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Positron Emission Tomography Measurement

of Cerebral Metabolic Correlates of Yohimbine
Administration in Combat-Related Posttraumatic
Stress Disorder

J. Douglas Bremner, MD; Robert B. Innis, MD, PhD; Chin K. Ng, PhD; Lawrence H. Staib, PhD; Ronald M. Salomon,
MD; Richard A. Bronen, MD; James Duncan, PhD; Steven M. Southwick, MD; John H. Krystal, MD; Dayton Rich;
George Zubal, PhD; Holley Dey, MD; Robert Soufer, MD; Dennis S. Charney, MD

Results: Yohimbine resulted in a significant increase
in anxiety in the patients with PTSD, but not in
healthy subjects. There was a significant difference in
brain metabolic response to yohimbine in patients
with PTSD compared with healthy subjects in prefron-
tal, temporal, parietal, and orbitofrontal cortexes.
Metabolism tended to decrease in patients with PTSD
and increase in healthy subjects following administra-
tion of yohimbine.

Background: We have previously reported an increase
in symptoms of anxiety in patients with posttraumatic
stress disorder (PTSD) following administration of the
B,-antagonist yohimbine, which stimulates brain nor-
epinephrine release. Preclinical studies show decreased
metabolism in the neocortex and the caudate nucleus
with high-dose yohimbine-induced norepinephrine
release, but low levels of norepinephrine release result
in an increase in metabolism in these areas.

Conclusion: These findings are consistent with our
fludeoxyglucose F 18 to measure brain metabolism in previous hypothesis of enhanced norepinephrine
Vietnam combat veterans with PTSD (n=10) and release in the brain with yohimbine in patients with
healthy age-matched control subjects (n=10), following PTSD.

administration of yohimbine (0.4 mg/kg) or placebo in '
a randomized, double-blind fashion.

Methods: We used positron emission tomography and
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SYCHIATRISTS HAVE long hy-

pothesized that alterations in

noradrenergic function may

underlie the symptoms of

combat-related posttrau-
matic stress disorder (PTSD).!? Observa-
tions of the symptoms of combat veter-
ans from earlier wars, including sleep
disturbance, hypervigilance, physiologi-
cal arousal, and exaggerated startle re-
sponse, led to the use of terms such as “ir-
ritable soldier’s heart” to describe what
would be classified today as PTSD. This
syndrome was believed to be related to al-
terations in catecholamine levels. Several
recent investigations have provided evi-
dence for the idea that alterations in cat-
echolamine levels, including norepineph-
rine levels, may underlie symptoms of
PTSD.

Preclinical studies also support a role
for norepinephrine in stress.*® Norepineph-
rine cell bodies, primarily located in the lo-
cus caeruleus, release neurotransmitter
centrally in cortical and subcortical struc-
tures.”*? Animal models of stress showed
increased firing of the locus caeruleus and
increased turnover and release of norepi-
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nephrine in these regions,''*?® but in-
creased release of norepinephrine was
shown in chronically stressed animals fol-
lowing administration of the a,-antago-
nist idazoxan, which stimulates brain nor-
epinephrine release through blockade of the
presynaptic a,-receptor. At the level of the
postsynaptic receptor, norepinephrine has
a stimulatory effect with binding to a;-
receptors, an inhibitory effect with post-
synaptic a,-receptors, and excitatory and
inhibitory effects with binding to postsyn-
aptic B-receptors.?*3? Pharmacological
studies in nonhuman primates using
agents that stimulate brain norepineph-
rine release, including the a-adrenergic
blocker phentolamine, and phenylethyl-
amine, showed a dose-dependent effect.
These agents increased cerebral blood flow
at lower doses, and decreased cerebral
blood flow at higher doses.**?* Adminis-
tration to animals of high doses of the a,-
antagonist yohimbine resulted in a de-
crease in brain metabolism in the frontal,
parietal, temporal, postcentral (sensory),
and occipital cortex, the caudate
nucleus,***¢ the olfactory cortex, and the
sulcal cortex.*® Electrical stimulation of the




SUBJECTS AND METHODS

SUBJECT SELECTION

The patient group was comprised of 10 Vietnam veterans
with a history of combat-related PTSD who were admitted
to an inpatient unit for PTSD during a 2-year period who
gave informed consent for participation, met the criteria
for PTSD based on the Structured Clinical Interview DSM-
HI-R (SCID)® (available in 9 of 10 patients), and had a score
of more than 107 (consistent with the diagnosis of PTSD)
on the Mississippi Scale for Combat-Related PTSD, an in-
strument for the measurement of PTSD symptoms.* Com-
bat exposure was documented using the Combat Expo-
sure Scale, a self-report instrument for the quantitation of
level of combat exposure that has documented reliability
and validity. Although the Combat Exposure Scale relies
on self-report, studies showing a correlation between the
score on the Combat Exposure Scale and the level of PTSD
symptoms support the validity of this instrument as a mea-
sure of combat exposure.®” That patients had been ex-
posed to combat in Vietnam also was confirmed by the of-
ficial military record of service in the Vietnam theater when
these were available. In the few cases in which they were
unavailable, an attempt to verify combat status was made
by corroborating history obtained from family members,
interviews with experienced psychiatrist clinicians, and a
review of the patient’s medical records. Patients were ex-
cluded if they had a history of meningitis, traumatic brain
injury, neurologic disorder, current alcohol abuse, schizo-
phrenia based on DSM-III-R criteria, shrapnel or other for-
eign bodies, human immunodeficiency virus infection, or
loss of consciousness for more than 10 minutes. None of
the patients had a history of loss of consciousness within
the last year. Patients were observed for a 2-month period
with frequent toxicology screens for validation of sub-
stance- and alcohol-free status. Patients had been medica-
tion-free for 4 weeks or more at the time of the study.

Healthy subjects (n=10) were recruited through news-
paper advertisements to match the patients for age and sex.
Healthy subjects included men between the ages of 18 and
65 years who were physically healthy and without psychi-
atric disorder as assessed with the SCID for nonpatients or
psychiatric interview using SCID-based criteria. Subjects
were excluded if they had a history of psychiatric disor-
der, exposure to extreme psychological stressor based on
psychiatric interview, or the exclusion criteria described
for the patients. An extreme psychological stressor was de-
fined in accordance with the DSM-III-R criteria as an event
beyond the range of normal human experience that would
be distressing to almost anyone.

There were no differences in demographic variables
between the patients and the controls. Mean (*SEM) age
of the patients with PTSD was 46.7 £0.54 years; in the con-
trols, it was 44.1+2.5 years. All of the patients with PTSD
were white; 7 of 10 controls were white and 3 of 10 were
black (this difference was not statistically significant). All
patients and controls were male and right-handed.

Patients were evaluated with the SCID for comorbid
psychiatric diagnoses. The SCID data were available for
9 of 10 patients. In the patients for whom SCID data
were available, 1 patient met criteria for a lifetime his-
tory of major depression and 3 for a current history of

major depression. One patient met criteria for a lifetime
history of dysthymia and 1 for a current history of dys-
thymia. None of the patients met criteria for a lifetime or
current history of bipolar disorder. One patient met cri-
teria for a lifetime history of hypomania, and none for a
current history of hypomania. Three patients met crite-
ria for a lifetime and current history of panic disorder
with agoraphobia; 1 for a lifetime and current history of
panic disorder without agoraphobia. One patient met
criteria for a lifetime and current history of agoraphobia
without panic disorder, 2 for a lifetime and current his-
tory of social phobia, 2 for a lifetime and current history
of OCD, 1 for a lifetime and current history of simple
phobia, and none for a lifetime or current history of
GAD. No patients met criteria for a lifetime or current
history of schizophrenia; 2 patients met criteria for a
lifetime history and 1 for a current history of psychotic
disorder not otherwise specified. Seven patients met cri-
teria for a lifetime history of alcohol dependence and 1
for alcohol abuse; 1 for sedative, hypnotic, or anxiolytic
dependence and none for abuse; 5 for cannabis depen-
dence and none for cannabis abuse; 1 for stimulant
dependence and 1 for stimulant abuse; none for opiate
dependence or abuse, 1 for cocaine dependence and 2
for cocaine abuse; 2 for hallucinogen or phencyclidine
hydrochloride dependence and 1 for abuse; and 1 for
polydrug dependence and none for abuse.

BEHAVIORAL ASSESSMENTS

Mean (£SEM) score on the Mississippi Scale for Combat-
Related PTSD in the patients with PTSD was 140.4+15.1,
which indicates high levels of PTSD symptoms. Mean
(*£SEM) score on the Combat Exposure Scale in the pa-
tient group was 32.4%7.8 (a high level of combat expo-
sure).

Patients also were evaluated at baseline and 20 min-
utes after yohimbine administration or placebo injection
for anxiety symptoms with the Hamilton Anxiety Scale; panic
attack symptoms with the Panic Attack Symptom Scale
(PASS), clinician and patient versions; and PTSD symp-
toms with the PTSD Symptom Scale, clinician and patient
versions. Panic attacks and flashbacks were defined using
previously described criteria.* In 2 situations, subjects did
not meet criteria for panic attacks using the full criteria but
were judged clinically by 2 investigators (S.M.S. and D.S.C.)
blinded to study conditions as having experienced a panic
attack.

POSITRON EMISSION TOMOGRAPHY (PET)
SCANNING METHODS

All subjects underwent 2 days of testing in a randomized,
double-blind design with administration of yohimbine or
placebo. Subjects were scanned at the Yale/Veterans Af-
fairs Positron Emission Tomography Center, West Ha-
ven, Conn, with a 21-slice camera (Posicam 6.5, Positron
Corp, Houston, Tex), with 5.125-mm interslice distance.
The resolution of the camera in-plane is 5.8 mm and 11.9
mm in the z-axis.%® The sensitivity of the camera mea-
sured in a 20-cm-diameter cylinder phantom can be ex-
pressed as the system sensitivity (165000 kcounts/s per

Continued on next page
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microcurie per cubic centimeter); slice sensitivity (9.5
kcounts/s per microcurie per cubic centimeter); or the sen-
sitivity/axial cm (8.0 kcounts/u.Ci per cubic centimeter per
axial centimeter). An intravenous line was inserted in the
hand and warmed with heating pads for measurement of ar-
terialized venous blood samples. Subjects received yohim-
bine (0.4 mg/kg) or placebo intravenously for 10 minutes
immediately followed by injection of 5 mCi of FDG in a single
iniravenous bolus and auumius with €y€s open ina d:li‘l‘l'l'y‘
lit room. A PET image was reconstructed 30 to 50 minutes
after injection to determine brain tissue activity. Brain and
tissue time-activity curves were then combined for measure-
ment of cerebral glucose metabolic rate in milligrams per
minute per 100 mL using the fixed rate constant approach
of Sokoloff et al.* Separate kinetic rate constants were used
for gray and white matter.”® Images were attenuation-
corrected based on a transmission scan performed with a ’Ga/
%Ge rotating rod source and reconstructed using a spatially
varying convolution scatter subtraction technique and a But-
terworth filter. A 20-cm cylindrical fluid-filled phantom was
scanned on the same day as each study to obtain a calibra-
tion factor for each of the 21 slices.

PET-MRI COREGISTRATION

Magnetic resonance imaging scans were obtained in all sub-
jects for coregistration with PET (Figure 1). Magnetic reso-
nance imaging scans of 3-mm contiguous slices were obtained
with a 1.5-T scanner (Signa, General Electric, Milwaukee,
Wis). Axial images were acquired with aspoiled gradient re-
call acquisition in the steady state sequence with repetition
time=25 ms, echo time=35 ms, number of excitations=2, flip
angle=30°, matrix=256 X256, field of view=24 cm. The PET
and MRI scans were transferred using a computer network
to a SUN Sparc10 Workstation (SUN Microsystems, Moun-
tain View, Calif). Analyze™ was used for coregistration of
PET and MRI scans using a surface-matching algorithm.”
The MRI was then resliced to obtain 21 MRI slices, each of
which corresponded to 1 of the 21 PET slices.

MEASUREMENT OF REGIONS OF INTEREST

Regions of interest measurements on resliced MRI were per-
formed by a blinded investigator using specific criteria de-
veloped in conjunction with a neuroradiologist (R.A.B.).
These criteria were developed for reproducibility of mea-
surements between observers and to have criteria based on
an anatomical atlas that allows for the use of a common
terminology and that is available to general access.” We
have shown high levels of agreement between 2 raters us-
ing these criteria (J.D.B., Gabriel De Erasquin, MD, Eric Ver-
metten, MD, et al, unpublished data, March 15, 1996) (avail-
able on request). Templates for regions of interest drawn
on the MRI were transferred to the PET by the Analyze

computer program. These included the neocortical re-
gions and the caudate nucleus (Table 1), which were hy-
pothesized to change based on the aforementioned pre-
clinical studies. Pons, midbrain, and white matter were not
anticipated to change with yohimbine administration and
were selected as comparison regions to assess the specific-
ity of the effect of yohimbine. The other regions were ex-
amined on an exploratory basis because they have norad-
renergic innervation (Table 1). Global brain metabolism
was calculated by obtaining the mean of bilateral poste-
rior white matter measurements and the mean of all gray
matter measurements, with a 50% weighting to gray mat-
ter and a 50% weighting to white matter.

DATA ANALYSIS

Three-way repeated measures analysis of variance (ANOVA)
with drug (yohimbine vs placebo) as the repeated measure
and diagnosis and laterality (left vs right) as factors was used
to examine the effects of yohimbine on metabolism in pa-
tients vs controls for specific regions of interest. Hypoth-
esized regions of interest (Table 1), based on animal studies
of areas that have been shown to decrease in metabolism with
yohimbine administration, were initially combined in a single
model and compared with all nonhypothesized regions for
the effects of yohimbine on metabolism in patients and con-
trols. We also compared metabolic response to yohimbine
in patients vs controls in individual brain regions, includ-
ing hypothesized and nonhypothesized regions. Possible
asymmetries were assessed by including left and right sides
for each region and conducting a 3-way ANOVA for each of
the regions given in Table 1 with hemisphere (left vs right)
as a factor in the ANOVA.

Exploratory analyses included univariate analyses to
compare patients who had PTSD with controls at baseline
(placebo day), and to compare placebo and yohimbine days
within the control subjects. The Bonferroni correction (di-
viding the a value of .05 by the number of comparisons
[18], or P=.05/18=.003) was used to adjust the level of sig-
nificance for the potential confounder of multiple com-
parisons for all exploratory analyses.

Behavioral data (Hamilton Anxiety Scale and PASS cli-
nician scores) were analyzed using nonpaired 2-tailed ¢ tests
to compare scores at baseline with scores 20 minutes after
infusion of yohimbine or placebo (Table 2). The relation
between behavioral data (the difference between baseline-
subtracted anxiety scores (measured with the PASS clini-
cian, PASS patient, and Hamilton Anxiety Scale) with yo-
himbine and baseline-subtracted anxiety scores with placebo
and placebo-subtracted metabolism with yohimbine (a sub-
traction of brain metabolism on the placebo day from brain
metabolism on the yohimbine day) was analyzed using Pear-
son product correlations. Results are reported as mean
(*£SEM).

locus caeruleus resulted in a decrease in brain metabo-
lism*” and blood flow*** in several cortical and subcor-
tical regions, but lesions of the locus caeruleus had the
opposite effect.** In summary, high levels of norepi-
nephrine release cause a decrease in blood flow and me-
tabolism in brain areas that receive noradrenergic inner-
vation, but low levels of norepinephrine release increase
blood flow and metabolism.

Evidence for alterations in noradrenergic brain sys-
tem function in patients with PTSD* includes (1) in-
creased resting heart rate and blood pressure,** and in-
creases in heart rate and systolic blood pressure with
reminders of combat trauma,** (2) increased urinary
norepinephrine and epinephrine in some studies®**! but
not others,’? (3) increased plasma epinephrine* and nor-
epinephrine following exposure to traumatic remind-
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Figure 1. Positron emission tomography (PET) and magnetic resonance
imaging (MRI) coregistration using the Chamfer surface-malching
technique. The images represented include a PET fludeoxyglucose F18
scan of a patient with PTSD at baseline (left), an MR/ resliced to
correspond to the PET (center), and a fused PET and MR image (right). A
fiducial marker, filled with fludeoxyglucose F 18, is also visualized (arrow),
which was used to check for head movement during the scan.

ers but not baseline plasma norepinephrine,*** (4) de-
creased adrenergic receptors on platelets,’* and (5)
increased methoxyhexene phenylglycol after yohim-
bine administration and flashbacks in 40% and panic at-
tacks in 70% of patients.”® Yohimbine administration also
resulted in an increase in panic attacks and plasma meth-
oxyhexene phenylglycol in patients with another anxi-
ety disorder, panic disorder,”’* but not in patients with
generalized anxiety disorder (GAD),* depression,* ob-
sessive-compulsive disorder (OCD),*! or schizophre-
nia.*” We hypothesized®®* that PTSD is associated with
an increase in responsiveness to the noradrenergic agent
yohimbine, which results in patients with PTSD “seeing”
higher levels of yohimbine than the controls. One would
predict that yohimbine causes high levels of norepineph-
rine release in the brain of subjects with PTSD, which re-
sults in decreased metabolism, and lower levels of nor-
epinephrine release in controls, with increased metabolism.

Little is known about central brain function in pa-
tients with PTSD. We previously reported a decrease in
right hippocampal volume as measured with magnetic
resonance imaging (MRI) with associated deficits in short-
term verbal memory®>** in Vietnam combat veterans with
PTSD compared with controls. The purpose of this study
was to use PET fludeoxyglucose F 18 (FDG) in the mea-
surement of cerebral metabolism following administra-
tion of yohimbine and placebo in Vietnam combat vet-
erans with PTSD and in healthy subjects. We hypothesized
that yohimbine administration in patients with PTSD
would be associated with a decrease in brain metabo-
lism compared with controls in brain regions that have
been shown to decrease in metabolism with yohimbine
in preclinical studies, namely neocortical areas and the
caudate nucleus.

— T

BEHAVIORAL EFFECTS OF YOHIMBINE

Six of 10 patients with PTSD had a panic attack with yo-
himbine administration, compared with none of the con-
trols, and 3 of 10 patients with PTSD had a flashback with
yohimbine administration compared with none of the con-
trols. Patients with PTSD had a significant increase from

baseline to 20 minutes after yohimbine administration in
anxiety as measured by the Ham-D (9.3+1.9vs 20.3%2.4)
(t=3.6, df=18; P<.01) and panic attack symptoms as mea-
sured by the PASS-clinician (30.71.4vs39.5+1.9) (t=3.7,
df=18; P<.01) and PASS patient (31.9+1.8 vs 41.2+2.4)
(t=3.1, df=18; P<.01). Controls did not have an increase
in anxiety or panic symptoms with yohimbine. Neither pa-
tients nor controls had an increase in anxiety or panic symp-
toms on the placebo day (Table 2). These findings are simi-

VIATIG ranarte
lar to our previous reports.

EFFECTS OF YOHIMBINE ON REGIONAL
CEREBRAL METABOLISM

Two-way analysis of variance (ANOVA) with repeated
measures for drug administration (placebo vs yohim-
bine) showed a significant difference in yohimbine re-
sponse between the patients with PTSD and the con-
trols when all regions that were hypothesized to change
based on preclinical studies (neocortical regions and the
caudate nucleus) were combined in a single model (main
effect for drug, F[1,438]=90.65, P<.001; drug by diag-
nosis interaction, F[1,438]=29.05, P<.001). As pre-
dicted, patients with PTSD had a decrease in metabo-
lism with yohimbine administration compared with
placebo (t=2.09, df=238; P=.02), while controls had an
increase in metabolism with yohimbine administration
compared with placebo (¢=5.27, df=238; P<.001). When
hypothesized regions were examined individually, sig-
nificant differences between patients and controls were
observed for orbitofrontal cortex (main effect for drug,
F[1,78]=5.18, P<.05; main effect for diagnosis,
F[1,78]=13.10, P<.001; drug by diagnosis interaction,
F[1,78]=12.71, P=<.006) (Figure 2), temporal cortex
(main effect for diagnosis, F[1,78]=37.94, P<.001: drug
by diagnosis interaction, F[1,78] =5.30, P<.05), prefron-
tal cortex (main effect for drug, F[1,78]=5.98, P<.05:
main effect for diagnosis, F[1,78]=25.1, P<.001; drug
by diagnosis interaction, F=5.69, P<.05), and parietal
cortex (main effect for diagnosis, F[1,78]=16.07, P<.001:
drug by diagnosis interaction, F[1,78]=4.29, P<.05), but
not occipital cortex or postcentral gyrus (sensory cor-
tex) (Table 1). Healthy subjects had an increase in me-
tabolism with yohimbine administration compared with
placebo in orbitofrontal cortex (t=3.79, df=39; P<.005)
and prefrontal cortex (¢t=3.18, df=39; P=.003).
Repeated measures ANOVA showed a significant dif-
ference between patients and controls when all nonhy-
pothesized regions (Table 1) were combined in a single
model (main effect for diagnosis, F[1,438]=34.5, P<.001;
drug by diagnosis interaction, F[1,438]=25.32, P<.001).
In the patients with PTSD, metabolism decreased with yo-
himbine administration compared with placebo (t=3.91,
df=238; P<.001), but in the controls, metabolism in-
creased with yohimbine administration compared with pla-
cebo (t=3.29, df=238; P=.001). When these regions were
examined individually, however, a difference in yohim-
bine response between patients and controls was ob-
served in only 1 region, globus pallidus (main effect for
diagnosis, F[1,38]=7.96, P<.01; drug by diagnosis inter-
action, F[1,38]=7.36, P<.05), which was not significant
after correction for multiple comparisons. When patients
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Table 1. Metabolic Rates With Yohimbine Administration in Patients With Posttraumatic Stress Disorder.and Controls*
- 3-Way Analysis of
G “. Variance Drug by
Controls (n=10) Patients With P Diagnosis Interaction
1
Brain Region " Placebo Yohimbine " Placebo P
Hypathesized Regiont
Orbitofrontal cortex 7.60 (0.25) ©.10.20(0.46) . 7.40 (0.21) . <.001§
Parietal cortex 10.00 (0.34) 1120(041) 9.00 (0.23) 04
Prefrontal cortex 11.30 (0.43) ' o 9.50 (0.26) 02i§
Temporal cortex 110.80 (0.31) 9.20 (0.20) -02¢
Postcentral gyrus 9.70(0.37) ~820(0.22) 26
Occipital cortex 4970 (0.31) . ~1-8.60 (0.23) 61
Caudate nucleus 11,10 (0.41) 9,70 (0.26) 14
g Ll othesized Reglon
Putamen <, ¢ 11,50 (0.45) - £4.5710.20 (0.31) A2
- Globus pallidus :+6.70 (0.27) - 6.20 (0.27) 01
Thalamus - ;. . .8.00(0.27) : 7.20(0.30) 15
Cingulate °10.90 (0.33) - 9.10(0.33) 30
Parahippocampal +7.60(0.32) ©6.20 (0.26) <.07
Hippocam 7.00(027) . 6.60 (0.18) A5%*
‘ 6.30(0.23) 560 (0.17) A7
; 118.80 (0.31) 8.10(0.26) - 101t
Midbrain™ ~ - 5.40 (0:29) i 4.80 (0.22) 26
Pons 5,80 (0.28) - 5.20(0.29) © 4.90 (0.23) 50
Global metabolism | 7.00(0.31) 8.20 (0.33) 7.00 (0.22) 6.1 A2

*Regional metabolic rates are given as mean (SEM) milligrams per minute per 100 mL of glucose. PTSD indicates post-traumatic stress disorder.
tHypothesized regions include those found to change with yohimbine administration in unconflicted animal studies; significant main effects for diagnosis

were found in all hypothesized regions.

tNonhypothesized regions include those not found to change with yohimbine in animal studies; significant main effects for diagnosis (P<.05) were found

in all nonhypothesized regions except hippocampus and global meltabolism.

§/ncrease in metabolism within the control group with yohimbine vs placebo administration (P<.007).
\Decrease in metabolism for PTSD group vs control group on placebo day (P=.02).

Y/ncrease in metabolism within the control group with yohimbine vs placebo administration (P<.003).
#Decrease in metabolism in PTSD group vs control group on placebo day (P<.003).

*xDecrease in metabolism within PTSD group with yohimbine vs placebo administration (P=.006).
ttincrease in metabolism within control group with yohimbine vs placebo administration (adjusted P=.003).

with PTSD were considered alone, there was a significant
decrease on the yohimbine administration day compared
with the placebo day in the hippocampus (t=3.08, df=19,
P=.006) (Table 1). Global metabolism with yohimbine ad-
ministration did not differ between patients and con-
trols. When an additional analysis was performed for each
region (Table 1) using 3-way repeated measures ANOVA
with hemisphere (right vs left) entered as a factor (in ad-
dition to drug [yohimbine vs placebo] and diagnosis [PTSD
vs controls]), there was no significant main effect for hemi-
sphere for any of the individual regions.

Exploratory univariate analyses also were per-
formed to examine differences in metabolism at base-
line between patients and controls. Patients with PTSD
had a significant decrease in metabolism at baseline (pla-
cebo day) compared with controls, which was signifi-
cant after correction for multiple comparison (18) (ie,
P=.05/18=.0029) for temporal cortex (F[1,78]=9.63;
P=.003), but not prefrontal cortex (F[1,78]=6.05; P=<.02).

RELATION BETWEEN BEHAVIORAL
MEASURES OF ANXIETY AND REGIONAL
CEREBRAL METABOLISM

A relation did not exist between the difference
between baseline-subtracted anxiety scores on the

yohimbine and placebo days and placebo-subtracted
metabolism with the yohimbine day in patients or
controls for any brain region in this study. Of the
patients who met criteria for panic disorder without
agoraphobia, 2 of 3 had a panic attack with yohimbine
administration, but the patient who met criteria for
panic disorder with agoraphobia did not have a panic
attack with yohimbine administration, and 3 of 5
patients without panic disorder had a panic attack
with yohimbine administration. The single patient for
whom the SCID was unavailable had a panic attack
with yohimbine administration. No statistically signifi-
cant differences were observed in placebo-subtracted
metabolism with yohimbine administration in patients
with PTSD who had a panic attack with yohimbine
administration (n=6) compared with patients with
PTSD who did not have a panic attack with yohimbine
(n=4). A pattern of a decrease in placebo-subtracted
metabolism with yohimbine administration was
observed in the patients who had a panic attack com-
pared with those who did not have a panic attack,
with the magnitude of the difference being greatest for
orbitofrontal cortex (—1,73%0.89 vs 0.03%20.94) and
hippocampus (—2.14+1.02 vs —0.74£0.47). The lack
of a statistically significant difference may be due to
the small number of subjects in each subgroup.
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Table 2. Scores on Bgt{aﬁioral Ratings Following Administration of Yohlmpiqé‘aad ~Plé‘,'l»g;;liu‘*"‘,

Controls (n=10)

’ ST 1
Behavioral Rating - "Baseline . +20 Minutes

Hamitton Anxiety Scale i 1.3(0.4) 0.8 (0.5)
Panic Attack Symptom Scale - :
Clinician . :
- Patent . .
_PTSD Symptom Scale -
* Clinician . # ~° -
= Patieat” .+ ..

27.8(0.4)

215(02) - ;
: 28,0 (0.4)

_Hamitton Anxiety Scale .
" Panic Attack Symptorn Scal
“Clinician
« ¢ Patient--
PTSD Symptom Scale
. «Cliniclan,
o Patient ..

23-3?0{8)}’ 5

305 (19t 23108

412040t

ik

*Values are given as mean (SEM). PTSD indicates posttraumatic stress disorder.
tP<.01.

m 20+ 204

Administration of the a,-antagonist yohimbine, which
results in an increase in anxiety in patients with PTSD
but not in healthy subjects, was associated with a sig-
nificantly different metabolic response pattern in pa-
tients with PTSD compared with healthy subjects in neo-
cortical brain regions that were hypothesized to change
based on preclinical studies, including temporal, pre-
frontal, parietal, and orbitofrontal cortex. There was a ten-
dency for yohimbine to be associated with a decrease in
metabolism in the patients with PTSD and an increase
in metabolism in the healthy subjects, with significant 24 24
decreases in the hippocampus in patients with PTSD and
significant increases in prefrontal and orbitofrontal cor-
tex in the controls. These findings may be explained by
a dose-dependent effect of norepinephrine on brain me-

Glucose Metabolic Rate, mg/min per 100 mL
s
3

0 T 0 T T
Placebo Yohimbine Placebo Yohimbine

Figure 2. Regional glucose metabolism in orbitofrontal cortex with placebo
and yohimbine administration in controls (left) and patients with

tabolism. Pharmacological studies®* showed that high posttraumatic stress disorder (right). Symbols represent metabolism in
levels of norepinephrine release in the brain are associ- individual subjects on the days of placebo and yohimbine administration.
ated with a decrease in brain metabolism. and lower lev- Analysis of variance with repeated measures for drug showed a significant

. R . . R . interaction between drug and diagnosis in orbitofrontal cortex.
els result in an increase in brain metabolism. Yohim- i g

bine administration in normal controls may be associated

with lower levels of norepinephrine release in central brain cally at the level of the locus caeruleus, with a greater
regions than in patients with PTSD, which results in in- release of norepinephrine centrally in the brain com-
creased metabolism. Consistent with this, a study with pared with controls, which is associated with decreased
another a,-antagonist, idazoxan, has shown an increase neuronal function (and therefore metabolism). Con-
in prefrontal and occipital metabolism measured with PET versely, in healthy subjects, the effects might be pri- !
FDG in healthy human subjects.™ A large increase in nor- marily on postsynaptic a,-receptors, with blockade re-
epinephrine in patients with PTSD, on the other hand, sulting in a release of postsynaptic a,-receptor—
may lead to decreased metabolism. We are positing that mediated inhibition of cortical neuronal function.
patients with PTSD are in effect “seeing” higher doses of Consistent with the idea of a dose-dependent effect of
yohimbine than the controls, due to an increased sensi- norepinephrine on metabolism, PET studies in healthy
tivity to yohimbine in PTSD. subjects showed that mild degrees of stress increased ce-
Alterations in specific noradrenergic receptors (a,, rebral blood flow, but severe stress decreased blood flow,”
a;, and B) in the brain®*7>7¢ in patients with PTSD com- with an inverse correlation between metabolism in fron-
pared with controls also may account for our findings. tal and temporal cortex shown.®7°
One might speculate that in patients with PTSD, the pri- We considered the possibility that yohimbine af-
mary effect of yohimbine on a,-receptors is presynapti- fects brain metabolism through effects on the cerebral
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vasculature.® Studies of intracarotid injection of norepi-
nephrine in dogs® and humans® have not shown an ef-
fect of norepinephrine on brain blood flow. We have con-
ducted preliminary studies using the Patlak Plot method,*
in which the rate constant parameter K, which reflects
FDG uptake from the blood into the brain and is hence
influenced by blood flow, is not fixed as it is in the So-
koloff method. Preliminary results from these analyses
suggest that similar results are obtained from the Patlak
Plot and Sokoloff methods.

One might question whether our results are sec-
ondary to comorbid disorders in the Vietnam veterans
with PTSD. Vietnam combat veterans with PTSD have
high rates of comorbidity with other psychiatric disor-
ders, ranging from 62% to 88%, most commonly depres-
sion, anxiety disorders, and alcohol and substance abuse
and dependence.® Exclusion of patients with PTSD with
comorbidity, however, would represent a highly atypi-
cal and potentially biased sample. The question of co-
morbidity with OCD, GAD, panic disorder, depression,
and other disorders has been carefully assessed in the bio-
logical studies that have been performed in patients with
PTSD.? These studies, using psychophysiological re-
sponsivity,* startle response,* dexamethasone suppres-
sion test,¥” and hippocampal volume,** did not show a
difference between patients with PTSD with and with-
out comorbid disorders that included OCD, GAD, panic
disorder, depression, and alcohol and substance abuse
disorders. Our previous studies have shown an exagger-
ated behavioral and biochemical responsiveness to yo-
himbine in patients with PTSD* and panic disorder,>**
but not patients with GAD,” depression,* OCD,* or
schizophrenia.®?

These studies did not resolve, however, whether our
findings might be due to the presence of comorbid panic
disorder. Previous PET and single photon emission com-
puted tomography studies in patients with anxiety dis-
orders, including panic disorder,%*® showed alterations
in similar brain regions to the current study, including a
blunting of cortical blood flow to lactate® and yohim-
bine® in panic disorder. Patients with PTSD, with and
without comorbid diagnoses of panic disorder, often ex-
perience panic anxiety, often in the context of flash-
backs,” and symptoms of panic disorder and PTSD have
been linked temporally with exposure to the trauma of
war in Vietnam combat veterans.'® In our experience,
patients with primary diagnoses of combat-related PTSD
and comorbid panic disorder are not clinically equiva-
lent to our patients with primary panic disorder. Find-
ings suggest, however, that PTSD and panic disorder share
alterations in noradrenergic system function. Our pre-
vious studies showed high rates of yohimbine-induced
panic attacks in PTSD, and an increase in plasma levels
of the metabolite of norepinephrine, methoxyhexene
phenylglycol, following administration of yohimbine, in
patients with PTSD with a yohimbine-induced panic at-
tack compared with patients with PTSD without a yo-
himbine-induced panic attack.’® We attempted to exam-
ine the relation between panic anxiety and brain metabolic
response to yohimbine in the current study by compar-
ing patients with PTSD with and without a yohimbine-
induced panic attack. Patients with a yohimbine-

induced panic attack (which occurred in 60% of patients)
had a pattern of a greater reduction in metabolism with
yohimbine administration than did patients without a
yohimbine-induced panic attack, a difference that did
not reach statistical significance, possibly due to the
small sample size. In summary, questions remain about
the relation between the neurobiological characteristics
of PTSD and panic disorder that are not answered by

our findings. Future studies are required to investigate

the relation between the neurobiological characteristics

of PTSD and the neurobiological characteristics of panic
disorder.
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