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Can treatment change brain structure and function
in adult trauma and child abuse related PTSD ?
A systematic review

Kathleen Thomaes, Ethy Dorrepaal, Nel Draijer, Elise P. Jansma, Dick J. Veltman and Anton J. van
Balkom.Submitted for publication.
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Abstract
Background: While there is evidence of clinical improvement of posttraumatic
stress disorder after adult trauma with treatment, its neural underpinnings are
insufficiently clear. Moreover, it is unknown whether similar neurophysiologic
changes occur in PTSD after child abuse, given the enduring nature of this type
of trauma and developmental vulnerability of the brain during childhood.
Methods: We systematically reviewed PTSD treatment effect studies on structural and functional brain changes from PubMed, EMBASE, PsycINFO, PILOTS
and Cochrane Library. We included studies on adults with (partial) PTSD in
Randomized Controlled Trials (RCT) or pre-post designs (excluding case studies)
on pharmacotherapy, psychotherapy or other PTSD treatments. Validity of findings was evaluated for risk of bias independently by two raters. Brain coordinates and effect sizes were standardized for comparability.
Results: We found 20 studies (8 RCTs and 12 pre-post studies), five of which on
child abuse. Our results indicated that structural abnormalities (hippocampal
volume) improved similarly in adult trauma and child abuse related PTSD after
pharmacotherapy. Functional changes were found to be distinctive. Adult
trauma PTSD patients showed decreased amygdala and increased prefrontal
activations after treatment. In contrast, child abuse patients showed decreased
prefrontal and anterior cingulate activation after treatment and no change in
amygdala activation.
Conclusions: Structural brain abnormalities improve similarly in both adult
trauma and child abuse related PTSD after pharmacotherapy. Prefrontal activations normalize after treatment in both groups as well, but recovery of amygdala
activations is not observed after child abuse. Considering limbic dysregulation
as the core abnormality in PTSD, these findings suggest that child abuse related
PTSD patients may not achieve full remission, increasing the relapse risk.
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Introduction
While there is evidence of clinical improvement of anxiety disorders with
treatment (Bisson & Andrew, 2007; Stein et al., 2006), knowledge on neural
underpinnings of these changes is still incomplete. Early neuroimaging studies
demonstrated decreased glucose metabolism in the caudate nuclei of obsessivecompulsive disorder (OCD) patients following successful pharmacotherapy, and
similar changes were found after psychotherapy (Baxter, Jr. et al., 1992), suggesting
greater plasticity of the brain than was formerly thought (Kandel, 1998).
Since then imaging treatment outcome studies have been performed in various
other anxiety and affective disorders (Etkin et al., 2005; Frewen et al., 2008;
Linden, 2006; Quide et al., 2012; Roffman et al., 2005). Of these, posttraumatic
stress disorder (PTSD) has received most attention from researchers, as it
involves a clearly defined etiology and its pathogenesis has been explained from
a glucocorticoid-stress model, providing a link to animal research (Sapolsky,
2000; Toffanin et al., 2011). According to this model, excessive and/or prolonged
stress may result in hypothalamo-pituitary-adrenal (HPA) axis dysregulation due
to increased secretion of glucocorticoids. Increased binding of glucocorticoids to
its receptors results in impaired neurogenesis and cell loss (Sapolsky, 2000) or
reversible dendritic retraction (Conrad, 2008), especially damaging limbic and
prefrontal areas. From animal studies evidence has emerged on recovery or neural
cell growth in the hippocampus (McEwen, 2001) and similar findings have been
reported in humans treated for Cushing’s disease, which involves pathologically
increased glucocorticoid secretion due to a pituitary adenoma (Toffanin et al., 2011).
Therefore, the glucocorticoid-stress model may explain, at least in part,
functional and morphological changes in stress-related neuropsychiatric
disorders and their recovery.
In healthy subjects, increased cortisol secretion ceases after terminating the
stressor, but hypercortisolemia tends to be prolonged in depressive disorders. In
contrast, baseline cortisol is reportedly decreased in PTSD, in particular in PTSD
following childhood trauma (Yehuda & Seckl, 2011) and after physical and sexual
abuse (Meewisse et al., 2007). These decreased cortisol levels in PTSD could
imply hippocampal recovery similar to successfully treated Cushing’s disease,
but emotional triggers may still give rise to transient cortisol increases in PTSD
(Elzinga et al., 2003). Furthermore, because of the rapid development of the
human hippocampus in early childhood (Lupien et al., 2009), it may be argued
that trauma associated with increased cortisol levels during this developmental
stage may result in irreversible hippocampal changes.
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Morphological correlates of PTSD (pre-treatment) have been extensively studied
(see meta-analyses (Karl et al., 2006; Kitayama et al., 2005)). Adult PTSD patients
showed consistently smaller bilateral hippocampal and left amygdala volumes
and a significantly smaller anterior cingulate cortex (ACC) volume compared to
trauma-exposed and/or healthy controls (Karl et al., 2006). Although hippocampal volume reductions have been found in major depressive disorder (MDD)
as well (Koolschijn et al., 2009), this latter finding may be specific for early
trauma-exposed MDD (Vythilingam et al., 2002). Furthermore, hippocampus
and amygdala volumes were reduced in patients with borderline personality
disorder (BPD) with a trauma history (Driessen et al., 2000) and dissociative
identity disorder (DID) (Ehling et al., 2007; Vermetten et al., 2006). These data
suggest that smaller volumes of hippocampus and/or amygdala may not be
specific to PTSD but to trauma related disorders in general.
Functional brain alterations in PTSD have been associated with abnormal declarative memory function, attention problems and impaired emotion regulation
(Elzinga & Bremner, 2002; Liberzon & Sripada, 2008). According to fear conditioning models, PTSD is characterized by exaggerated reactivity of the amygdala,
which is associated with increased fear responsiveness, whereas activity is
decreased in the medial prefrontal cortex (PFC), orbitofrontal cortex (OFC),
ACC and hippocampus, areas associated with emotion regulation and declarative memory function, respectively (Rauch et al., 2006). Symptom provocation
and cognitive task studies have generally supported the presence of increased
amygdala responsiveness, although this was more consistently observed in
social anxiety disorder and specific phobia than in PTSD (Etkin & Wager, 2007).
Conflicting results have emerged with regard to the hippocampus (Bremner
et al., 1999a; Bremner et al., 2003b; Bremner et al., 2003a; Driessen et al., 2004;
Francati et al., 2007; Geuze et al., 2008; Sakamoto et al., 2005; Shin et al., 2004b;
Thomaes et al., 2009; Thomaes et al., 2011; Werner et al., 2009a), ACC (Francati et al.,
2007; Shin et al., 2001; Shin et al., 2007; Bremner et al., 2004a; Lanius et al., 2002;
Carter & van Veen, 2007) and insula (Shin et al., 2001; Shin et al., 2007; Bremner
et al., 2004a). In these brain regions activity was been found to be decreased
in adult trauma related PTSD, in accordance with the fear conditioning model,
whereas in child abuse related PTSD increased activity has been reported.
Recently, a neurobiological model has been proposed which distinguishes
between intrusive, i.e., typical PTSD, and a less common dissociative subtype
(Lanius et al., 2010c). The latter is characterized by emotional over-modulation
mediated by midline prefrontal inhibition of limbic regions (high dorsal ACC/
mPFC activity coupled with low insula/amygdala activity) in contrast to the
intrusive or under-modulated subtype featuring impaired prefrontal inhibition
of limbic regions. Dissociative symptoms are among the characteristic features
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of Complex PTSD (Herman, 1992), or, in DSM-IV terminology (APA, 2000), ‘PTSD
with associated features’, which may result from repeated interpersonal trauma,
such as child abuse. It has high comorbidity rates on DSM-IV-Axis I (e.g. depressive
and dissociative disorders) and Axis II disorders (e.g. borderline personality
disorder, BPD) (Kessler et al., 1997; Molnar et al., 2001; Zanarini et al., 1998;
Zlotnick et al., 1999). The clinical importance of Complex PTSD is due to its
adverse effect on treatment outcome (Ford & Kidd, 1998): symptom severity of
PTSD and presence of comorbid disorders is associated with high drop-out rates
(McDonagh et al., 2005) and decreased efficacy of exposure (Foa et al., 2000)
and Eye Movement Desensitization Reprocessing (EMDR)(Van Der Kolk et al., 2007).
Comorbid axis II diagnoses also predict worse outcome (Baars et al., 2011). There
is some evidence for effectiveness from stabilizing group treatment based on
psycho-education and cognitive behavioral therapy in Complex PTSD after
child abuse (Dorrepaal et al., 2010; Dorrepaal et al., 2012b; Zlotnick et al., 1997).
Therefore, for the present review we searched for studies on patients with child
abuse related PTSD with high comorbidity of depressive, dissociative and/ or
personality disorders.
In summary, cross-sectional structural imaging studies have reported amygdala,
hippocampus and ACC atrophy in PTSD in adult trauma related PTSD and child
abuse related PTSD. Functional imaging PTSD studies have shown conflicting
results, which we propose may result from diagnostic heterogeneity with regard
to type of trauma (child versus adult abuse) and comorbidity (e.g. dissociative
and affective disorders, and personality disorders). In addition, we suggest that
structural brain changes may resolve to a lesser extent in child abuse than in
adult trauma related PTSD, because of the enduring nature of the trauma and
the window of vulnerability of the hippocampus in early childhood. The aim of
this review was to examine whether treatment can alter structural and functional neural correlates of PTSD, associated with increased limbic and decreased
prefrontal and hippocampus activation pre-treatment) as well as neural correlates
of Complex PTSD (associated with increased prefrontal and hippocampus
activation pretreatment), given these pre-treatment differences. Therefore,
we systematically reviewed randomized controlled and pre-post studies that
assessed regional brain morphology or function associated with pharmacotherapy or psychotherapies for (Complex) PTSD, and explored effects of type of
trauma and comorbidity.
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Methods

Literature search
We performed systematic searches following the PRISMA-statement(Liberati
et al., 2009) in PubMed, EMBASE, PsycINFO, PILOTS databases and Cochrane
Library from inception to June 2012. Search terms included controlled terms from
MeSH in PubMed, EMtree in EMBASE and Thesaurus in PsycINFO, as well as free
text terms. We used free text terms only in the Cochrane Library. Search terms
expressing ‘posttraumatic stress disorder’ or ‘child abuse with Complex PTSD
or with dissociative disorder or personality disorder’ were used separately AND
in combination with search terms comprising ‘brain imaging’ and ‘treatment’
(see Supplementary Table). References of identified articles were searched for
relevant publications.
Inclusion criteria
Two reviewers (KT, EPJ) independently screened all potentially relevant titles and
abstracts for eligibility. If necessary, the full text article was checked for eligibility
criteria. Differences in judgment were resolved through a consensus procedure.
Inclusion criteria were: 1) Population: adult male and female patients with PTSD
or partial PTSD with all types of comorbidity, e.g. substance abuse, dissociative
and personality disorders and with all types of psychotrauma, e.g. adult/child
and war, combat, assault, accidents, sexual and physical abuse; 2) Intervention:
all PTSD treatment types, including pharmacotherapy, psychological therapies,
Deep Brain Stimulation (DBS) and Transcranial Magnetic Stimulation (TMS);
3) Comparison: treated patients vs. waiting list or treatment as usual control
patients, or Pre- vs. Post-treatment with and without a separate control group;
4) Outcome: morphological and functional brain changes, including structural
and functional Magnetic Resonance Imaging (sMRI, fMRI), Proton Magnetic
Resonance Spectroscopy (1H-MR-S), Positron Emission Tomography (PET), Single
Photon Emission Computed Tomography (SPECT), Magnetoencephalography
(MEG), Electro-Encephalography (EEG) and Near-infrared spectroscopy (NIRS),
and 5) Study design: Randomized or Controlled Trials (RCT, CCT), controlled
and uncontrolled Pre-post designs (i.e. with or without a separate healthy
control group), excluding single case studies. Inclusion criteria were specified
and documented in a checklist, which was piloted and refined accordingly. We
decided to include not only RCTs - studies of the highest methodological quality
- but pre- post designs as well, to prevent loss of data in this developing research
field. We excluded studies if they were: (i) non-human; (ii) not in English, French,
German or Dutch; (iii) reviews or conferential abstracts (not peer-reviewed).
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Screening

Identification

Data synthesis
Validity of findings of each included study was evaluated with a checklist,
adapted from the Cochrane Effective Practice and Organization of Care Group
(EPOC) for assessment of sources of risk of bias (7 - 9 yes/no questions on
randomization, blinding, addressing incomplete data and other sources of
potential bias; checklist available via first author) independently by two raters
(KT and ED/ND/DV). Disagreement between raters was resolved by consensus
meetings. Apart from eligibility criteria, additional information was extracted
from each article on diagnostic classification system and severity measures, comorbid Axis I an II disorders, medication and intoxications. Because of different
coordinate systems (Talairach and MNI) and different terminology (e.g. Orbital
gyrus or OFC) used, coordinates were checked using Talairach Client and MRIcron
for precise localization. In addition, to compare strength of effects, Z-values
were calculated from reported T-values. Only RCT findings or replicated pre-post
findings (≥ 2 studies) were taken into account, describing studies in order of
methodological quality in text and tables (first: RCTs, second: controlled and
uncontrolled pre-post studies).

Records identified through database searching
(n = 1031)
(= 928 PTSD + 103 “Complex PTSD”)
Duplicates removed
(n = 282)

Abstracts screened after duplicates removed
(n = 749)
(= 656 PTSD + 93 “Complex PTSD”)

Eligibility

Abstracts excluded: non-PTSD,
non-imaging, non-treatment, reviews,
conference abstracts, or language (n = 719)
Full-text articles assessed for eligibility
(n = 30)
(= 29 PTSD + 1 Complex PTSD)

Included

Full-text articles excluded:
- Insufficient statistical data (n = 3)
- Prediction design (n = 4)
- Case studies (n = 3)
Studies included in qualitative synthesis
(n = 20)
(= 15 adult trauma PTSD + 5 child abuse “Complex PTSD”)

Figure 1: Flowchart of search and selection procedure of reviewed studies up to June
2012.
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We systematically searched for moderating variables: 1) Complex PTSD,
operationalized as child abuse plus moderate to severe comorbidity, compared
to adult trauma; 2) medication use; 3) inclusion of task paradigms in functional
imaging studies: resting-state, cognitive or emotional/trauma paradigm, and
4) type of treatment in pharmacotherapy (SSRI vs. other) and psychotherapy
studies (CGT or other vs. EMDR).

Results
Figure 1 depicts a flowchart of search and selection procedures. From thirty full-text
papers, we excluded three papers which did not provide sufficient statistical
information(Levin et al., 1999; Roy et al., 2010; Tokunaga et al., 2006), four prediction
design papers without post-treatment imaging data (Bryant et al., 2008a;
Bryant et al., 2008b; Lyoo et al., 2011; Nardo et al., 2010) and three single case
studies (Fernandez et al., 2001; Letizia et al., 2007; Richardson et al., 2009),
resulting in 20 selected papers (Reference [1] to [20]). This selection consisted of
8 RCTs, 3 controlled and 9 uncontrolled pre-post studies. Categorizing these into
four tables, separating structural from functional studies and pharmacotherapy
from psychotherapy studies, we included 4 uncontrolled pre-post studies
on structural changes after pharmacotherapy (Table 1.1), 1 RCT on structural
changes after psychotherapy (Table 1.2), 1 RCT and 1 uncontrolled pre-post study
on functional changes after pharmacotherapy (Table 1.3) and 6 RCTs, 3 controlled
and 4 uncontrolled pre-post studies on functional changes after psychotherapy
(Table 1.4). Functional studies - including all RCTs [6, 8-13] - used mainly symptom
provocation (trauma scripts, pictures or faces, trauma Stroop), in addition to 1 study
with social/emotional judging [17], 2 studies with a neutral cognitive task [14, 18]
and 2 resting-state studies [7, 15].
PTSD symptom severity was measured with a clinical interview (e.g. Clinician
Administered PTSD Scale, CAPS)(Blake et al., 1995) in 16 of 20 studies or with selfrating scales (e.g. Davidson Trauma Scale, DTS)(Davidson et al., 2002) in 3 studies
(Table 1.1 - 1.4). PTSD improvement ranged between 33 and 88% (Table 2.1 - 2.4).
Most studies (15 out of 20) were performed in adult trauma patients. Five studies
included > 50% child abuse patients: one of these [13] specifically assessed
Complex PTSD and axis II disorders; the others reported child abuse related PTSD
with moderate to severe comorbid disorders (Table 1.1 - 1.4) [1, 2, 6, 14], possibly
referring to Complex PTSD patients. The majority of studies (14 out of 20)
excluded patients with comorbid alcohol or substance abuse or dependence for
the last 6 months. Other studies did not report alcohol or substance use [11, 15 - 18].
Psychotropic drug use at study entry (mainly stable SSRIs) was allowed in 6 of
20 studies [12, 13, 15, 18 - 20]; all other patients were medication free.
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All pharmacotherapy studies investigated effects of SSRIs, except for one (phenytoine) [2]. Psychotherapy studies included 9 CBT studies with or without exposure
in 105 patients [5, 8 - 13, 17, 19] and 5 EMDR studies in 46 patients [14, 15, 16, 18, 20].
Quality of most structural (4 of 5) and a minority of functional (5 of 14) studies
was warranted by raters blind to diagnosis or treatment status. Imaging analyses were reported using a statistical threshold of p < .05 (uncorrected) in structural MRI (4), HMRS (1), NIRS (1), MEG (1) and EEG (2) studies. SPECT (6), PET (1)
and fMRI studies (4) employed Statistical Parametric Mapping (SPM, Wellcome
Department of Imaging Neuroscience, www.fil.ion.ucl.ac.uk/spm, running
in MATLAB 7.0) random-effects analysis with a statistical threshold of Small
Volume Corrected p < .05, or whole-brain uncorrected for multiple comparisons,
except for one study [17] using a fixed-effects analysis (p < .05 corrected), so
that Z-scores of the latter study may have been inflated. All reported Z-values
exceeded 3.09 (corresponding to p = 0.001), except for one study [19]. All studies
used completers - not intention-to-treat- analyses; in 7 studies drop-out numbers
were not clearly described [4, 10, 11, 14, 16, 18, 19].

11 - Gender: NR
- Adult: war-affected
community
- Selection

[4] Henigsberg Pre-post
et al, 2011

- All comorbid MDD
- Clinical diagnosis/ DSMIV, CAPS, HAM-D, BDI

- No comorbidity
- Clinical diagnosis/ DSMIV, DTS, HAM-D

Intervention
(duration)

Imaging

Sertraline
100 mg/d
(6 months)

‘Some’ group or SSRIs
individual psychotherapy or both

Medication free

Data-analysis
& presentation

- Completers analysis
- Paired t-test p<.05

- Selection of 11/28 PTSD
with early (3-6 weeks)
SSRI response

Single rater
- Completers analysis
blind to treat- - 2-way ANOVA p<.05
ment phase

Single rater
blind to
diagnosis

Single rater
- Completers analysis
blind to treat- - rmANOVA p<.05 corment phase
rected for total brain
volume

Method

3T 1-H-MRNAA, CHO,
Spectroscopy Cr ratios in R
dorsolateral
PFC

1.5 T MRI
Manual
tracing

Phenytoine
1.5 T MRI
300-400 mg/d; Manual
co-treated with tracing
foliate
(3 months)

Medication free Paroxetine
1.5 T MRI
(in. 4 wks); no psy- 10-30 mg/d
Manual
chotherapy (min. (9 – 12 months) tracing
3 months)

Pre-study
therapy

- 1 Panic D, 1 Social Phobia Medication free
- SCID-I/DSM-IV, CAPS,
(min. 4 wks)
HAM-A/D, WMS, SRT, GB,
Trails A & B

- 5 MDD, 1 dysthymia, 2
Panic D, 5 GAD, 3 Social
Phobia
- SCID-I/DSM-IV, CAPS, ETI,
WMS–R, SRT

Current Comorbidity &
Measures

BDI = Beck Depression Inventory; CAPS = Clinician Administered PTSD Scale; CHO = Choline; Cr = Creatine; DO = drop-out; DTS = Davidson Trauma Scale; ETI = Early Trauma Inventory; GAD = Generalized Anxiety Disorder; GB = Gordon Box (attention test); HAM-A/D = Hamilton Rating Scale for Anxiety / Depression; MDD = Major Depressive Disorder; 1.5 T
MRI = 1.5 Tesla Magnetic Resonance Imaging; MRS = Magnetic Resonance Spectroscopy; MVA = Motor Vehicle Accident; NAA = N-Acetyl-Aspartate; NR = not reported; Panic D =
Panic Disorder; PFC = Prefrontal Cortex; rmANOVA = repeated measure Analysis Of Variance; SCID-I/DSM-IV = Structured Clinical Interview for DSM-IV Axis I Disorders; SRT = Selective Reminding Test; SSRI = Selective Serotonergic Re-uptake Inhibitor; WMS(-R) = Wechsler Memory Scale(-Revised).

- Men/women
- Type of trauma: NR
- DO 2/9 (22%)

7

[3] Bossini
Pre-post
et al, 2007b

- Men/women
- Child abuse & adult:
assault, rape, combat,
MVA
- DO 3/12 (25%)

20 - Men/women
- 13 child abuse & 7 adult:
4 assault, 2 combat, 2
death witness; 1 MVA
- DO 8/28 (29%)

Population

9

Pre-post

[1] Vermetten
et al, 2003

n

[2] Bremner
Pre-post
et al, 2005a

Design

Table 1.1.: Structural brain changes associated with pharmacotherapy in PTSD: design, population, intervention, methods, and analysis

Ref Study
NR
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Lindauer
et al, 2005

[5]

RCT

Design

Population

9 vs. 9 - Men/women
- Police: adult trauma +
7/18 child abuse but no
to mild comorbidity
- DO 6/24 (25%)

n
- EXP: 3/9 mild MDD
- SCID-I/DSM-IV, SI-PTSD,
PLES

Current Comorbidity &
Measures
Medication free;
ca. 50% previous
psychotherapy
for trauma

Pre-study
therapy
BEP (16 weekly
45–60-minute
sessions) vs. WL
- Audio-taped

Intervention
(duration)

Method

1.5 T MRI Two indeManual
pendent
tracing
raters blind to
diagnosis and
R/L hemisphere

Imaging
- Intention-to-treat
analysis
- MANCOVA EXP vs. WL
post corrected for pre
and total brain volume;
p < .05

Data-analysis
& presentation

Seedat
Pre-post 11
et al, 2004

[7]

Population
- 11 MDD
- SCID-I/DSM-IV, CAPS

Current Comorbidity
& Measures
Paroxetine
12.5 – 62.5
mg/d (12 wks)
vs. Placebo

Intervention
(duration)

Medication free
Citalopram
(min. 2-4 wks); no 20-40 mg/d
formal psycho(8-12 wks)
therapy permitted

Medication free
(min. 4 wks)

Pre-study
therapy

HMPAOSPECT
99m

[15º]H2O-PET

Imaging

Resting state

Trauma
script-driven
imagery
- Double-blind

Method

- Completers analysis
- rmANOVA (Time x
Response); Z > 3.09/
p<.001 uncorr
- ROI: PFC, ACC, medial
temporal cortex, basal
ganglia

- Completers analysis
- 2x ANOVA; Z > 2.67/
p<.005 uncorr
- ROI: medial frontal
cortex

Data-analysis
& presentation

ACC = Anterior Cingulate Cortex; CAPS = Clinician Administered PTSD Scale; CGI = Clinical Global Impression rating scale; DO = drop-out; HAM-A = Hamilton Rating Scale for Anxiety;
MADRS = Montgomery-Åsberg Depression Rating Scale; MDD = Major Depressive Disorder; MVA = Motor Vehicle Accident; [15º]H2O-PET = (Water) Positron Emission Tomography;
PFC = Prefrontal Cortex; RCT = Randomized Controlled Trial; ROI = Region of Interest; SPECT = Single Proton Emission Computed Tomography.

- Men / women
- 5 MDD, 1 dysthymia
- Adult trauma: assault,
- SCID-I/DSM-IV, CAPS,
torture, combat, witness MADRS, CGI, HAM-A
violence
- DO =0

7 vs. 6 - Men / women
- Majority child sexual
abuse next to adult
sexual/ physical assault,
MVA, combat
- DO = 0

Fani
RCT
et al, 2011

n

[6]

Design

Study

Ref
NR

Table 1.3.: Functional brain changes associated with pharmacotherapy in PTSD: design, population, intervention, methods, analysis

BEP = Brief Eclectic Psychotherapy; DO = drop-out; EXP = Experimental condition; MDD = Major Depressive Disorder; PLES = Police Life Event Scale; RCT = Randomized Controlled
Trial; SI-PTSD = Structured Interview for PTSD; WL = Waiting List condition.

Study

Table 1.2.: Structural brain changes associated with psychotherapy in PTSD: design, population, intervention, methods, and analysis

Ref
NR
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Lindauer et RCT
al, 2008

[9]

11 vs. 8

9 vs. 7

RCT

[12] Adenauer
et al. 2011

[13] Thomaes et RCT
al. 2012

12 vs. 12
Partial
PTSDa
+ 12 exp
no-PTSD

RCT

[11] Peres et al,
2011

- Men/women
- Adult: police
- DO 4/24 (17%)

- Men/women
- Adult: assault
accident, rape
- DO 4/31 (13%)

Population

- Women
- Child abuse
- DO 13/29 (45%)

- Men/women
- Political violence
- DO 15/34 (44%)

- Men
- Adult: police
- Selection nondissociative pp.

- Men/ women
- Adult: MVA
7/17 +
- Exclusion 7/42
11/18 Sub(17%)
PTSDb
17 vs. 18

RCT

10 vs. 10
+ 15 exp
no-PTSD

16 vs. 11
Partial
PTSDa

[10] Rabe et al,
2008

RCT

Peres et al,
2007

[8]

Design n

Study
Medication free

Pre-study
therapy

Other anxiety (12/16),
MDD (10/16), personality
disorder (12/16)
- CAPS, SIDES, BDI, DES,
CADSS, BPDSI

NET 68.8% MDD; WL
94.4% MDD
- MINI (DSM-IV), CAPS,
HAM-D

- No comorbidity; substance abuse NR.
- SCID-I/DSM-IV, CAPS,
IES, BDI, BAI, DES, saliva,
heart rate

- CBT/WL: 6/3 MDD, 3/1
Panic D, 3/2 Social 1/3
Specific Ph, 1/0 OCD
- SCID-I/DSM-IV, CAPS,
BDI, IES-R, STAI

Stable SSRI

Antidepressants and
neuroleptics

Medication free

Medication free
(min. 4 weeks)

- 3/20 mild MDD
Medication free
- SCID-I/DSM-IV, SI-PTSD,
List of Traumatic Events,
DES, STAI-S

- No current MDD
- SCID-I/DSM-IV, CAPS,
IES, BDI, BAI

Current Comorbidity
& Measures
Trauma
script-driven
imagery
- Blind raters

Method

1.5T fMRI

EEG / ERP

Stabilizing group 1.5T fMRI
based on psychoeducation and
CBT vs. TAU
(20 weekly
120-minsessions)

Classic and
emotional/
trauma
Stroop
- Blind raters

Aversive
pictures
- Blind raters

Trauma
script-driven
imagery
- Blind raters

Trauma
vs. neutral
pictures

99mHMPAO- Trauma
SPECT
scripts
- Blind raters

99mTc-ECDSPECT

Imaging

Narrative expoMEG
sure therapy
(12 (bi)weekly
90-min-sessions)

ETCR-group vs.
WL

BEP vs. WL
(16 weekly
45–60-minsessions)
- Audio-aped
CBT vs. WL
(8-12 x weekly
90-min-sessions
including exposure)

CBT vs. WL
(8 x weekly
90-minutesessions)

Intervention
(duration)

- Completers analysis
- rmANOVA, ROI: insula,
ACC, PFC; p SVC < .05; rest
p < .001 uncorrected

- Completers analysis
- rmANOVA; p <.05

- Completers analysis
- rmANOVA; ROI: ACC, amygdala, insula, hippocampus,
OFC, PFC, thalamus; p SVC
<.05; rest: Z >3.09/p <.001
uncorr

- Completers analysis
- rmANOVA; p <.05
- Controlling for BDI:
results remained

- Completers analysis
- rmANOVA, Z >2.33/p >.01
uncorr, ≥20 voxels

- Completers analysis
- rmANOVA; ROI: ACC,
amygdala, insula, hippocampus, OFC; Z > 3.09/
p <.001 uncorr; rest:
p<0.05, ≥ 5 voxels

Data-analysis
& presentation

Table 1.4.: Functional brain changes associated with psychotherapy in PTSD: design, population, intervention, methods, analysis

Ref
NR
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8

13

[19] Felmingham Preet al, 2007 post

[20] Ohtani
et al, 2009

Fearful
(trauma) vs.
neutral faces

6/13 stable SSRI EMDR
NIRS: realTrauma
(2-10 weekly ses- time oxy-Hb scripts with
sions during NIRS)
and without
EM

- 2 MDD
- MINI (DSM-IV), CAPS,
IES-R, STAI-T, SUD & VoC

1.5 T fMRI

- Men/ women
- Adult: MVA,
assault, rape,
disaster
- DO = 0

CBT
(8 weekly sessions, including
exposure)

- Completers analysis (15)
+ responders (11) analysis;
58 VOI: p <.05 corr; rest: Z
>2.6/p <.005 uncorr, ≥100

- Completers analysis
- Paired t-tests: Z > 2.33/p
<.01 uncorr, ≥100 voxels

- Completers analysis
- rmANOVA, p <.05
- ROI: L/R lateral PFC
(BA10/46)

- Completers analysis
- ROI: ACC & Amygdala;
p SVC <.05; rest Z >3.09/
uncorr p <.001; Regression
p <.01

- Completers analysis
- Paired t-test
- Z >3.09/p <.001, uncorr

Social judging - Completers analysis
compared to - Fixed effect analysis; p<.05
baseline
corrected, ≥ 5 voxels

1 stable SSRI;
EMDR
99mHMPAO- Continuous
3 pre-study
(3-4 weekly 120- SPECT
Performance
psycho-therapy 150-min- sessions)
Task (CPT)

fMRI

2/8 stable SSRI

- Comorbidity unclear;
substance abuse NR
- Clinical diagnosis
(DSM–IV), PDS

- Gender NR
- Adult: police
- DO unclear

Medication free CBT
(4-10 sessions in
3-10 months)

99mHMPAO- Trauma
SPECT
script-driven
imagery

Resting state

Novel digital - Completers analysis
tones vs.
- rmANOVA (Time x Group x
standard and Electrode); p<.05
target tones

- Men/women
- 4 MDD
- Adult MVA, assault - SCID-I, CAPS
- DO unclear

- No comorbidity; substance abuse NR
- SCID-I/DSM-IV, CAPS,
IES-R

- Men/women
- Adult: assault,
accident
- DO 5/18(28%)

Medication free EMDR
(5 x 90-minutesessions in max.
8 wks)

99mTc-ECDSPECT

EEG / ERP

ACC = anterior cingulate cortex; BAI = Beck Anxiety Inventory; BDI = Beck Depression Inventory; BEP = Brief Eclectic Psychotherapy; BPDSI = Borderline Personality Disorder Severity Index; CADSS = Clinician
Administered Dissociative States Scale; CAPS = Clinician Administered PTSD Scale; CBT = Cognitive Behavioral Therapy; CGI = Clinical Global Impression rating scale; DES = Dissociative Experiences Scale; DO =
drop-out; EEG = Electroencephalography; EMDR = Eye movement desensitization and reprocessing; ERP = Event-related Potential; ETCR = Exposure-based therapy and cognitive restructuring; IES = Impact of
Event Scale; MDD = Major Depressive Disorder; MEG = Magnetoencephalography; MVA = Motor Vehicle Accident; NIRS = Near-Infrared Spectroscopy; NR = not reported; OCD = Obsessive Compulsive Disorder;
OFC = orbitofrontal cortex; oxy-Hb = hemoglobin concentration; PDS = Posttraumatic Stress Diagnostic Scale; PFC = Prefrontal Cortex; RCT = Randomized Controlled Trial; ROI = Region of Interest; SCL-90R =
Symptom Checklist 90 items – Revised; SIDES = Structured Interview for Disorders of Extreme Stress; SI-PTSD = Structured Interview for PTSD; SSRI = Selective Serotonergic Re-uptake Inhibitor; STAI-S/T =
State-Trait Anxiety Inventory- State/Trait; SUD = Subjective Unit of Distress; SVC = Small Volume Correction; VoC = Validity of Cognition; VOI = Volume Of Interest; WL = Waiting List.
a
Partial PTSD = B and D, no C criteria; b Sub-PTSD = Sub-threshold PTSD = Criteria B + (C or D).

Prepost

6

Prepost

[18] Lansing
et al, 2005

13

Prepost

[17] Farrow
et al, 2005

15 + 27 exp - Men
- Comorbidity unclear;
Controlled no-PTSD - Adult train drivers substance abuse NR
controls
- DO unclear
- SCID-I/DSM-IV
prepost

[16] Pagani
et al, 2007

In-patient EMDR
(6 x 90-minutesessions)

Medication free EMDR vs. sham
treatment
(1 session during
EEG)

- 1 chronic depressive
Stable SSRI,
disorder; substance abuse resp. risperiNR
done
- DSM-IV, CAPS, CGI

2 + 10
Controlled no-PTSD
controls
prepost

- 8/10 MDD
- SCID-I/DSM-IV, IES, SUD
& VoC, SCL-90R

[15] Oh & Choi,
2007

- Men/women
- Child abuse
+ adult: sexual
assault, MVA, death
witness
- DO unclear
- Women: 1 MVA/
Adult & 1 rape/child
neglect

10 + 10
Controlled no-PTSD
controls
prepost

Table 1.4.: Continued

[14] Lamprecht
et al, 2004
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Results – continued

Structural brain changes associated with pharmacotherapy in PTSD
As shown in Table 2.1, left and/or right hippocampus volume significantly
increased (3.7-9.9%) after 3 to 12 months of SSRI treatment [1, 3], but not
significantly after phenytoine, although in this study hippocampal volume
correlated negatively with intrusion and hyperarousal symptom severity of
PTSD [2]. After phenytoine - not SSRI - treatment total brain volume was found
to be decreased. Over half of included patients of two of these three studies
[1, 2] reported child abuse and had comorbid anxiety and mood disorders,
possibly referring to Complex PTSD patients. A single HMRS study showed an
increased Cho/Cr ratio in the dorsolateral PFC, associated with turnover of neural
cell membranes, in a sample of early SSRI responders [4].
Structural brain changes associated with psychotherapy in PTSD
To date, one RCT has been published, in which no increases were reported in
hippocampus or total brain volume following psychotherapy [5] (Table 2.2).
Hippocampus volume did not differ between patients with adult and child
trauma, but comorbidity was only mild, so that this sample presumably did not
contain Complex PTSD patients.
Functional brain changes associated with pharmacotherapy in PTSD
As shown in Table 2.2, increased OFC activation during symptom provocation has
been reported after SSRI treatment, whereas increased ventral ACC activation
was found both after SSRI treatment and placebo [6]. This RCT included probably
Complex PTSD patients: a majority had experienced CSA and had comorbid
MDD. In one uncontrolled pre-post resting-state study, medial prefrontal cortex
activity correlated with PTSD symptom improvement, whereas medial temporal
cortex activity was decreased [7].
Functional brain changes associated with psychotherapy in PTSD
Table 2.4 lists 13 functional imaging psychotherapy studies. After psychotherapy,
adult trauma PTSD patients showed increased superior frontal/dorsomedial
prefrontal gyrus activation during symptom provocation, cognitive processing
and resting-state in 1 RCT [8], 1 controlled [15] and 1 uncontrolled pre-post study
[18], correlating with CAPS improvement. In addition, increased rostral ACC and
hippocampus activation has been found during symptom provocation in 1 RCT
[8] and 1 uncontrolled pre-post study [19]. These studies included only adult
trauma patients, but medication free [8] as well as medicated patients [15, 18, 19],
and both CBT [8, 19] and EMDR [15, 18]. In child abuse related Complex PTSD
however, superior frontal and dorsal ACC activation was found to be diminished
after psychotherapy in 1 RCT [13].
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After psychotherapy, decreased activation during symptom provocation has
been found in the lateral PFC in 1 EEG RCT [10] and 1 uncontrolled pre-post
NIRS study [20], and in the amygdala in 2 RCTs in partial (i.e. DSM-IV B and D,
no C criteria) PTSD [8, 11], correlating with CAPS decrease. Furthermore, left
superior temporal gyrus activation diminished after psychotherapy in 1 RCT [9],
1 controlled [14] and 1 uncontrolled pre-post study [19], although it did not change
in 1 controlled pre-post study [16]. These studies included mainly adult trauma
patients using symptom provocation (trauma scripts/pictures/faces), except for
one study [14] on child abuse patients using a cognitive paradigm during EEG.
Patients were medication-free in some studies [8 - 11, 14] but not in others [19, 20],
and both CBT [8 - 11, 19] and EMDR [14, 16, 20] was performed.
Conflicting results have been reported for the orbitofrontal/inferior frontal
gyrus: in adult trauma patients, increased activation in 1 RCT [11], correlating
with clinical improvement, and in 2 uncontrolled pre-post studies [18, 19], but
no change in 1 RCT [8] and 1 controlled pre-post study [16]. Child abuse patients
showed decreased orbitofrontal activation in 1 controlled pre-post study [14].
However, because this was an ERP study, this discrepancy may have been due to
imaging modality rather than trauma type.
Middle frontal gyrus activation was found to be decreased in 1 RCT [9] and increased
in 3 pre-post studies [15, 17, and 18]. These inconsistent findings could not be
explained by trauma type (all adult trauma), medication use (both increased [17]
and decreased [9] activation in medication-free patients) or type of psychotherapy
(CBT [17], Other/ EMDR [9, 15, 18]), but possibly by imaging paradigm (decreased
activation using trauma scripts [9]; increased during a social/emotional
judging task [17] and a neutral cognitive task [18]), as well as during resting-state
[15]).
Middle temporal gyrus activation has been found to be increased in the left [17, 19]
and decreased in the right hemisphere [15, 19]. Activation in the parietal lobe
[8, 12, 17, and 19] was found to be increased after psychotherapy, but decreased in
the post-central (somatosensory) gyrus [18, 19]. Thalamus activation has found
to be increased in 1 RCT [8], but decreased in an uncontrolled pre-post study [18].
These mixed findings could not be explained by trauma type, medication use, or
type of imaging paradigm or psychotherapy.
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-
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Henigsberg et al, 2010

Bremner et al, 2005

Vermetten et al, 2003

Bossini et al, 2007b

Bremner et al, 2005

Vermetten et al, 2003

Bossini et al, 2007b

Bremner et al, 2005

Vermetten et al, 2003

Studies (All Pre-post)

CAPS = Clinician Administered PTSD Scale; CHO = Choline; Cr = Creatine; PFC = Prefrontal Cortex; DTS = Davidson Trauma Scale; HCV = Hippocampal volume; L = Left; NR = not
reported; r = correlation coefficient; R = Right. Δ = change.
a
p value to mean HCV pre-post difference

Dorsolateral
PFC

Total brain

L

3.7

R

Hippocampus

%

1907 ± 196 >
1977 ± 250

R/L Volume change
(mm3)
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R
L

R

PHG

Amygdala

L

R

2090 ± 330 >
2050 ± 250
2000 ± 350 >
2000 ± 340

1360 ± 250 >
1410 ± 270
1280 ± 220 >
1450 ± 200

1080 ± 150 >
1120 ± 180
1080 ± 160>
1180 ± 200

592306 ± 52788 >
592122 ± 57949

Volume change
(mm3)

-

-

-

-

%
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p

Idem

Idem

Idem

SI-PTSD:
EXP 11.8 ± 2.0
> 4.1 ± 5.0;
WL 11.3 ± 1.8 >
8.8 ± 5.2

Clinical change

-65
vs.
-22

%
.023

p

NR

NR

NR

NR

Correlation with clinical change

-

-

-

-

r

-

-

-

-

p

Lindauer, 2005

Lindauer, 2005

Lindauer, 2005

Lindauer, 2005

Study (One RCT)

EXP = experimental condition; GM = gray matter; L = left; NR = not reported; NS = not statistically significant; PHG = parahippocampal gyrus; SI-PTSD = Structured Interview for PTSD;
WL = waiting list condition.

Hippocampus

R/L

Total brain
(GM)

L

R/L

Region

Table 2.2.: Structural brain changes associated with psychotherapy in PTSD: results
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R/L
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x, y, z
(Talairach)

-

Pre = post

Pre = Post
(-16,52,-8)

Paroxetine
16,36, 11*
-2, 45, 1
Placebo
6, 34,-2
-14,38, 4

16, 45,-28
- 2, 47,-28

L

28

-28, -8,-28

3.61

-
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3.34
3.33

3.63
3.21

CAPS: 78.1 ± 16.9 > 45.5 ± 23.9

Idem

CAPS: 78.1 ± 16.9 > 45.5 ± 23.9

CAPS Placebo:
51.2 ± 9.8 > 20.2 ± 20.2

CAPS Paroxetine:
84.9 ± 8.2 > 26.3 ± 26.3;

Only in paroxetine; not in placebo

Clinical change

-

p

-42

-42

.01

.01

-69 .09
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–61!

-69

%

-

-

r

-

-

Δ CAPS with Δ medial NR
frontal (paracingulate)
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Correlation with
clinical change

RCT

RCT

Design

-

Pre-post

Pre-post

<.001 Pre-post

-

-

p

Seedat et al, 2004

Seedat et al, 2004

Seedat et al, 2004

Fani et al, 2011

Fani et al, 2011

Study

ACC = Anterior Cingulate Cortex; BA = Brodmann Area; CAPS = Clinician Administered PTSD Scale; PFC = Prefrontal Cortex; NP = Not performed; NR = Not reported; r = correlation
coefficient; R = Right. Δ = change.
* article reported z = -11, but it does not refer to BA32.

Medial temporal cortex
(Uncus)

Temporal lobe

Z

3.00
3.73
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-

Basal Ganglia
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32

R
L
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11

R
L

R
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Medial PFC
(para-cingulate)

Ventral ACC

Orbital gyrus

Frontal lobe

INCREASED ACTIVATION AFTER PHARMACOTHERAPY

Region

Table 2.3.: Functional brain changes associated with pharmacotherapy in PTSD: results

112 | systematic review

R
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4.46
4.06
4.38 FFX

L

Superior frontal gyrus

40,44,30

3.69

9

R

Z

Superior frontal gyrus

x,y,x (Talairach)

3.79

R/L BA

INCREASED ACTIVATION AFTER PSYCHOTHERAPY
Frontal lobe
Superior frontal gyrus L
10
-20,62,4

Region

Table 2.4.: Functional brain changes associated with psychotherapy in PTSD: results

RCT
RCT
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Farrow et al, 2005
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Felmingham et al
2007
Peres et al, 2007
Peres et al, 2011

Pagani et al, 2007

Lansing et al, 2005
Felmingham et al
2007
Peres et al, 2007
Felmingham et al
2007

Pagani et al, 2007

Farrow et al, 2005
(forgive judging)
Lansing et al, 2005
Peres et al, 2007
Peres et al, 2007
Peres et al, 2011

Oh & Choi, 2007

Oh & Choi, 2007

Lansing et al, 2005

Oh & Choi, 2007

Peres et al, 2007
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x,y,x (Talairach)
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Lansing et al, 2005

Lansing et al, 2005
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Thomaes et al, 2012

Felmingham et al 2007

Peres et al, 2011

Felmingham et al 2007
Peres et al, 2007

Pre-post Felmingham et al 2007
(c)Pre-post Oh & Choi, 2007

(c)Pre-post Lamprecht et al, 2004

RCT

RCT

Design

ACC = Anterior Cingulate Cortex; BA = Brodmann Area; BEP = Brief Eclectic Psychotherapy; CAPS = Clinician Administered PTSD Scale; CBT = Cognitive Behavioral Therapy; EEG =
Electroencephalography; EXP = Experimental Condition; IES = Impact of Event Scale; NIRS = Near-infrared Spectroscopy; NP = not performed; NR = not reported; oxy-Hb = hemoglobine concentration; PCC = Posterior Cingulate Cortex; PCL = PTSD Checklist; PDS = Posttraumatic Stress Diagnostic Scale; PFC = Prefrontal Cortex; r = correlation coefficient; RCT =
Randomized Controlled Trial; SI-PTSD = Structured Interview for PTSD;WL = Waiting List.
MNI2tal
= Talairach brain coordinates are calculated from reported MNI (Montreal Neurologic Institute) coordinates with Matlab (mni2tal.m).
t
= Z-value is calculated from reported T-value with Matlab spm_t2z(t-score, df).
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Conclusions and discussion
From the above-reviewed studies we may conclude that following
pharmacotherapy, increased hippocampus volume has consistently been found
in uncontrolled pre-post studies. This was not restricted to PTSD related to adult
trauma, but was observed in childhood trauma as well [1, 2, 3]. This finding fits
the stress-glucocorticoid hypothesis assuming that although baseline cortisol is
low in child abuse related PTSD, cortisol levels are high during the initial trauma
and may again peak during later stressors (Elzinga et al., 2003). Recovery from
hippocampus atrophy has not been reported after psychotherapy [5], although
this single RCT is in clear need of replication. Increased hippocampus volume
after treatment can be interpreted as “normalization” or change in the direction
of healthy controls, and all reviewed studies reported clinical improvement
on PTSD measures. Because of its key role in (declarative) memory function,
hippocampal growth would be expected to be related to memory improvement,
but two of these three studies failed to observe such an association. In the
Bremner et al. study, hippocampal volume increase was inversely correlated
with intrusion severity, possibly as a result of improved contextualization of fear
responses. It may seem somewhat puzzling that increased hippocampal volume
has not been found after psychotherapy, given that larger (para-) hippocampal
volume predicts better response to psychotherapy (Nardo et al., 2010). However,
in OCD a similar pattern - structural normalization after pharmacotherapy, not
after psychotherapy - has been observed in the basal ganglia (Hoexter et al.,
2012) and preclinical and clinical evidence of SSRI-induced neurogenesis supports
this difference between medication and psychotherapy (Boldrini et al., 2012;
Sapolsky, 2000).
To date, mostly psychotherapy studies have been performed, presumably
because psychotherapy is step one in evidence based treatment for PTSD
(Foa et al., 2000). In five RCTs using emotional tasks with trauma related verbal or
visual stimuli during functional MRI [8 - 12], adult trauma PTSD patients showed
increased superior and dorsomedial prefrontal gyrus activation, increased
rostral ACC and hippocampus activation and decreased amygdala activation
during symptom provocation after psychotherapy. These increased prefrontal
and hippocampus and decreased amygdala activations during symptom provocation after psychotherapy are again in line with the fear conditioning model.
Decreased limbic activity coupled with increased ventromedial and dorsolateral
prefrontal activity may result from enhanced extinction (Phelps et al., 2004)
and re-appraisal or emotion regulation (Ochsner et al., 2002), respectively.

systematic review | 117

Further evidence for the involvement of the amygdala in psychotherapy outcome
comes from prediction studies, showing decreased amygdala activation to
predict a better response to CBT (Bryant et al., 2008a) and increased amygdala
volume to EMDR (Nardo et al., 2010).
In contrast, in child abuse related Complex PTSD patients, who showed increased
ACC and hippocampus activation at baseline (Thomaes et al., 2009; Thomaes et
al., 2011), superior frontal and dorsal ACC activation was found to be diminished
after psychotherapy, with no change in amygdala activation [13]. Although these
findings are in need of replication, these activations are in the opposite direction as would be expected from the fear conditioning model: increased baseline
hippocampus and ACC activation instead of decreased activation, normalizing
after treatment (Thomaes et al., 2011; Thomaes et al., 2012). Therefore, we suggest
the fear conditioning model provides an inadequate framework for understanding
more complicated forms of PTSD. The dissociative subtype, with emotional overmodulation mediated by midline prefrontal inhibition of limbic regions (reflected
by high ACC/mPFC and low insula/amygdala activity), as proposed in the neurobiological model of PTSD by Lanius et al. (Lanius et al., 2010c), may be more relevant for this population. Interestingly, in adult trauma related PTSD decreased
ventral ACC activation predicted better response to CBT (Bryant et al., 2008a),
and this finding suggests that Complex PTSD patients - characterized by increased
ACC activation - may not respond favourably to this form of treatment, which
corroborates an important clinical finding of child abuse related Complex PTSD
being associated with poor treatment outcome (Ford & Kidd, 1998).
Following psychotherapy, superior and lateral prefrontal cortex activations were
reported to be increased and decreased. This finding is, however, in line with
the review from Rofman et al, suggesting that after successful psychotherapy
on the one hand increased dorsolateral activation is associated with reappraisal
of emotions, i.e. greater cognitive control, whereas on the other hand less
demand is placed on the dorsolateral PFC to restructure cognitions in reaction
to perceived threat (Roffman et al., 2005). We found mainly increased superior
frontal gyrus activation after psychotherapy in adult trauma [8, 15, 18], whereas
decreased superior frontal gyrus activation was found in child abuse related
PTSD [13] and decreased lateral PFC activity in an ERP and a NIRS study [10, 20],
the latter techniques having good temporal but poor spatial resolution, so that
comparison to the above-mentioned fMRI findings is not straightforward.
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A limitation of this systematic review clearly is the small number of studies on
imaging treatment outcome in complicated forms of PTSD related to child abuse.
We identified 8 RCTs and 12 pre-post studies, 2 RCTs and 3 pre-post studies of
which on child abuse related PTSD. In these available studies, comorbidity of
dissociative and personality disorders was rarely described in detail, precluding
in-depth assessment of differences in treatment outcome in intrusive versus
dissociative subtypes of PTSD (Lanius et al., 2010c). Because cluster B personality
disorders frequently co-occur with Complex PTSD, and these are associated with
impaired emotion (anger) regulation, it is perhaps unsurprising that we found
primarily changes on the level of the insular cortex rather than the amygdala
(McHugh et al., 2012; Fusar-Poli et al., 2009). From most studies it was possible
to extract standardized effects (Z-values), but we were unable to meta-analyze
(pool) these Z-values, because of heterogeneity of brain areas affected and task
paradigms used.
In conclusion, our results indicated that, although structural abnormalities (hippocampal volume) improved similarly in adult trauma and child abuse related PTSD
after pharmacotherapy, functional changes may distinguish between the two.
Also, effects of psychotherapy on regional brain morphology in both adult and child
trauma need to be established. Adult trauma PTSD patients showed activations
that fitted a fear conditioning model, but child abuse patients revealed a distinct
pattern, showing decreased rostral ACC, OFC and superior frontal gyrus activation
after treatment and no change in hippocampus or amygdala activation. When one
considers limbic dysregulation as the core abnormality in PTSD (Le Doux, 2002),
these findings suggest that adult trauma PTSD patients, but not Complex PTSD
patients, may achieve full remission, increasing relapse risk in the latter group. This
hypothesis however awaits empirical testing, given the dearth of imaging studies
on treatment of child abuse related PTSD patients. Such imaging studies should
implement optimized treatment regimens, such as trauma focused stabilizing
treatment for complex trauma, or ways to improve adherence and effectiveness
of regular PTSD treatments for Complex PTSD to unravel functional and morphological brain changes during recovery of trauma related disorders.
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Supplementary Table: Search strategy in PubMed June 20 2011
(read from bottom-up).
S

Search terms

Result

#6

(#2 AND #3 AND #4) NOT (“addresses”[Publication Type] OR “biography”[Publication Type] OR
“comment”[Publication Type] OR “directory”[Publication Type] OR “editorial”[Publication Type] OR
“festschrift”[Publication Type] OR “interview”[Publication Type] OR “lectures”[Publication Type]
OR “legal cases”[Publication Type] OR “legislation”[Publication Type] OR “letter”[Publication Type]
OR “news”[Publication Type] OR “newspaper article”[Publication Type] OR “patient education
handout”[Publication Type] OR “popular works”[Publication Type] OR “congresses”[Publication Type]
OR “consensus development conference”[Publication Type] OR “consensus development conference,
nih”[Publication Type] OR “practice guideline”[Publication Type]) NOT (“animals”[MeSH Terms] NOT
“humans”[MeSH Terms])

15

#5

(#1 AND #3 AND #4) NOT (“addresses”[Publication Type] OR “biography”[Publication Type] OR
“comment”[Publication Type] OR “directory”[Publication Type] OR “editorial”[Publication Type] OR
“festschrift”[Publication Type] OR “interview”[Publication Type] OR “lectures”[Publication Type]
OR “legal cases”[Publication Type] OR “legislation”[Publication Type] OR “letter”[Publication Type]
OR “news”[Publication Type] OR “newspaper article”[Publication Type] OR “patient education
handout”[Publication Type] OR “popular works”[Publication Type] OR “congresses”[Publication Type]
OR “consensus development conference”[Publication Type] OR “consensus development conference,
nih”[Publication Type] OR “practice guideline”[Publication Type]) NOT (“animals”[MeSH Terms] NOT
“humans”[MeSH Terms])

191

#4

“therapy”[Subheading] OR “therapy”[tw] OR “therapies”[tw] OR “therapist”[tw] OR “therapists”[tw]
OR “treatment”[tw] OR “treatments”[tw] OR “therapeutics”[MeSH Terms] OR “therapeutics”[tw] OR
“therapeutic”[tw] OR Psychotherapy[tw] OR Condition*[tw] OR extinction[tw]

7981219

#3

(deoxyglucose[mh] OR deoxyglucose[tw] OR desoxyglucose[tw] OR deoxy-glucose[tw] OR desoxyglucose[tw] OR deoxy-d-glucose[tw] OR desoxy-d-glucose[tw] OR 2deoxyglucose[tw] OR 2deoxyd-glucose[tw] OR fluorodeoxyglucose[tw] OR fluorodesoxyglucose[tw] OR fludeoxyglucose[tw]
OR fluordeoxyglucose[tw] OR fluordesoxyglucose[tw] OR 18fluorodeoxyglucose[tw] OR
18fluorodesoxyglucose[tw] OR 18fluordeoxyglucose[tw] OR fdg*[tw] OR 18fdg*[tw] OR 18f-dg*[tw]
OR 18f-fdg*[tw] OR ((fluor[tw] OR 2fluor*[tw] OR fluoro[tw] OR fluorodeoxy[tw] OR fludeoxy[tw] OR
fluorine[tw] OR 18f[tw] OR 18flu*[tw]) AND glucose[tw])) AND (pet[tw] OR pet/*[tw] OR petscan*[tw]
OR tomography, emission-computed[mh] OR (emission[tw] AND (tomograph [tw] OR tomographs [tw]
OR tomographic*[tw] OR tomography[tw] OR tomographies[tw] OR scan[tw]))) OR “Tomography, X-Ray
Computed”[Mesh] OR (compute*[tiab] AND tomograph*[tiab]) OR ((CAT OR CT) AND (scan OR scans OR
scanning OR X-ray OR X-rays)) OR “Magnetic Resonance Imaging”[Mesh] OR MRI[tiab] OR MRIs[tiab]
OR NMR[tiab] OR NMRs[tiab] OR fMRI[tiab] OR “magnetic resonance”[tiab] OR “MR imaging”[tiab]
OR “nuclear magnetic”[tiab] OR (tomogra*[tiab] AND (MR[tiab] OR “proton spin”[tiab])) OR ((“chemical shift”[tiab] OR “chemical shifts”[tiab]) AND imaging*[tiab]) OR “Magnetization Transfer”[tiab] OR
“Magnetisation Transfer”[tiab] OR “resonance magnetic”[tiab] OR MR imag*[tiab] OR “functional magnetic resonance imaging”[tiab] OR “tomography, emission-computed, single-photon”[MeSH Terms]
OR “single-photon emission-computed tomography”[tiab] OR “spect”[tiab] OR “brain mapping”[MeSH
Terms] OR “brain imaging”[tiab] OR “brain mapping”[tiab]
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#2

((“Sex Offenses”[Mesh:noexp] OR “Child Abuse, Sexual”[Mesh] OR “rape”[Mesh] OR
“Violence”[Mesh:NoExp] OR “Domestic Violence”[Mesh] OR “Child Abuse”[Mesh] OR “Spouse
Abuse”[Mesh] OR “Sexual Harassment”[Mesh] OR “Incest”[Mesh] OR “Crime Victims”[Mesh:NoExp]
OR “Adult survivors of Child Abuse”[Mesh] OR “psychotrauma”[tiab] OR “psychological trauma”[tiab]
OR “developmental trauma”[tiab] OR “complex trauma”[tiab] OR “interpersonal trauma”[tiab] OR
“traumatization”[tiab] OR “traumatisation”[tiab] OR “maltreatment”[tiab] OR “harassment”[tiab]
OR “physical abuse”[tiab] OR “violent crime”[tiab] OR “assault”[tiab]) AND (“personality
disorders”[MeSH Terms] OR “personality disorders”[tiab] OR “personality disorder”[tiab] OR “dissociative disorders”[MeSH Terms] OR “dissociative disorders”[tiab] OR “dissociative disorder”[tiab])) OR
“Complex PTSD”[tiab]

3094

#1

“stress disorders, post-traumatic”[MeSH Terms] OR (“stress”[tiab] AND (“disorder”[tiab] OR
“disorders”[tiab]) AND (“post-traumatic”[tiab] OR “posttraumatic”[tiab])) OR “post-traumatic stress
disorder”[tiab] OR “posttraumatic stress disorder”[tiab] OR “post-traumatic stress disorders”[tiab]
OR “posttraumatic stress disorders”[tiab] OR PTSD[tiab] OR “post traumatic neurosis”[tiab] OR “post
traumatic neuroses”[tiab] OR “posttraumatic neurosis”[tiab] OR “posttraumatic neuroses”[tiab]

19374

