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Deep brain stimulation has been successful in treating Parkinson disease and essential tremor
and is now reducing PTSD symptoms in the first patient enrolled in an early-phase safety trial.

matic stress disorder (PTSD).! Recently, it was con-

firmed that the amygdala and the orbitofrontal cortex
are crucial for both fear acquisition and fear extinction.
The amygdala was found to have neurons active only dur-
ing fear acquisition, and other neurons active only during
fear extinction.? In essence, the balance of activity between
these 2 neuronal populations determines whether if an
incoming stimulus is feared or not feared. This balance is
under the influence of several cognitive domains, including
memory, reward, and executive function.

In PTSD, the equilibrium is shifted heavily toward
fear acquisition. The majority of patients spontane-
ously regain the capacity for fear extinction over time*
or with the help of treatment.”® Nonetheless, some
patients with severe PTSD seem unable to recover the
ability of fear extinction and remain refractory to both
standard and novel psychotherapeutic or psychophar-
macologic treatments.” For these patients, direct mod-
ulation of the neural activity in the amygdala may
permit fear extinction. This article describes the ratio-
nale for using deep brain stimulation (DBS) and ini-
tial results from the first-ever clinical trial.

Failure of fear extinction is a core feature of posttrau-

DEEP BRAIN STIMULATION
Deep brain stimulation involves inserting electrodes in

Dr. Langevin is a neurosurgeon, Dr. Chen is a neurologist, Dr. Mandelkern is
a radiologist, and Dr. Krahl is a neurophysiologist in the research and develop-
ment service; Dr. Koek and Dr. Sultzer are mental/behavioral health physicians,
Dr. Kulick is a psychologist, and Dr. Schwartz is a mental/behavioral health
physician in the psychiatry and mental health service; all at the VA Greater Los
Angeles Healthcare System in California. Dr. Langevin, Dr. Koek, Dr. Chen, Dr.
Sultzer, Dr. Mandelkern, and Dr. Krahl are professors at David Geffen School of
Medicine at the University of California Los Angeles.

precise cerebral targets and then connecting the leads to
a pulse generator (similar to a pacemaker) inserted in a
subclavicular pocket. The generator controls the elec-
trical signal (amplitude, pulse width, pulse frequency)
delivered to the brain target and can be adjusted with
use of a noninvasive programmer. In 1997, the FDA ap-
proved DBS for patients with Parkinson disease or essen-
tial tremor. Since then, its efficacy in these movement
disorders has been confirmed in several studies.®’

The mechanism by which the small electrical pulses of
DBS influence activity is not clear. Clinically, DBS func-
tionally inhibits the activity of local neurons.'® One
theory describes “frequency jamming,” a concept sim-
ilar to cardiac overdrive pacing in which the resultant
high-frequency neuronal signal is meaningless and dis-
counted by the rest of the brain.!!

Over the years, DBS has demonstrated a strong safety
profile.!? The risks of electrode insertion are mitigated with
targeting based on high-quality magnetic resonance im-
aging (MRI) and computed tomography (Figure). Unlike
a destructive lesion, DBS is reversible, and the implanted
system can be removed in its entirety. Histologic analyses
have shown only a small amount of scarring around the
electrode tip."* In movement disorder treatment, clinical
experience has shown that stimulation-related adverse ef-
fects (AEs) are reversible with readjustment of stimulation
parameters by external programmer.'*

Novel Applications of DBS

The advantageous safety profile of DBS has permitted its
evaluation in the treatment of other conditions thought to
have malfunctioning networks at their core—such as in-
tractable epilepsy (in resective surgery noncandidates).!>'¢
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Although several trials have shown promising results of
using DBS for treatment-resistant depression,'” the results
of pivotal sham-controlled trials have been mixed.'®!* Ob-
sessive-compulsive disorder, on the other hand, received
the FDA humanitarian device exemption designation
on the basis of positive long-term results.’ In treatment-
resistant depression and obsessive-compulsive disorder,
functional neuroimaging has identified DBS targets.?!*
Functional MRI or positron emission tomography (PET)
images can be compared at resting state, at symptomatic
state, and after treatment response. Nodes hyperactive
during a symptomatic state and less active after successful
treatment can be targeted with high-frequency DBS to di-
rectly reduce the hyperactivity and indirectly modulate or
normalize the overall function of the circuit.”?

Given the functional MRI and O15 (oxygen-15) PET
evidence of amygdala hyperactivity in patients with
PTSD having core symptoms,**?® the authors hypothe-
sized that high-frequency DBS targeting of the amygdala
would improve PTSD-associated hyperarousal and reex-
periencing symptoms in treatment-refractory patients.
Indirect data supporting this hypothesis include a cor-
relation between amygdala hyperactivity of increased
intensityand symptomseverity measured with the Clinician-
Administered PTSD Scale (CAPS),* and a correlation be-
tween reduced pretreatment amygdala hyperactivity and
successful cognitive-behavioral treatment.8%

PRECLINICAL WORK
Using a rodent model in which a novel object serves
as a cue reminder of foot shocks (traumatic event),
the authors tested the hypothesis that amygdala DBS
would reduce PTSD-like symptoms.>® When untreated
rats were presented with the object in their cage a week
after the initial exposure, they immediately buried the
object under bedding to avoid being reminded of the
shocks. In contrast, rats treated with DBS did not bury
the object. In most cases, in fact, they played with it.
The authors also replicated their results but with
the addition of rats treated with paroxetine.* Using the
same rodent model, they found DBS superior to par-
oxetine in treating PTSD-like symptoms. This study
had a crossover design: DBS and sham DBS. Briefly,
20 rats received an electrode in the amygdala and were
exposed to inescapable shocks in the presence of the
cue object. The rats were then randomly assigned to

Figure. Planned Electrode Trajectory as
Seen on 3-Dimensional Reconstruction
Using Magnetic Resonance Imaging and
Computed Tomography Coregistration

Custom-made frameless system (STarFix; FHC, Inc.) guides
electrode. Intraoperative single-unit neuronal recording is
represented at inferior aspect of figure.

a DBS group (10 rats) or a sham-DBS group (10 rats).
After 1 week, behavioral testing showed fear extinction
in the DBS group and no improvement in the sham-
DBS group. Then the groups were switched: The rats
originally treated with DBS received no treatment, and
the rats that were originally sham-treated underwent
DBS. One week later, behavioral testing showed acqui-
sition of fear extinction in all the rats. These results
suggested DBS can be effective even when delayed after
establishment of fear persistence and PTSD symptoms.
These results also showed that DBS effects persist even
after therapy discontinuation.
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Table. DSM-IV CAPS21 Scores Over 18 Months for Amygdala

Deep Brain Stimulation in a Patient With Combat PTSD

ulation® and on the electrophysiologic
findings over the first year.® After expe-
riencing extremely severe combat PTSD

Study Visit refractory to pharmacotherapy and psy-

CAPS Score |Baseline®| 3mo | 6mo | 9mo | 12mo | 15mo | 18 mo chotherapy treatments for more than
20 years, the patient treated with DBS

Recurrence 39 21 25 23 24 17 21 is now experiencing substantial symp-
Avoidance 46 40 37 o8 30 o8 o8 tom relief, and his CAPS score (pri-
mary outcome measure) has improved

Hyperarousal 34 25 | 27 | 26 24 17 23 by about 40%. He has tolerated continu-
Total 119 86 | 89 77 78 62 72 ous stimulation without any serious DBS-

Abbreviations: CAPS, Clinician-Administered PTSD Scale; DSM-IV, Diagnostic and Statistical

Manual of Mental Disorders (4th ed); PTSD, posttraumatic stress disorder.
aMean of 4 separate assessments over 2-month period.

Similarly, other investigators have reported that the
role of the amygdala is not limited to fear acquisition;
it extends to fear expression. A lesion in the amygdala
can prevent fear expression even if the disruption is per-
formed subsequent to fear-conditioning training.*? This
finding is important for humans, as DBS would be initi-
ated during the chronic phase of the disorder, after failure
of less invasive treatment options, such as pharmacother-
apy and psychotherapy.

EARLY CLINICAL EXPERIENCE
The authors have initiated the first ever clinical trial
(NCT02091843) evaluating use of DBS for PTSD and are
now recruiting patients. Enrollment is limited to 6 com-
bat veterans with disabling PTSD that has not responded
to pharmacotherapy and psychotherapy. This VA-funded
single-site study, being conducted at the VA Greater
Los Angeles Healthcare System (VAGLAHS), was ap-
proved by the VAGLAHS Institutional Review Board
and the FDA. The authors have published the 2-year
trial’s protocol, which includes an active-versus-sham
stimulation phase; continuous electroencephalogram
monitoring; baseline and posttreatment **FDG (fluoro-
deoxyglucose) PET performed during a resting state vs
during investigator-guided exposure to trauma remind-
ers; and extensive psychological and neuropsycholog-
ical assessments.’® The literature includes only 1 case
report on amygdala DBS.** The authors of that report
used DBS of the basolateral nucleus of the amygdala to
treat a teenaged boy with severe autism and found that
the therapy was safe.

As of this writing, the authors have recruited and im-
planted 1 patient and reported on his clinical results
(including baseline PET) over the first 8 months of stim-

related AEs for up to 16 months. Notably,
he has not had a single severe combat
nightmare in a year—in stark contrast
to nightly combat nightmares during
the 20-year period leading to the trial. Furthermore, he
has not been having any episodes of severe dissociation,
which had been a common disabling problem before the
trial. He has taken a second trip out of the country, im-
proved his relationships with family, and made strides (al-
beit limited) in pursuing additional social interactions.

Avoidance remains a major problem. He recently left
his job after 7 years, because he prefers a more nature-
oriented rather than people-oriented environment. In
addition, his interest in intensive psychotherapy has in-
creased, and he has been considering options for spend-
ing more time working on his therapy.

Over 15 months of treatment, the patients CAPS total
and subscale scores have decreased—his symptoms have
improved (Table).?! He has had rapid and substantial
reductions in recurrence and hyperarousal symptoms
but slower improvement in avoidance. Improvements in
emotional reactivity would be expected to occur before
any change in behavior (eg, avoidance). Patients likely
must first recognize changes in emotional reactivity to
events before they can engage in a cognitive process to
modify learned behavioral responses to those events.

After about 9 months of treatment, all of the study
patient’s symptoms were somewhat stabilized, and the
authors began making gradual stimulation adjustments
to the latest parameters—3.5 V, 60 ps, and 160 Hz for
the right electrode and 1.5 V, 60 ps, and 160 Hz for the
left electrode—using the contacts in the basolateral nu-
cleus of the amygdala, per postoperative neuroimaging.>
A thin cuts computed tomography (CT) scan of the brain
was obtained postoperatively and merged to the preoper-
ative MRI. The CT scan captured the location of the DBS
electrode contacts and the MRI superimposition to deter-
mine the position of those contacts in the brain.
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After 15 to 18 months, when improvement peaked at
48% symptom reduction from baseline, the patient ex-
perienced psychiatric decompensation (depression, sui-
cide gesture) not attributable to changes in stimulation
settings and not associated with exacerbation of PTSD
symptoms. Treatment team members and independent
psychiatric consultants attributed the decompensation to
the patients difficulty in changing a long-standing avoid-
ant behavior routine, owing to severe recurrence and hy-
perarousal symptoms in the past. His persistent inability
to overcome avoidance and isolation, despite core PTSD
symptom improvement, had left him feeling worthless.

The patient remains in the study but also is participat-
ing in other medication and psychotherapy trials and is
making a career change. Periodic decompensations may
be part of the treatment course as patients reach a more
complex and volatile phase of improvement that requires
more intensive cognitive reprocessing. If this proves to
be the case with other patients enrolling in the study,
intensive psychotherapy that addresses cognitive and
emotional PTSD symptoms may be needed once there is
improvement in intrusive and hyperarousal symptoms.

CONCLUSION
Deep brain stimulation has been successful in treating
Parkinson disease and essential tremor. Physiologically,
DBS seems to inhibit specific brain regions’ dysfunctional
activity stemming from a disease process. Deep brain
stimulation-induced inhibition of a dysfunctional node
improves clinical outcomes in movement disorders.
Given the reversibility and positive safety profile
of DBS, new applications are being studied. The au-
thors propose that DBS may benefit patients with se-
vere treatment-refractory PTSD. Their first patient’s
core PTSD symptoms have improved significantly, as
expected, but as in other psychiatric DBS cases, the
seriousness and chronicity of his illness may be com-
plicating the course of recovery. The authors plan to
recruit 6 patients for this early-phase safety trial. @
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beled or investigational use of certain drugs. Please review
the complete prescribing information for specific drugs or
drug combinations—including indications, contraindica-
tions, warnings, and adverse effects—Dbefore administering
pharmacologic therapy to patients.

REFERENCES

1. Milad MR, Pitman RK, Ellis CB, et al. Neurobiological basis of failure to re-
call extinction memory in posttraumatic stress disorder. Biol Psychiatry.
2009;66(12):1075-1082.

2. Marin ME, Song H, VanElzakker MB, et al. Association of resting metabolism in
the fear neural network with extinction recall activations and clinical measures in
trauma-exposed individuals. Am J Psychiatry. 2016;173(9):930-938.

3. Herry C, Ciocchi S, Senn V, Demmou L, Miller C, Liithi A. Switching on and off
fear by distinct neuronal circuits. Nature. 2008;454(7204):600-606.

4. Morina N, Wicherts JM, Lobbrecht J, Priebe S. Remission from post-traumatic
stress disorder in adults: a systematic review and meta-analysis of long term out-
come studies. Clin Psychol Rev. 2014;34(3):249-255.

5. Steenkamp MM, Litz BT, Hoge CW, Marmar CR. Psychotherapy for military-
related PTSD: a review of randomized clinical trials. JAMA. 2015;314(5):489-500.

6. Hoskins M, Pearce J, Bethell A, et al. Pharmacotherapy for post-traumatic
stress disorder: systematic review and meta-analysis. Br J Psychiatry.
2015;206(2):93-100.

7. Koek RJ, Schwartz HN, Scully S, et al. Treatment-refractory posttraumatic stress
disorder (TRPTSD): a review and framework for the future. Prog Neuropsycho-
pharmacol Biol Psychiatry. 2016;70:170-218.

8. Wagle Shukla A, Okun MS. State of the art for deep brain stimulation therapy in
movement disorders: a clinical and technological perspective. IEEE Rev Biomed
Eng. 2016;9:219-233.

9. Weaver FM, Follett K, Stern M, et al; CSP 468 Study Group. Bilateral deep
brain stimulation vs best medical therapy for patients with advanced Parkin-
son disease: a randomized controlled trial. JAMA. 2009;301(1):63-73.

10. Benabid AL, Benazzouz A, Hoffmann D, Limousin P, Krack P, Pollack P. Long-
term electrical inhibition of deep brain targets in movement disorders. Mov
Disord. 1998;13(suppl 3):119-125.

11. Benabid AL, Wallace B, Mitrofanis J, et al. A putative generalized model of the
effects and mechanism of action of high frequency electrical stimulation of the
central nervous system. Acta Neurol Belg. 2005;105(3):149-157.

12. Fenoy AJ, Simpson RK Jr. Risks of common complications in deep brain stimula-
tion surgery: management and avoidance. ] Neurosurg. 2014;120(1):132-139.

13. DiLorenzo DJ, Jankovic J, Simpson RK, Takei H, Powell SZ. Neurohistopatho-
logical findings at the electrode-tissue interface in long-term deep brain stim-
ulation: systematic literature review, case report, and assessment of stimulation
threshold safety. Neuromodulation. 2014;17(5):405-418.

14. Revell MA. Deep brain stimulation for movement disorders. Nurs Clin North Am.
2015;50(4):691-701.

15. Fisher R, Salanova V, Witt T, et al; SANTE Study Group. Electrical stimulation
of the anterior nucleus of thalamus for treatment of refractory epilepsy. Epilepsia.
2010;51(5):899-908.

16. Salanova V, Witt T, Worth R, et al; SANTE Study Group. Long-term efficacy
and safety of thalamic stimulation for drug-resistant partial epilepsy. Neurology.
2015;84(10):1017-1025.

17. Berlim MT, McGirr A, Van den Eynde E Fleck MP, Giacobbe P. Effectiveness and
acceptability of deep brain stimulation (DBS) of the subgenual cingulate cortex
for treatment-resistant depression: a systematic review and exploratory meta-
analysis. ] Affect Disord. 2014;159:31-38.

18. Dougherty DD, Rezai AR, Carpenter LL, et al. A randomized sham-controlled
trial of deep brain stimulation of the ventral capsule/ventral striatum for
chronic treatment-resistant depression. Biol Psychiatry. 2015;78(4):240-248.

19. Bergfeld 10, Mantione M, Hoogendoorn ML, et al. Deep brain stimulation of the
ventral anterior limb of the internal capsule for treatment-resistant depression: a
randomized clinical trial. JAMA Psychiatry. 2016;73(5):456-464.

20. Greenberg BD, Malone DA, Friehs GM, et al. Three-year outcomes in deep brain
stimulation for highly resistant obsessive-compulsive disorder. Neuropsycho-
pharmacology. 2006;31(11):2384-2393.

21. Mayber HS, Liotti M, Brannan SK, et al. Reciprocal limbic-cortical function and
negative mood: converging PET findings in depression and normal sadness. Am |
Psychiatry. 1999;156(5):675-682.

22. Rauch SL, Jenike MA, Alpert NM, et al. Regional cerebral blood flow measured
during symptom provocation in obsessive-compulsive disorder using oxygen
15-labeled carbon dioxide and positron emission tomography. Arch Gen Psychia-
try. 1994;51(1):62-70.

continued on page 33S

www.fedprac.com

MARCH 2017 - FEDERAL PRACTITIONER - 25S



NEUROMODULATION

23.

24.

25.

26.

27.

28.

29.

30.

Williams NR, Taylor JJ, Lamb K, Hanlon CA, Short EB, George MS. Role of
functional imaging in the development and refinement of invasive neuromod-
ulation for psychiatric disorders. World J Radiol. 2014;6(10):756-778.

Francati V, Vermetten E, Bremner JD. Functional neuroimaging studies in
posttraumatic stress disorder: review of current methods and findings. Depress
Anxiety. 2007;24(3):202-218.

Shin LM, Orr SP, Carson MA, et al. Regional cerebral blood flow in the amyg-
dala and medial prefrontal cortex during traumatic imagery in male and female
Vietnam veterans with PTSD. Arch Gen Psychiatry. 2004;61(2):168-176.

Armony JL, Corbo V, Clément MH, Brunet A. Amygdala response in patients
with acute PTSD to masked and unmasked emotional facial expressions. Am J
Psychiatry. 2005;162(10):1961-1963.

Blake DD, Weathers FW, Nagy LM, et al. The development of a Clinician-Ad-
ministered PTSD Scale. J Trauma Stress. 1995;8(1):75-90.

Felmingham K, Kemp A, Williams L, et al. Changes in anterior cingulate and
amygdala after cognitive behavior therapy of posttraumatic stress disorder. Psychol
Sci. 2007;18(2):127-129.

Peres JE Newberg AB, Mercante JP, et al. Cerebral blood flow changes during
retrieval of traumatic memories before and after psychotherapy: a SPECT study.
Psychol Med. 2007;37(10):1481-1491.

Langevin JP, De Salles AA, Kosoyan HP, Krahl SE. Deep brain stimulation of the

31

32.

33.

34.

35.

36.

amygdala alleviates post-traumatic stress disorder symptoms in a rat model. J Psy-
chiatr Res. 2010;44(16):1241-1245.

Stidd DA, Vogelsang K, Krahl SE, Langevin JP, Fellous JM. Amygdala deep
brain stimulation is superior to paroxetine treatment in a rat model of post-
traumatic stress disorder. Brain Stimul. 2013;6(6):837-844.

Anglada-Figueroa D, Quirk GJ. Lesions of the basal amygdala block expression
of conditioned fear but not extinction. J Neurosci. 2005;25(42):9680-9685.
Koek RJ, Langevin JP, Krahl SE, et al. Deep brain stimulation of the basolateral
amygdala for treatment-refractory combat post-traumatic stress disorder (PTSD):
study protocol for a pilot randomized controlled trial with blinded, staggered
onset of stimulation. Trials. 2014;15:356.

Sturm V, Fricke O, Bithrle CP, et al. DBS in the basolateral amygdala im-
proves symptoms of autism and related self-injurious behavior: a case report
and hypothesis on the pathogenesis of the disorder. Front Hum Neurosci.
2013;6:341.

Langevin JP, Koek RJ, Schwartz HN, et al. Deep brain stimulation of the ba-
solateral amygdala for treatment-refractory posttraumatic stress disorder. Biol
Psychiatry. 2016;79(10):e82-e84.

Langevin JP, Chen JW, Koek RJ, et al. Deep brain stimulation of the basolat-
eral amygdala: targeting technique and electrodiagnostic findings. Brain Sci.
2016;6(3):E28.

26S - FEDERAL PRACTITIONER - MARCH 2017

www.fedprac.com



