
1.  Abbas A et al (2014).  Review of Psychodynamic Psychotherapy Neuroimaging Studies.  

Psychotherapy and Psychosomatics, 142-147.   

“Eleven series were included in the final sample, consisting of 2 randomized controlled trials, 5 

controlled trials and 4 case series, altogether involving 210 people: 94 healthy controls and 116 

people with mood disorders, panic disorder, somatoform disorders and borderline personality 

disorder. A variety of neuroimaging techniques were used to examine regional metabolic activity 

and synaptic neurotransmission before and after treatment. The common finding was 

normalization of synaptic or metabolic activity in limbic, midbrain and prefrontal regions, 

occurring in association with improved clinical outcomes. PDT has demonstrable effects on brain 

function in diverse clinical populations as evidenced by a modest group of mixed neuroimaging 

studies.” 

 

2.  Amini F et al (1996).  Affect, attachment, memory: contribution towards psychobiolocal 

integration.  Psychiatry 59(3), 213-239.  

“Recent decades have seen a marked expansion in knowledge regarding human 

neurophysiology, and psychiatry is currently challenged with the task of integrating this 

information with a psychodynamic understanding of emotional life. In this paper we review 

portions of the relevant literature regarding the basic brain functions of affect, memory, and 

attachment, and we consider the implications of these data for integrated psychobiologic 

conceptualizations of emotional dysfunction and its treatment. In particular, data from these 

three areas of study point to the possibility that implicit memory of the early attachment 

relationship, communicated via the language of affect, is an enduring neural structure that 

influences both emotional self-regulation and behavior related to relatedness. Finally, we 

consider the implications of this proposition for the nature of psychotherapy, which from a 

psychobiologic view might be profitably conceptualized as a directed attachment relationship 

whose purpose is the revision of the implicit emotional memory of attachment.”  

https://pdfs.semanticscholar.org/7638/a58dab10759f09e9ea943c603955b5ffb1c6.pdf 

3. Baxter et al (1992).  Caudate glucose metabolic rate changes with both drug and 

behavior therapy for obsessive-compulsive disorder.  Archives of General Psychiatry, 40 

(9), 681-689.  

“When used in the treatment of OCD, both behavior therapy and fluoxetine appear to 

produce similar decreases in cerebral metabolic rates in the head of the caudate nucleus.”   

4. Viinamaki et al (1998).  Change in monoamine transporter density related to clinical 

recovery:  A case-control study.  Nordic Journal of Psychiatry, 52, 39-44.   

“At the beginning of a 1 year psychotherapy treatment, a 25 year old man suffering from 

borderline personality disorder and depression was imaged using SPECT.  Another man 

with similar problems also underwent imaging but did not receive psychotherapy or any 

other treatment.  Initial SPECT imaging showed that both men had markedly reduced 

https://pdfs.semanticscholar.org/7638/a58dab10759f09e9ea943c603955b5ffb1c6.pdf


serotonin uptake in the medial prefrontal area and the thalamus, when sompared with 

10 healthy control subjects.  Repeat SPECT imagining showed that the man who had 

received 1 year of psychodynamic psychotherapy had normal serotonin uptake, while the 

control patient continued to have markedly reduced serotonin uptake.  The patient who 

received therapy did not take medication.”   

 

5. Barsaglini et al (2013).  The effects of psychotherapy on brain function: A systematic 

and critical review.  Progress in Neurobiology, 114 1-14.   

“Over the past two decades, the development of neuroimaging techniques has allowed 

the non-invasive investigation of neuroplastic changes associated with psychotherapeutic 

treatment. The aim of the present article is to present a systematic and critical review of 

longitudinal studies addressing the impact of psychotherapy on the brain published to 

date. After summarizing the results reported in the literature for each psychiatric disorder 

separately (i.e. obsessive-compulsive disorder, panic disorder, unipolar major depressive 

disorder, posttraumatic stress disorder, specific phobia, schizophrenia), we discuss the 

results focusing on three questions of interest: (i) whether neurobiological changes which 

follow psychotherapy occur in regions that showed significant neurofunctional alteration 

pre-treatment; (ii) whether these neurobiological changes are similar, or different, to 

those observed following pharmacological treatment; and (iii) whether neurobiological 

changes could be used as an objective means of monitoring the progress and outcome of 

psychotherapy. The evidence reviewed indicates that (i) depending on the disorder under 

investigation, psychotherapy results in either a normalisation of abnormal patterns of 

activity, the recruitment of additional areas which did not show altered activation prior 

to treatment, or a combination of the two; (ii) the effects of psychotherapy on brain 

function are comparable to those of medication for some but not all disorders; and (iii) 

there is preliminary evidence that neurobiological changes are associated with the 

progress and outcome of psychotherapy. It is hoped that a better understanding of the 

impact of psychotherapy on brain function will eventually inform the development of new 

biologically informed treatments and allow clinicians to make more effective treatment 

decisions. 

A. OCD: 

- OCD has been associated with hypermetabolism in the orbitofrontal cortex, the 

anterior cingulate gyrus and the head of the caudate nucleus.  In one study by Baxter 

et all 1992, which measured resting state brain metabolism using PET scan in 18 

patients before and after administration of either behavioral therapy or Prozac, the 

authors found decreased rates of glucose metabolism in the right head of the caudate 

nucleus in both behavioral, and pharmacological, therapeutic responders compared 

with pre-treatment.  This was corroborated by a follow-up study by Schwartz et al 

(1996) and a 2003 study by Nakatani et al.   

 



-  The largest study so far on OCD and psychotherapy was by Yamanishi et al 2009 who 

studied the effects of 12 weeks CBT on brain activity in patients with OCD, who were 

treatment resistant to SSRI.  After treatment responders showed a decrease in 

metabolism in the left medial prefrontal cortex and bilateral middle frontal gyri. 

B.  Panic: 

-  In a study by Beutel et al 2010, before psychodynamic therapy, patients relative to 

healthy subjects displayed greater activation in the left amygdala and hippocampus in 

response to negative panic specific words, activation in these regions was negatively 

correlated with right lateral prefrontal activation.  The combination of both limbic 

hyperactivity and frontal hypoactivation suggests an abnormal functioning of the 

frontolimbic circuit underpinning emotional and behavioral regulation under threat 

conditions.  After psychodynamic intervention, differences between patients and controls 

in this prefrontal-limbic circuit were replaced by a normalization of hippocampal activity.  

This is compatible with the hypothesis that the effects of psychotherapy on brain 

functioning involve a top-down regulation of hyperexcitable limbic structures by 

prefrontal control systems.   

-  A recent multi-center investigation by Kircher et al 2013, used a fear conditioning 

paradigm to examine the effect of manualized CBT in 42 patients with panic disorder with 

agoraphobia with 42 controls.  After treatment, patients showed reduced activation in 

the left inferior frontal gyrus which correlated with symptom improvement; and increase 

connectivity between IFG and regions of the so-called “fear network” comprising of the 

amygdala, insula and anterior cingulate cortex.   

- Prasko 2004:  compared effects of pharmacological and psychological interventions in 

panic disorder patients, and showed that the two types of treatment resulted in similar 

changes within a distributed front-temporo-parietal network.   

C.  Depression: 

- Functional neuroimaging studies of patients with depression have consistently 

reported reduced metabolism in frontal and temporal regions, the insula and the 

basal ganglia (Gelenberg 2010).  These studies have also provided preliminary 

evidence that hippocampal metabolism is associated with severity of depression 

(Saxena 2001).   

- Two 2010 studies by Hirvonen and Karlsson compared the effect of psychotherapy 

and Prozac on the density of serotonin 5HT1A receptors, building on previous studies 

reporting a widespread decrease in the density of serotonin 5HT1a receptors in the 

disease.  Patients were randomly assigned to either psychopharmacology or 

psychotherapy with the subsequent groups comprising 15 and 8 subjects respectively.  

Although both groups showed comparable symptoms improvement post treatment, 

when pre and post treatment values were compared, only those who underwent 



psychotherapy showed increased serotonin 5HT1a binding in several cortical regions 

including dorsolateral, prefrontal cortex, VLPFC, ventral ACC, inferior temporal gyrus, 

insular cortex, and angular gyrus.   

- Fu et al, 2008 examined effect of CBT on brain function with fMRI during an affective 

recognition task in individuals with depression as compared to control.  Before 

treatment, patients relative to control displayed higher activity in the amygdala and 

hippocampus, and a lower activity in the anterior and posterior cingulate gyri, 

superior frontal gyrus, inferior parietal cortex and percuneus.  After treatment, a 

significant normalization of activity in all these areas was observed.  They also found 

that the dorsal anterior activity was a predictor of treatment response to CBT.  Dorsal 

anterior activity could be used to identify those individuals who are most likely to 

benefit from CBT.   

- Dichter et al 2009 used fMRI to study the neural correlates of Brief Behavioral 

Activation Treatment for Depression (BATD)during reward processing in depressed 

patients.  Dichter et al 2010, aim was to identify baseline fMRI predictors of response 

to treatment in depression. Before and after BATD, they scanned patients and 

controls.  Following treatment, there was decreased activity in prefrontal structures 

including the paracingulate gyrus, the right orbitofrontal cortex and the right frontal 

pole in response to stimuli presented within a sad context.  Pre-treatment activity in 

the paracingulate gyrus was identified as a significant predictor of symptomatic 

improvement following treatment.   

- Buchheim et al 2012, studied the effects of psychotherapy on brain function in 

patients with depression in long term (15 months) psychodynamic intervention.  

Results showed increased activation in the left anterior hippocampus/amygdala, 

subgenul cingulate, and medial prefrontal cortex in patients compared to healthy 

controls before treatment, and a reduction in the same areas after treatment. 

Normalization of brain activity was correlated with general symptom improvement.   

Summary for depression:  psychological treatment of patients with unipolar depression 

results in a normalization of the activation pattern in fronto-limbic circuitry.   

 

D.  PTSD: 

- Neuroimaging of PTSD have reported increased amygdala activation using a range of 

experimental paradigms including script-driven imagery, trauma related stimuli, 

trauma unrelated emotional material and at rest.  Another phenomena  is decreased 

activation in medial prefrontal cortex in relation to script driven imagery.   

- Farrow et al 2005, hypothesized that PTSD would be associated with altered activation 

in brain regions implicated in emotional and social cognition, and that CBT would have 

a normalizing effect.  Symptom improvement was accompanied by an increase of 



brain activity in the middle temporal gyrus during empathy judgments and in posterior 

cingulate gyrus and left middle frontal gyrus during judgments of forgiveness.   

- Flemingham et al 2007, found similar effects in frontal and temporal regions.  The 

authors examined the effect of an exposure-based CBT in 8 PTSD patients reporting 

that, pretreatment greatest activation was observed in the right post-central gyrus, 

right middle temporal gyrus, and left superior temporal gyrus, whilst post-treatment 

increased activation was found in the left middle temporal gyrus, right inferior frontal 

gyrus, left- parietotemporal gyrus, and right hippocampus.   

- Peres et all 2007, CBT group showed an improvement of symptomatology and 

experienced emotionally less intense states during the retrieval of traumatic 

memories.  These improvements were accompanied by increased activity in the left 

prefrontal cortex and decreased activity in left amygdala, which had also  been 

reported by Felmingham et al 2007, in addition to further effects in the parietal lobes 

bilaterally, left hippocampus, and left thalamus.  Positive correlations were also found 

in the left hemisphere between the prefrontal cortex and thalamus, and between the 

prefrontal and parietal cortices.  The authors argued that activation of the left 

prefrontal cortex subsequent to CBT probably indicated better inhibition of feedback 

processes related to amygdala activity.   

- Lindauer et al 2008, the psychotherapy group showed decrease in activation in the 

right middle frontal gyrus.  Furthermore, improvements in the PTSD symptoms also 

correlated positively with activation in the left superior temporal gyrus and the 

superior/middle frontal gyrus.  Psychotherapy induced clinical recovery of PTSD 

patients and modulated the functioning of specific PTSD related sites in the prefrontal 

cortical regions.   

- Roy et al 2010, used fMRI to investigate the effect of virtual reality exposure therapy 

and prolonged exposure on the brain of military members who had been deployed in 

Iraq and Afghanistan.  Pretreatment, increased activity in the right amygdala and 

lateral prefrontal cortex was found as well as decreased activity in the ACC. Post-

treatment, the subjects showed a normalization of activity in the same 

neuroanatomical areas.   

Summary PTSD:  a majority of the studies indicate abnormal activity that is evident pre-

treatment in the frontal cortex and amygdala, whereas the effects of treatment seem to 

affect activity in the frontal and temporal regions specifically.   

- There appears to be at least 2 ways in which psychotherapy might affect the brain 

(Mechelli et al, 2010).  One possibility is that therapy might reverse structural or 

functional abnormalities associated with a certain psychopathology before therapy.  

In other words, psychotherapy might normalize the structure and function of the 

brain.  The other possibility is that therapy might lead to compensatory changes in 

areas of the brain which did not show altered function before therapy.   



- The first of these is that the impact of psychotherapy on patients with OCD, 

depression or schizophrenia appears to result in a normalization of brain function.  

Specifically in OCD, this normalization corresponds to a reduction of the metabolism 

in the orbitofrontal cortex and head of the caudate nucleus, in the case of depression 

in involves it involves the fronto-limbic circuitry, and in the case of schizophrenia it 

involves fronto-temporal regions.  Symptom reduction in panic disorder and PTSD 

patients appears to be associated with compensatory changes in areas not impaired 

pre-therapy in PD itself associated with functional reorganization with in a distributed 

network including limbic and prefrontal regions amongst others.  Results for PTSD are 

less consistent but indicate that pre-treatment abnormal activity is most evident in 

the frontal cortex and the amygdala, whereas the effects of treatment are typically 

detected in frontal and temporal regions.   

- Depending on the disorder, psychotherapy results in either a normalization of 

abnormal patterns of activity, the recruitment of additional areas which did not show 

altered activation prior to treatment, or a combination of the two.   

- How do neurobiological changes observed post-psychological treatment compare to 

pharmacological treatment.  In OCD, 4 out of 5 studies suggest the results are 

comparable.”   

-  

 



 

6. Beutel et al (2010).  Changes of brain activation pre-post short term psychodynamic 

inpatient psychotherapy: An FMRI study of panic disorder patients.  Psychiatry 

Research: Neuroimaging, 184 (2) 96-104.   

7. Cappas et al (2005).  What psychotherapists can begin to learn from neuroscience:  

Seven principles of a brain-based psychotherapy.  Psychotherapy: Theory, Research, 

Practice, Training, 42(3), 374-383.  

- “Genetics and environment interact in the brain to shape the individual. 

- Experience transforms the brain. 

- Memory systems in the brain are interactive.  

- Cognitive and emotional processes work in partnership. 

- Bonding and attachment provide the foundation for change. From a neuroscientific 

perspective, the therapeutic relationship ‘can facilitate effective movement toward 

well-being and adaptive self-regulation’ (Siegel, 1999, p 285) by enhancing 

corticolimbic and orbitofrontal development. This neuroscience finding confirms 

studies that point to the therapeutic relationship as the most reliable predictor of 

change in psychotherapy (Lambert, 1992; McCabe & Priebe, 2004).   

- Imagery activates and stimulates the same brain systems as does real perception. 

- The Brain can process nonverbal and unconscious information.“  

8. Corrigan et al (2004).  Psychotherapy as assisted homeostasis:  Activation of emotional 

processing mediated by the anterior cingulate cortex.  Medical Hypothesis, 63 (6), 968-

973.   

“Although psychotherapy is successful in altering emotional distress, the biological 

mechanism by which it achieves this has not been the subject of intensive neurobiological 

investigation. Mindful processing of emotion has been proposed [Mindfulness-Based 

Cognitive Therapy for Depression, The Guilford Press, New York, 2002] to be a key factor 

in prevention of relapse in depressive illness and here that hypothesis is developed and 

extended to include other conditions in which emotion processing may be obstructed or 

dysregulated. Cognitive therapy, interpersonal psychotherapy, psycho-dynamic 

psychotherapy and dialectical behaviour therapy, each in a different way and with a 

distinct emphasis, encourage awareness of emotions and their associated cognitions and 

biographies, and their varying success may depend on the degree to which they achieve 

activation of internal healing processes. In eye movement desensitization and 

reprocessing (EMDR), the selected target is formatted for endogenous processing which 

is facilitated and accelerated by eye movements or alternating bilateral auditory or tactile 

stimulation. The ability to sustain focused attention on the affect and its visceral, 

cognitive and biographical components is postulated to activate a homeostatic process of 

distress resolution, seen most clearly in treatment of post-traumatic stress disorder 

(PTSD) with EMDR, in which resolution of distress can be intense and rapid while therapist 

input is non-directive, although supportive, empathic, and non-judgmental. Once the 



therapist has helped to frame the questions, the patient's brain will find the answers 

needed for the resolution of the distress and all the components of the traumatic event, 

whether visceral, cognitive, affective or interpersonal. The anterior cingulate cortex, 

especially the dorsal and rostral components, is suggested to be the key neurobiological 

substrate for the efficacious psychotherapeutic relief of distress, and relevant functional 

neuroimaging studies are summarized. One limitation of some previous imaging studies 

of emotion is that they have tended to use mild stimuli to discrete emotions. An 

alternative approach would be to image the brain during reprocessing of an unpleasant 

event which has profoundly affected the person so that the associated intense emotions 

could be clearly labelled and correlated with changes in regional brain functioning.” 

9. Crowther et al (2015).  Resting-state connectivity predictors of response to 

psychotherapy in major depressive disorder.  Neuropsychopharmacology, 40(7), 1659-

1673. 

“Despite the heterogeneous symptom presentation and complex etiology of major 

depressive disorder (MDD), functional neuroimaging studies have shown with remarkable 

consistency that dysfunction in mesocorticolimbic brain systems are central to the 

disorder. Relatively less research has focused on the identification of biological markers 

of response to antidepressant treatment that would serve to improve the personalized 

delivery of empirically supported antidepressant interventions. In the present study, we 

investigated whether resting-state functional brain connectivity (rs-fcMRI) predicted 

response to Behavioral Activation Treatment for Depression, an empirically validated 

psychotherapy modality designed to increase engagement with rewarding stimuli and 

reduce avoidance behaviors. Twenty-three unmedicated outpatients with MDD and 20 

matched nondepressed controls completed rs-fcMRI scans after which the MDD group 

received an average of 12 sessions of psychotherapy. The mean change in Beck 

Depression Inventory-II scores after psychotherapy was 12.04 points, a clinically 

meaningful response. Resting-state neuroimaging data were analyzed with a seed-based 

approach to investigate functional connectivity with four canonical resting-state 

networks: the default mode network, the dorsal attention network, the executive control 

network, and the salience network. At baseline, the MDD group was characterized by 

relative hyperconnectivity of multiple regions with precuneus, anterior insula, dorsal 

anterior cingulate cortex (dACC), and left dorsolateral prefrontal cortex seeds and by 

relative hypoconnectivity with intraparietal sulcus, anterior insula, and dACC seeds. 

Additionally, connectivity of the precuneus with the left middle temporal gyrus and 

connectivity of the dACC with the parahippocampal gyrus predicted the magnitude of 

pretreatment MDD symptoms. Hierarchical linear modeling revealed that response to 

psychotherapy in the MDD group was predicted by pretreatment connectivity of the right 

insula with the right middle temporal gyrus and the left intraparietal sulcus with the 

orbital frontal cortex. These results add to the nascent body of literature investigating 

pretreatment rs-fcMRI predictors of antidepressant treatment response and is the first 

study to examine rs-fcMRI predictors of response to psychotherapy.” 



10. Eriksson et al (1998).  Neurogenesis in the adult human hippocampus.  Nature Medicine, 

4, 1313-1317.   

“The genesis of new cells, including neurons, in the adult human brain has not yet been 

demonstrated. This study was undertaken to investigate whether neurogenesis occurs in 

the adult human brain, in regions previously identified as neurogenic in adult rodents and 

monkeys. Human brain tissue was obtained postmortem from patients who had been 

treated with the thymidine analog, bromodeoxyuridine (BrdU), that labels DNA during the 

S phase. Using immunofluorescent labeling for BrdU and for one of the neuronal markers, 

NeuN, calbindin or neuron specific enolase (NSE), we demonstrate that new neurons, as 

defined by these markers, are generated from dividing progenitor cells in the dentate 

gyrus of adult humans. Our results further indicate that the human hippocampus retains 

its ability to generate neurons throughout life.” 

11. Huang et al (2014).  Early brain changes associated with psychotherapy in major 

depressive disorder revealed by resting-state fMRI:  Evidence for top-down regulation 

theory.  International Journal of Psychophysiology, 94 (3), 437-444.   

Studied the brain mechanism of psychotherapy using resting state fMRI.  Focused on early 

changes of brain activities after psychotherapy.  Treatment-related changes were found 

in several brain regions.  Suggests that the medial prefrontal cortex may play an important 

role in psychotherapy.   

12. Messina et al (2013).  Neural correlates of psychotherapy in anxiety and depression: A 

meta-analysis.  Plos One, 8(9).   

“Several studies have used neuroimaging methods to identify neural change in brain 

networks associated to emotion regulation after psychotherapy of depression and 

anxiety. In the present work we adopted a meta-analytic technique specific to 

neuroimaging data to evaluate the consistence of empirical findings and assess models of 

therapy that have been proposed in the literature. Meta-analyses were conducted with 

the Activation Likelihood Estimation technique, which evaluates the overlap between foci 

of activation across studies. The analysis included 16 studies found in Pubmed (200 foci 

of activation and 193 patients). Separate meta-analyses were conducted on studies of 1) 

depression, post-traumatic stress disorder and panic disorder investigated with rest state 

metabolism (6 studies, 70 patients); 2) depression, post-traumatic stress disorder and 

panic disorder investigated with task-related activation studies (5 studies, 65 patients); 3) 

the previous studies considered jointly; and 4) phobias investigated with studies on 

exposure-related activation (5 studies, 57 patients). Studies on anxiety and depression 

gave partially consistent results for changes in the dorsomedial prefrontal cortex and in 

the posterior cingulated gyrus/precuneus. Several areas of change in the temporal lobes 

were also observed. Studies on the therapy of phobia were consistent with a reduction of 

activity in medial temporal areas. The cluster of change in the prefrontal cortex may refer 

to increased recruitment of control processes, as hypothesized by influential models of 

emotion regulation changes due to psychotherapy. However, not all areas associated with 

controlled emotion regulation were detected in the meta-analysis, while involvement of 



midline structures suggested changes in self-related information processing. Changes in 

phobia were consistent with reduced reactivity to phobic stimuli.” 

13. Schore et al (2014).  The right brain is dominant in psychotherapy.  Psychotherapy, 

51(3), 388-397.  

“This article discusses how recent studies of the right brain, which is dominant for the 

implicit, nonverbal, intuitive, holistic processing of emotional information and social 

interactions, can elucidate the neurobiological mechanisms that underlie the relational 

foundations of psychotherapy. Utilizing the interpersonal neurobiological perspective of 

regulation theory, I describe the fundamental role of the early developing right brain in 

relational processes, throughout the life span. I present interdisciplinary evidence 

documenting right brain functions in early attachment processes, in emotional 

communications within the therapeutic alliance, in mutual therapeutic enactments, and 

in therapeutic change processes. This work highlights the fact that the current emphasis 

on relational processes is shared by, cross-fertilizing, and indeed transforming both 

psychology and neuroscience, with important consequences for clinical psychological 

models of psychotherapeutic change.” 

 

 


