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ABSTRACT

Post-traumatic stress disorder (PTSD) is often accompanied by memory problems and abnor-
mal brain structure, particularly within the hippocampus. We implemented a cross-species,
hippocampal-dependent task—the virtual Morris Water task—to assess hippocampal func-
tion in people with PTSD and age-matched controls during functional magnetic resonance
imaging (fMRI). Performance on the task was equivalent between the groups. However,
when correlating fMRI-derived hippocampal activity during this task with PTSD severity,
we observe a —0.84 correlation, indicating that those with reduced hippocampal activity
show more severe PTSD symptoms. This correlation is not explained by differences in task
performance, IQ, duration since trauma, nor time with PTSD. Hence, PTSD severity is pre-
dicted by functionally assessing the hippocampus using the virtual Morris water task, sug-
gesting that this task may be used to identify those at risk for developing PTSD following a

trauma.

INTRODUCTION

POST-TRAUMATIC STRESS DISORDER (PTSD) is a psy-
chiatric condition that can develop after experi-
encing or witnessing life-threatening events such
as military combat, serious accidents, terrorist at-
tacks, rape, or personal assault. PTSD is often char-
acterized by intrusive thoughts of the traumatic
event, sleeplessness, hypersensitivity, and chronic
stress. Despite these stark symptoms, PTSD is
greatly under-diagnosed and has lifetime preva-
lence rates of approximately 13% for women and
6% for women in the US.! Moreover, it is estimated
that 60% of men and 50% of women are exposed to
a traumatic event that might potentially lead to

PTSD?; hence, this is an issue that is pertinent to the
majority of people.

Due to the debilitating nature of symptoms,
PTSD causes substantial amounts of medical ill-
ness, unemployment, and homelessness. Despite a
large amount of research on PTSD, it is still unclear
why some people develop PTSD, and others do
not. For example, it is not overly clear how to pre-
dict which individuals might develop PTSD fol-
lowing a terrorist attack, a rape, or a motor vehicle
accident.

Over the last decade, neuroimaging studies have
revealed that certain brain structures appear abnor-
mal in people with PTSD.3-> One such structure, the
hippocampus, has been shown to be critical for
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memory functioning®* and is damaged by chronic
stress.10 Multiple MRI structural analyses have re-
vealed reduced hippocampal volume in subjects
with current, chronic PTSD,3511-18 although it is un-
clear how or whether these structural abnormali-
ties translate to functional abnormalities. Research
with rodents has shown that chronic stress dam-
ages the hippocampus.!? Because of this, it has been
hypothesized that these structural HPC abnormali-
ties may be a consequence of the chronic stress that
PTSD individuals undergo. However, recently,
there are data that suggests that the HPC is abnor-
mal in people before they experience a traumatic
event that results in PTSD." Hence, HPC dysfunc-
tion may be a precursor to PTSD, rather than the
reverse.

Consistently, the HPC has been shown to be es-
sential for spatial memory in numerous species,
including humans.”?0-2” Thus, to test HPC function-
ing in humans, we relied on an analogue of a ro-
dent golden standard spatial memory task, the
Morris water task. In this task, rodents search for a
hidden escape platform in a pool of murky water.
We have developed a virtual reality version of this
task in humans which has demonstrated to be sen-
sitive to HPC damage in patients with HPC exci-
sions,?* and the task also reliably results in HPC
activity during fMRI.2526 These results indicate that
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the human HPC is both involved and necessary for
spatial navigation, and this melds well with predic-
tions from the nonhuman literature. Collectively,
these results suggest that the virtual reality Morris
water task can be used effectively to probe hip-
pocampus function in people with PTSD or other
psychiatric illnesses.

METHODS

Participants

Twelve patients with current PTSD were evalu-
ated with a clinical interview (SCID) and a trauma
history (TESI-AS and CAPS). PTSD patients were
recruited from the local Hartford population via
ads placed in local papers, and through physician
referrals. Twelve healthy controls were recruited
from the local population, as well as the hospital
community via e-mail ads and word of mouth. Pa-
tients” diagnoses of PTSD were confirmed with the
Structured Clinical Interviews for DSM IV (SCID-
IV). Healthy controls were also given the SCID-IV
to determine the presence of psychiatric illnesses.
Healthy controls were only included if they did not
have a history of substance dependence nor a life-
time history of any axis 1 disorders (excluding de-

Control Condition- Swim to Visible platform

HPC Condition- Swim to Hidden platform

Visible Hidden Visible Hidden Visible

Hidden Visible Hidden Visible

FIG. 1.

Black and white screenshots of the two different test conditions during fMRI. In the Visible/Control condi-

tion, the subject can see the platform. In the Hidden/HPC condition, the platform is invisible, and the subject must
use the cues in the room to remember the location of the platform. In the actual experiment, all graphics were pre-

sented in True Color.
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Controls
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FIG. 2. Controls show more hippocampal activity (see circled area in right HPC) during the vMWT than the PTSD

group.

pression). For all subjects, exclusion criteria in-
cluded inability to give informed consent, a history
of major head trauma, significant medical or neuro-
logical illness, and any incidental findings found
by MRI scan. Healthy controls were matched to pa-
tients and relatives for age and gender. All subjects
gave written informed consent after the experimen-
tal procedures had been fully explained, and all
subjects were paid $20/hour to participate in the
study.

CAPS

The Clinician-Administered PTSD Scale for DSM
IV (CAPS)? is the gold standard measure to allow
researchers to assess a patient’s present PTSD sta-
tus. The CAPS is designed to assess 25 different
symptoms for PTSD, in addition to evaluating the
frequency and intensity dimensions of each symp-
tom. Four sub-scores are formed at the conclusion
of the interview: intrusive re-experiencing, avoid-
ance/numbing, hyperarousal, and an overall
symptom severity index. In our study, we report
correlations between HPC activity and the overall
symptom severity index.

Apparatus

The virtual environment was projected via an
LCD projector on a screen on the back of the MRI
bore. Participants viewed the screen via a 45-
degree mirror positioned over their eyes. Partici-
pants moved through the virtual environment by
manipulating a MR-compatible joystick. The VR

software and analysis software were custom writ-
ten by the first author.

Procedure

Participants were virtually placed in a round
pool located in the center of a rectangular room.
The room had a variety of textures and landmarks
throughout it that made it distinct. Within the pool,
there were four identical balls floating in the water.
The task alternates between two conditions: a hid-
den condition and a visible condition. In the Hid-
den condition, one of the balls was floating over a
hidden platform. Participants were told to use the
distal cues in the room to navigate to the ball that
floated above the hidden platform. The platform
never moved, and stayed under the same ball for
all trials. In the Visible condition, subjects navi-
gated to a visible platform under one of the four
balls. It is well established that swimming to a visi-
ble platform does not require the hippocampus.
Participants were pre-trained in the both condi-
tions outside the scanner until they were familiar
with the environment, instructions, and the loca-
tion of the hidden platform. Swimming to an incor-
rect ball resulted in a raucous buzzer noise, a small
delay and slowing of movement, as if the person
was swimming in quicksand.

fMRI data acquisition

Functional magnetic resonance images were col-
lected with a Siemens Allegra 3 Tesla scanner at the
Olin Neuropsychiatry Research Center. Imaging
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began with the acquisition of a sagittal T2-
weighted anatomic localizer scan, followed by the
functional echo planar gradient echo imaging se-
quence prescribed perpendicular to the long axis of
the hippocampus. A gradient-echo planar sequence
was used to obtain T2*-weighted images (TR = 1.86
s, TE = 27 ms, Flip = 70°). Thirty-six contiguous
horizontal 3-mm slices parallel to the intercommis-
sural plane (voxel size 3.44 X 3.44 X 4 mm) were
acquired sequentially. Each run was 6 min, 5 s long.
There were a total of 196 images/slice acquired per
run.

fMRI data analysis

Imaging data were analyzed with SPM2 (Statisti-
cal Parametric Mapping, developed by the Well-
come Institute, London, UK). Functional images
were realigned/motion corrected and normalized
into a standard Tailarach template. Data was then
smoothed using a 8-mm isotropic Gaussian kernel
and frequency filtered using a 5th-order low-pass
digital Butterworth filter. The effects of the Hidden
Platform phase were estimated according to the
General Linear Model at each voxel. The data were
modeled to a box car function convolved with the
hemodynamic response function and the temporal
derivative.

RESULTS

Behavioral

Behaviorally, the PTSD group and the control
group were equivalent in finding the hidden and
visible platforms, as evidenced by time to find the
platform (p > 0.05). Similarly, when probing
knowledge of the spatial memory of the platform

TABLE 1.
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by administering a no-platform probe trial during
Hidden platform testing, the groups are equiva-
lent. Specifically, controls, on average, spent 35.9%
(SD =0.21) of their “swimming” time in the correct
quadrant, compared to patients’” average of 33.0%
(SD =0.16).

FMRI

fMRI activation maps show that while navigat-
ing to this hidden platform, it is apparent that the
control group has stronger HPC BOLD response
than PTSD group (Fig. 2). See Table 1 for additional
brain areas where the control group has greater
brain activation responses than the PTSD group.

CAPS correlations with fMRI

PTSD severity is commonly measured by the
Clinical Administered PTSD Scale.?” We correlated
severity of PTSD with HPC activity, as derived
from fMRI. HPC activity predicts a subscale of the
CAPS, the hyperarousal and activity scale, at
—0.90, indicating that those with reduced HPC
BOLD response have stronger hyperarousal and
activity symptoms. Moreover, correlating HPC
function with overall PTSD severity results in a
—0.84 correlation (Fig. 3). However, this HPC func-
tion is not predicted by estimated WAIS (I1Q), time
since the trauma, duration of diagnosed PTSD, or
performance on the virtual Morris water task.

CONCLUSION

While performing the virtual Morris water task,
we note that whereas people with PTSD and age-
matched controls do not differ in performing the

TALAIRACH TABLE AT P = 0.01, UNCORRECTED, FOR BOTH PATIENT AND CONTROL BRAIN ACTIVATIONS

Controls > patients

Brain region Brodmann areas

Superior Temporal Gyrus 38
Uncus 36,28
ParaHPC Gyrus, HPC 35
Middle Temporal Gyrus 38,20,21
Middle Frontal Gyrus

Inferior Frontal Gyrus
Superior Frontal Gyrus 8

Volume (cc) Max T (x,y,z)

L R L R
0.1 0.4 2.6(-62,-11,6) 3.9(30,13,-31)
0 0.9 N.S. 3.4(27,4,-30)
0 0.4 N.S. 3.3(24,-10,-22)
0.1 0.3 2.6(-62,-15,-12) 3.0(33,1,-38)
0.1 0 2.7(-27,20,40) N.S.
0.1 0 2.7(-53,32,-4) N.S.
0.2 0 2.7(-15,46,42) N.S.
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Hippocampus Activity as a function of PTSD Severity

1.2

r=-0.84

0.8

0.6
0.4 1
0.2

L 2

Right HPC Magnitude

-0.2

-0.4

60 80 * 100 120

-0.6

PTSD Severity (Total CAPS score)

FIG.3. Correlation between fMRI-derived HPC magnitude and CAPS symptom severity index.

task, there are significant differences in HPC involve-
ment. Specifically, we note right HPC activity in the
control group, but no HPC activity for the people
with PTSD. This HPC involvement is consistent with
our previous studies reporting that the virtual Morris
water task can reliably activate the HPC, which is
predicted from the nonhuman literature.24252829

It is interesting that the PTSD group did not show
significant HPC activations during this task, and yet
could perform the task. It may be that the chronic
stress of PTSD has damaged their HPC, and hence,
the neurons are not involved in this task as much as
would be normal. However, it is unlikely that there
exists massive HPC damage, because not only can
the PTSD participants perform the task, but they do
not display global memory dysfunction, which
would be predicted following bilateral HPC dam-
age. An alternative explanation is that the HPC is
involved for this group, but that more subjects are
needed for this activation to become significant. We
currently are enrolling more subjects into the study
as they become available to address this possibility.

Another possible explanation for this HPC dys-
function is offered by examining the strong correla-
tions with the CAPS sub-score, the hyper-arousal
score. Specifically, those who had higher levels of
hyper-arousal had weaker HPC activations. It has
been reported that people with PTSD have elevated
amygdala responses,-3* and this may contribute to
the hyper-arousal behaviors. Interestingly, it has

been reported that the amygdala has a direct com-
petitive interaction with the HPC, so that when the
amygdala activates, the HPC is inhibited.3> Hence,
in effect, those with strong hyper-arousal activity
may have inhibited HPC activity. Future experi-
ments are underway in our laboratory to assess
HPC and amygdala interactions during fMRIL.
Within the field of PTSD research, it is not clear
whether HPC abnormalities are a consequence of
the chronic stress of PTSD or are a preexisting risk
factor for developing PTSD.'” If indeed a dysfunc-
tional HPC is a risk factor for developing PTSD, as-
sessing HPC function after a trauma may indicate
who is at risk for PTSD, and more aggressive thera-
pies might be initiated to prevent its development.
Moreover, assessment of HPC function could be
used to predict which people are more resilient to
developing PTSD if their jobs necessitate being ex-
posed to traumas, such as the case with firefighters,
police officers, and Special Forces military person-
nel. Utilizing a virtual Morris water task during
fMRI can be a valuable tool in achieving these goals.
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