
Neurobiology and Treatment of 
Post-traumatic Stress Disorder

Presented by:

Charles B. Nemeroff, M.D., Ph.D.

Matthew P. Nemeroff Professor and Chair

Department of Psychiatry and Behavioral Sciences
Mulva Clinic for the Neurosciences

Director, Institute of Early Life Adversity Research

Dell Medical School | The University of Texas at Austin

CHARLES B. NEMEROFF, M.D., PH.D.
DISCLOSURES
Research/Grants:

National Institutes of Health (NIH)

Consulting:

AbbVie, ANeuroTech (division of Anima BV), Signant Health, Magstim, Inc., Intra-Cellular Therapies, Inc., EMA Wellness, Sage, Silo 

Pharma, Engrail Therapeutics, Pasithea Therapeutic Corp., GoodCap Pharmaceuticals, Inc., Senseye, Clexio, Ninnion Therapeutics, 

EmbarkNeuro, SynapseBio, Relmada Therapeutics, BioXCel Therapeutics     

Stockholder:

Seattle Genetics, Antares, Inc., Corcept Therapeutics Pharmaceuticals Company, EMA Wellness, PreciseMent Health, Relmada

Therapeutics  

Scientific Advisory Boards:

ANeuroTech (division of Anima BV), Brain and Behavior Research Foundation (BBRF), Anxiety and Depression Association of America 

(ADAA), Skyland Trail, Signant Health, Laureate Institute for Brain Research (LIBR), Inc., Heading Health, Pasithea Therapeutic Corp., 

Sage 

Board of Directors:

Gratitude America, ADAA, Lucy Scientific Discovery, Inc. 

Patents:

Method and devices for transdermal delivery of lithium (US 6,375,990B1)

Method of assessing antidepressant drug therapy via transport inhibition of monoamine neurotransmitters by ex vivo assay (US 

7,148,027B2)

Speakers Bureau:

None



21st Century Medicine

Molecular 
Markers/

Imaging

0

25

50

75

100

Birth Time Death

Genetics/Genomics Clinical Testing

Treatments

Interventions

O
rg

a
n

 I
n

te
g

ri
ty

 (
%

)

For Survival we are Wired to have 
Universal Responses to Stress



NetCE August 2015, Vol 141, No. 2



NetCE August 2015, Vol 141, No. 2

Scores ≥ 33 = Cutoff



Cluster BCluster C

Cluster DCluster E



Lifetime Prevalence of Trauma

Kessler (2000) J Clin Psychiatry 61(Suppl 5) 4.



Longitudinal Course of PTSD
Most People Who Develop PTSD Recover from it

Shalev & Yehuda, 1999



Pre-Existing Conditions: 
Risk/Vulnerability Factors for PTSD

• Demographics: Female

• Childhood and adolescent trauma exposure

• Family and personal history of anxiety or mood disorder 

• Poorer social support before and after event

• Lower I.Q. and educational attainment 

• Stressful life events in prior and following year

• Panic reaction at time of event; heart racing, shaking, sweating

• Dissociative reactions at time of event:  slow motion, tunnel vision, 

like dream, movie, play

Mental Health Disorders among 
289,328 US Veterans Returning from 

Iraq and Afghanistan Seen at VA 
Facilities

Karen H. Seal, M.D.,MPH; Daniel Bertenthal, MPH; 

Christian R. Miner, Ph.D.; Saunak Sen, Ph.D.; Charles R. 
Marmar, M.D.

Am J Public Health. 2009, 99:1651-8. 



Figure 2b: Two-Year Period Prevalence of Specific Mental Health 

Diagnoses in Distinct Cohorts of OEF/OIF Veterans Entering VA in 

Successive Calendar Quarters and Followed for 2 years, 

April 1, 2002-March 31, 2006. (N= 289,328)

1The ICD-9 CM code for “PTSD” is 309.81

2 The ICD-9 CM codes for “Depressive Disorders” are 296.20-296.25 and 296.30-296.35, 300.4 and 311(excludes depression in remission and depression in conjunction with bipolar disorders).

3 The ICD-9 CM codes for “Alcohol Use Disorders” are 305.00-305.03 (alcohol abuse) and 303 (alcohol dependence)

4 The ICD-9 CM codes for “Drug Use Disorders” are 305.20-305.93 (drug abuse), 304 (drug dependence), excluding code for nicotine dependence, 305.1.
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Deficits in Verbal Memory in
Combat-Related PTSD

Bremner et al (1993) Am J Psychiatry 150:1015-1019.



Stress Affects the Brain by Decreasing Neuroplasticity

Non-Stressed     Stressed   

Hippocampal Neurons 

PTSDNormal

MRI Brain Scan

Decreased Right Hippocampal Volume
in Combat-Related PTSD



Decreased Right Hippocampal Volume Correlates 

with Verbal Memory Deficits in Combat-Related 

PTSD

Bremner et al (1995) Am J Psychiatry 152:973.

PTSD Symptom Severity Correlates with 
Impaired Memory in Abused Women



An [15O]H2 Pet Study of Rape-Related 
PTSD and Effect of Psychotherapy

Study Design

Female victims of sexual assault with PTSD (caps: 77±22) 

and Major Depression (HamD: 24±7)

Script-guided mental imagery to induce states of trauma  
re-experiencing, trauma-neutral mental imagery, 

shame/guilt, and threat (fear)

[15O]H2 Pet Studies performed before and after a 6 week 
trail with prolonged imaginal exposure(PE)

Example of PTSD Imagery Script
It’s 11:30 at night and I just got back from McDonald’s. I pull into the driveway 

and listen to the news update on the Peachtree fire. Suddenly as I get out of 

the car I’m grabbed around my neck from behind and pulled into the woods.  

My heart is absolutely racing with fear and I am scared to death. He keeps 
calling me “bitch” and “whore”, telling me that I know I want it. I’m fighting to get 

away from him but he’s beating me—beating my head into the tree and tearing 

at my clothes. Oh my God, I can’t believe this is happening to me. Now he’s got 

me layin’ on the ground and his foot is on my chest—he’s tellin’ me that I better 

do what he wants me to do or I won’t ever do anything again. I can smell the 
alcohol and cologne  all over him as he forces me to perform oral sex and it 

sickens me. The sweat is pouring off my body and I’m trembling for my life.  

Now he’s trying to get out of his pants and suddenly he stumbles and falls 

backwards. Quickly I roll over and now I’m running just as fast as I can to the 

house. As he’s chasing behind me, he’s yelling “get back here bitch” and I am 
out of my mind with fear. 



Response to Guided Mental Imagery 
of the Rape Trauma

Pre-Treatment

Response to Guided Mental Imagery 
of the Rape Trauma

Post-Treatment



PTSD: Post-Treatment
Decrease in limbic activity related to rape trauma re-experiencing

Control > re-experiencing



Neurobiological Basis of PTSD
• Subset exhibits prolonged and abnormal, behavioral and 

physiological responses

• Manifested in the symptoms of PTSD

• Symptoms likely reflect:

– Stress-induced changes in neurobiological systems 
and/or 

– Inadequate adaptation of neurobiological systems to 
stress

 Research focus on alterations in stress- regulating 

neurobiological systems

Miller et al (2009) Biol Psychiatry 65:732-741. 



Elevated CSF Concentrations of Corticotropin 

Releasing Factor in Combat-Related PTSD

Baker et al (1999) Am J Psychiatry 156:585-588



Early-Life Risk Factors of PTSD

• Early adverse experience predisposes for the 

development of PTSD in response to adulthood 
trauma

• In animal models and humans, early-life stress is 

associated with increased physiological and 

behavioral reactivity to stress

• Early-life stress permanently programs brain 

regions involved in the mediation of stress and 

anxiety.

Bradley, Binder et al (2008) Arch Gen Psychiatry 65:190-200. 

Sample 
Demographics



Adult Trauma and 
Child Abuse Predict 

PTSD

Mutations



FKBP5 SNPs and Main Genetic Effect on PTSD Symptoms and Interaction 

Effects with Adult Trauma Levels and Child Abuse

Binder et al (2008) JAMA 299:1291-1305

PTSD Severity, FKBP5 SNP Genotypes and Child Abuse
For all 4 SNPs (rs1360780 and rs9470080 not shown) 

an additive interaction effect with child abuse on PSS score is observed
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Severe Abuse

rs3800373
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Allele-specific DNA demethylation in FKBP5: a molecular mediator of gene x

childhood trauma interactions

Torsten Klengel, Divya Mehta, Christoph Anacker, Jens C. Pruessner, Carmine M. Pariante,

Thaddeus W.W. Pace, Kristina B. Mercer, Helen S. Mayberg, Bekh Bradley, Charles B.
Nemeroff, Florian Holsboer, Christine M. Heim, Kerry J. Ressler, Theo Rein, and Elisabeth B.

Binder

A polymorphism in the FK506 binding protein 5 (FKBP5) gene, an important regulator of the

stress hormone system, increase the risk of developing stress-related psychiatric disorders in

adulthood by allele-specific, childhood trauma-dependent DNA demethylation in functional

glucocorticoid response elements (GREs) of FKBP5. This demethylation is linked to

increased stress-dependent gene transcription followed by a long-term dysregulation of the

stress hormone system and a global impact on the function of immune cells and brain areas

associated with stress regulation.

Nature Neurosci 16:33-41 (2013)



PACAP is a Central Stress Regulator

Stroth et al., 2011



Nature 470:492-497 (2011)

Nature 470:492-497 (2011)



Nature 470:492-497 (2011)





PTSD Treatment Options 

Pharmacological
TCAs

MAOIs 

SSRIs

Mood Stabilizers
Anti-anxiety Agents

Psychosocial
Exposure Therapy
Cognitive Therapy

Anxiety Management

Desensitization

Hypnotherapy

General Goals of Treatment

• Reduce core symptoms

• Improve function and quality of life

• Strengthen resilience 

• Relieve comorbid disorders

• Prevent relapse

• Rehabilitation





Prolonged Imaginal Exposure: Theory

• Information/Emotional Processing

• Fear Normal Response to Trauma

• Fear, Anxiety, Social Conventions Lead to 
Avoidance

• Avoidance Reinforced

• Avoidance Prohibits Emotional Processing

• Emotional Processing Requires:  

1) Activation, 2) Corrective information
Foa & Rothbaum (1998)  Treating the Trauma of Rape:  A Cognitive-Behavioral Therapy for PTSD.  Guilford:  NY.

Prolonged Imaginal Exposure: Techniques

• Imaginal Exposure

• In Vivo Exposure

• Includes 

– Education

– Breathing Relaxation

– Cognitive Therapy

• Virtual Reality Exposure

Foa & Rothbaum (1998) Treating the Trauma of Rape: A Cognitive-Behavioral Therapy for PTSD. Guilford:  NY.



Evidence for Exposure

• 12 studies 

• all positive 

• 8 get AHCPR “A” rating 

• Across Trauma Populations

Rothbaum et al (2000)  J Traumatic Stress 13:558-563.















Sertraline in PTSD: Responder Analysis*

(Brady 2000; Davidson 2001)
p<0.05 sertraline vs. placebo

*Criteria: CAPS-2 >30% and CGI = 1 or 2 at endpoint



Sertraline in PTSD: Quality of Life

(Brady 2000)

Sertraline in PTSD
Long-term Effects of Pharmacotherapy

(Londborg 2001)

DTS – Davidson Trauma Scale
Q-LES-Q – Quality of Life Enjoyment and Satisfaction Questionnaire



Augmentation of Sertraline with PE

(Foa, Rothbaum, Davidson 2002)

Paroxetine in PTSD: Fixed-Dose Study

(Marshall  2001)



Paroxetine in PTSD: Response Rates

(Marshall  2001)

Remission Rates in PTSD

(Connor 1999; Ballenger 2001)

1CHEF (CGI-1 (score of 1), TOP-8 (score<3), DTS 
(score<17), SDS (<6)) 
2CAPS-2 <20



Paroxetine in PTSD

Effect of Treatment on Functional Impairment: 
Sheehan Disability Scale (SDS)

(Tucker 2001)

Mirtazapine in PTSD

(Davidson 2002)



Effects of Paroxetine on Hippocampal-Based Verbal 

Declarative Memory in PTSD

Vermetten et al (2003) Biol Psychiatry 54:693-702.

Mean 
improvement 

of 35% 

Effects of 9-12 months of treatment with 10-40 mg paroxetine.

Increased Hippocampal Volume with 
Paroxetine in PTSD

Vermetten et al (2003) Biol Psychiatry 54:693-702.

Effects of 9-12 months of treatment with 10-40 mg paroxetine.



CAPS-SX17 Change from Baseline (LOCF)

Rothbaum (2004). IV International Congress on Psychic Trauma and Traumatic Stress of the Argentine Society for Psychotrauma. 
Buenos Aires, Argentina. 

Symptom-Free Days* (Final On-Therapy) 

Rothbaum (2004). IV International Congress on Psychic Trauma and Traumatic Stress of the Argentine Society for Psychotrauma. 
Buenos Aires, Argentina. 



Figure 1: Meta-analysis of SSRIs vs. placebo for the treatment of PTSD. Reprinted from Hoskins 

et al. 45 with permission from The Royal College of Psychiatrists.





Treatment of PTSD with Benzodiazepines

*NS; Brown et al (1990)







Mitchell et al, Nature Medicine 







The relative risk of suicidality, all-cause, and cardiovascular mortality 
was reduced 64, 65, and 46% in MDD and PTSD patients treated with 
ECT, compared to those without ECT (P < 0.05). Conclusion: ECT is 
associated with a significant reduction of symptoms of PTSD and MDD, 
as well as reduction in risk of suicidality, cardiovascular, and all-cause 
mortality in MDD and PTSD, an effect more robust than antidepressant-
therapy alone.









Sleep Problems in PTSD
• Hypnotics  (Temazepam)

• Antidepressants  (Trazodone, Mirtazapine)

• Gabapentin (Neurontin)

• Clonidine

• Prazosin

• Guanfacine

• Imagery Rehearsal Therapy

• CPAP





Psychiatric Times, Volume 34, Issue 11, November 2017

Psychiatric Times, Volume 34, Issue 11, November 2017



Psychiatric Times, Volume 34, Issue 11, November 2017

Psychiatric Times, Volume 34, Issue 11, November 2017



Management of Treatment resistant PTSD algorithm



Conclusions

• Benzodiazepines don’t work for PTSD

• Use caution with early interventions

• SSRIs and SNRIs are effective

• Atypical antipsychotics may help nonresponders

or psychotic PTSD patients

• CBT and its variants works very well for PTSD

• Consider rTMS and ECT


