the pathophysiology differs in
patients with different disease severity, the patient groups ex-
cluded from research are less likely to benefit from these ad-
vances. In fact, investigators of other psychiatric disorders
such as schizophrenia and mood disorders have a long history
of performing neuroimaging research with both unmedicated
and medicated patients for this reason.69,70

An additional disadvantage of including PTSD patients
who have undergone a drug washout is that this procedure
and its associated potential withdrawal symptoms, especially
related to the use of antidepressant medications, may have
independent effects on CBF. For example, proton magnetic
resonance spectroscopy has shown that selective serotonin
reuptake inhibitor discontinuation syndrome is associated
with a rostral anterior cingulate choline metabolite decrease.71

Drug washouts may therefore introduce rather than elim -
inate a potential confounding factor. There are few neuro -
imaging studies that have examined the potential effects of
psychotropic drug washouts and/or withdrawal symptoms
on CBF, which therefore remain largely unknown.

One must also ask whether there are ethical issues raised
by a protocol that involves weaning severely ill patients off
any intervention, including drugs, when that intervention
has been shown to be beneficial for that individual. In other
conditions for which drugs have a more established role,
such as schizophrenia, many institutional review boards are
taking the view that this poses an unacceptable level of risk.
If this view becomes commonly accepted in relation to PTSD
studies, or in relation to a subset of PTSD patients, an evi-
dence base that is restricted to unmedicated patients will
need broadening to advance the field. An additional option
to address this issue is to use study designs that include pa-
tients before medication treatment whenever possible.

Should neuroimaging studies include PTSD patients 
receiving psychotherapy?

To date, PTSD neuroimaging studies have excluded medi -
cated PTSD patients, yet many have not excluded patients re-
ceiving psychotherapeutic interventions. This point is impor-
tant in light of the increasing evidence that psychotherapeutic
interventions can have profound effects on CBF. For example,
in a sample of subthreshold PTSD patients who were com-
pared with matched waiting-list subthreshold PTSD patients,
a course of exposure-based and cognitive restructuring ther-
apy led to significantly higher levels of CBF in the parietal
lobes, left hippocampus, thalamus and left prefrontal cortex
during memory retrieval after psychotherapy.72 In addition,
the effects of eye movement desensitization and reprocessing
therapy on CBF in a group of PTSD patients listening to a
traumatic script showed that a significant tracer difference
present before treatment in the uncus (BA 36) disappeared af-
ter treatment, while a significant difference appeared in the



lateral temporal pole (BA 21).73 Furthermore, in a group of 
8 patients with PTSD, imaginal exposure and cognitive re-
structuring was associated with increased activation in the
rostral anterior cingulate cortex,74 and improvements in PTSD
symptom severity were correlated with increased rostral ante-
rior cingulate activation and decreased amygdala activation.
The effects of brief eclectic therapy involving trauma imagery
in civilian PTSD patients were associated with decreased CBF
in the right middle frontal gyrus as determined by PET. Treat-
ment effects correlated positively with activation in the left 
superior temporal gyrus and superior/middle frontal gyrus.75

Research has also shown the effects of psychotherapeutic in-
tervention on CBF in depression,76 obsessive–compulsive dis-
order,77 panic disorder,78 social phobia79 and spider phobia.80,81

In unipolar depression,82 a prospective PET study revealed
comparative results for psychotherapeutic (cognitive behav-
ioural therapy) and pharmacologic (venlafaxine) treatment.
Both treatments yielded a significant increase in glucose
metab olism in the right occipital-temporal cortex and signifi-
cant decreases in the orbitofrontal cortex and left medial pre-
frontal cortex. Patients who responded to either or both treat-
ments were characterized by reduced metabolism in several
prefrontal regions. In light of these results, the different inclu-
sion standards for patients treated with psychopharmacologic
agents versus psychotherapy seem anachronistic.

In summary, there appears to be compelling evidence for
the potentially confounding effects on brain areas relevant to
PTSD for psychotherapeutic interventions. Given these re-
sults, it appears that the effects of psychotherapy, just like
those of pharmacotherapy, may confound the results of
neuro imaging studies. It may therefore be important to note
whether patients are currently engaged in psychotherapeutic
treatment and include such information in the analyses of
neuroimaging data.

Conclusion

The general principle of including medication-free psychi-
atric patients whenever possible is widely considered a desir-
able factor and may play an important role in decisions 
concerning the funding and publication of neuroimaging
studies. At least in PTSD, however, the empirical evidence
for relevant medications having a confounding effect on task
performance or CBF in relevant areas remains sparse for
most psychotropic medications because detailed dismantling
studies are lacking. However, considerable evidence is accu-
mulating in healthy controls for 2 of the most commonly pre-
scribed medication classes, SSRIs and benzodiazepines.

We believe that the field will best be advanced by studies
that can speak to whether findings from medication-free par-
ticipants can be meaningfully applied to the actual patient
population, as well as by knowing how or which medications
affect which outcomes. Changing approaches to research par-
ticipant protection may mean that, at some point, studying
medication-free patients may become very difficult (unless
patients can be accessed and studied before receiving treat-
ment), rendering the need to investigate medication effects
on neuroimaging data particularly urgent. Given the rather

substantial evidence for the effects of psychotherapy on brain
function, there are also likely to be considerable benefits from
comparing the separate effects of psychologic and pharmaco-
logic intervention.

There are a number of alternative strategies that do not re-
quire discontinuing medication to remove potential con-
founding effects. Within-patient designs have the effect of
holding medication status constant while manipulating the
conditions of interest. Other studies have attempted to con-
trol for medication status by having a psychiatric control
group that is receiving similar pharmacologic treatment. In
the case of PTSD, patients with major depressive disorder
may sometimes provide an appropriate comparison group,83

although the possibility of a drug-by-disorder interaction
cannot be excluded.

Furthermore, neurobiologic changes associated with the
preventive prescription of psychopharmaceutical agents in
acutely traumatized patients have emerged as a topic of in-
terest. To date, studies prospectively assessing symptom
severity have yielded mixed results, indicating a need for fur-
ther study.84–87 Whereas the effects of long-term treatment
with psychopharmacologic agents on brain morphology have
been investigated in other psychiatric disorders, neuro -
anatomical changes associated with short- and long-term
pharmacotherapy in PTSD deserve further investigation.

In addition, there are a number of testable hypotheses ad-
dressing medication effects in PTSD patients and healthy
controls include. The first hypothesis is that the effects of
short- and long-term administration of psychotropic medica-
tions on neural functioning during a resting state differ in
PTSD patients and healthy controls. The second is that the ef-
fects of psychotropic medications on neural functioning at
baseline versus during relevant cognitive tasks, such as
working memory tasks,88 differ in PTSD patients and healthy
controls. Such studies will allow an examination of brain acti-
vation changes associated with task-dependent effects of the
drug or placebo and task-independent effects of the drug or
placebo. The third hypothesis is that the effects of psycho -
tropic medications differ under conditions that directly trig-
ger PTSD symptoms such as the script-driven imagery symp-
tom provocation paradigm as compared with baseline
conditions. Such studies will enable an increased under-
standing of the neural mechanisms underlying medication
and placebo effects on specific PTSD symptoms.

Finally, to gain further insight into the underlying mech -
anisms of pharmacotherapeutic agents often used adjunc-
tively in PTSD, one may determine the adjunctive effects of
drug A by randomly assigning PTSD patients who are receiv-
ing drug B to also receive either drug A or placebo.

In conclusion, we make the following recommendations
with regard to future research directions and the inclusion of
PTSD patients currently taking psychotropic medications in
neuroimaging studies. First, we agree with the findings of a
recent review of similar issues in bipolar disorder,70 which
concluded that neuroimaging studies should ideally recruit
both medicated and unmedicated patients to allow the find-
ings to be generalized with greater confidence to the entire
population of PTSD patients. 

Lanius et al.

86 J Psychiatry Neurosci 2010;35(2)



Medication-free patients in neuroimaging research

J Psychiatry Neurosci 2010;35(2) 87

Furthermore, more research is clearly needed on the inde-
pendent effects of medications on task performance and on
blood flow in regions of interest in PTSD. Therefore, separate
and comparative analyses of medicated and unmedicated pa-
tients that carefully differentiate the effects of symptom sever-
ity, task difficulty and medication influence are called for. In
addition, neuroimaging studies should take account of whether
patients are currently engaged in psychotherapeutic treatment
and include such information in the data analyses. Future re-
search focusing on these different areas of investigation should
not only provide greater insight into the mechanisms underly-
ing PTSD, but also shed more light on the specific effects of
psychotropic medications on brain functioning in PTSD.

Because pharmacologically induced changes in BOLD sig-
nal could reflect influences not only on neural activity but
also on the synaptic and metabolic signalling to the blood
vessels that control the cerebral blood flow responses, studies
using fMRI to investigate the effects of psychopharmaceutical
agents should consider whether pharma-induced alterations
of the BOLD signal reflect influences on neurovascular,
rather than neural, activity. To control for nonspecific neuro -
vascular alterations, the inclusion of a control task to assess
the BOLD response in brain regions not expected to be
modu lated by the drug is recommended. Randomized,
placebo-controlled studies that use different tasks expected to
show differential activity in PTSD patients would not only al-
low the determination of whether the psychopharmacologic
medication affects task performance but also might serve to
substantiate psychobiologic models of PTSD.

Acknowledgements: The authors gratefully acknowledge advice
and suggestions by Roger K. Pitman. The authors thank Nancy
Mazza for helping prepare the manuscript for publication.

Competing interests: None declared for Drs. Lanius, Brewin, Brem-
ner, Daniels, Liberzon, McFarlane, Schnurr, Shin, Stein and Vermet-
ten. Dr. Friedman received speaker fees from AstraZeneca in 2008.

Contributors: Drs. Brewin, Friedman, Liberzon, Schnurr, Shin and
Stein designed the study. Drs. Lanius and Liberzon acquired the
data, which Drs. Lanius, Daniels, Friedman, McFarlane, Schnurr,
Shin, Stein and Vermetten analyzed. Drs. Lanius, Brewin, Daniels,
Friedman, Liberzon and Stein wrote the article. All authors reviewed
the article and approved the final version submitted for publication.

References

1. Etkin A, Wager TD. Functional neuroimaging of anxiety: a meta-
analysis of emotional processing in PTSD, social anxiety disorder,
and specific phobia. Am J Psychiatry 2007;164:1476-88.

2. Francati V, Vermetten E, Bremner JD. Functional neuroimaging
studies in posttraumatic stress disorder: review of current methods
and findings. Depress Anxiety 2007;24:202-18.

3. Damsa C, Kosel M, Moussally J. Current status of brain imaging in
anxiety disorders. Curr Opin Psychiatry 2009;22:96-110.

4. Shin LM, Liberzon I. The neurocircuitry of fear, stress, and anxiety
disorders. Neuropsychopharmacology 2010;35:169-91.

5. Orr SP, Solomon Z, Peri T, et al. Physiologic responses to loud tones
in Israeli veterans of the 1973 Yom Kippur War. Biol Psychiatry 1997;
41:319-26.

6. Orr SP, Metzger LJ, Lasko NB, et al. Physiologic responses to sud-
den, loud tones in monozygotic twins discordant for combat expo-
sure: association with posttraumatic stress disorder. Arch Gen 
Psychiatry 2003;60:283-8.

7. Milad MR, Orr SP, Lasko NB, et al. Presence and acquired origin
of reduced recall for fear extinction in PTSD: results of a twin
study. J Psychiatr Res 2008;42:515-20.

8. Elman I, Ariely D, Mazar N, et al. Probing reward function in post-
traumatic stress disorder with beautiful facial images. Psychiatry
Res 2005;135:179-83.

9. Gilbertson MW, Paulus LA, Williston SK, et al. Neurocognitive
function in monozygotic twins discordant for combat exposure: 
relationship to posttraumatic stress disorder. J Abnorm Psychol
2006;  115:484-95.

10. Vasterling JJ, Duke LM, Brailey K, et al. Attention, learning, and mem-
ory performances and intellectual resources in Vietnam veterans:
PTSD and no disorder comparisons. Neuropsychology 2002;16:5-14.

11. Golier JA, Yehuda R, Lupien SJ, et al. Memory performance in
Holocaust survivors with posttraumatic stress disorder. Am J 
Psychiatry 2002;159:1682-8.

12. Nixon RD, Nishith P, Resick PA. The accumulative effect of trauma
exposure on short-term and delayed verbal memory in a treatment-
seeking sample of female rape victims. J Trauma Stress 2004; 17:31-5.

13. Orr SP, Lasko NB, Metzger LJ, et al. Psychophysiologic assessment
of women with posttraumatic stress disorder resulting from child-
hood sexual abuse. J Consult Clin Psychol 1998;66:906-13.

14. Vasterling JJ, Brailey K, Sutker PB. Olfactory identification in combat-
related posttraumatic stress disorder. J Trauma Stress 2000;13:241-53.

15. Vasterling JJ, Rogers C, Kaplan E. Qualitative block design analy-
sis in posttraumatic stress disorder. Assessment 2000;7:217-26.

16. Metzger LJ, Orr SP, Lasko NB, et al. Auditory event-related poten-
tials to tone stimuli in combat-related posttraumatic stress disorder.
Biol Psychiatry 1997;42:1006-15.

17. Mintzer MZ, Griffiths RR. Differential effects of scopolamine and
lorazepam on working memory maintenance versus manipulation
processes. Cogn Affect Behav Neurosci 2007;7:120-9.

18. Mirow S. Cognitive dysfunction associated with fluoxetine. Am 
J Psychiatry 1991;148:948-9.

19. Murphy SE, Downham C, Cowen PJ, et al. Direct effects of diazepam
on emotional processing in healthy volunteers. Psychopharmacology
(Berl) 2008;199:503-13.

20. Stein RA, Strickland TL. A review of the neuropsychological effects
of commonly used prescription medications. Arch Clin Neuropsychol
1998;13:259-84.

21. Kilts C. In vivo neuroimaging correlates of the efficacy of paroxetine
in the treatment of mood and anxiety disorders. Psychopharmacol
Bull 2003;37 Suppl 1:19-28.

22. Shin LM, Rauch SL, Pitman RK. Amygdala, medial prefrontal cortex,
and hippocampal function in PTSD. Ann N Y Acad Sci 2006;1071:67-79.

23. Frewen PA, Lanius RA. Toward a psychobiology of posttraumatic
self-dysregulation: reexperiencing, hyperarousal, dissociation, and
emotional numbing. Ann N Y Acad Sci 2006;1071:110-24.

24. Liberzon I, Sripada CS. The functional neuroanatomy of PTSD: a
critical review. Prog Brain Res 2008;167:151-69.

25. Liberzon I, Martis B. Neuroimaging studies of emotional responses
in PTSD. Ann N Y Acad Sci 2006;1071:87-109.

26. Loubinoux I, Boulanouar K, Ranjeva JP, et al. Cerebral functional
magnetic resonance imaging activation modulated by a single
dose of the monoamine neurotransmission enhancers fluoxetine
and fenozolone during hand sensorimotor tasks. J Cereb Blood Flow
Metab 1999;19:1365-75.

27. Loubinoux I, Tombari D, Pariente J, et al. Modulation of behavior
and cortical motor activity in healthy subjects by a chronic admin-
istration of a serotonin enhancer. Neuroimage 2005;27:299-313.

28. Peran P, Demonet JF, Cardebat D. Paroxetine-induced modulation
of cortical activity supporting language representations of action.
Psychopharmacology (Berl) 2008;195:487-96.

29. Del-Ben CM, Deakin JF, McKie S, et al. The effect of citalopram
pretreatment on neuronal responses to neuropsychological tasks
in normal volunteers: an FMRI study. Neuropsychopharmacology
2005;30:1724-34.

30. Murphy SE, Norbury R, O’Sullivan U, et al. Effect of a single dose
of citalopram on amygdala response to emotional faces. Br J 
Psychiatry 2009;194:535-40.

31. Arce E, Simmons AN, Lovero KL, et al. Escitalopram effects on in-
sula and amygdale BOLD activation during emotional processing.
Psychopharmacology (Berl) 2008;196:661-72.

32. Harmer CJ, Mackay CE, Reid CB, et al. Antidepressant drug treat-
ment modifies the neural processing of nonconscious threat cues.



Biol Psychiatry 2006;59:816-20.
33. Morris JS, Frith CD, Perrett DI, et al. A differential neural response

in the human amygdala to fearful and happy facial expressions.
Nature 1996;383:812-5.

34. Peluso MA, Glahn DC, Matsuo K, et al. Amygdala hyperactivation
in untreated depressed individuals. Psychiatry Res 2009;173:158-61.

35. Drevets WC. Neuroimaging abnormalities in the amygdala in
mood disorders. Ann N Y Acad Sci 2003;985:420-44.

36. Mayberg HS. Defining the neural circuitry of depression: toward a
new nosology with therapeutic implications. Biol Psychiatry 2007;
61:729-30.

37. Norbury R, Mackay CE. Short-term antidepressant treatment and
facial processing: Functional magnetic resonance imaging study.
Br J Psychiatry 2007;190:531-2.

38. Mintzer MZ, Griffiths RR, Contoreggi C, et al. Effects of triazolam
on brain activity during episodic memory encoding: a PET study.
Neuropsychopharmacology 2001;25:744-56.

39. Mintzer MZ, Kuwabara H, Alexander M, et al. Dose effects of tria-
zolam on brain activity during episodic memory encoding: a PET
Study. Psychopharmacology (Berl) 2006;188:445-61.

40. Paulus MP, Feinstein JS, Castillo G, et al. Dose-dependent decrease
of activation in bilateral amygdale and insula by lorazepam during
emotion processing. Arch Gen Psychiatry 2005;62:282-8.

41. Kleinschmidt A, Bruhm H, Kruger G, et al. Effects of sedation,
stimulation, and placebo on cerebral blood oxygenation: a mag-
netic resonance neuroimaging study of psychotropic drug action.
NMR Biomed 1999;12:286-92.

42. Holcomb HH, Lahti AC, Medoff DR, et al. Sequential regional
cerebral blood flow brain scans using PET with H2(15)O demon-
strate ketamine actions in CNS dynamically. Neuropsychopharma-
cology 2001;25:165-72.

43. Abel KM, Allin MP, Kucharska-Pietura K, et al. Ketamine and
fMRI BOLD signal: distinguishing between effects mediated by
change in blood flow versus change in cognitive state. Hum Brain
Mapp 2003;18:135-45.

44. Li X, Teneback CC, Nahas Z, et al. Interleaved transcranial mag-
netic stimulation/functional MRI confirms that lamotrigine in-
hibits cortical excitability in healthy young men. Neuropsychophar-
macology 2004;29:1395-407.

45. Schlagenhauf F, Wüstenberg T, Schmack K, et al. Switching schizo-
phrenia patients from typical neuroleptics to olanzapine: effects on
BOLD response during attention and working memory. Eur Neuro -
psychopharmacol 2008;18:589-99.

46. Higuchi Y, Sumiyoshi T, Kawasaki Y, et al. Electrophysiological
basis for the ability of olanzapine to improve verbal memory and
functional outcome in patients with schizophrenia: a LORETA
analysis of P300. Schizophr Res 2008;101:320-30.

47. Fu CH, Williams SC, Cleare AJ, et al. Attenuation of the neural 
response to sad faces in major depression by antidepressant treat-
ment. Arch Gen Psychiatry 2004;61:877-89.

48. Sheline YI, Barch DM, Donnelly JM, et al. Increased amygdala re-
sponse to masked emotional faces in depressed subjects resolves
with antidepressant treatment: an fMRI study. Biol Psychiatry 2001;
50: 651-8.

49. Walsh ND, Williams SC, Brammer MJ, et al. A longitudinal func-
tional magnetic resonance imaging study of verbal working mem-
ory in depression after antidepressant therapy. Biol Psychiatry
2007; 62:1236-43.

50. Smith GS, Reynolds CFR, Houck PR, et al. Cerebral glucose meta-
bolic response to combined total sleep deprivation and antidepres-
sant treatment in geriatric depression: a randomized, placebo-
controlled study. Psychiatry Res 2009;171:1-9.

51. Caligiuri MP, Brown GG, Meloy MJ, et al. An fMRI study of affec-
tive state and medication on cortical and subcortical brain regions
during motor performance in bipolar disorder. Psychiatry Res 2003;
123:171-82.

52. Blumberg HP, Donegan NH, Sanislow CA, et al. Preliminary evi-
dence for medication effects on functional abnormalities in the
amygdala and anterior cingulate in bipolar disorder. Psychophar-
macology (Berl) 2005;183:308-13.

53. Keener MT, Phillips ML. Neuroimaging in bipolar disorder: a criti-
cal review of current findings. Curr Psychiatry Rep 2007;9:512-20.

54. Bremner JD, Innis RB, Ng CK, et al. Positron emission tomography
measurement of cerebral metabolic correlates of yohimbine ad-
ministration in combat-related posttraumatic stress disorder. Arch
Gen Psychiatry 1997;54:246-54.

55. Seedat S, Warwick J, van Heerden B, et al. Single photon emission
computed tomography in posttraumatic stress disorder before and
after treatment with a selective serotonin reuptake inhibitor. J Affect
Disord 2004;80:45-53.

56. Crespo-Facorro B, Roiz-Santiáñez R, Pérez-Iglesias R, et al. Effect of
antipsychotic drugs on brain morphometry. A randomized controlled
one-year follow-up study of haloperidol, risperidone and olanzapine.
Prog Neuropsychopharmacol Biol Psychiatry 2008;32:1936-43.

57. Bremner JD, Mletzko T, Welter S, et al. Effects of phenytoin on
memory, cognition and brain structure in post-traumatic stress
disorder: a pilot study. J Psychopharmacol 2005;19:159-65.

58. Mathew S, Price R, Shungu D, et al. A pilot study of the effects of
chronic paroxetine administration on hippocampal N-acetylaspartate
in generalized anxiety disorder. J Psychopharmacol 2009 Feb. 9
[Epub ahead of print].

59. Vermetten E, Vythilingam M, Southwick SM, et al. Long-term
treatment with paroxetine increases verbal declarative memory
and hippocampal volume in posttraumatic stress disorder. Biol
Psychiatry 2003;54:693-702.

60. Mohamed S, Rosenheck RA. Pharmacotherapy of PTSD in the U.S.
Department of Veterans Affairs: diagnostic- and symptom-guided
drug selection. J Clin Psychiatry 2008;69:959-65.

61. Diederich N J, Goetz CG. The placebo treatments in neurosciences:
new insights from clinical and neuroimaging studies. Neurology
2008; 71:677-84.

62. Zubieta JK, Stohler CS. Neurobiological mechanisms of placebo re-
sponses. Ann N Y Acad Sci 2009;1156:198-210.

63. Mellman TA, Clark RE, Peacock WJ. Prescribing patterns for patients
with posttraumatic stress disorder. Psychiatr Serv 2003;54: 1618-21.

64. Dewey M, Schink T, Dewey CF. Claustrophobia during magnetic
resonance imaging: cohort study in over 55,000 patients. J Magn
Reson Imaging 2007;26:1322-7.

65. Eshed I, Althoff CE, Hamm B, et al. Claustrophobia and premature
termination of magnetic resonance imaging examinations. J Magn
Reson Imaging 2007;26:401-4.

66. Grey SJ, Price G, Mathews A. Reduction of anxiety during MR
imaging: a controlled trial. Magn Reson Imaging 2000;18:351-5.

67. Lanius RA, Tuhan I. Stage-oriented trauma treatment using dialec-
tical behaviour therapy. Can J Psychiatry 2003;48:126-7.

68. Spinazzola J, Blaustein M, van der Kolk BA. Posttraumatic stress
disorder treatment outcome research: The study of unrepresenta-
tive samples? J Trauma Stress 2005;18:425-36.

69. Rasetti R, Mattay VS, Wiedholz LM, et al. Evidence the altered
amygdala activity in schizophrenia is related to clinical state and
not genetic risk. Am J Psychiatry 2009;166:216-25.

70. Phillips ML, Travis MJ, Fagiolini A, et al. Medication effects in neu-
roimaging studies of bipolar disorder. Am J Psychiatry 2008;165:313-20.

71. Kaufman MJ, Henry ME, Frederick B, et al. Selective serotonin re-
uptake inhibitor discontinuation syndrome is associated with a
rostral anterior cingulate choline metabolite decrease: a proton
magnetic resonance spectroscopic imaging study. Biol Psychiatry
2003;54:534-9.

72. Peres JF, Newberg AB, Mercante JP, et al. Cerebral blood flow
changes during retrieval of traumatic memories before and after
psychotherapy: a SPECT study. Psychol Med 2007;37:1481-91.

73. Pagani M, Hogberg G, Salmaso D, et al. Effects of EMDR psy-
chotherapy on 99mTc-HMPAO distribution in occupation-related
post-traumatic stress disorder. Nucl Med Commun 2007;28:757-65.

74. Felmingham K, Kemp A, Williams L, et al. Changes in anterior cin-
gulate and amygdala after cognitive behavior therapy of posttrau-
matic stress disorder. Psychol Sci 2007;18:127-9.

75. Lindauer RJ, Booij J, Habraken JB, et al. Effects of psychotherapy
on regional cerebral blood flow during trauma imagery in patients
with post-traumatic stress disorder: a randomized clinical trial.
Psychol Med 2008;38:543-54.

76. Goldapple K, Segal Z, Garson C, et al. Modulation of cortical-limbic
pathways in major depression: treatment-specific effects of cogni-
tive behavior therapy. Arch Gen Psychiatry 2004;61:34-41.

77. Baxter LR Jr, Schwartz JM, Bergman KS, et al. Caudate glucose
metabolic rate changes with both drug and behavior therapy for
obsessive-compulsive disorder. Arch Gen Psychiatry 1992;49:681-9.

78. Prasko J, Horacek J, Zalesky R, et al. The change of regional brain
metabolism (18FDG PET) in panic disorder during the treatment
with cognitive behavioral therapy or antidepressants. Neuroen-
docrinol Lett 2004;25:340-8.

79. Furmark T, Tillfors M, Marteinsdottir I, et al. Common changes in

Lanius et al.

88 J Psychiatry Neurosci 2010;35(2)



Medication-free patients in neuroimaging research

J Psychiatry Neurosci 2010;35(2) 89

cerebral blood flow in patients with social phobia treated with
citalopram or cognitive-behavioral therapy. Arch Gen Psychiatry
2002;59:425-33.

80. Paquette V, Levesque J, Mensour B, et al. “Change the mind and
you change the brain”: effects of cognitive-behavioral therapy on
the neural correlates of spider phobia. Neuroimage 2003;18:401-9.

81. Straube T, Glauer M, Dilger S, et al. Effects of cognitive-behavioral
therapy on brain activation in specific phobia. Neuroimage 2006;
29:125-35.

82. Kennedy SH, Konarski JZ, Segal ZV, et al. Differences in brain glu-
cose metabolism between responders to CBT and venlafaxine in a 
16-week randomized controlled trial. Am J Psychiatry 2007;164:778-88.

83. Whalley MG, Rugg MD, Smith APR, et al. Incidental retrieval of
emotional contexts in PTSD and depression: an fMRI study. Brain
Cogn 2009;69:98-107.

84. Pitman RK, Sanders KM, Zusman RM, et al. Pilot study of sec-

ondary prevention of posttraumatic stress disorder with propra-
nolol. Biol Psychiatry 2002;51:189-92.

85. Brunet A, Orr SP, Tremblay J, et al. Effect of post-retrieval propra-
nolol on psychophysiologic responding during subsequent script-
driven traumatic imagery in post-traumatic stress disorder. J Psy-
chiatr Res 2008;42:503-6.

86. Stein MB, Kerridge C, Dimsdale JE, et al. Pharmacotherapy to pre-
vent PTSD: results from a randomized controlled proof-of-concept
trial in physically injured patients. J Trauma Stress 2007;20:923-32.

87. McGhee LL, Maani CV, Garza TH, et al. The effect of propranolol
on posttraumatic stress disorder in burned service members. J Burn
Care Res 2009;30:92-7.

88. Moores KA, Clark CR, McFarlane AC, et al. Abnormal recruitment
of working memory updating networks during maintenance of
trauma-neutral information in post-traumatic stress disorder. Psy-
chiatry Res 2008;163:156-70.

CCNP News and Views

Canadian College of Neuropsychopharmacology

2009 Award Winners
Heinz Lehmann Award
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a Professor of Psychiatry and Vice Chair for Research and International Affairs at the University of British Columbia in Vancou-
ver. This award was established to honour  individuals for a meritorious career in, and outstanding contribution to, neuropsy-
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