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Conceptually Driven Pharmacologic

Approaches to Acute Trauma

By Roger K. Pitman, MD, and Douglas L. Delahanty, PhD

_FOCUS POINTS

e There have been few controlled trials of phar-
macologic prevention for posttraumatic stress
disorder (PTSD).

¢ One model of the pathogenesis of PTSD impli-
cates stress hormones in the overconsolidation
of traumatic memories.

s Propranolol can block the memory-enhancing

“influence of stress hormones.

“e.Preliminary studies suggest that a 2-3 week
 course of propranolol begun in the aftermath of
a traumatic event can reduce subsequent PTSD.

s Cortisol can enhance memory consolidation but

diminish memory retrieval.
e Preliminary studies suggest that cortisol given
" to medical-surgical patients during their hospi-
tal stays can reduce subsequent PTSD.

ABSTRACT

Secondary prevention of posttraumatic stress disorder
(PTSD) entails intervening in the aftermath of a trau-
matic event to forestall the development of PTSD. There
has been little psychopharmacologic research in this area.
This is surprising, given that PTSD is the mental disor-
der with the most clearly identified cause and onset. In
a translational model of PTSD’s pathogenesis presented
herein: A traumatic event (unconditioned stimulus)
overstimulates endogenous stress hormones (uncondi-
tioned response) ; these mediate an overconsolidation of
the event’s memory trace; recall of the event in response
to reminders (conditioned stimulus); releases further
stress hormones (conditioned response); these cause fur-
ther overconsolidation; and the overconsolidated memory
generates PTSD symptoms. Noradrenergic hyperactivity
in the basolateral amygdala is hypothesized to mediate this
cycle. Preventing pre-synaptic norepinephrine release with

ouy-adrenergic agonists or opioids, or blocking post-syn-
aptic norepinephrine sreceptors with B-adrenergic antago-
nists such as propranolol, reduces hormonally enhanced
memories and fear conditioning. Two controlled studies
of trauma victims presenting to emergency T00ms suggest
that posttrauma propranolol reduces subsequent PTSD,
as does one naturalistic clinical study of morphine treat-
ment of burned children. Cortisol both enhances memory
consolidation and reduces memory retrieval, leading to
mixed predictions. Two controlled studies of intensive
care unit patients found that cortisol reduced PTSD. One
study did not find benzodiazepines effective in preventing
PTSD. Selective serotonin reuptake inhibitors, antiepi-
leptics, and oy-adrenergic agonists have yet to be tried.
CNS Spectr. 2005;10(2):99-106

INTRODUCTION

Posttraumatic stress disorder (PTSD) is a serious
public health problem. The National Comorbidity
Survey' estimated the lifetime prevalence of PTSD in
the United States at 7.8%. The lifetime prevalence
among Vietnam veterans was estimated at 31%.?
Research has shown that ~69% of non-military respon-
dents reported experiencing a traumatic event in their
lifetimes.** Motor vehicle accidents alone accounted
for over 3 million injurious accidents in the US in
1999 Incidence rates of PTSD after motor vehicle
accidents range between 19% and 47%.%7 Although
coming to medical attention less frequently than motor
vehicle accidents, interpersonal traumas (rape, assault)
often result in even higher rates of PTSD.?8

Little is available in the way of prophylaxis (ie, pre-
vention) for this potentially disabling mental disorder.
“Primary prevention” of PTSD involves the prevention
of traumatic events. “Secondary prevention” involves
intervening in the aftermath of a traumatic event to
forestall the development of PTSD. “Tertiary preven-
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tion” involves interventions designed to reduce symp-
tomatology and disability after PTSD has developed.
The current state of PTSD mental hygiene consists
largely of tertiary prevention, which is often of limited
benefit. Until recently, the most popular secondary
preventive intervention for PTSD was psychological
debriefing. However, recent reviews™'° of controlled
studies have failed to confirm its efficacy, and at least
one study"! reported adverse long-term effects. These
developments led the United Kingdom Department of
Health to go on record that, “Routine debriefing fol-
lowing traumatic events is not recommended.”?

The collapse of the empirical basis for debrief-
ing underscores the need to find other secondary
preventions for PTSD. Treating acute stress disorder
with cognitive-behavioral therapy (CBT) has been
reported to have preventive value for subsequent
PTSD.!? Secondary pharmacologic prevention of
PTSD has received little research attention but is a
topic of increasing medical interest.™* Medical and
surgical house officers carty emergency care manu-
als that include many preventive actions. Examples
include prescribing anticoagulants to prevent pulmo-
nary embolism from venous thrombophlebitis and
antibiotics to prevent secondary infection in burn
victims. In these manuals, it is difficult to find any
mention of preventive mental health interventions,
including any aimed at acutely traumatized persons.

SIGNIFICANCE FACILITATES REMEMBRANCE
As McGaugh!® noted, “significance facilitates
remembrance.” Most everyone is ikely to remember
in fair detail where they were and what they were
doing on the morning of September 11, 2001. In
contrast, few are likely to remember in any detail, if
at all, where they were and what they were doing on
the morning of September 10, 2001. We are more
likely to remember significant life events than trivial
ones, and this is surely the result of natural selection.
Suppose a hypothetical primitive hominid decided
to take a new route to a watering hole, and on her
way she encountered a crocodile. Should she fail to
remember in the future that a crocodile inhabited
that route, she would be more likely to take the same
route again and be eliminated from the gene pool.

The Influence of Stress Hormones on Memory
Consolidation

Evolution appears to have enabled significance to
facilitate remembrance by means of modulatory effects
exerted by neurohormones on the consolidation of
memory traces, or alternately stated, on the acqui-
sition of conditioned emotional responses. Because

B tig,ned emotional response to an arousing event regu

emotionally arousing events mobilize neurohormones
facilitation of learning by these hormones amounts to
a mechanism whereby the intensity of the uncondi

lates the strength of the resultant conditioned response
Evolution favors parsimony; if it can achieve two adap.
tations through one mechanism, it often will. In th
above hypothetical example, the same adrenaline (o
epinephrine [EPI]) that enabled the primitive homini
to run away from the crocodile acted in her brain t
strengthen her memory of the frightful encounter.
Stress hormones that have been shown to facilitat
memoty and conditioning in experimental animal
include not only EPI, but also corticotropin releas
ing hormone, adrenocorticotropin (ACTH), argi
nine vasopressin (AVP), and cortisol.'*!” Exogenou
administration or endogenous activation of thes
substances shortly following a learning trial leads t
the formation of a conditioned response (CR) that
stronger and more resistant to extinction. Their pha
macologic blockade produces the opposite effect. Th
body of findings'® represents one of the most excitin
discoveries in the history of physiological psychology
In rats trained in a passive avoidance task, reter
tion is enhanced by systemic post-training injectior
of EPLY This finding has been replicated in nume
ous independent experiments. The memory enhany
ing effect of EPI is counteracted by the pre-traini
administration of the p-adrenergic receptor block
propranolol.?® Post-training administration of system
propranolol to rats also impairs subsequent memo
for a stressful spatial water maze task.”! Cahill ar
colleagues? found that oral propranolol abolish
the memory-enhancing effect of negative emotion
arousal in humans. Although propranolol interfer
with sympathetic f-adrenergic transmission bo
peripherally and centrally, evidence suggests that
central action is responsible for blocking memo
enhancement. The B-adrenergic blocker nadol
which does not cross the blood-brain barrier, does n
share this effect of systemic propranolol.”? ‘

The Role of the Amygdala ;

The basolateral nucleus of the amygdala (BL
appears to be the critical brain structure involved
both fear conditioning?** and the memory-enhanci
effects of emotional arousal.®® Post-training intra-Bl
microinjections of norepinephrine (NE) enhance c'
ditioning, and this effect is blocked by simultane:
intra-BLA administration of propranolol.?” B-adre
ergic neurotransmission in the BLA is a final comm
pathway for the influence of most stress hormones
memory, and propranolol acts to block this pathway
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A Translational Model of Posttraumatic
pisorder's Pathogenesis

In 1989, Pitman® advanced a novel theory of
the pathogenesis of PTSD based upon the above
animal research into the memory-enhancing effects
of stress hormones. Specifically, he postulated that
in trauma victims who go on to develop PTSD, the
rraumatic event (unconditioned stimulus [UCS])
stimulates an excessive release of stress hormones
(UCR), which over-consolidate memories of the
event (Figure, Loop A), which subsequently mani-
fest themselves in the intrusive recollections and
re-experiencing symptoms found in PTSD. Pitman
further hypothesized in the same editorial that
reminders of the traumatic event (conditioned
stimuli [CS]) lead to retrieval of the traumatic
memories, with the additional release of stress hor-
mones (CR).? These further enhance the strength
of the traumatic memory, thereby creating a posi-
tive feedback cycle (Figure 1, Loop B). This model
regards PTSD as a quantitative overshoot of a nor-
mally adaptive mechanism, in which too much sig-
nificance leads to too much remembrance.

There are several lines of evidence in humans
that support the hypothesized pathogenesis of PTSD
depicted in Figure, Loop A. The current diagnos-
tic criteria for PTSD require an acute response to
the traumatic event of intense fear, helplessness, or
horror. Such a response is highly likely to mobilize
stress hormones such as EPIL. Elevated heart rate in
the aftermath of a traumatic event, indicative of
a hyperadrenergic state, has been found to predict
subsequent PTSD in three*®? out of four® pub-
lished studies. The paradoxical finding that quad-
tiplegic injury is less often associated with PTSD
than paraplegic injury** is potentially explained by
the severing of the connection between the brain
and the adrenal glands in the former but not in the
latter condition. However, challenges to the patho-
genic model of PTSD presented here are posed by
the viewpoints that PTSD may not be properly
regarded as a maladaptive process that occurs imme-
diately following a trauma, but rather as a process
involving the lack of resolution of an acute stress
teaction; also that PTSD may not involve a norma-
tive response to an extreme trauma event, but an
rather endocrinologically atypical response.®

The hypothetical capacity of conditioned
responses to reinforce (rather than extinguish) con-
ditioned responding has been termed “paradoxical
enhancement” or “incubation.” Eysenck® postulated
that incubation plays a pathogenic role in human
leurosis. Eysenck and Kelley* subsequently hypoth-

esized that neurchormones mediate incubation. The
notion has recently been reiterated that, “Repeated
reactivation and reconsolidation may further
strengthen the memory trace and lead to persistence
of trauma-related symptoms.”8 Although paradoxical
enhancement lacks substantial supporting pre-clini-
cal data, it has a possible neurophysiologic basis in
the decreased ratio of inhibitory (medial prefrontal)
over excitatory (anterior limbic, amygdala) central
nervous functions observed in PTSD.* The concept
of paradoxical enhancement offers an explanation
for the hitherto unexplained, troublesome ability of
psychological debriefing in the aftermath of trauma
to exacerbate its psychopathological effect.!!

Implications of the Model for the Prevention
of Posttraumatic Disorder

If the model of PTSD’s pathogenesis presented
herein is applicable, the possibility exists that the
disorder can be prevented by pharmacologically
intervening in the aftermath of a traumatic event
to block potentiation of memory consolidation by
stress hormones. Blocking consolidation would be
distinct from, but potentially complemented by,
preventive cognitive-behavioral therapy, which is
likely to act by facilitating extinction. However,
the consideration that hormonal influences on
memory consolidation are time-dependent pro-
cesses raises the question as to how soon after the
occurrence of a traumatic event a pharmacologic
agent would need to be administered to lower the
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FIGURE. Conceptual Model of the Pathogenesis
of Posttraumatic Stress Disorder with Points
of Opportunity for Secondary Preventive
Psychopharmacologic Agents

UCS=unconditioned stimulus; UCR=unconditioned response;
NE=norepinephrine; EPIzepinephrine; ACTH=adrenocorticot

ropin;  AVP=arginine vasopressin CSs=conditioned stimulus,
CR=conditioned response.
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risk of PTSD. The finding that injections of EPI
administered to rats at intervals of 230 minutes fol-
lowing single-trial avoidance training are generally
ineffective in strengthening memory"® would pessi-
mistically suggest that pharmacolegic intervention
might have to occur sooner after traumatic expo-
sure than would be practical. However, vasopres-
sin given 3-hours post-training has been found to
produce a 45% increment in memory performance
during subsequent testing.®® The effect of vasopres-
sin became insignificant after 6 hours, suggesting
a wider but still limited window in which phart-
macologic agents could be administered. A study
that employed positron emission tomography in
humans found that it takes 6 hours to permanently
store the memory of a newly learned skill in the
brain.! More recent studies in rats have indicated
that there appear to exist several stages of mem-
ory consolidation involving different brain regions
that may potentially be affected by pharmacologic
intervention for a number of days post-training.
For example, reversible inactivation of BLA by
tetrodotoxin injection 2 days after a single-session
acquisition paradigm impairs conditioned freezing
responses when measured 48 hours. post-injection.
In the case of perirhinal cortex injection, the win-
dow of opportunity is a full 8 days.*

Importantly, rats are not humans and they do not
develop the clinical syndrome of PTSD. One likely
crucial difference between a single trial avoidance
paradigm in rats and a traumatic event in humans
is that humans may replay the traumatic event in
their consciousness for variable periods of time after
its occurrence.” Indeed, this is one of the diagnos-
tic fearures of acute stress disorder. Re-experienc-
ing may produce sympathetic arousal,* and such
recurrent arousal may further influence memory
consolidation, as suggested in Figure 1, Loop B.
Thus, there may be continuing hormonal influ-
ences on memory that persist for longer periods (ie,
days or weeks) following a traumatic event, which
may be amenable to pharmacologic intervention.
Ultimately, the question of the window of opportu-
nity for influencing the development of PTSD can
only be resolved by clinical trial.

Anti-Adrenergic Agents

Based on the animal research to date, the most
promising candidate drug for intervening in the
aftermath of a traumatic event to block potentia-
tion of the consolidation of its memory trace by
stress hormones is propranolol, which as noted
above acts to block post-synaptic f-adrenergic

receptors in the BLA. Support for the ability o
posttrauma propranolol to attenuate the subsequen
development of PTSD comes from two publishe
but preliminary studies.*# Pitman and colleagues?
recrifited 41 patients who presented to a genera
hospital emergency room (ER) immediately fol
lowing a traumatic event (mostly motor vehicl
accidents). To be eligible, patients had to meet th
current diagnostic criteria for PTSD. Patients als
had to have a pulse rate 280 beats/minute (BPM)
presumably indicative of a hyperadrenergic state
The patients were randomized to receive a course o
oral propranolol 40 mg or placebo four times daily
for 10 days, followed by a 9-day medication tape
period. The taper period ended ~12 days prior tc
the first outcome assessment, so that patients wer
fully withdrawn from the propranolol at the time o
assessment. The first dose of study medication wa
administered an average of 4 hours after the trau
matic event’s occurrence. One-month posttrauma
total scores on the Clinician-Administered PTSD
Scale showed a trend to be lower in the 11 com
pleters of the course of study medication who h
received propranolol, compared with the 20 com
pleters who had not. Based upon their physiologica
responses during script-driven mental imagery
the traumatic event that had brought them to t
ER 3 months earlier, zero of eight propranolol, bu
eight of 14 placebo, patients were physiologicall;
classified as PTSD (P=.04), which is consiste
with a reduced conditioned fear response

In a second, controlled, non-blind, nonrandomiz
preliminary study, Vaiva and colleagues* recruited
patients with HR =290 BPM from two ERs in Fran
2-20 hours following an motor vehicle accidents o
physical assault. All were offered propranolol 30
TID for 7 days followed by a taper period of 8-
days. The investigators compared the 11 patients w
agreed to take the propranolol with 8 patients w
refused propranolol but agreed to participate in t
study. The two groups did not differ on demograph
exposure characteristics, physical injury severity;
peritraumatic emotional responses. At 2-months po;
trauma, levels of PTSD symptoms were significantl
lower in the patients treated with propranolol. Eigh
six percent of the time a patient who took proprat
lol had a score below that of a patient who did r
(P=.04). Both the American and French groups
currently launching randomized clinical trials in lar
samples in an attempt to obtain definitive results. =

Finally, as described in a single case study,’
44-year-old woman had experienced several pr
motor vehicle accidents each followed by mont
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of PTSD symptoms despite treatment with mul-
riple drugs. Following yet another accident, severe
PTSD symptoms again emerged, but these were
rapidly and markedly reduced by propranolol
started 48 hours after the event.

Another approach to blocking the potentiation
of the consolidation of a traumatic memory would
be to give pharmacologic agents that act pre-syn-
aptically to reduce NE release. Candidate drugs
for this purpose include opioids and the a;-adren-
ergic agonists clonidine and guanfacine. Saxe and
colleapgues® performed an observational study of
the relationship between the amounts of morphine
given to severely burned children and the children’s
PTSD symptoms. The children who received higher
doses of morphine had a greater reduction in PTSD
symptoms over a 6-month hospital stay (r=0.44,
P<.05). However, an alternate explanation of this
finding is that the analgesic properties of morphine
reduced the intensity of repeated traumatic CSs
such as painful dressing changes. Randomized con-
trolled trials of the ability of opioids to prevent
PTSD would appear to be indicated but are likely
to be more difficult to implement due to the clini-
cal bar to withholding them when severe pain is
involved, and their addictive potential. To date,
there have been no reported studies of the use of

oy-adrenergic agonists to prevent PTSD,

This section should not conclude without men-
tioning y-aminobutyric acid (GABA) agents, which
oppose NE action in the BLA. Some GABAergic
drugs have been found to reduce the potentiation
of memory by stress hormones.* Benzodiazepines,
however, are less effective in this regard when
administered post- (rather than pre-) training. This
limitation may account for the failure to find pre-
ventive value for PTSD of clonazepam or alprazolam
administered in the acute aftermath of trauma.*
Nevertheless, given the ready availability of the ben-
zodiazepines, and their current widespread use in psy-
chologically traumatized persons, it would seem that
further trials are indicated, either to search for some
evidence of their preventive efficacy, or to establish
the lack thereof and thereby alter practice patterns.
Trials of newer GABAergic agents (eg, gabapen-
tin or tiagabine) that lack some of the undesirable
effects of benzodiazepines are also indicated.

Cortisol

At first blush, the model of PTSD’s pathogenesis
presented herein would suggest that cortisol, which
has also been found in animal research to potenti-
ate memory consolidation when given post-train-

ing, would be counter-preventive. The situation is
complicated, however, by the fact that endogenous
hypercortisolemia® and exogenous glucocorticoid
administration® have been found to impair human
memory retrievdl. Impaired performance in declara-
tive memory tasks has been reported following a
dose of hydrocortisone (cortisol) 10 mg.>

The ability of cortisol to impair memory retrieval
is indicated by an arrow in the bottom right of the
Figure. There it will be seen that such an effect
has the capability to interrupt positive feedback
Loop B. In other words, if PTSD patients’ recall of
their traumatic events could be reduced by cortisol,
the hypothesized re-release of stress hormones that
traumatic recall induces, and the resultant para-
doxical enhancement of conditioned responding,
might be reduced as well.

Cortisol could also work indirectly by containing an
overshoot of EPI and other stress hormones. One func-
tion of cortisol is to shut down the adrenergic hormones
of the “fight or flight” response, preventing their long-
term elevation from damaging the body.”*% Yehuda
and colleagues®® and Yehuda and colleagues’® have
suggested that during traumatic stress, catecholamine
increases are likely to be exaggerated in the presence
of a diminished regulatory influence of accompanying
cortisol increase. In other words, lower cortisol levels at
the time of the trauma may lead to a failure to contain
the sympathetic stress response and to consequent pro-
longed availability of NE in the brain.®® This may then
lead to altered consolidation of memory of the trau-
matic incident.” In animals, low levels of cortisol have
been shown to increase the memory-enhancing effects
of catecholamines,® and high doses of glucocorticoids
to decrease these effects.””

Two observational studies®®® have found that
lower posttrauma cortisol levels predict subsequent
PTSD. Motor vehicle accident victims who sub-
sequently were diagnosed with PTSD had lower
plasma cortisol levels 30 minutes after their acci-
dent than victims who subsequently met criteria
for major depression. Victims not meeting criteria
for either diagnosis had intermediate cortisol levels.
Delahanty and colleagues®® examined the relation-
ship between initial urinary hormone levels and
subsequent PTSD symptoms in 99 motor vehicle
accident victims. In this study, motor vehicle acci-
dent victims were catheterized upon arrival to the
trauma unit, and urine was collected for the next 15
hours. Victims who subsequently met acute PTSD
diagnostic criteria 1 month after the accident had
significantly lower cortisol excretion in the imme-
diate aftermarth of the accident than victims who

Volume 10 — Number 2

103

CNS Spectrums — February 2005




o

Review Article

did not meet diagnostic criteria. In addition, initial
cortisol excretion was negatively correlated with
subsequent symptoms of PTSD (r=—.46, P<.01).

Schelling and colleagues® have found that
exogenously administered stress doses of cortisol
reduce the development of subsequent PTSD in
medical-surgical patients. An initial retrospective
case-control analysis revealed that septic shock
patients who received hydrocortisone 100 mg
bolus during the sepsis episode followed by 0.18
mg/kg/hour until shock reversal had a significantly
lower subsequent incidence of PTSD than patients
who received standard treatment for their septic
shock. These findings were replicated in a random-
ized, double-blind study.®® During a sepsis episode,
11 patients were randomly assigned to receive pla-
cebo, and nine were assigned the abovementioned
dose of hydrocortisone for 6 days. Results revealed
that only 1 of 9 from the hydrocortisone group but
7 of 11 from the placebo group (P=.02) met PTSD
criteria assessed 31 months after discharge from the
intensive care unit. However, interpretation of this
finding is confounded by the observation that the
placebo patients required higher amounts of NE for
blood pressure support. Thus, the exogenous corti-
sol could have acted indirectly to prevent PTSD by
reducing total exogenous NE requirement.

More recently, Schelling and colleagues®® exam-
ined the efficacy of peri-and post-operative exog-
enous hydrocortisone in preventing PTSD symptoms
in patients following cardiac surgery. Twenty-
six patients received a loading dose of hydrocor-
tisone 100 mg followed by a continuous infusion
of 10 mg/hour during post-operative day (POD) 1.
Patients received 5 mg/hour on POD 2, and dos-
ing was tapered to 20 mg TID on POD 3 and 10 mg
TID on POD 4. Twenty-two comparison patients
received standard treatment. Results revealed that
the patients who received the hydrocortisone regi-
men reported significantly fewer PTSD symptoms
than comparison patients (P<.05).

Other Candidate Agents for the Prevention of
Posttraumatic Stress Disorder

In this review, emphasis has been given to pos-
sible preventive agents suggested by one transla-
tional model of PTSD’s pathogenesis highlighted
here. However, at least two other models®™® suggest
other potential agents, although these will only be
briefly mentioned. The neurophysiological kindling
model of PTSD suggests that anti-kindling agents
(ie, antiepileptics) in addition to having some thera-
peutic value,” may also have preventive value. The

“serbtonin reuptake inhibitors (eg, tianeptine™) and

stress- and cortisol-induced neurotoxicity model of
PTSD% suggests that drugs that have been found
to block stress-induced hippocampal damage, incluc
ing antiepileptics (eg, phenytoin™) and selective

possibly even anti-cortisol drugs (eg, mifepristone)
may also be useful in preventing PTSD.

EFFICACY VERSUS EFFECTIVENESS

This article has discussed several promising secon
ary preventive pharmacologic interventions for PTS
although their efficacy needs to be further tested
larger, randomized controlled trials. Even if the efl
cacy of one or more of these interventions becom:
established through further research, this will n
equate with effectiveness, which involves the app
cation of the intervention in usual clinical setting
Obstacles to effectiveness include patients’ psycholog
cal reluctance to accept acute posttraumatic psych
atric interventions, and their proneness to drop o
before treatment is completed.”? However, this may
less problematic in clinical than in research settings.
research settings involving placebo-controlled tria
the investigator can only offer the patient the possib
ity of receiving a drug that may be efficacious. Once
drug has proven efficacious in clinical trials, howev
the clinician can confidently offer a drug that is like
to be helpful. Another obstacle is posed by medic
contraindications to the administration even of
efficacious drug. Propranolol, for example, may not
able to be safely administered to patients with asth:
or heart block, or in situations in which it is clinica
necessaty. to rely upon the sign of tachycardia to d
close the development of a medical complication su
as hypovolemia or hypoglycemia. Cortisol may not
able to be given to patients with penetrating woun
that pose a risk of infection. It may turn out, howev
that demonstration of the efficacy of one of these,
other, agents would spur the development of new drt
that retain efficacy with fewer contraindications.
example might be a B-blocker with the high capa
ity to cross the blood-brain barrier of propranolol b
lacking in the latter's asthmagenic effect.

CONCLUSION

This review has highlighted a number of p
sible pharmacologic interventions that could
implemented in the aftermath of traumatic ever
to prevent or reduce their potentially psychiat
consequences. A recent MEDLINE search on PT.
yielded 7,500 articles, only five®#6:506566 inyolv
a prospective, controlled, preventive, pharmac
therapeutic clinical trial. Moreover, these studies
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propcrly regarded as preliminary. A recent review
noted, “To date there is almost no empirical data on
effective pharmacologic interventions in the imme-
diate aftermath of extreme psychological trauma....

ntrolled trials are essential given the limited
0 g
information in this field.””

REFERENCES

1. Kessler RC, Sonnega A, Bromet E, Hughes M, Nelson CB. Posttraumatic stress disorder
in the National Comorbidity Survey. Arch Gen Psychianry. 1995;52:1048-1060.

2. Kulka RA, Schlenger WE, Fairbank JA, et al. Trauma and the Viemam War Generation:
Report of Findings from the National Viemam Veterans Readjustment Study. New York, NY:
Brunner/Mazel; 1990.

3, Norris FH. Epidemiology of trauma: frequency and impact of different potentially trau-
matic events on different demographic groups. ] Consult Clin Psychol. 1992;60:409-418.

4. Resnick HS, Kilpatrick DG, Dansky BS, Saunders BE, Best CL. Prevalence of civilian

trauma and posttraumatic stress disorder in a representative national sample of women.
J Consult Clin Psychol. 1993;61:984-991.

. National Highway Traffic Safety Administration. Traffic Safety Facts 1997: A Compilation
of Motor Vehicle Crash Data from the Fatality Analysis Reporting System and the General
Estimates System. Washington, DC: National Center for Statistics and Analysis, U.S.
Department of Transportation; 1998.

6. Blanchard EB, Hickling E], Taylor AE, Loos WR, Forneris CA, Jaccard ]. Who develops

PTSD from motor vehicle accidents? Behav Res Ther. 1996;34:1-10.

Blanchard EB, Hickling EJ, Mitnick N, Taylor AE, Loos WR, Buckley TC. The impact

of severity of physical injury and perception of life threat in the development of post-trau-

o

-

matic stress disorder in motor vehicle accident victims. Behav Res Ther. 1995;33:529-534.

8. Resnick HS, Kilpatrick DG, Dansky BS, Saunders BE, Best CL. Prevalence of civilian
trauma and posttraumatic stress disorder in a representative national sample of women.
] Consult Clin Psychal. 1993;61:984-991.

9. Rose S, Bisson ], Wessely S. A systematic review of single-session psychological inter-
ventions (‘debriefing’) following trauma. Psychother Psychosom. 2003;72:176-184.

10. Suzanna RO, Jonathan BI, Simon WE. Psychological debriefing for preventing post
traumatic stress disorder (PTSD). Cochiane Database Syst Rev. 2002;(2):CD000560.

11. Mayou RA, Ehlers A, Hobbs M. Psychological debriefing for road traffic accident victims:
three-year follow-up of a randomised controlled trial. Br J Psychiawy, 200;176:589-593.

12. Parry G. Treatment choice in psychological therapies and counseling: evidence based
clinical practice guideline. U.K. Department of Health: Web site hetpi/Avww.doh.gov.
uk/mentathealthftrearmentguidelines, 2001. Accessed on September, 2004.

13. Bryant RA, Harvey AG, Dang ST, Sackville T, Basten C. Treatment of acute stress disor-
der: a comparison of cognitive-behavioral therapy and supportive counseling. ] Consult
Clin Psychol. 1998;66:862-866.

14. Larkin M. Can post-traumatic stress disorder be put on hold? Lancet. 1999;354:1008.

15. McGaugh JL. Significance and remembrance: the role of neuromodulatory systems,
Psychol Sci. 1990;1:15-25.

16. McGaugh JL, Roozendaal B. Role of adienal stress hormones in forming lasting memo-
ries in the brain. Cum Opin Newrobiol. 2002;12:205-210.

17. Croiset G, Nijsen M, Kamphuis PJ. Role of corticotropin-releasing factor, vasopres-

=

sin and the autonomic nervous system in learning and memory. Eur J Pharmacol.
2000;405:225-234.

. McGaugh JL. Memory and Emotion: The Making of Lasting Memovies. New York, NY:
Columbia University Press; 2003,

19. Gold PE, van Buskirk R. Faciitation of time-dependent memory processes with postrial

epinephrine injections. Behav Biol, 1975;13:145-153.

Sternberg DB, Isaacs KR, Gold PE, McGaugh ). Epinephrine facilitation of appeti-

tive learning: attenuation with adrenergic receptor antagonists. Behav Newdl Biol.

1985:44:447-453.

- Cahill L, Pham CA, Setlow B. Impaired memory consolidation in rats produced with
f-adrenergic blockade. Neurobiol Leam Mem. 2000;74:259-266.

- Cahill L, Prins B, Weber M, McGaugh JL. Beta-adrenergic activation and memory for
emotional events. Nanae. 1994;371:702-704.

- van Stegeren AH, Everaerd W, Cahill L, McGaugh JL, Gooren 1. Memory for emo-
tional events: differential effects of centrally versus peripherally acting beta-blocking
agents. Psychopharmacology (Berl). 1998;138:305-310.

24. Davis M. Pharmacological and anatomical analysis of fear conditioning. NIDA Res

Monogr. 1990,97:126-162.
25. LeDoux JE. The Emotional Brain: The Msterious Underpinnings of Emotional Life. New
York, NY: Simon & Schuster; 1996.

=

2

[=2

2

2

[

2

<

26. Melntyre CK, Power AE, Roozendaal B, McGaugh JL. Role of the basolateral amygdala

in memory consolidation. Ann N'Y Acad Sci. 2003,985:273-293.

27. Liang KC, Juler RG, McGaugh L. Modulating cffects of postiraining epinephrine on mem-

ory: involvement of the amygdala noradrenergic system. Brain Res. 1986;368:125-133.

McGaugh JL, Mclntyre CK, Power AE. Amygdala modulation of memory consolida-

tion: interactiom with other brain systems. Newobiol Leam Mem. 2002;78:539-535

. Pinman RK. Post-traumatic stress disorder, hormones, and memory. Biol Psychiany.
1989;26:221-223.

30. Shalev AY, Sahar T, Freedman S, et al. A prospective study of heart race response follow-
ing trauma and the subsequent development of posttraumatic stress disorder. Arch Gen
Psychiatry. 1998;55:553-559.

- Bryant RA, Harvey AG, Guthrie RM, Moulds ML. A prospective study of psycho-
physiological arousal, acute stress disorder, and posttrawmatic stress disorder. J Abnorm
Psychol. 2000;109:341-334.

. Zatzick D, Russo J, Pitman RK, Rivara F, Jurkovich G, Roy-Byrme P. Reevaluating the
association between emergency department heart rate and the development of posterau-
matic stress disorder: A public health approach. Biol Psychiatry. 200557:91-95.

to
&

3%
=3

3

3

<

3

feny

. Blanchard EB, Hickling EJ, Galovski T, Veazey C. Emergency room vital signs and
PTSD in a treatment seeking sample of motor vehicle accident survivors. ] Trauma
Stress. 2002;15:199-204.

34, Radnitz CL, Hsu L, Tirch DD, et al. A comparison of posttraumatic stress disorder in
veterans with and without spinal cord injury. J Abnorm Psychol. 1998;107:676-680.

. McFarlane AC, Yehuda R. Clinical treatment of posttraumatic stress disorder: concep-
tal challenges raised by recent research. Aust N Z ] Psychiary. 2000;34:940-953.

. Eysenck HJ. A theory of the incubation of anxiety-fear tesponses. Behav Res Ther.

1968:6:309-321.

Eysenck HJ, Kelley MJ. The interaction of neurohormones with Paviovia A and

3

vy

3

<N

37

Pavlovian B conditioning in the causation of neurosis, extinction, and incubation of
anxiety. In: Davey G, ed. Cognitive Processes and Pavlovian Conditioning in Humans.
Chichester, United Kingdom: John Wiley & Sons Ltd.; 1987:251-286.

38. Charney DS. Psychobiological mechanisms of resilience and vulnerability: implications

for successful adapration to extreme stress. Am ] Psychiagry. 2004;161:195-216.

39. Shin LM, Orr SP, Carson MA, et al. Regional cerebral blood flow in the amygdala and
medial prefrontal cortex during traumatic imagery in male and female Vietnam veterans
with PTSD. Arch Gen Psychiaury. 2004,61:168-176. ‘

. Kovacs GL, Telegdy G. Role of oxytocin in memory and amnesia. Pharmacol Ther.
1982;18:375-395.

. Shadmehr R, Holcomb HH. Neural correlates of motor memory consolidation. Science.
1997;277:821-825.

42. Sacchetti B, Lorenzini CA, Baldi E, Tassoni G, Bucherelli C. Auditory thalamus, dorsal

hippocampus, basolateral amygdala, and perirhinal cortex role in the consolidation

4

>

4

of conditioned freezing to context and to acoustic conditioned stimulus in the rat. J

Newrosci. 1999;19:9570-9578.

McFarlane AC, Yehuda R, Clark CR. Biologic models of traumatic memories and

post-traumatic stress disorder. The role of neural networks. Psychian Clin North Am.

2002;25:253-270, .

. Piman RK, Orr SB, Forgue DE de Jong JB, Claiborn JM. Psychophysiologic assess-
ment of post-traumatic stress disorder imagery in Vietnam combat veterans. Arch Gen
Psychiany. 1987;44:970-975.

45. Pitman RK, Sanders KM, Zusman RM, et al. Pilot study of secondary prevention of post-

T

43.

4

=

trautnatic stress disorder with propranolol. Biol Peychiatry. 2002451:189-192.
46. Vaiva G, Ducrocq E Jezequel K, et al. Immediate treatment with propranolot decreases
postraumatic stress disorder two months after trauma. Biol Psychiatry. 2003;54:947-949.

4

)

. Taylor E Cahill L. Propranolol for reemergent posttraumatic stress disorder following an
event of retraumatization: a case study. ] Trauma Stress. 2002;15:433-437.

. Saxe G, Stoddard E Courtney D, et al. Relationship between acute morphine and

the course of PTSD in children with burns. J Am Acad Child Adolesc Psychiary.

2001:40:915-921.

Introini-Collison 1B, Castellano C, McGrugh JL. Interaction of GABAergic and

beta-noradrenergic drugs in the regulation of memory storage. Behav Neural Biol.

1994:61:150-155.

50. Gelpin E, Bonne O, Peri T, Brandes D, Shalev AY. Treatment of recent trauma survivors
with benzodiazepines: a prospective study. J Clin Psychiaery. 1996;57:390-394.

. Mawri M, Sinforiani E, Bono G, et al. Memory impairment in Cushing’s disease. Acta

Newrol Scand. 1993,87:52-55.

Newcomer JW, Selke G, Melson AK, et al. Decreased memory performance in

healthy humans induced by stress-level cortisol trearment. Arch Gen Psychiatry.
1999;56:527-533.

-Kirschbaum C, Wolf OT, May M, Wippich W, Hellhammer DH. Stress- and treatment-
induced elevations of cortisol levels associated wich impaired declarative memory in

health adults. Life Sci. 1996;58:1475-1483.

4

<3}

B

9.

5

52.

e

5

o

Volume 10 - Number 2

105

CNS Spectrums - February 2005



Review Article

54. Munck A, Guyre PM, Holbrook NJ. Physiological functions of glucocorticoids in stress
and their refation to pharmacological actions. Endoer Rev. 1984:5:25-44.

_ Ussin H, Off M. Psychobiology of coping and defence strategics. Neuropsychobiology.
1993;28:66-71.

. Yehuda R, Harvey P. Relevance of neuccendocrine alterations in PTSD to memory-

5

[

5

>

related impairments of trauma survivors. In: Read JD, Lindsay DS, eds. Recollection of
Trauma. New York, NY: Plenum Press; 1997:221-252.

57. Yehuda R, McFarlane AC, Shalev AY. Predicting the development of postrrau-
matic stress disorder from the acute response to a traumatic event. Biol Psychiatry.
1998;44:1305-1313.

58, Pacak K, Palkovits M, Kopin 1], Goldstein DS. Stress-induced norepinephrine release in
the hypothalamic paraventricular nucleus and pituitary-adrenocortical and sympatho-
advenal activity: in vivo mictodialysis studies. Front Newroendocrinol 1995;16:89-1 50.

59. Yehuda R. Post-traumatic stress disorder. N Engl ] Med. 2002;346:108-114.

60. Bohus B. Endocrine influence on disease outcome: experimental findings and implica-
tions. J Psychosom Res. 1984;28:429-438.

. Borrell §, De Kloet ER, Vessteeg DH, Bohus B. Inhibitory avoidance deficit following
short-term adrenalectomy in the rat: the 1ole of adrenal catecholamines. Behav Neural
Biol. 1983;39:241-258.

. McFatlane AC, Atchison M, Yehuda R. The acute stress tesponse following mator
vehicle accidents and its relation to PTSD. Ann N Y Acad Sci. 1997;821:437-441.

. Delahanty DL, Raimonde A}, Spoonster E. Initial posttraumatic urinary cortisol levels
predict subsequent PTSD symptoms in motor vehicle accident victims. Biol Psychiatry.
2000;48:940-947.

. Schelling B, Stolt C, Kapthammer HE, et al. The effect of stress doses of hydrocortisone
during septic shock on posttraumatic stress disorder and health-related quality of life in
survivos. Crit Care Med. 1999:27:2678-2683.

. Schelling G, Briegel J, Roozendaal B, Stoll C, Rathenhauster H, Kapthammer H. The
effect of stress doses of hydrocortisone during septic shock on posttraumatic stres disor-
der in survivors. Biol Psychiamry. 2001;50:978-985.

66. Schelling G, Kilger E, Roozendaal B. Stress doses of hydrocortisone, trauamatic stress,
and symptoms of postrraumatic stress disorder in patients after cardiac surgery: a ran-
domized trial. Biol Psychiatry. 2004,55:627-633.

. lancu |, Rosen Y, Moshe K. Antiepileptic drugs in postrraumatic stress disorder. Clin
Newopharmacol. 2002;25:225-229.

. Sapolsky RM. Why stress is bad for your brain. Science. 1996;273:749-50.

. Sapolsky RM. Glucocorticoids and hippocampal atrophy in newopsychiatric disorders.
Avch Gen Psychiaury. 2000;57:925-935.

. Zhang YM, Yang Q, Xu CT, Li KS, Li WQ. Effects of phenytoin on morphology
and structure of hippocampal CA3 pyramidal neurons of rats in chronic stress. Acta
Anaesthesiol Sin. 2003;24:403-407.

. Conrad CD, Galea LA, Kuroda Y, McEwen BS. Chronic stress impairs rat spatial
memory on the Y maze, and this effect is blocked by tianeptine pretreatment. Behav
Newrosci. 1996;110:1321-1334.

. Weisaeth L. Acute posttraumatic stress: nonacceptance of early intervention. J Clin
Psychiatry. 2001;62(suppl 17):35-40.

73. Morgan CA, Krystal JH, Southwick SM. Toward early pharmacological postiraumatic

stress intervention. Biol Psychiatry, 2003;53:834-843.

6

o
¢}

6]

ot

6

~

6

o

6

=

¢
6

B o

7

<

7

7

D

CONGRATULATIONS
TO THE ADAA

ON 25 YEARS

OF DEDICATED
SERVICE IN
ANXIETY
DISORDERS
RESEARCH AND

AWARENESS.

MBL Communications, publisher of PRIMARY PSYCHIA
orY and CNS SPECTRUMS, congratulates the entire staff
the ADAA on providing 25 years of superior education t
physicians and patients.on recognition and treatment
anxiety disorders.

In support of this worthy cause, MBL is pleased t
sponsor new ADAA Research Recognition Award
for Excellence in Anxiety Disorders in Children an
Teens and General Research in Anxiety Disorders.

P, p0d PHDI

PRIMARY PSYCHIATRY

CNS SPECTRUMS

The Ingeenatignat sournal o Kearopsychistric Mvail

T Teaging veize of Clinisal pryeiotic Myalcine

Volume 10 — Number 2

CNS Spectrums — February 20






