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ABSTRACT
Objective: The memory-enhancing drug methylene blue 
(MB) administered after extinction training improves fear 
extinction retention in rats and humans with claustrophobia. 
Robust findings from animal research, in combination with 
established safety and data showing MB-enhanced extinction 
in humans, provide a foundation to extend this work to 
extinction-based therapies for posttraumatic stress disorder 
(PTSD) such as prolonged exposure (PE).

Methods: Patients with chronic PTSD (DSM-IV-TR; N = 42) were 
randomly assigned to imaginal exposure plus MB (IE + MB), 
imaginal exposure plus placebo (IE + PBO), or waitlist (WL/
standard PE) from September 2011 to April 2013. Following 
5 daily, 50-minute imaginal exposure sessions, 260 mg of 
MB or PBO was administered. Waitlist controls received PE 
following 1-month follow-up. Patients were assessed using 
the independent evaluator–rated PTSD Symptom Scale–
Interview version (primary outcome), patient-rated PTSD, 
trauma-related psychopathology, and functioning through 
3-month follow-up.

Results: Both IE + MB and IE + PBO showed strong clinical 
gains that did not differ from standard PE at 3-month 
follow-up. MB-augmented exposure specifically enhanced 
independent evaluator–rated treatment response (number 
needed to treat = 7.5) and quality of life compared to placebo 
(effect size d = 0.58). Rate of change for IE + MB showed a 
delayed initial response followed by accelerated recovery, 
which differed from the linear pattern seen in IE + PBO. MB 
effects were facilitated by better working memory but not by 
changes in beliefs.

Conclusions: The findings provide preliminary efficacy for 
a brief IE treatment for PTSD and point to the potential 
utility of MB for enhancing outcome. Brief interventions and 
better tailoring of MB augmentation strategies, adjusting for 
observed patterns, may have the potential to reduce dropout, 
accelerate change, and improve outcomes.
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Despite the efficacy and effectiveness of exposure therapies for 
posttraumatic stress disorder (PTSD),1,2 therapies such as 

prolonged exposure (PE) utilize nine to fifteen 90- to 120-minute 
sessions. A minority of patients discontinue before achieving 
remission, and, among completers, some have residual symptoms.3 
Accordingly, the next generation of precision medicine seeks to 
enhance the efficacy and efficiency of these psychotherapies, 
including using biological agents to more precisely augment 
therapeutic gains.

Methylene blue (MB), methylthioninium chloride, is an 
autoxidizing agent that enters living, metabolically active cells 
and stimulates mitochondrial oxidative metabolism and cerebral 
oxygen consumption.4,5 Methylene blue is a US Food and Drug 
Administration (FDA)–grandfathered drug that has been used 
safely for years in humans when administered orally in doses of 1 
to 4 mg/kg.6–10 Instead of being selective for a single transmitter 
system or brain region, MB targets the synapses that require energy 
during postextinction memory consolidation.11 Methylene blue 
improves memory consolidation12,13 and, importantly, extinction 
memory in rats.14,15 In humans, MB augments exposure therapy 
for claustrophobia, facilitating contextual memory and improving 
retention of extinction for those with low postexposure distress.16 
There is an FDA warning about using MB in conjunction with 
serotonergic drugs based on serotonin syndrome cases that have 
been reported after infusing MB as a surgical dye in patients 
undergoing parathyroid surgery. However, there are no reports 
of serotonin syndrome by oral MB administration. The dose for 
this study (260 mg) corresponds to its FDA-approved use for 
methemoglobinemia.

An activity-dependent metabolic approach to enhancing 
exposure is distinct from a transmitter-receptor pharmacology 
approach, exemplified by d-cycloserine, an N-methyl-d-aspartate 
(NMDA) agonist. d-cycloserine administered in conjunction with 
exposure sessions enhances the effects of exposure therapy for 
patients with low postexposure distress.17–19 Given the extensive 
network of brain regions activated after extinction,20 it is unlikely 
that extinction memory is limited to 1 transmitter system (eg, 
synapses with NMDA receptors). In contrast, MB effects are 
activity-dependent, enhancing energy metabolism in brain regions 
that are active during the postextinction consolidation phase.21

The present study examines the effects of MB augmentation 
of exposure therapy for chronic PTSD. A 6-session, 50-minute 
daily imaginal exposure protocol was used to examine the 
augmentation effects of MB versus placebo (PBO), compared to 
a waitlist control (WL) that later converted to standard PE (see 
Figure 1 for study design). Patients were followed through 3-month 
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Figure 1. Study Design
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follow-up, measuring PTSD, trauma-related psychopathology, and general 
functioning. During acute treatment, daily measures of PTSD, depression, 
and negative beliefs were obtained to examine the differential trajectory or 
slope of the change between MB and PBO. Finally, possible mechanisms 
governing effects of MB were explored, examining the indirect effects of 
baseline working memory,12,16 imaginal exposure distress,16 and change 
in negative beliefs from first to last session.22–24

METHODS

Participants
Participants were 42 adults (30 women) with a primary DSM-

IV-TR diagnosis of chronic PTSD. Exclusion criteria included current 
schizophrenia, delusional disorder, organic mental disorder, bipolar 
disorder, depression with psychotic features, active suicidal ideation 
severe enough to require immediate psychiatric treatment; substance 
dependence in the last 3 months; unwilling or unable to discontinue 

current trauma-focused psychotherapy or 
psychotropic medication (1 month free; 5 weeks 
free for fluoxetine); and unstable cardiovascular, 
autoimmune, endocrine, neurologic, renal, 
hepatic, retinal, gastrointestinal, or hematologic 
disorder or current seizure disorder or other 
medical contraindications for initiating MB, 
including pregnancy or conditions affecting 
drug absorption.

Participants were 19 to 65 years of age 
(mean = 37.5 years, SD = 12.4 years). The 
majority (78.6%) were white, 11.9% African 
American, 9.5% Hispanic, 9.5% Asian, and 4.8% 
Native American. Among participants, 54.7% 
had an undergraduate degree and 62.5% had a 
household income of less than $40,000/year. The 
index traumas (ie, worst reported trauma) were 
28.6% nonsexual assault, 19.0% sexual assault, 
11.9% car or other accident, 11.9% combat 
trauma, 9.5% natural disaster, 7.1% childhood 
sexual assault, 4.8% nonsexual childhood 
assault, and 7.1% other trauma. Approximately 
half (47.5%) had prior psychiatric treatment.

Design
Patients were randomly assigned from 

September 2011 to April 2013, using double-
blind procedures for the active treatments, 
stratifying on PTSD severity (PTSD Symptom 
Scale–Interview version (PSS-I) < 30 vs PSS-I 
≥ 30) to either 260 mg of MB (n = 15) or 
placebo (n = 16), each following 5 daily imaginal 
exposure (IE) sessions, or waitlist (n = 11). In 
WL, patients received 10-session PE, twice 
weekly, after the 1-month follow-up (Figure 2).

Interview Measures
PTSD Symptom Scale–Interview version 

(PSS-I).25 The 17-item PSS-I scale rates 
DSM-IV criteria on a 0 to 3 scale, converging 
with other interview measures.26 For a random 
subsample (14%), interrater reliability was 
assessed, with excellent agreement on severity 
(intraclass correlation coefficient (ICC) = 0.95, 
95% CI = 0.81–1.00) and diagnosis (κ = 1.00).

Clinical Global Impressions–Improvement 
scale (CGI-I).27 The CGI-I measures global 
improvement, from 1 (very much improved) to 
7 (very much worse), and was used to calculate 
responder status. In a random subsample (14%), 
interrater agreement was high (ICC = 0.92, 95% 
CI = 0.68–0.99).

Structured Clinical Interview for DSM-IV 
(SCID-IV).28 The SCID-IV was used to assess 
DSM-IV Axis I exclusion criteria. The SCID-IV 
has acceptable interrater reliabilities, with κ 
values between 0.70 and 0.94.29,30
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as the memory-enhancer methylene blue, to augment psychotherapy.

■■ Augmentation of imaginal exposure therapy with methylene blue 
enhanced posttraumatic stress disorder (PTSD) response and quality of 
life, although optimal augmentation strategies need to be explored.

■■ A brief imaginal exposure version of prolonged exposure therapy offers a 
potentially viable PTSD treatment option.
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Figure 2. CONSORT Diagram
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Self-Report Measures
Patients reported symptoms from the previous 2 weeks 

at pretreatment, posttreatment, and 1-month and 3-month 
follow-up and from the past 24-hour interval for between 
sessions.

PTSD Symptom Scale–Self-Report (PSS-SR).31 This 
17-item measure assesses DSM-IV PTSD symptoms. It 
has good internal consistency, test-retest reliability, and 
diagnostic agreement with the SCID-IV.

Quick Inventory of Depressive Symptomatology–
Self-Rated (QIDS-SR).32 This 16-item measure assesses 
cognitive, anxiety, sleep, and appetite symptoms of 
depression. It has good internal consistency33 and 
convergent validity.34

Posttraumatic Cognitions Inventory (PTCI).35 This 
36-item measure assesses dysfunctional posttrauma 
cognitions across self, world, and self-blame and yields a total 
score. Each of the 3 subscales has high internal consistency 
(0.97, 0.88, 0.86, respectively).

Automated Operation Span (OSPAN).36 This computer-
administered working memory capacity task has good 
internal consistency and test-retest reliability.

Short-Form Health Survey (SF-36).37 This is a 
psychometrically validated 36-item measure of health status 
and outcomes.38 The vitality and mental health subscales 
were selected to assess quality of life.

Sheehan Disability Scale (SDS).39 The SDS assesses 
disability in 3 spheres: work, social/leisure activities, and 
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Table 1. Outcomes for Brief, Daily Imaginal Exposure + Methylene Blue (MB); Brief, Daily Imaginal Exposure + Placebo (PBO); 
and Waitlist/Standard Prolonged Exposure (WL/PE)a

Pretreatment Posttreatment 1-Month Follow-Up 3-Month Follow-Up
Outcome MB PBO WL MB PBO WL MB PBO WL MB PBO WL/PE
PTSD severity (PSS-I) 32.07

 (6.17)
31.38
 (6.88)

32.73
 (7.24)

17.10
 (10.57)

14.67
 (9.27)

29.60
 (8.40)

10.33
 (3.77)

13.33
 (9.15)

28.33
 (7.43)

7.63 
(5.53)

10.93 
(9.95)

7.25 
(9.82)

PTSD diagnosis, % 100 100 100 30.0 33.3 90.0 11.1 33.3 88.9 0.0 13.3 12.5
Responder, % 0 0 0 70.0 86.7 10.0 100.0 93.3 22.2 100.0 86.7 100.0
PTSD severity (PSS-SR) 32.53 

(7.83)
29.88 
(7.28)

35.36 
(7.84)

16.00 
(12.06)

15.13 
(9.49)

35.11 
(6.03)

9.44 
(8.09)

12.73 
(8.16)

31.67 
(8.12)

9.63 
(10.29)

13.20 
(11.70)

9.13 
(11.29)

Depression (QIDS-SR) 13.27 
(4.59)

12.81 
(8.16)

13.82 
(4.58)

7.55 
(4.53)

8.40 
(6.00)

13.11 
(3.82)

6.00 
(4.39)

6.53 
(4.44)

12.44 
(6.09)

5.00 
(3.63)

6.80 
(5.24)

4.13 
(5.17)

Negative beliefs (PTCI) 141.33 
(37.94)

142.88 
(28.67)

145.91 
(27.26)

100.56 
(44.25)

109.13 
(35.08)

150.67 
(30.14)

90.56 
(43.45)

107.00 
(38.22)

148.78 
(30.31)

75.88 
(42.13)

108.60 
(47.61)

82.75 
(47.02)

Disability (SDS) 18.14 
(6.51)

16.75 
(6.63)

20.55 
(4.80)

11.00 
(7.23)

10.20 
(7.88)

17.33 
(7.73)

7.11 
(6.97)

8.73 
(9.20)

17.55 
(7.73)

6.25 
(6.20)

9.20 
(6.91)

6.75 
(7.76)

Quality of life (SF-36, mental) 43.33 
(15.66)

40.78 
(15.48)

35.00 
(15.65)

56.11 
(20.73)

59.00 
(19.20)

35.56 
(15.50)

67.22 
(15.02)

56.83 
(21.97)

41.11 
(16.16)

73.75 
(13.02)

59.67 
(15.64)

72.50 
(18.13)

Quality of life (SF-36, vitality) 30.14 
(21.35)

35.81 
(19.11)

26.33 
(13.64)

47.22 
(26.90)

49.58 
(22.47)

27.78 
(11.32)

59.03 
(20.04)

49.17 
(19.75)

23.84 
(10.32)

66.41 
(15.65)

51.25 
(17.55)

59.38 
(17.99)

aValues are presented as mean (SD) unless otherwise noted. Means and standard deviations are presented for observed values.
Abbreviations: PSS-I = PTSD Symptom Scale–Interview version, PSS-SR = PTSD Symptom Scale–Self-Report, PTCI = Posttraumatic Cognitions Inventory, 

PTSD = posttraumatic stress disorder, QIDS-SR = Quick Inventory of Depressive Symptomatology–Self-Rated, SDS = Sheehan Disability Scale, 
SF-36 = Short-Form Health Survey.

family/home life, with a total score calculated for this study. 
The SDS has adequate reliability and validity.40

Subjective Units of Distress Scale (SUDS).41 SUDS ratings 
were used to assess subjective distress level, using a 0 to 100 
scale, from 0 (no anxiety) to 100 (most anxious you can 
imagine).

Medication Effects Form (MEF).42 This 34-item scale 
assessed medication-related side effects, rated from 0 
(not present) to 3 (severe). The MEF was administered 30 
minutes after drug administration (end of session) and at the 
beginning of each subsequent treatment session.

Interventions
Brief, daily imaginal exposure (IE). Six 50-minute daily 

sessions of IE were conducted based on the PE manual.43 
No in vivo exposure or homework was included. Session 
1 included a rationale for IE and common reactions to 
trauma. Sessions 2 to 6 focused on IE (30–45 minutes) 
and processing of the IE (15 minutes), with later sessions 
focused on the most distressing part of the memory and 
the final session including relapse prevention. Patients were 
treated by a masters-level or doctoral-level therapist, blind 
to study condition. Therapists were trained in a multiday 
training by E.B.F. Sessions were video recorded. A doctoral-
level clinician blind to condition rated a randomly selected 
10%. Therapists displayed excellent adherence (96%) and 
competence (91%).

Methylene blue and placebo. A 260-mg dosage of United 
States Pharmacopeia (USP)–grade MB (ScienceLab.com; 
Spectrum Chemicals) was selected based on 4 mg/kg as an 
effective memory-enhancing dose.14,16 Because MB turns 
urine light green or blue, matching placebos contained 
an inert food dye (FD&C Blue No. 2). Methylene blue or 
PBO was administered post IE, with monitoring of SUDS, 
blood pressure, and heart rate. Guidelines for withholding 

administration of MB/PBO were (1) an unusually strong 
distress response during IE (ie, peak SUDS ≥ 95) and (2) 
a failure of that distress response to subside (ie, reduction 
< 25% of peak SUDS by the end of the session). One patient’s 
MB dose at 1 session was withheld due to this rule.

Waitlist. Patients assigned to the WL condition started 
treatment after the 1-month follow-up, receiving a standard 
course of 10 twice-weekly PE sessions. The 3-month 
follow-up served as their posttreatment assessment.

Procedures
The study was registered at ClinicalTrials.gov (identifier: 

NCT01188694) and was approved by the respective 
institutional review boards. Potential patients underwent 
a phone screen and were scheduled with an independent 
evaluator to assess PTSD (PSS-I) and exclusionary diagnoses 
(SCID-IV). Self-report measures (eg, PSS-SR, QIDS-SR, 
PTCI, SDS) were also completed. Eligibility was further 
determined via physical examination and laboratory panel 
from urine and blood samples, reviewed by each site’s 
medical director. Eligible patients were randomly assigned 
using a computer program, with the double-blinding held by 
a single preparing pharmacy.

Prior to each session, patients completed the PSS-SR, 
QIDS-SR, PTCI, and MEF with reference to the last 24 
hours. Heart rate and blood pressure were monitored before 
and after each session, and SUDS were monitored every 5 
minutes during IE. The MEF was also completed after each 
drug administration session (sessions 2–6). The medical 
director administered the first MB/PBO dose, and the nurse 
administered MB/PBO thereafter. Patients remained on site 
for 30 minutes and were given an evening check-in call and 
a 24-hour contact number.

The posttreatment assessment was completed 
approximately 2 weeks after session 6 by independent 

https://www.sciencelab.com/
https://clinicaltrials.gov/ct2/show/NCT01188694?term=NCT01188694&rank=1
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evaluators (PSS-I, CGI), and patients completed self-report 
measures (PSS-SR, QIDS-SR, PTCI, SDS). At 1 month 
posttreatment (1-month follow-up), these same measures 
were completed and patients were classified as responders 
or nonresponders, using the Reliable Change Index, cutoff 
c.44 Responders were defined as ≤ 23 on the PSS-I and ≤ 3 
on the CGI-I. Nonresponders in either IE + MB or IE + PBO 
were offered 10 standard PE sessions at no cost. After the 
1-month follow-up, patients in WL started twice-weekly PE 

for 5 weeks, with their posttreatment assessment being the 
3-month follow-up. Final follow-up was at 3 months.

Data Analysis
All analyses were intent-to-treat, using mixed effects 

modeling for continuous outcomes and generalized linear 
mixed models (GLMM) for binary outcomes, using restricted 
maximum likelihood and quasi-likelihood techniques 
respectively. Pattern mixture models yielded no statistically 
significant evidence of informative missingness; therefore, all 
missing data points were treated as ignorable and randomly 
missing. Effect size d was calculated using on-average 
difference divided by the pooled standard deviation.

RESULTS

PTSD Outcomes
The pattern of PTSD change over time is shown in 

Table 1 and Figure 3. For our main outcome measure 
of evaluator-rated PTSD severity (PSS-I), there was a 
treatment × time interaction (F3,90 = 11.65, P < .0001); both 
IE + MB and IE + PBO were significantly different from WL 
at posttreatment and 1-month follow-up; neither differed 
from standard PE at 3-month follow-up. Both diagnostic 
and responder status mirrored these results, with significant 
differences between acute treatment (IE + MB, IE + PBO) and 
WL at posttreatment (diagnostic status: F2,57 = 3.34, P = .04; 
reliable change: F2,57 = 5.47, P = .007) and 1-month follow-up 
(diagnostic status: F2,57 = 4.08, P = .02; reliable change: 
F2,57 = 4.85, P = .01). However, at 3-month follow-up, effect 
sizes favoring IE + MB over IE + PBO emerged showing small 
to moderate effects. For PTSD severity and PTSD diagnosis, 
the differential effects (nonsignificant) were small (d = 0.12, 
d = 0.29, respectively) but were moderate for reliable 
change (b = 0.29, t68 = 1.95, P = .05, d = 0.47, number needed 
to treat = 7.5). Taken together, both brief interventions 
(IE + MB, IE + PBO) did not differ from standard PE at 
3-month follow-up, with evidence of superiority of MB over 
PBO on reliable change.

Secondary Outcomes: Depression,  
Beliefs, and Functioning

This pattern of no significant difference at 3-month 
follow-up for IE + MB versus standard PE or IE + PBO versus 
standard PE was also seen for depression (QIDS-SR), trauma-
related negative beliefs (PTCI), disability (SDS), and quality 
of life (SF-36). At 3-month follow-up, effect sizes favoring 
IE + MB over IE + PBO showed small to moderate effects. For 
depression, negative beliefs, and disability, the differential 
effect sizes were not significant and small (respectively, 
d = 0.05, d = 0.18, and d = 0.23) but were moderate for quality 
of life mental health (b = 28.34, t67 = 2.39, P = .02, d = 0.58 and 
physical vitality (b = 21.46, t67 = 1.90, P = .06, d = 0.46).

Process of Change Across Sessions
Notably, for measures collected daily during brief 

imaginal exposure (PSS-SR, QIDS-SR, PTCI), the pattern of 

Figure 3. Patterns of Response for Imaginal Exposure Plus 
Methylene Blue (IE + MB), Imaginal Exposure Plus Placebo 
(IE + PBO), and Waitlist Where, Between 1- and 3-Month 
Follow-Up, Full Prolonged Exposure Was Administered (WL/
PE) Across Posttraumatic Stress Disorder (PTSD) Severity, 
Diagnosis, and Reliable Change

Abbreviations: CGI-I = Clinical Global Impressions–Improvement scale, 
PSS-I = PTSD Symptom Scale–Interview version.
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change was different between IE + MB and IE + PBO (Figure 
4). For depression, there was a difference between MB and 
PBO on slope (linear; b = 2.56, t102 = 2.20, P = .04, d = 0.44) 
and acceleration of slope (quadratic b = –0.27, t102 = −1.65, 
P = .10, d = 0.33). For negative beliefs, there was a difference 
between IE + MB and IE + PBO on slope (b = 17.22, t102 = 3.05, 
P = .003, d = 0.60) and acceleration of slope (b = −2.50, 
t102 = −3.34, P = .001, d = 0.66). In summary, IE + PBO showed 
linear trajectory with rate of change; whereas IE + MB had 

a quadratic trajectory of change, suggesting that IE + MB is 
potentially delaying and then later accelerating clinical gains 
in comparison to IE + PBO.

Tolerability of Methylene Blue
There were no severe adverse events (AEs). Four patients 

in IE + MB, 4 patients in IE + PBO, and 1 patient in WL 
experienced mild to moderate AEs during the trial. One 
AE (in IE + MB) resulted in treatment discontinuation; 
it was rated as potentially, but not definitely, related to 
the treatment and likely related to preexisting diagnostic 
comorbidity. Adverse events did not differ significantly 
across treatment conditions. Across sessions, patients in 
IE + MB reported more side effects (mean = 9.70, SD = 5.56) 
than those in IE + PBO (mean = 5.70, SD = 4.00; F1,26 = 4.70, 
P = .04, d = 0.82). As evidenced by the low observed means, 
side effects were rated as minimal. The most common 
side effect was urine or fecal discoloration, an expected 
byproduct.

Rates of dropout did not differ significantly between 
treatment conditions (IE + MB: 33.3%; IE + PBO: 6.3%; WL/
standard PE: 36.4%). In IE + MB, the modal session dropout 
was after session 2 (after first administration of MB), and 
the mean was after session 3, suggesting early rather than 
late dropout; this was not statistically tested. Only 1 patient, 
in IE + PBO, chose to be retreated with standard PE, with 
this person’s data removed for 3-month follow-up analyses.

Indirect Effects of Memory, Distress, and Beliefs
Pretreatment working memory capacity (OSPAN) 

moderated changes between IE + MB and IE + PBO on PTSD 
severity (PSS-SR; b = −10.39, t54 = −2.44, P = .02, d = 0.66), 
depression (b = −4.93, t54 = −2.09, P = .04, d = 0.57), negative 
beliefs (PTCI; b = −39.37, t54 = −2.95, P = .004, d = 0.80), and 
disability (b = 6.33, t53 = −1.83, P = .07, d = 0.50), such that 
those in IE + MB with better working memory made superior 
clinical gains. Distress at the end of session 2, showed a trend 
toward an indirect effect for depression (b = 3.58, t63 = 1.83, 
P = .07, d = 0.46), such that those in IE + MB with higher 
distress showed less reduction in depression than those 
in IE + PBO. Change in negative beliefs mediated changes 
between IE + MB and IE + PBO on PTSD severity (PSS-I; 
b = 7.19, t63 = 2.71, P = .009, d = 0.68), depression (b = 5.78, 
t63 = 3.09, P = .003, d = 0.78), and disability (b = 10.24, 
t62 = 3.83, P < .001, d = 0.97), such that, although cognitive 
changes mediated the effects of IE + PBO, they did not 
mediate the effects of IE + MB.

DISCUSSION

The present study provides preliminary evidence for the 
efficacy of brief IE with MB or PBO, yielding no difference 
across multiple indices compared to the standard PE 
protocol. Initial evidence also points to small to moderate 
differences favoring IE + MB over IE + PBO at follow-up, 
an altered trajectory of change for patients taking MB, and 
potentially different mechanisms driving MB-augmented 

Figure 4. Trajectories of Acute Session Change for Imaginal 
Exposure Plus Methylene Blue (IE + MB) Versus Imaginal 
Exposure Plus Placebo (IE + PBO) in Posttraumatic Stress 
Disorder (PTSD) Severity, Depression, and Negative Beliefs

Abbreviations: PSS-SR = PTSD Symptom Scale–Self-Report, 
PTCI = Posttraumatic Cognitions Inventory, QIDS-SR = Quick Inventory of 
Depressive Symptomatology–Self-Rated.
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The efficacy of brief, daily IE is novel in its use of a 
simplified intervention and is consistent with the growing 
literature showing that shortened interventions produce 
meaningful clinical gains in PTSD.22,45,46 Further, the 
low dropout rate (6.3% in IE + PBO) suggests that this 
intervention may have applications for populations at risk 
for dropout.

MB-augmented IE initially showed a slower rate of 
change, particularly for depression and negative beliefs, 
which accelerated over the course of treatment, whereas 
IE + PBO showed a linear pattern of change. Consistent with 
prior literature,16,47 MB in the early sessions may delay initial 
gains by consolidating the distress experienced in initial 
exposures rather than extinction learning that may occur 
over repeated sessions. Indeed, fear expression activates a 
neural network involving the amygdala and anterior cingulate 
cortex, whereas memory for fear extinction activates 
the ventromedial prefrontal cortex and hippocampus.48 
Accordingly, during early sessions, MB would be expected 
to facilitate “fear-expression,” whereas during later sessions, 
MB would facilitate the “fear-extinction” neural network. 
Consistent with this interpretation is the early dropout in 
MB. Administering MB only in the later sessions of exposure 
may lead to better therapeutic outcomes. Further, gains for 
those receiving MB-augmented exposure may continue 
following treatment, as evidenced by higher reliable change 
for MB versus placebo at 3-month follow-up.

Working memory capacity and change in negative 
beliefs emerged as differential predictors of MB versus 
PBO response. Patients with better working memory made 

stronger clinical gains in IE + MB than those in IE + PBO. 
Consistent with the memory-enhancing properties of 
MB,12,49 perhaps patients with better working memory of the 
extinction learning in sessions show stronger clinical gains. 
In contrast, consistent with other studies,47 self-reported 
distress after IE did not differentially predict outcome, 
with the exception of a trend for depression. As seen in 
d-cycloserine, specific extinction-learning indices have not 
been consistently linked to enhanced exposure outcome.50 
Finally, consistent with the growing evidence that cognitive 
shifts drive PTSD reductions in PE,22–24 changes in negative 
beliefs were associated with greater change in IE + PBO. 
However, this was not the case for IE + MB, arguing for a 
divergent mechanism underlying these effects.16

This was a small clinical trial powered to detect large 
effects, limiting the generalizability of the findings. Analyses 
such as dropout may have emerged as significant if the 
sample size was larger, as these are based on only a few 
people. Augmentation using MB was limited by IE efficacy, 
leaving little room to detect differential effects. The dosage 
and timing of MB were not manipulated. Other doses or 
administration protocols may yield larger effects. A strategy 
of MB administration in the late but not the early sessions 
may have helped mitigate undesired early effects.

This trial provides preliminary evidence for efficacy of 
a 50-minute, 6-session imaginal exposure intervention for 
PTSD, related psychopathology, and functioning. There 
was evidence that MB improved final outcomes, although 
effect sizes were small to moderate. Better tailoring of MB 
augmentation to the late phase of exposure sessions may 
reduce dropout, further accelerate change, and improve 
outcomes.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23842024&dopt=Abstract
http://dx.doi.org/10.4088/JCP.12r08225
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23863892&dopt=Abstract
http://dx.doi.org/10.1001/jamapsychiatry.2013.36
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20546985&dopt=Abstract
http://dx.doi.org/10.1016/j.cpr.2010.04.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23357077&dopt=Abstract
http://dx.doi.org/10.1016/j.neuroimage.2013.01.027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14724055&dopt=Abstract
http://dx.doi.org/10.1016/j.pbb.2003.10.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16179085&dopt=Abstract
http://dx.doi.org/10.1186/1475-2875-4-45
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3091097&dopt=Abstract
http://dx.doi.org/10.1016/0006-3223(86)90265-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3555627&dopt=Abstract
http://dx.doi.org/10.1016/0006-3223(87)90194-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3069136&dopt=Abstract
http://dx.doi.org/10.1016/0006-3223(88)90229-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10952480&dopt=Abstract
http://dx.doi.org/10.1007/s002280000124
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16712801&dopt=Abstract
http://dx.doi.org/10.1016/j.biopsych.2006.03.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12384216&dopt=Abstract
http://dx.doi.org/10.1016/S0304-3940(02)00827-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15792783&dopt=Abstract
http://dx.doi.org/10.1016/j.ejphar.2005.02.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15466319&dopt=Abstract
http://dx.doi.org/10.1101/lm.82404
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17428524&dopt=Abstract
http://dx.doi.org/10.1016/j.pbb.2007.02.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25018057&dopt=Abstract
http://dx.doi.org/10.1176/appi.ajp.2014.13101407


Yo
u 

ar
e 

pr
oh

ib
it

ed
 fr

om
 m

ak
in

g 
th

is
 P

D
F 

pu
bl

ic
ly

 a
va

ila
bl

e.

For reprints or permissions, contact permissions@psychiatrist.com. ♦ © 2017 Copyright Physicians Postgraduate Press, Inc.

It is illegal to post this copyrighted PDF on any website.

e789     J Clin Psychiatry 78:7, July/August 2017

Zoellner et al

therapy for the treatment of anxiety disorders: a 
meta-analysis. J Clin Psychiatry. 
2012;73(4):533–537. PubMed doi:10.4088/JCP.11r07356

18.	 Norberg MM, Krystal JH, Tolin DF. A meta-analysis 
of D-cycloserine and the facilitation of fear 
extinction and exposure therapy. Biol Psychiatry. 
2008;63(12):1118–1126. PubMed doi:10.1016/j.biopsych.2008.01.012

19.	 Rodrigues H, Figueira I, Lopes A, et al. Does 
D-cycloserine enhance exposure therapy for 
anxiety disorders in humans? a meta-analysis. 
PLoS One. 2014;9(7):e93519. PubMed doi:10.1371/journal.pone.0093519

20.	 Barrett D, Shumake J, Jones D, et al. Metabolic 
mapping of mouse brain activity after extinction 
of a conditioned emotional response. J Neurosci. 
2003;23(13):5740–5749. PubMed

21.	 Rojas JC, Bruchey AK, Gonzalez-Lima F. 
Neurometabolic mechanisms for memory 
enhancement and neuroprotection of methylene 
blue. Prog Neurobiol. 2012;96(1):32–45. PubMed doi:10.1016/j.pneurobio.2011.10.007

22.	 Nacasch N, Huppert JD, Su Y-J, et al. Are 
60-minute prolonged exposure sessions with 
20-minute imaginal exposure to traumatic 
memories sufficient to successfully treat PTSD? a 
randomized noninferiority clinical trial. Behav 
Ther. 2015;46(3):328–341. PubMed doi:10.1016/j.beth.2014.12.002

23.	 Mueser KT, Rosenberg SD, Xie H, et al. A 
randomized controlled trial of cognitive-
behavioral treatment for posttraumatic stress 
disorder in severe mental illness. J Consult Clin 
Psychol. 2008;76(2):259–271. PubMed doi:10.1037/0022-006X.76.2.259

24.	 Zoellner LA, Feeny NC, Eftekhari A, et al. Changes 
in negative beliefs following three brief 
programs for facilitating recovery after assault. 
Depress Anxiety. 2011;28(7):532–540. PubMed doi:10.1002/da.20847

25.	 Foa EB, Riggs DS, Dancu CV, et al. Reliability and 
validity of a brief instrument for assessing post-
traumatic stress disorder. J Trauma Stress. 
1993;6(4):459–473. doi:10.1002/jts.2490060405

26.	 Foa EB, Tolin DF. Comparison of the PTSD 
Symptom Scale-Interview Version and the 
Clinician-Administered PTSD Scale. J Trauma 
Stress. 2000;13(2):181–191. PubMed doi:10.1023/A:1007781909213

27.	 Guy W. ECDEU Assessment Manual for 
Psychopharmacology. Revised Edition. 
Washington, DC: US Department of Health, 
Education, and Welfare; 1976.

28.	 Spitzer RL, Williams JB, Gibbon M, et al. The 
Structured Clinical Interview for DSM-III-R (SCID), 

I: history, rationale, and description. Arch Gen 
Psychiatry. 1992;49(8):624–629. PubMed doi:10.1001/archpsyc.1992.01820080032005

29.	 Skre I, Onstad S, Torgersen S, et al. High 
interrater reliability for the Structured Clinical 
Interview for DSM-III-R Axis I (SCID-I). Acta 
Psychiatr Scand. 1991;84(2):167–173. PubMed doi:10.1111/j.1600-0447.1991.tb03123.x

30.	 Williams JB, Gibbon M, First MB, et al. The 
Structured Clinical Interview for DSM-III-R 
(SCID), II: multisite test-retest reliability. Arch 
Gen Psychiatry. 1992;49(8):630–636. PubMed doi:10.1001/archpsyc.1992.01820080038006

31.	 Foa EB, Cashman L, Jaycox LH, et al. The 
validation of a self-report measure of PTSD: the 
PTSD Diagnostic Scale. Psychol Assess. 
1997;9:445–451. doi:10.1037/1040-3590.9.4.445

32.	 Rush AJ, Trivedi MH, Ibrahim HM, et al. The 
16-Item Quick Inventory of Depressive 
Symptomatology (QIDS), clinician rating 
(QIDS-C), and self-report (QIDS-SR): a 
psychometric evaluation in patients with 
chronic major depression. Biol Psychiatry. 
2003;54(5):573–583. PubMed doi:10.1016/S0006-3223(02)01866-8

33.	 Trivedi MH, Rush AJ, Ibrahim HM, et al. The 
Inventory of Depressive Symptomatology, 
Clinician Rating (IDS-C) and Self-Report (IDS-
SR), and the Quick Inventory of Depressive 
Symptomatology, Clinician Rating (QIDS-C) 
and Self-Report (QIDS-SR) in public sector 
patients with mood disorders: a psychometric 
evaluation. Psychol Med. 2004;34(1):73–82. PubMed doi:10.1017/S0033291703001107

34.	 Rush AJ, Trivedi MH, Carmody TJ, et al. Self-
reported depressive symptom measures: 
sensitivity to detecting change in a 
randomized, controlled trial of chronically 
depressed, nonpsychotic outpatients. 
Neuropsychopharmacology. 
2005;30(2):405–416. PubMed doi:10.1038/sj.npp.1300614

35.	 Foa EB, Ehlers A, Clark DM, et al. The 
Posttraumatic Cognitions Inventory (PTCI): 
development and validation. Psychol Assess. 
1999;11(3):303–314. doi:10.1037/1040-3590.11.3.303

36.	 Unsworth N, Heitz RP, Schrock JC, et al. An 
automated version of the operation span task. 
Behav Res Methods. 2005;37(3):498–505. PubMed doi:10.3758/BF03192720

37.	 Ware JE Jr, Sherbourne CD. The MOS 36-item 
short-form health survey (SF-36), I: conceptual 
framework and item selection. Med Care. 
1992;30(6):473–483. PubMed doi:10.1097/00005650-199206000-00002

38.	 McHorney CA, Ware JE Jr, Raczek AE. The MOS 

36-Item Short-Form Health Survey (SF-36), II: 
psychometric and clinical tests of validity in 
measuring physical and mental health 
constructs. Med Care. 1993;31(3):247–263. PubMed doi:10.1097/00005650-199303000-00006

39.	 Sheehan DV, Harnett-Sheehan K, Raj BA. The 
measurement of disability. Int Clin 
Psychopharmacol. 1996;11(suppl 3):89–95. PubMed doi:10.1097/00004850-199606003-00015

40.	 Leon AC, Shear MK, Portera L, et al. Assessing 
impairment in patients with panic disorder: the 
Sheehan Disability Scale. Soc Psychiatry 
Psychiatr Epidemiol. 1992;27(2):78–82. PubMed doi:10.1007/BF00788510

41.	 Wolpe J. The Practice of Behavior Therapy. 4th 
ed. Elmsford, NY: Pergamon Press; 1990.

42.	 Marshall RD, Lewis-Fernandez R, Blanco C, et al. 
A controlled trial of paroxetine for chronic 
PTSD, dissociation, and interpersonal problems 
in mostly minority adults. Depress Anxiety. 
2007;24(2):77–84. PubMed doi:10.1002/da.20176

43.	 Foa EB, Hembree EA, Rothbaum BO. Prolonged 
Exposure for PTSD: Emotional Processing of 
Traumatic Experiences. New York, NY: Oxford 
University Press; 2007.

44.	 Doctor JN. Recovery after treatment and 
sensitivity to base rate. J Consult Clin Psychol. 
1999;67(2):219–227. PubMed doi:10.1037/0022-006X.67.2.219

45.	 Robjant K, Fazel M. The emerging evidence for 
Narrative Exposure Therapy: a review. Clin 
Psychol Rev. 2010;30(8):1030–1039. PubMed doi:10.1016/j.cpr.2010.07.004

46.	 van Minnen A, Foa EB. The effect of imaginal 
exposure length on outcome of treatment for 
PTSD. J Trauma Stress. 2006;19(4):427–438. PubMed doi:10.1002/jts.20146

47.	 Smits JAJ, Hofmann SG, Rosenfield D, et al. 
D-cycloserine augmentation of cognitive 
behavioral group therapy of social anxiety 
disorder: prognostic and prescriptive variables. 
J Consult Clin Psychol. 2013;81(6):1100–1112. PubMed doi:10.1037/a0034120

48.	 Milad MR, Quirk GJ. Fear extinction as a model 
for translational neuroscience: ten years of 
progress. Annu Rev Psychol. 2012;63:129–151. PubMed doi:10.1146/annurev.psych.121208.131631

49.	 Rodriguez P, Zhou W, Barrett DW, et al. 
Multimodal randomized functional MR 
imaging of the effects of methylene blue in the 
human brain. Radiology. 2016;281(2):516–526. PubMed doi:10.1148/radiol.2016152893

50.	 de Kleine RA, Smits JAJ, Hendriks G-J, et al. 
Extinction learning as a moderator of 
D-cycloserine efficacy for enhancing exposure 
therapy in posttraumatic stress disorder. 
J Anxiety Disord. 2015;34:63–67. PubMed doi:10.1016/j.janxdis.2015.06.005

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22579153&dopt=Abstract
http://dx.doi.org/10.4088/JCP.11r07356
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18313643&dopt=Abstract
http://dx.doi.org/10.1016/j.biopsych.2008.01.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24991926&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0093519
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12843278&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22067440&dopt=Abstract
http://dx.doi.org/10.1016/j.pneurobio.2011.10.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25892169&dopt=Abstract
http://dx.doi.org/10.1016/j.beth.2014.12.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18377122&dopt=Abstract
http://dx.doi.org/10.1037/0022-006X.76.2.259
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21721072&dopt=Abstract
http://dx.doi.org/10.1002/da.20847
http://dx.doi.org/10.1002/jts.2490060405
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10838669&dopt=Abstract
http://dx.doi.org/10.1023/A:1007781909213
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1637252&dopt=Abstract
http://dx.doi.org/10.1001/archpsyc.1992.01820080032005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1950612&dopt=Abstract
http://dx.doi.org/10.1111/j.1600-0447.1991.tb03123.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1637253&dopt=Abstract
http://dx.doi.org/10.1001/archpsyc.1992.01820080038006
http://dx.doi.org/10.1037/1040-3590.9.4.445
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12946886&dopt=Abstract
http://dx.doi.org/10.1016/S0006-3223(02)01866-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14971628&dopt=Abstract
http://dx.doi.org/10.1017/S0033291703001107
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15578008&dopt=Abstract
http://dx.doi.org/10.1038/sj.npp.1300614
http://dx.doi.org/10.1037/1040-3590.11.3.303
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16405146&dopt=Abstract
http://dx.doi.org/10.3758/BF03192720
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1593914&dopt=Abstract
http://dx.doi.org/10.1097/00005650-199206000-00002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8450681&dopt=Abstract
http://dx.doi.org/10.1097/00005650-199303000-00006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8923116&dopt=Abstract
http://dx.doi.org/10.1097/00004850-199606003-00015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1594977&dopt=Abstract
http://dx.doi.org/10.1007/BF00788510
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16892419&dopt=Abstract
http://dx.doi.org/10.1002/da.20176
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10224732&dopt=Abstract
http://dx.doi.org/10.1037/0022-006X.67.2.219
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20832922&dopt=Abstract
http://dx.doi.org/10.1016/j.cpr.2010.07.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16929519&dopt=Abstract
http://dx.doi.org/10.1002/jts.20146
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23937345&dopt=Abstract
http://dx.doi.org/10.1037/a0034120
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22129456&dopt=Abstract
http://dx.doi.org/10.1146/annurev.psych.121208.131631
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27351678&dopt=Abstract
http://dx.doi.org/10.1148/radiol.2016152893
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26121495&dopt=Abstract
http://dx.doi.org/10.1016/j.janxdis.2015.06.005

