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SUMMARY

Introduction: Animal and human research suggests that the development of posttrau-

matic stress disorder (PTSD) may involve the overconsolidation of memories of a traumatic

experience. Previous studies have attempted to use pharmaceutical agents, especially the

β-adrenergic blocker propranolol, to reduce this overconsolidation. Aims: In this random-

ized, placebo-controlled study of the efficacy of propranolol in reducing the development

of PTSD, we optimized dosages and conducted both psychophysiological and clinical as-

sessments 1 and 3 months after the traumatic event. Forty-one emergency department

patients who had experienced a qualifying acute psychological trauma were randomized

to receive up to 240 mg/day of propranolol or placebo for 19 days. At 4 and 12 weeks

post-trauma, PTSD symptoms were assessed. One week later, participants engaged in script-

driven imagery of their traumatic event while psychophysiological responses were mea-

sured. Results: Physiological reactivity during script-driven traumatic imagery, severity of

PTSD symptoms, and the rate of the PTSD diagnostic outcome were not significantly dif-

ferent between the two groups. However, post hoc subgroup analyses showed that in par-

ticipants with high drug adherence, at the 5-week posttrauma assessment, physiological

reactivity was significantly lower during script-driven imagery in the propranolol than in

the placebo subjects. Conclusions: The physiological results provide some limited support

for a model of PTSD in which a traumatic conditioned response is reduced by posttrauma

propranolol. However, the clinical results from this study do not support the preventive use

of propranolol in the acute aftermath of a traumatic event.

Introduction

Posttraumatic stress disorder (PTSD) is a disabling psychiatric dis-

order. A growing area of research interest is focused on the pos-

sibility of secondarily preventing the development of PTSD after

the occurrence of a psychologically traumatic event. Some psy-

chotherapeutic approaches, such as cognitive behavioral therapy

administered weeks after a traumatic event, appear to confer a

benefit [1]. In contrast, immediate psychological debriefing has

not been found to be beneficial [2]. Administration of pharma-

cological agents, such as the β-adrenergic receptor antagonist pro-

pranolol shortly following the trauma, is another approach that

has demonstrated some promise.

It has been theorized that high levels of stress hormones, such

as epinephrine, stimulated by the traumatic event act to over-

consolidate memory and thereby support the development of the

intrusive re-experiencing symptoms found in PTSD [3]. Mem-

ory consolidation is a time-dependent process that occurs fol-

lowing learning. This process is enhanced by noradrenergic stim-

ulation and reduced by noradrenergic blockade. In one study,

yohimbine, which stimulates norepinephrine release, was admin-

istered to participants after they viewed slides of an emotion-

ally arousing story [4]. Higher plasma levels of the noradrener-

gic metabolite 3-methoxy-4-hydroxyphenylglycol (MHPG) were

found to correlate with better memory for the story. In an-

other study, participants remembered an emotionally arousing

story better than a neutral one, but propranolol blocked that en-

hancement [5]. Recent work has indicated that propranolol re-

duces the basolateral amygdala’s response to emotion-provoking

stimuli [6].
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Four studies have used propranolol in individuals who have

experienced an acute medical trauma. In the first study [7], 41

patients who had experienced a traumatic event accompanied

by physiological arousal, defined as a heart rate of 80 beats per

minute (BPM) or higher, were recruited from the emergency de-

partment (ED) and randomized to receive double-blind propra-

nolol 40 mg daily or placebo for 10 days, beginning approximately

4 h after the trauma. Eleven propranolol patients and 20 placebo

patients who completed the study were assessed for PTSD symp-

toms at 4 weeks using the Clinician-Administered PTSD Scale

(CAPS). They also completed a psychophysiological procedure,

during which they engaged in script-driven mental imagery of

the traumatic event, while heart rate, skin conductance, and fa-

cial electromyography were measured. The mean 1-month post-

trauma CAPS score of the propranolol versus placebo completers

was 27.6 versus 35.5, but this difference was not statistically signif-

icant. During script-driven imagery performed at 3 months, none

of the propranolol group but 43% of the placebo group showed an

elevated physiologic response. This preliminary investigation sug-

gested that propranolol administered shortly after an acute trau-

matic event may have preventive potential for PTSD.

In a nonrandomized study, Vaiva et al. [8] administered pro-

pranolol 40 mg daily to patients recruited in the emergency room;

patients who declined propranolol made up the control group.

The first dose was administered 2–20 h after the traumatic event

(mean = 9.5, SD = 6) and continued for 7 days. Two months later,

the 11 propranolol participants had significantly lower levels of

PTSD symptoms than the 8 control participants on the Treatment

Outcome PTSD scale.

Stein et al. [9] randomized 48 surgical trauma patients (out

of 5602 who were initially screened) to receive within 48 h ei-

ther double-blind propranolol 60 mg a day, the anticonvulsant

gabapentin, or placebo. Patients were interviewed by phone and

assessed for acute stress disorder (ASD) and PTSD at 1 and 4

months, respectively. No group differences in the incidence of ei-

ther disorder were found.

Incidence of ASD was obtained retrospectively as part of a hy-

permetabolic state study that had randomized pediatric burn pa-

tients to receive an average daily dose of 4 mg/kg propranolol

or placebo, starting an average of 2 days postinjury and lasting

4 weeks. Results yielded no difference in ASD incidence between

the groups [10]. Another retrospective study examined the preva-

lence of the PTSD outcome in burned military combatants who did

or did not receive propranolol. Propranolol conferred no benefit.

However, dose and timing were not considered [11].

In the above studies, initiation of propranolol administration

varied widely, occurring as late as 20 h [8] or even 48 h [9] after

the traumatic event. In addition, doses of propranolol were mostly

in the range of 40–60 mg, which may be inadequate to attenu-

ate trauma-induced hyperarousal. In this study, we administered

higher doses but allowed participants to skip doses if necessary

in an attempt to minimize dropouts due to side effects. Another

improvement in this study was the employment of a medication-

use recording device, to determine adherence. We hypothesized

that at the outcome assessments participants who had previously

been treated with propranolol would show (a) lower physiological

responses during script-driven imagery of their traumatic events,

consistent with reduction of the traumatic conditioned response,

and (b) fewer PTSD symptoms.

Method

Participants

Inclusion Criteria

Research participants were males and females ages 18–65 who

were recruited from the ED at the Massachusetts General Hospital

in Boston from September 2004 to May 2008. Participant candi-

dates had to experience an event that met the DSM-IV PTSD A.1

(stressor) and A.2 (response) criteria. Additional eligibility criteria

initially included an ED admission heart rate of 80 BPM or greater,

and occurrence of the traumatic event no earlier than 4 h prior to

first dose of study medication. However, due to recruitment diffi-

culties, we found it necessary to eliminate the minimal heart rate

criterion as the study progressed, and to increase the permissible

time since the occurrence of the traumatic event from 4 to 12 h,

in order to obtain more participant candidates.

Exclusion Criteria

These included physical injury that would complicate participa-

tion, hospital stay longer than overnight (the great majority of

participants were discharged from the ED the same day), head

injury with loss of consciousness, a medical condition that con-

traindicated the administration of propranolol (e.g., asthma), use

of medications with potentially dangerous interactions with pro-

pranolol, previous adverse reaction to a β-blocker, blood alcohol

concentration above 0.02% or presence of substances of abuse

on saliva testing, pregnancy, traumatic event reflecting ongoing

victimization, contraindicating psychiatric condition such as psy-

chotic, bipolar, major depressive, or posttraumatic stress disor-

der from another event, suicidality or homicidality, unwillingness

or inability to come to Boston for the research visits, or treating

physician did not concur with enrollment in the study.

Ethical Approval and Informed Consent

Following a full explanation of the study’s procedures, all partici-

pants gave written, informed consent on a form approved by the

Partners Healthcare institutional review board (IRB).

Recruitment and Participation

These data are presented via a flow chart (Figure 1). Percentages in

parentheses represent percentage of the original 2014 participants

screened.

Procedure

Study Medication

Following screening, each participant was randomized to receive

an initial oral dose of either 40 mg short-acting propranolol or
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Figure 1 Consort chart.

placebo. One hour after this first dose, if systolic blood pressure

had not fallen by 10 mmHg or more, or to below 100 mmHg, an

additional oral dose of 60 mg long-acting propranolol or placebo

was given; all participants received both doses. Participants con-

tinued taking long-acting propranolol (or placebo) at home over a

19-day course, starting with 120 mg every morning and evening

for 10 days, and then tapering to 120 mg in the morning and

60 mg in the evening for 3 days, then 60 mg in the morning

and 60 mg the evening for 3 days, then 60 mg in the morning

only ×3 days, after which the study medication was discontinued.

Research nurses performed semi-weekly telephone checks to as-

sess participant’s tolerance of study medication and general well-

being.

Medication Adherence

This was measured via (a) participant’s log, (b) pill count by staff

at the end of the study (by design a few more pills were added to

the bottle than needed to be taken), and (c) the Medication Event

Monitoring System [MEMS, 12], which electronically recorded

when participants opened their pill bottles. Participants were clas-

sified as “high adherence” if these three sources of evidence indi-

cated that they had taken 90% or more of their medication doses

during the period of the study. These data appear in Figure 1.

Psychometric Assessments

The Peritraumatic Emotional Distress Inventory [13] was admin-

istered in the ED. At the 4- and 12-week posttrauma psychodi-

agnostic assessments, an experienced doctoral-level psychologist

administered the Clinician-Administered PTSD Scale (CAPS) to as-

sess the presence or absence of the categorical PTSD diagnosis and

the Structured Clinical Interview for DSM-IV (SCID) to assess the

presence or absence of all other Type I mental disorders. The CAPS

was also used to score the frequency and intensity of each of the 17

DSM-IV PTSD symptoms on 0–4 scales. The sum of frequency plus

intensity scores for all 17 symptoms yielded a total CAPS score,

which represented overall severity of PTSD symptomatology.

Psychophysiological assessments.

During the 5-week and 13-week visits, participants were tested us-

ing a previously published script-driven imagery procedure [14],

which has been shown significantly to discriminate groups of

participants with and without PTSD [15]. In brief, two personal

“scripts” that portrayed the traumatic event that had brought the

participant to the ED, as well as other control scripts (data not

presented) were developed. These scripts include descriptions of

bodily sensations that accompanied the event. Later, the scripts

were read to the participant one at a time, and after listening
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to each script the participant imagined the portrayed event, as if

they were re-experiencing it. Prior to (baseline) and during script-

driven imagery, psychophysiological measurements were taken,

including skin conductance (SC), heart rate (HR), and electromyo-

gram (EMG) of the left lateral frontalis facial muscle. Response

scores for each physiological measure were calculated by subtract-

ing the 30-second baseline period mean from the 30-second im-

agery period mean. Responses to the two traumatic scripts were

averaged prior to analysis. An a priori discriminant function de-

rived from the HR, SC, and EMG responses during personal trau-

matic imagery of previously studied individuals with and with-

out current PTSD was used to calculate each participant’s poste-

rior probability of being classified as PTSD [14,15]. This served as

a univariate, composite measure of overall physiological respond-

ing, circumventing the need for multivariate analyses of physio-

logical responses in the small samples studied. (In cases in which

one of these three physiological measures was missing due to tech-

nical failure, the physiological probability was calculated on the

basis of the remaining two.)

Data Analysis

Continuous outcome measures were compared between the com-

pleters in the two groups (propranolol vs. placebo) via analyses of

variance (ANOVAs). Dichotomized outcome measures were com-

pared using Fisher’s exact test. Pearson correlation coefficients

were used to summarize the relationship between physiologi-

cal probability and total CAPS score. Multivariable analyses were

deemed unnecessary due to the small sample size and the fact

that none of the potentially confounding variables were found to

be significantly correlated with any of the outcome measures. In

a post hoc analysis, we explored results in the subgroup of high

medication-adherence participants. A two-sided P-value < 0.05

was considered statistically significant except for the three individ-

ual physiological variables where Bonferroni correction was ap-

plied and a P-value < 0.017 was used.

Results

ED Data

Patient characteristics are summarized in Table 1. Twenty-two pa-

tients were randomized to the propranolol group and 21 patients

to the placebo group. One subject in each group dropped out prior

to any assessment; these subjects are not included in the results.

The remaining patients’ characteristics are summarized in Table 1.

There were no significant differences in age, gender, peritraumatic

emotional distress level, hours elapsed from traumatic event to

first dose of study medication, heart rate prior to, or 90-min. fol-

lowing first dose of study medication, or medication adherence

between the two treatment groups.

Study Medication Tolerance

Overall, there were minimal reported side effects of either the pro-

pranolol or placebo. There was one adverse event that was possi-

Table 1 Group means (standard deviations) and cohort demographics

All Subjects

Emergency Department Placebo Propranolol

n = 20 n = 21

Emergency Department

Male/female 7/13 11/10

Age 33.8 (9.4) 33.3 (11.0)

Peritraumatic emotional distress 41.6 (11.4) 39.7 (12.4)

Hours elapsed trauma to drug 4.9 (2.0) 4.0 (1.3)

Heart rate prior to drug (BPM) 82.8 (14.7) 81.4 (13.4)

Heart rate 11/2 hr. after drug (BPM) 77.4 (10.7) 72.6 (8.6)

Causal traumatic events n n

Motor vehicle accident 12 14

Work injury 1 3

Burn/electrical shock 1 3

Falls 3 0

Physical assault 2 0

Hit by bicycle 0 1

Fire 1 0

Comorbid Mental Disordersa

Major depressive disorder 3 3

Social phobia 2 1

Generalized anxiety disorder 2 2

Simple phobia 1 0

Alcohol abuse/dependence 1 2

Substance abuse/dependence 0 1

Attention deficit disorder 0 1

Bipolar affective disorder type II 1 0

Completed one-month assessment 20 21

Completed three-month assessment 18 16

High drug compliance 12 8

n, sample size; BPM, beats per minute.
aAssessed at 4 weeks posttrauma.

bly related to propranolol, which consisted of a fall without serious

injury.

Substance Use

Six participants were found to be taking one or more potentially

confounding substances at the time of one or the other outcome

assessments, as determined by questioning or urine testing. How-

ever, because substance use status was not significantly associated

with any outcome measures of interest, the substance-using par-

ticipants were retained in the data analysis to avoid unnecessary

sacrifice of power.

Psychophysiological, PTSD Frequency,
and PTSD Symptom Severity

All participants. Outcome data for all participants appear in

Table 2. There were no significant effects of Drug for any outcome

measure. Correlations between physiological probability and total

CAPS score were: 4-week, r = 0.46, n = 37; P = 0.004; 12-week,

r = 0.36, n = 30; P = 0.04.
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Table 2 Group means (standard deviations) and statistical contrasts for outcome measures in all completers

Placebo Propranolol df, t, P Difference in Means 95% Confidence Interval

n = 20 n = 21

One-month posttrauma assessment

Physiological PTSD probability (%) 40.7 (17.0) 33.7 (10.2) 35, 1.5, 0.15a 7.0 −2.7 to 16.7

Heart rate response (BPM) 1.7 (4.1) 0.2 (4.5) 35, 1.1, 0.30 1.5 −1.4 to 4.4

Skin conductance response (μS) 0.55 (1.08) 0.14 (0.57) 35, 1.5, 0.17a 0.41 −0.19 to 1.01

Frontalis EMG response (μV) 0.5 (1.5) 0.4 (0.8) 35, 0.3, 0.77a 0.1 −0.7 to 1.0

Clinician Admin PTSD Scale 28.5 (27.1) 28.5 (21.5) 39, −0.0, 0.99 0.0 −15.5 to 15.3

PTSD diagnosis (Y/N) 5/15 5/16 1.00b

Three-month posttrauma assessment

Physiological PTSD probability (%) 34.9 (13.1) 32.0 (5.8) 28, 0.8, 0.44a 2.9 −4.8 to 10.7

Heart rate response (BPM) 1.8 (3.8) 1.2 (3.4) 27, 0.4, 0.68 0.6 −2.2 to 3.3

Skin conductance response (μS) 0.14 (0.80) −0.08 (0.29) 26, 1.0, 0.33a 0.22 −0.26 to 0.70

Frontalis EMG response (μV) 0.2 (0.5) 0.4 (0.7) 28, −1.2, 0.23 −0.2 −0.7 to 0.2

Clinician Admin PTSD Scale 19.0 (25.8) 21.2 (26.1) 32, −0.2, 0.81 −2.2 −20.3 to 16.0

PTSD diagnosis (Y/N) 4/14 2/14 0.66b

n, sample size; df, degrees of freedom (where lower than expected according to sample sizes, this is due to missing data); t, Student’s t; P, statistical

probability level; PTSD, posttraumatic stress disorder; Physiological PTSD probability, percent posterior probability of classification in PTSD reference group,

which is an a priorimeasure of overall physiological responding during script-driven traumatic imagery (see text for explanation); BPM, beats per minute;μS,

microSiemens; μV, microVolts.
aSatterthwaite t-test for unequal variances.
bFisher’s exact test.

High-Adherence Participants Only

In a post hoc analysis, we explored drug effects in the subgroup of

high medication-adherence participants. Outcome data for these

participants appear in Table 3. One high-adherence participant in

the placebo subgroup, and one in the propranolol subgroup, were

taking one or more potentially confounding substances at the time

of the 4-week assessment. The propranolol group had a signif-

icantly lower 5-week mean physiological PTSD probability than

the placebo group (P < 0.05), as well as a significantly lower mean

Table 3 Group means (standard deviations) and statistical contrasts for outcome measures in high drug compliance subjects

Placebo Propranolol df, t, P Difference in Means 95% Confidence Interval

n = 12 n = 8

One-month posttrauma assessment

Physiological PTSD probability (%) 44.6 (17.5) 32.6 (5.9) 18, 2.2, <0.05a 12.0 0.3 to 23.6

Heart rate response (BPM) 3.1 (3.6) −1.5 (3.2) 18, 3.0, 0.009 4.6 1.3 to 7.9

Skin conductance response (μS) 0.68 (1.22) 0.17 (0.30) 18, 1.4, 0.19a 0.51 −0.28 to 1.31

Frontalis EMG response (μV) 0.9 (1.6) 0.6 (1.2) 18, 0.4, 0.68 0.3 −1.1 to 1.6

Clinician Admin PTSD Scale 33.3 (30.3) 22.1 (21.3) 18, 0.9 0.38 11.2 −14.8 to 37.3

PTSD diagnosis (Y/N) 4/8 1/7 0.60b

Three-month posttrauma assessment

Physiological PTSD probability(%) 35.8 (15.3) 31.0 (3.9) 17, 1.0, 0.34a 4.8 −5.7 to 15.4

Heart rate response (BPM) 1.9 (4.1) −0.2 (2.3) 17, 1.3, 0.22 2.1 −1.4 to 5.4

Skin conductance response (μS) 0.22 (0.95) −0.01 (0.34) 15, 0.7, 0.50a 0.23 −0.48 to 0.93

Frontalis EMG response (μV) 0.0 (0.5) 0.2 (0.3) 17, −1.0, 0.35 −0.2 −0.6 to 0.2

Clinician Admin PTSD Scale 25.3 (28.4) 18.5 (31.1) 18, 0.5, 0.62 6.8 −21.5 to 35.0

PTSD diagnosis (Y/N) 3/9 1/7 0.62b

n, sample size; df, degrees of freedom (where lower than expected according to sample sizes, this is due to missing data); t, Student’s t; P, statistical

probability level; PTSD, posttraumatic stress disorder; Physiological PTSD probability, percent posterior probability of classification in PTSD reference group,

which is an a priorimeasure of overall physiological responding during script-driven traumatic imagery (see text for explanation); BPM, beats per minute;μS,

microSiemens; μV, microVolts.
aSatterthwaite t-test for unequal variances.
bFisher’s exact test.
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heart rate response (–1.5 vs. 3.1, P = 0.009). There were no other

significant group differences. Correlations between physiological

probability and total CAPS score were: 4-week r = 0.49, n = 20;

P = 0.015; 12-week r = 0.49, n = 19; P = 0.016.

Discussion

The obstacles to conducting the present trial were formidable. As

was found in previous investigations [7,9], enrolling participants

in the ED setting to take a medication to prevent a disorder that

they do not yet have is a major challenge. This study succeeded

in bringing only 2% of participant candidates screened, and 24%

of those found eligible, to 4-week completion, raising a question

as to the feasibility of this approach, at least within the current

confines of clinical research. The Health Insurance Portability and

Accountability Act was passed into law between our earlier study

[7] and the current one. We found that this Act substantially cur-

tailed recruitment because under it, it was necessary that a clinical

caregiver (e.g., a busy ED physician) obtain a patient’s permission

before the patient could be approached by the investigators about

the study. Before this law, patients could be approached by inves-

tigators directly.

This study attempted to replicate earlier findings that propra-

nolol given shortly following a psychologically traumatic event

decreases physiological reactivity during subsequent mental im-

agery of that event. Physiological reactivity was measured using a

composite score of three responses, namely heart rate, skin con-

ductance, and left lateral frontalis facial EMG, during personal

script-driven imagery of the traumatic event that had brought

the participant to the ED. Among all participants who completed

the 5-week assessment, those who had received propranolol did

not show significantly lower physiological reactivity during script-

driven traumatic imagery than those who had received placebo.

In an analysis of the subgroup of participants who took 90% or

more of their study medication over the 19-day medication pe-

riod, 4-week physiological responses during traumatic imagery in

the propranolol group were significantly lower than in the placebo

group. Inspection of the subgroup means indicates that the latter

difference is accounted for more by higher arousal scores in the

high-adherence placebo subgroup compared to the full placebo

group, than by lower arousal scores in the high-adherence pro-

pranolol subgroup compared to the full propranolol group. This

suggests that participants who were more emotionally affected

by the traumatic event were more likely to adhere to the study

medication prescription over the course of the study and to re-

ceive some preventive psychophysiological benefit from propra-

nolol. These results in the high-medication-adherence subgroup,

however, should be interpreted with caution due to their post hoc

nature and small sample sizes. They keep alive but fail to prove

the proposition that posttrauma propranolol reduces one objec-

tive measure of PTSD, namely increased “physiological reactivity

on exposure to internal cues that symbolize or resemble an aspect

of the traumatic event” (DSM-IV PTSD Criterion B.5).

Whereas the psychophysiological results may be equivocal, the

clinical results are not, in that there were no significant differ-

ences, or even trends, in total CAPS score or in the rate of the

PTSD diagnosis between propranolol and placebo groups at either

4- or 12-weeks, either in all subjects or in high adherence sub-

jects. As such, these results offer no support for the efficacy of the

acute propranolol intervention for preventing subsequent PTSD.

However, the confidence intervals for the differences in the means

shown in Tables 2 and 3 were sufficiently wide that Type II error

cannot be ruled out.

Given the preclinical science that supports the hypothesis that

acute posttrauma propranolol should reduce PTSD symptoms, and

especially physiological responding during traumatic recollection,

one might ask why this study did not yield more positive results.

In animal work, the strongest memory consolidation-reducing ef-

fects of β-blockers have been found when they have been admin-

istered directly into the amygdala prior to learning. In proof-of-

concept work in healthy participants in which propranolol was

found to reduce memory consolidation, the drug was adminis-

tered 1 h before participants viewed slides of emotional scenes [5].

Reduction of memory consolidation by systemically administered

propranolol following learning has been difficult to demonstrate,

although not impossible [16], in animals. Factors that may have

militated against positive results in this human study include the

requirement for systemic drug and the length of time elapsed be-

tween the traumatic event and the propranolol administration. A

retrospective study found that administration of morphine, which

also reduces noradrenergic activity in the brain, to injured military

personnel was associated with lower rates of subsequent PTSD.

However, in that study, patients were able to receive intravenous

morphine within an hour of being transported from the point

of injury in 71% of cases [17]. Even though in this study there

was not a significant correlation between time elapsed since the

traumatic event and subsequent PTSD symptoms, no participant

received propranolol earlier than 2 h following their traumatic

event; the mean was approximately 4 h. Adding to that an addi-

tional 2 h for the short-acting oral propranolol to reach peak drug

level [18], even the first dose of propranolol would not have been

active for at least 4 h (usually more) after the traumatic event.

A substantial amount of traumatic memory consolidation may al-

ready have occurred by that time, making the propranolol inter-

vention too late to be effective.

Another possible explanation of the lack of a beneficial effect

of propranolol in this study is that the traumatic events were not

severe enough in this sample to allow the drug to exert an effect.

In our experience, severely traumatized patients are especially dif-

ficult to recruit in the immediate aftermath of the event. More-

over, in the case of physical injury, there is the additional difficulty

of recruiting patients with high severity trauma because the level

of medical care required can make study participation difficult or

impossible. Finally, it is possible that the drug, or the allowable

dosage of the drug, simply is insufficiently potent to produce the

desired effect. A search for more effective secondary preventive

agents for PTSD appears to be indicated.
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