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MRI-Based Measurement of Hippocampal Volume in Patients
With Combat-Related Posttraumatic Stress Disorder

J. Douglas Bremner, M.D., Penny Randall, M.D., Tammy M. Scott, M.S.,
Richard A. Bronen, M.D., John P. Seibyl, M.D., Steven M. Southwick, M.D.,
Richard C. Delaney, Ph.D., Gregory McCarthy, Ph.D.,

Dennis S. Charney, M.D., and Robert B. Innis, M.D., Ph.D.

Objective: Studies in nonhuman primates suggest that bigh levels of cortisol associated with
stress have neurotoxic effects on the hippocampus, a brain structure involved in memory. The
authors previously showed that patients with combat-related posttraumatic stress disorder
(PTSD) had deficits in short-term memory. The purpose of this study was to compare the hip-
pocampal volume of patients with PTSD to that of subjects without psychiatric disorder.
Method: Magnetic resonance imaging was used to measure the volume of the hippocampus in
26 Vietnam combat veterans with PTSD and 22 comparison subjects selected to be similar to
the patients in age, sex, race, years of education, socioeconomic status, body size, and years of
alcohol abuse. Results: The PTSD patients had a statistically significant 8% smaller right hippo-
campal volume relative to that of the comparison subjects, but there was no difference in the
volume of other brain regions (caudate and temporal lobe). Deficits in short-term verbal memory
as measured with the Wechsler Memory Scale were associated with smaller right bippocampal
volume in the PTSD patients only. Conclusions: These findings are consistent with a smaller right

hippocampal volume in PTSD that is associated with functional deficits in verbal memory.

(Am J Psychiatry 1995; 152:973-981)

atients with combat-related posttraumatic stress
disorder (PTSD) clinically demonstrate altera-
tions in memory, including nightmares, flashbacks,
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intrusive memories, and amnesia for war experiences.
In addition, descriptions from all wars of this century
document alterations in memory occurring in combat
veterans during or after the stress of battle. These in-
clude forgetting one’s name or identity and forgetting
events that had just taken place during the previous
battle (1, 2), as well as gaps in memory that continue
to recur for many years after the war (3). Servicemen
who had been prisoners of war during the Korean
conflict were found to have an impairment in short-
term verbal memory, as measured by the logical mem-
ory component of the Wechsler Memory Scale, in
comparison with veterans of the Korean war who did
not have a history of imprisonment (4). We also found
deficits in short-term verbal memory, as measured by
the logical memory component of the Wechsler Mem-
ory Scale, in Vietnam combat veterans with combat-
related PTSD in comparison with healthy subjects
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HIPPOCAMPAL VOLUME IN PATIENTS WITH PTSD

who were matched for age, years of education, and
alcohol abuse (5).

Several lines of evidence suggest a relation between
stress and damage to the hippocampus (6). The hip-
pocampus and the adjacent perirhinal, parahippocam-
pal, and entorhinal cortex play an important role in
short-term memory (7). Studies in humans have shown
that reductions in hippocampal volume secondary to
either neurosurgery (8) or the pathophysiological ef-
fects of epilepsy (9) are associated with deficits in short-
term memory as measured by the Wechsler Memory
Scale. Monkeys exposed to the extreme stress of im-
proper caging have shown increased glucocorticoid re-
lease as well as damage to the CA2 and CA3 subfields
of the hippocampus (10). Studies in a variety of animal
species suggest that direct glucocorticoid exposure re-
sults in a loss of neurons and a decrease in dendritic

branching in the hippocampus (11, 12) with associated -

deficits in memory function (13). The mechanism of ac-
tion of glucocorticoid toxicity is probably through an
increase in the vulnerability of neurons to the toxicity
of excitatory amino acids (14-16). Studies using com-
puted tomography in human subjects who are exposed
to high levels of glucocorticoids secondary to glucocor-
ticoid steroid therapy (17, 18) or who have affective
disorders (also felt to be related to stress) {(19) have
shown changes in brain structure, including ventricular
enlargement and widening of the cortical sulci. Mag-
netic resonance imaging (MRI) studies in patients with
affective disorders have shown a smaller right hippo-
campal volume (20) and temporal lobe volume (21) in
bipolar disorder and abnormalities of the hippocam-
pus, including alterations in T; (22), but no change in
hippocampal volume (23) in major depression. One
MRI study (24) found a relation between deficits in
short-term memory and smaller hippocampal volume,
as well as higher plasma cortisol levels and smaller hip-
pocampal volume, in patients with Cushing’s disease.
Stress in both healthy human subjects (25) and soldiers
undergoing random artillery bombardment (26) results
in an increase in urinary cortisol, suggesting the possi-
bility that exposure to the extreme stress of combat may
be associated with damage to the hippocampus.

The purpose of this study was to use MRI to measure
the volume of the hippocampus and comparison brain
structures in patients with PTSD and in matched com-
parison subjects. We hypothesized that PTSD would be
associated with smaller hippocampal volume in rela-
tion to that of the comparison subjects. We also hy-
pothesized that smaller hippocampal volume would be
associated with deficits in short-term verbal memory in
patients with PTSD.

METHOD

Subjects

The patient group consisted of 26 Vietnam veterans with a history
of combat-related PTSD who were recruited from the inpatient unit
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of the National Center for Posttraumatic Stress Disorder, Division of
Clinical Neurosciences, West Haven Veterans Affairs Medical Cen-
ter, over a 3-year period. Each veteran gave informed consent for
participation, met the DSM-III-R criteria for PTSD on the basis of the
Structured Clinical Interview for DSM-III-R (SCID) (27), had a score
of more than 107 (consistent with the diagnosis of PTSD) on the Mis-
sissippi Scale for Combat-Related Posttraumatic Stress Disorder (28);
and was judged by consensus diagnosis of three psychiatrists (includ-
ing J.D.B. and S.M.S.) to meet the criteria for PTSD. Exposure to
combat in Vietnam was confirmed by official military records of serv-
ice in Vietnam when these were available.

Patients were excluded if they had"a history of psychotropic medi-
cation use within the past 3 weeks, meningitis, traumatic brain injury,
neurological disorder, HIV-positive status, current alcohol or sub-
stance abuse or lifetime schizophrenia according to the SCID, or
shrapnel or other foreign bodies that would preclude MRI scanning.
Patients were observed for a 2-month period as inpatients, with fre-
quent toxicology screens for validation of drug- and alcohol-free
status. The study group consisted of 25 patients who had never lost
consciousness for longer than 10 minutes, and one patient who had
had a loss of consciousness lasting 1 hour and was matched with a
comparison subject who had a similar history. None of the patients
had a history of loss of consciousness within the past year. About
80% of PTSD patients have comorbid diagnoses of lifetime alcohol
and/or drug dependence, and it was felt that excluding these patients
would result in a nonrepresentative group. We therefore decided to
select the comparison subjects for a history of alcohol dependence as
described below.

Patients were evaluated with the SCID for comorbid psychiatric
diagnoses; SCID data were not available for one patient. Data on the
comorbid diagnoses of the other 25 patients are shown in table 1.

The 22 comparison subjects were carefully selected to be similar to
the patients in age, sex, race, handedness, height, weight, years of
education, socioeconomic status, and years of alcohol abuse. The
comparison subjects were largely recruited from a crew of construc-
tion workers but also included other nonprofessional workers, in or-
der for them to be similar in socioeconomic status to the patients. The
Addiction Severity Index interview (29) was used to assess total years
of lifetime alcohol abuse, defined as drinking to the point of intoxi-
cation (three or more drinks per day) on a regular basis (3 or more
days per week). We did not attempt to select comparison subjects so
as to have a group with a history of substance abuse similar to that
of the patients. The rationale for this was the difficulty of matching
subjects on more than 10 factors and the fact that we are not aware
of any evidence connecting other substances of abuse (besides alco-
hol) and hippocampal damage. Potential comparison subjects were
excluded if they were judged to have a history of psychiatric disorder
on the basis of a psychiatric interview or if they met the other exclu-
sion criteria outlined for the patients. Informed consent was obtained
from all comparison subjects.

Clinical assessments administered as part of this study included the
Mississippi Scale for Combat-Related Posttraumatic Stress Disorder
(28), a self-report measure of current PTSD symptom severity; the
Combat Exposure Scale (30), a self-report instrument; and the Disso-
ciative Experiences Scale (31), a self-report instrument for the assess-
ment of general dissociative symptoms, which are increased in PTSD
(32). Verbal memory was assessed with the logical component and
visual memory with the figural component of the Wechsler Memory
Scale, with percent retention calculated as delayed recall divided by
immediate recall multiplied by 100, as described in detail in our pre-
vious publication (5). Wechsler Memory Scale data were available for
14 comparison subjects and 21 PTSD patients. Of these subjects, all
of the comparison subjects and 16 of the 20 PTSD patients had been
included in our previously reported study group (5).

MRI

Magnetic resonance images of 3-mm contiguous brain slices were
obtained with a 1.5-T General Electric Signa device (figure 1). Images
were acquired with a spoiled GRASS (gradient recall acquisition in
the steady state) sequence, with TR=25 msec, TE=5 msec, number of
excitations=2, matrix=256x256 pixels, and field of view=16 cm. This
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TABLE 1. Comorbid Diagnoses of 25 Male Patients With PTSD*

Diagnosis N %
Major depression
Current 12 48
Lifetime 17 68
Dysthymia
Current 8 32
Lifetime 8 32

Bipolar disorder

Mixed, manic, or depressed 0 0
Not otherwise specified
Current 1 4
Lifetime 2 8
Panic disorder
With agoraphobia
Current 8 32
Lifetime 8 32
Without agoraphobia
Current 3 12
Lifetime 3 12
Agoraphobia without panic disorder
Current 6 24
Lifetime 6 24
Social phobia
Current 4 16
Lifetime 5 20
Obsessive-compulsive disorder
Current 7 28
Lifetime 7 28
Generalized anxiety disorder
Current 1 4
Lifetime 1 4
Simple phobia
Current 1 4
Lifetime 1 4
Psychotic disorder not otherwise specified
Current 1 4
Lifetime 1 4
Bulimia
Current 1 4
Lifetime 1 4
Alcohol dependence, lifetime 19 76
Alcohol abuse, lifetime 2 8
Sedative/hypnotic/anxiolytic
Dependence 8 32
Abuse 0 0
Cannabis
Dependence 14 56
Abuse 2 8
Stimulant
Dependence 10 40
Abuse 1 4
Opiate
Dependence 6 24
Abuse 0 0
Cocaine
Dependence 10 40
Abuse 1 4
Hallucinogen/phencyclidine
Dependence 6 24
Abuse 0 0
Multiple drug
Dependence 8 32
Abuse 0 0

aAccording to data from the Structured Clinical Interview for DSM-
III-R.

protocol provides high contrast between gray and white matter re-
gions. An initial sagittal localizing sequence was obtained to deter-
mine the long axis of the hippocampus. Coronal and axial sections
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FIGURE 1. Coronal Slice of a Magnetic Resonance image at the Level
of the Hippocampus Between the Bifurcation of the Basilar Artery
and the Superior Colliculi in a Healthy Subject®

aArrows indicate location of the right hippocampus.

were then obtained perpendicular and parallel, respectively, to the
long axis of the hippocampus.

Images were transferred by means of magnetic tape to an IBM-
30486-based personal computer for morphometric assessments.
We used a PC-based program called MIND, which was developed by
CORITechs, Inc. (New Haven, Conn.). The MIND program permits
reslicing of MRI images in any plane and volumetric assessments.
Regions of interest are circumscribed by using a cursor-driven system,
aided by contrast- and edge-enhancing filters. Pixels within the region
of interest are tabulated by the computer. Data are then entered into
an Excel spreadsheet together with matrix and field of view informa-
tion for the calculation of area.

Volume measurements of the hippocampus were performed inde-
pendently by two investigators (J.D.B. and P.R.) who were blind to
the subjects’ diagnoses. The body of the hippocampus was measured
because it is the easiest hippocampal segment to define (33). First,
corrections for head rotation were achieved with the use of anatomi-
cal landmarks, including the internal auditory canal and the seventh
and eighth cranial nerve. Then, two midhippocampal points sepa-
rated by 15 mm and a third midhippocampal point in the opposite
hippocampus were selected to define a plane paraliel to the long axes
of both hippocampi. A series of oblique images was constructed per-
pendicular to this plane to create images orthogonal to the long axis
of the hippocampus. (The purpose of reslicing the MRI to create im-
ages perpendicular to the long axis of the hippocampus was for re-
producibility of measurement.) The outline of the hippocampus was
then traced with a mouse-driven cursor on five coronal sections (15
mm) between the superior colliculus and the bifurcation of the basilar
artery, with the first slice anterior to the superior colliculus (33). The
first slice in which the hippocampus was traced was the slice anterior
to the superior colliculus. Cross-sectional areas were measured in
each of the five slices, summed, and multiplied by the slice thickness
(3 mm) to obtain the volume of the hippocampal body segment. The
mean of the two raters’ measurements was obtained for the final
value of hippocampal volume. In two cases there was more than a
20% discrepancy between measurements by the two operators. These
scans were blindly reexamined and a consensus measurement was
determined.

Volumetric assessments of two other regions, the temporal lobe
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HIPPOCAMPAL VOLUME IN PATIENTS WITH PTSD

TABLE 2. Interrater Reliability and Test-Retest Reliability for Volume
Measurements of the Hippocampus and Other Brain Regions?®

TABLE 3. Demographic Variables for Male Patients With PTSD and
for Matched Comparison Subjects

Analysis of
Intraclass Variance
Correlation ~—~—————
Measure Coefficient F df
Interrater reliability for volume®
Hippocampus
Left 0.69 5.44* 47,48
Right 0.80 8.79* 47,48
Mean 0.78 8.11* 47,48
Temporal lobe
Left 0.69 5.38* 14,15
Right 0.91 20.66* 14,15
Mean 0.76 7.18% 14515
Test-retest reliability,
hippocampus® -
Left 0.78 8.25% 32,33
Right 0.70 5.70* 32,33
Mean 0.75 7.03* 32,33

3Values approaching 1.00 represent a high level of agreement.
bBased on 48 assessments of the hippocampus and 15 assessments of
the temporal lobes.

“Based on 33 assessments.

*p<0.01.

and caudate, were done for purposes of comparison. These regions
were selected because they are gray matter regions that may be used
to measure the specificity of possible decreases in hippocampal vol-
ume and because there are no theoretical reasons to suspect that these
regions would be smaller in patients with PTSD. The volume of the
temporal lobe was obtained by measuring the cross-sectional area of
all coronal slices of the temporal lobe anterior to the superior collicu-
lus, summing, multiplying by the slice thickness, and subtracting the
volume of the hippocampus (33). The anterior border of the caudate
was identified as the first section containing caudate and corre-
sponded with the genu of the corpus callosum and the anterior horns
of the lateral ventricles. The posterior border was defined as the sec-
tion before the trigone of the lateral ventricle and the splenium of the
corpus callosum. Volume measurements included both the head and
the body of the caudate and were determined by measuring cross-sec-
tional areas in all coronal slices in which the head and body of the
caudate were identified with the use of these criteria, then summing
and multiplying by the slice thickness. Volumes reported for the tem-
poral lobe and caudate are from measurements performed by a single
rater (J.D.B.).

The use of methods such as ratios of brain region to whole brain
to control for differences in brain size among subjects is accompanied
by problems that include an increase in variability, which may inter-
fere with the detection of true differences between subject groups
(34). We elected to address the issue of controlling for brain size by
matching patients with comparison subjects of similar height and
weight, since brain size is related to total body size.

Interrater reliability was determined with the intraclass correlation
coefficient (ICC) (35) and one-way analysis of variance (ANOVA) for
volumetric assessments of the hippocampus by two raters (J.D.B. and
P.R.) using resliced MRI scans and of the temporal lobe in a subset of
15 subjects by two raters (J.D.B. and T.M.S.} using nonresliced MRI
scans. Test-retest reliability was determined for assessments of hippo-
campal volume by a single rater (J.D.B.) using resliced MRI scans of
33 subjects. The data in table 2 demonstrate that there was excellent
interrater reliability for hippocampal and temporal lobe volume
measurements and excellent test-retest reliability for hippocampal
measurements.

Data Analysis

Repeated measures ANOVA with side (left versus right) as the re-
peated measure was used to compare left and right hippocampal vol-
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Patients Comparison
With PTSD Subjects
Variable (N=26) (N=22) -
Mean SD Mean SD
Age (years) 46.0 1.8 44.5 7.3
Education (years) 12.7 2.4 14.2 2.9
Height (in) 692 = 27 69.5 3.5
Weight (Ib) 182 26 179 31
Alcohol abuse (years)* 10.0 9.2 7.5 9.7
N % N %
Race/ethnicity
White 25 96 17 77
Black 1 4 4 18
Hispanic 0 0 1 5
Handedness
Right 22 85 20 91
Left 4 15 2 9

4Defined as total number of years of alcohol abuse in a lifetime as
assessed by the Addiction Severity Index interview. A year of alcohol
abuse is defined in the index as drinking more than 3 oz of alcohol
a day for 3 or more days per week in a typical month.

ume (as well as left and right caudate and left and right temporal lobe
volume) in the patients and the comparison subjects. Analysis of co-
variance (ANCOVA) was used to compare left and right hippocam-
pal volume in the patients and comparison subjects while controlling
for differences between the two groups in years of education and
years of alcohol abuse. Two-tailed nonpaired t tests were used to
compare hippocampal volume in the PTSD patients with and without
comorbid depression and alcohol/drug abuse.

RESULTS
Hippocampal Volume

The PTSD patients and comparison subjects did not
differ in factors that could affect hippocampal volume,
including age, sex, race/ethnicity, years of education,
height, weight, handedness, and years of alcohol abuse
(table 3).

Repeated measures ANOVA did not show a signifi-
cant difference between patients and comparison sub-
jects when left and right hippocampal volumes were
combined in a single model (table 4). There was no sig-
nificant main effect of side (left versus right hippocam-
pal volume) (F=2.05, df=1, 46, p=0.16) or interaction
between side and diagnosis (F=2.32, df=1, 46, p=0.13).
When handedness (left versus right) was entered as a
factor in the model, there was no interaction between
handedness and side (left versus right hippocampal vol-
ume). There was an 8.0% smaller right hippocampal
volume in the PTSD patients in relation to the com-
parison subjects, which was statistically significant by
univariate analysis. A 3.8% smaller volume of the left
hippocampus was not significant (table 4). In the AN-
COVA with years of education and years of alcohol
abuse as covariates, there continued to be a significant
difference in right hippocampal volume between the
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TABLE 4. Volume of the Hippocampus in Male Patients With PTSD
and in Matched Comparison Subjects

BREMNER, RANDALL, SCOTT, ET AL.

TABLE 5. Volume of Brain Structures Other Than the Hippocampus
in Male Patients With PTSD and in Matched Comparison Subjects

Volume (mm3)

Volume (mm3 )

Patients Comparison Analysis of Patients Comparison Analysis of
With PTSD Subjects Variance With PTSD Subjects Variance
N=26 N=22 (N=26 (N=20)*
Hippocampal ( ) ( i F Brain ) F
Region Mean SD Mean SD (df=1,46) p Region Mean SD  Mean SD (df=1,44) p
Left 1186 138 1233 163 1.20 0.28 Temporal
Right 1184 142 1286 175 5.02 0.03 lobe® :
Mean 1185 123 1260 160 3.38 0.07 Left 52,044 7,259 54,807 9,005 1.32 0.26
Right 58,773 9,247 63,606 10,923 269 011
Mean 55,408 7,362 59,206 9,019 2.53 0.12
PTSD patients and the comparison subjects (F=3.86, ~ Gi‘;‘fitm 3056 S78 3310 907 034  0.56
df=1, 44, p<0.05). : Right 3254 669 3,474 828 020  0.66
Mean 3,155 608 3,392 860 0.27 0.60

Volume of Comparison Regions

Repeated measures ANOVA for temporal lobe vol-
ume, with side (left versus right) as the repeated factor,
did not show a difference between patients and com-
parison subjects (i.e., no main effect for diagnosis) (ta-
ble 5). There was a significant main effect for side (left
versus right temporal lobe volume) (F=41.19, df=1,
44, p=0.0001) but no Side by Diagnosis interaction,
suggesting greater right temporal lobe volume relative
to left temporal volume in both groups. Univariate
analyses did not show a difference for the left or the
right temporal lobe, when examined alone, between
patients and comparison subjects. Repeated measures
ANOVA for caudate volume, with side (left versus
right) as the repeated factor, showed no main effect for
diagnosis, a significant main effect for side (left versus
right caudate volume) (F=20.03, df=1, 42, p=0.0001),
and no Side by Diagnosis interaction, suggesting that
the right caudate is greater in both PTSD patients and
comparison subjects. Univariate analyses did not show
a difference in the left or the right caudate, when ex-
amined alone, between patients and comparison sub-
jects. The patients had nonsignificantly smaller vol-
umes of the left temporal lobe (5.0%), right temporal
lobe (7.6%), left caudate (7.3%), and right caudate
(6.3%) (table 5). We did not find a relation between
volume of the hippocampus and volumes of the cau-
date and temporal lobes in either the patients or the
comparison subjects. There was a significant correla-
tion within the group of comparison subjects between
mean temporal lobe and caudate volumes (r=0.74,
df=16, p=0.0005), which was not seen within the
group of PTSD patients. This correlation was seen on
both the left and the right sides in the comparison sub-
ject group.

Hippocampal Volume and Memory

PTSD patients had lower scores in relation to those
of the comparison subjects on the Wechsler Memory
Scale logical component (verbal memory) for the sub-
scales of immediate recall (mean=11.1, SD=3.4, and
mean=19.8, SD=6.6, respectively; t=4.6, df=33, p=
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aData for the caudate and temporal lobe in two comparison subjects

were missing.
bAs described in the Method section, the volume of the hippocampus
was subtracted from that of the temporal lobe.

0.0002), delayed recall (mean=7.2, SD=2.8, and mean=
17.0, SD=6.5, respectively; t=5.4, df=33, p=0.0001),
and percent retention (mean=65.0%, SD=20.0%, and
mean=85.2%, SD=13.2%, respectively; t=3.4, df=33,
p<0.002). On the Wechsler Memory Scale figural com-
ponent (visual memory) there were no significant differ-
ences between the PTSD patients and comparison
subjects in scores on immediate recall (mean=9.0, SD=
2.8, and mean=11.1, SD=2.8, respectively; t=2.1, df=
33, p=0.05), delayed recall (mean=7.2, SD=4.1, and
mean=9.1, SD=4.0, respectively; t=1.4, df=33, p=0.17),
and percent retention (mean=72.9%, SD=30.3%, and
mean=80.4%, SD=21.7%, respectively; t=0.80, df=33,
p=0.43).

There was a positive correlation between right hippo-
campal volume and score on the percent retention sub-
scale of the Wechsler Memory Scale logical component
(verbal memory) for the PTSD patients (i.e., smaller
right hippocampal volume was correlated with lower
score on the Wechsler Memory Scale) (figure 2). There
was no correlation between verbal memory scores and
left hippocampal volume or bilateral caudate or tempo-
ral lobe volumes in either the patients or the compari-
son subjects, or between either left or right hippocam-
pal volume and scores on any Wechsler Memory Scale
figural component (visual memory) subscales for either
patients or comparison subjects.

Relation Between Hippocampal Volume and
Demographic and Clinical Factors

There was no significant correlation between age,
years of education, years of alcohol abuse, height, or
weight and left or right hippocampal volume in either
the patients or the comparison subjects examined sepa-
rately. In the PTSD patients there was no significant
correlation between hippocampal volume and PTSD
symptoms as measured with the Mississippi scale, dis-
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FIGURE 2. Relation Between Verbal Memory and Right Hippocampal
Volume in Patients With PTSD*
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2There was a significant correlation between deficits in verbal mem-
ory, as measured by a lower score on the percent retention subscale
of the logical component of the Wechsler Memory Scale, and smaller
right hippocampal volume (r=0.64, df=20, p<0.05).

sociative symptoms as measured with the Dissociative
Experiences Scale, or level of combat exposure.

Hippocampal Volume and Comorbidity With
Depression and Alcobol/Drug Abuse

Table 6 shows the hippocampal volumes of the sub-
jects grouped according to comorbid diagnoses. There
was no difference in either left or right hippocampal
volume between the PTSD patients with and the PTSD
patients without a lifetime history of major depression.
There was no difference between the PTSD patients
with and without a history of current dysthymia in
either left or right hippocampal volume. In addition to
using years of alcohol abuse as a covariate, we divided
the PTSD patients on the basis of a median split at 7 or
more years of alcohol abuse versus less than 7 years of
alcohol abuse as measured by the Addiction Severity
Index and did not find a difference between the high
alcohol abuse and low alcohol abuse PTSD patients in
either left or right hippocampal volume. When we di-
vided the comparison subjects on the basis of a median
split of 3 or more years of alcohol abuse (high alcohol
abuse group) versus less than 3 years of alcohol abuse
(low alcohol abuse group), there also was no significant
difference between high and low alcohol abuse groups
in volume of the left or right hippocampus. When we
compared right hippocampal volume in PTSD patients
with and without a lifetime history of alcohol and drug
dependence, there was no difference for alcohol, stimu-
lant, cocaine, opiate, cannabis, or sedative/hypnotic/
anxiolytic dependence. Similarly, there were no differ-
ences between these groups in left hippocampal volume.
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TABLE 6. Volume of the Hippocampus in Male Patients With PTSD
Grouped According to Comorbid Diagnoses and in Patients and Com-
parison Subjects Grouped According to Level of Alcohol Abuse

Hippocampal Volume (mm3)

X . Leﬁ' nghl’ -
Diagnostic Groups
Compared Mean  SD Mean  SD
Lifetime history of major
depression
Patients with (N=12) 1205 149 1156 168
Patients without (N=13) 1158 149 1194 111
Current dysthymia
Patients with (N=8) 1141 125 1205 136
Patients without (N=17) 1214 136 1173 140
Alcohol abuse level
Patients®
High (N=14) 1192 140 1184 156
Low (N=12) 1178 142 1184 130
Comparison subjects
High (N=11) 1214 104 1245 107
Low (N=11) 1253 210 1328 221
Lifetime history of alcohol .
dependence
Patients with (N=19) 1181 125 1202 122
Patients without (N=5) 1221 178 1114 179
Lifetime history of stimulant
dependence
Patients with (N=10) 1154 168 1185 140
Patients without (N=14) 1214 104 1184 139
Lifetime history of cocaine
dependence
Patients with (N=10) 1176 170 1203 127
Patients without (N=14) 1199 108 1171 146
Lifetime history of opiate
dependence
Patients with (N=6) 1243 179 1253 120
Patients without (N=18) 1172 117 1161 137
Lifetime history of cannabis
dependence
Patients with (N=14) 1175 147 1213 138
Patients without (N=10) 1210 118 1143 130
Lifetime history of seda-
tive/hypnotic/anxiolytic
dependence
Patients with (N=8) 1201 158 1231 126
Patients without (N=16) 1183 126 1160 139

2High level was defined as 7 or more years of alcohol abuse, and low
level as less than 7 years.

bYHigh level was defined as 3 or more years of alcohol abuse, and low
level as less than 3 years.

DISCUSSION

Patients with combat-related PTSD had an 8.0%
smaller right hippocampal volume relative to compari-
son subjects selected to be similar to the patients in age,
sex, race, handedness, years of education, socioeco-
nomic status, body size, and years of alcohol abuse.
There was no significant difference between the PTSD
patients and the comparison subjects in left hippocam-
pal volume or in volume of the comparison brain re-
gions measured in this study, i.e., left and right caudate
and temporal lobes (minus hippocampus). Deficits in
short-term verbal memory as measured by the percent
retention subscale of the Wechsler Memory Scale logi-
cal component, which we previously reported to be a
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feature of PTSD (5), were associated with decreased
right hippocampal volume in the PTSD patients but
not the comparison subjects. There was no relation,
however, between verbal memory and the volume of
other brain structures or between visual memory and
hippocampal volume in the patients or the comparison
subjects, suggesting some degree of specificity of this
finding.

We carefully considered the possible effects of comor-
bid depression and alcohol/drug abuse on hippocampal
volume in PTSD. Previous studies in patients with af-
fective disorders have found a smaller right hippocam-
pal volume in bipolar disorder (20) but not major de-
pression (23). In our study group we did not find a
difference in right or left hippocampal volume between
PTSD patients with and without a lifetime history of
major depression and between PTSD patients with and
without dysthymia. Some studies in animals have
shown a relation between neuronal damage and alco-
hol, although we are not aware of any evidence of
neuronal damage related to other substances or a ra-
tionale for why exposure to these substances would be
expected to be associated with hippocampal neuronal
damage. We therefore elected to match for alcohol
abuse only. Our finding of a smaller right hippocampal
volume in PTSD patients relative to comparison sub-
jects persisted after controlling for alcohol and drug
abuse in the several statistical analysis strategies out-
lined above.

There are several potential explanations for a smaller
right hippocampal volume and possible alterations in
symmetry of the hippocampus in PTSD. A small right
hippocampus from the time of birth may present a pre-
morbid risk factor for the development of PTSD. Ex-
treme stress results in increased release of glucocorti-
coids, excitatory amino acids (36), serotonin (37), and
other neurotransmitters and neuropeptides that could
be associated with damage to the hippocampus (38). A
kindling-type phenomenon similar to that seen in sei-
zure disorders (39) or alterations in sex hormones, as
has been hypothesized in affective disorders (20), may
also represent potential mechanisms for a reduction in
hippocampal volume in PTSD. Studies of glucocorti-
coid-mediated damage to the hippocampus associated
with stress have not found evidence for an asymmetric
effect of glucocorticoids on the hippocampus, although
other neurotransmitters involved in stress, such as sero-
tonin (40), have asymmetric concentrations in the
brain. Alterations in the normal asymmetry of medial
temporal lobe structures (24, 25, and this study) have
been implicated in affective disorders (20). It is not clear
from our results whether there is in fact an alteration in
hippocampal symmetry in PTSD or whether there are
bilateral changes that happened to be statistically sig-
nificant only on the right side in this study group.

Our findings of alterations in hippocampal morphol-
ogy in patients with PTSD are similar to findings in
patients with schizophrenia (41). Some studies (42—
45), but not all (46), have found smaller hippocampal
volume in schizophrenic patients relative to compari-
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son subjects. Some of these studies (42, 44) have found
a smaller left, but not right, hippocampal volume in
schizophrenic patients. One study (43) found differ-
ences in hippocampal volume in monozygotic twins
discordant for schizophrenia, which suggests the pos-
sibility that environmental factors (such as stress) may
play a role in the etiology.

It is of interest that deficits in verbal memory
study were correlated with smaller hippocampal vol-
ume only on the right side. It is generally felt that the
left hippocampus mediates verbal memory and the right
hippocampus mediates visual memory. However, pa-
tients with right hippocampal lesions have been shown
to have deficits in free verbal recall of objects when
compared with control subjects (47, 48), while patients
with left hippocampal lesions have been shown to have
deficits in visuospatial performance (49). The famous
patient H.M., who had bilateral hippocampal damage,
had a much greater degree of verbal memory impair-
ment than patients with left-sided hippocampal volume
lesions alone (47). One recent study showed that if
there is some damage to the left hippocampus, lesions
of the right hippocampus are associated with deficits in
verbal memory (50). In addition, positron emission to-
mography studies of cerebral blood flow in healthy hu-
man subjects have shown an increase in right hippo-
campal blood flow with verbal memory tasks involving
word stem completion (51). We speculate that there are
pathological processes affecting both the left and the
right hippocampus, with a greater magnitude of effect
on the right, resulting in a greater contribution of right
hippocampal pathology to the deficits in verbal mem-
ory seen in PTSD.

Our findings may have relevance for the treatment of
PTSD. The finding that PTSD patients have severe defi-
cits in memory function (5), which the results of the
current study indicate may be related to alterations in
the morphology of the hippocampus, suggests that vo-
cational rehabilitation efforts should take into consid-
eration potential deficits in memory function. The hip-
pocampus has also been hypothesized to play a role in
binding together individual components of memories
that are stored in the primary sensory neocortical areas
(7). Dysfunction of the hippocampus may offer an ex-
planation for the fragmentation of memories into single
sensory phenomena that are seen clinically in patients

with PTSD.
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