Fire-Related Post-Traumatic Stress
Disorder: Brain 'H-MR Spetroscopic
Findings
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Chang Hae Suh, MD* Objective: To investigate the MR imaging and *H-MR spectroscopic findings of

Hyung Jin Kim, MD* acute fire-related post-traumatic stress disorder (PTSD).

Sung Tae Kim, MD* Materials and Methods: Sixteen patients (M:F=10:6; mean age, 16 years)
Jeong Seop Lee, MD? with fire-related PTSD underwent MR imaging and *H-MR spectroscopy, and for
Min Hee Kang, MD? control purposes, the procedures were repeated in eight age-matched normal
Ji Hye Kim, MD® volunteers. In all patients and controls, the regions of interest where data were

' . acquired at MRS were the basal ganglia (BG), frontal periventricular white matter
Jung Hee Lee, PhD (FWM), and parietal periventricular white matter (PWM).

Results: In all patients with PTSD, MR images appeared normal. In contrast,
MRS showed that in the BG, NAA/Cr ratios were significantly lower in patients
than in volunteers. This decrease did not, however, show close correlation with
the severity of the neuropsychiatric symptoms. In patients, neither NAA/Cr ratios
in FWM nor PWM, nor Cho/Cr ratios in all three regions, were significantly differ-
ent from those in the control group.
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PTSD ollowing a serious fire in a public cafe in Korea in September 1999, more
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PTSD is an anxiety disorder that develops in persons who have experienced emo-
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and another recent study by de Bellis et al. (14) described similar low levels in the an-
terior cingulated gyrus of maltreated children and adolescents with PTSD.

To our knowledge, however, no previously published report has described the MR
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imaging and *H-MR spectroscopic findings in patients with
fire-related PTSD, especially during its acute stage.
Moreover, no study has examined the relationship be-
tween these MR imaging and spectroscopic findings and
the degree of neuropsychiatric symptoms in patients with
PTSD. In this study, we evaluated the usefulness of com-
bined 'H-MRS and MRI in patients with fire-related PTSD,
and attempted to correlate the findings of MRS with the
severity of the neuropsychiatric symptoms.

MATERIALS AND METHODS

Subjects

Sixteen consecutive patients [M:F=10:6; age, 15-17
(mean, 16) years] with fire-related PTSD underwent MR
imaging and *H-MR spectroscopy, and for the purpose of
comparison, the procedures were repeated in eight healthy
age-matched control subjects [M:F=6:2; age, 15 —16 (mean,
15.7) years]. In neither patients nor controls did examina-
tions involve the administration of any drug.

For the procedures involved, informed consent was ob-
tained from all patients and the study protocol conformed
to the ethical guidelines of the 1975 Declaration of
Helsinki, a fact reflected in the a priori approval granted
by our institutions’ human research committees.

MR Imaging / MR Spectroscopy

MR imaging and PROBE/SV examinations were per-
formed with a 1.5-T whole-body GE MRI/MRS system
(version 5.5; General Electric Medical Systems,
Milwaukee, Wis., U.S.A.) equipped with actively shielded
gradients. A quadrature head coil was used as a receiver
and transducer. Before spectroscopy, spin-echo T1-weight-
ed axial and sagittal images (TR/TE=484/8 —9 msec, NEX
=2, matrix size=256 %192, slice thickness=7 mm, interslice
gap=0 mm) and fast spin-echo T2-weighted axial images
(TR/TE=4000/98 msec, NEX=2, matrix size=256 X256,
slice thickness=7 mm, interslice gap=0 mm) were obtained.

For all spectra, a STEAM (stimulated echo acquisition
method) localization sequence incorporating a three-pulse
chemical shift selective sequence to suppress the H,O sig-
nal was used, with the following acquisition parameters:
TR=3.0 sec, TE=30 msec, mixing time=13.7 msec, spectral
width=2500 Hz, size=2048 points, average=36, and two
signals acquired. Voxel size was approximately 8 cm® (2 X
2 X2 cm).

In all patients and controls, the regions of interest for
MRS data acquisition were the left basal ganglia (BG), right
frontal periventricular white matter (FWM), and right pari-
etal periventricular white matter (PWM) (Fig. 1). Voxel lo-
cation was determined mainly through the use of axial MR
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images. To avoid tissue contamination from adjacent struc-
tures and to maintain consistent localization, all voxels
were positioned by a single experienced neuroradiologist.
Restricting the edge of voxels to positions approximately
5—10 mm from the inner table of the skull helped prevent
contamination of the spectrum by strong signals originating
from scalp fat, which can mask lactate resonance.

Neurological/ Neuropsychiatric evaluation

According to the consensus reached by two psychiatrists
(J.S.L. and M.H.K.), all patients met the criteria for PTSD
on the basis of the Korean version of the structured clinical
interview for DSM-IV (SCID-RV) (15); the severity of neu-
ropsychiatric symptoms was based on the results of the
PTSD interview (PTSD-I) in DSM-III-R by Watson et al.
(16). The PTSD-I was divided into five sections, A to E.
The purpose of section A was to confirm significant trau-
ma, while E related to the duration of symptoms. For sec-
tion B-D (B: ‘re-experience’; C: ‘avoidance’; D: ‘hyper-
arousal’), scores of 1—7 were assigned, according to the
severity of symptoms: 7 points for ‘always, extreme’, 1
point for ‘no or never’, and 4 points for ‘frequently, mod-
erate’. The cut-off point for symptoms was also recorded,
and patients were assigned to one of two groups according
to their total PTSD-I score.

Exposure to the fire was confirmed by official police
records. Excluded from our study were individuals with
current organic mental, bipolar, psychotic or neurological
disorder; a history of major head trauma (defined as in-
volving loss of consciousness for more than 10 minutes); or
with alcohol or other substance dependence or abuse with-
in the past year (determined according to SCID-RV).
Subjects were free of psychotropic medications for at least
4 weeks prior to the onset of testing and for its duration.

Quantification of metabolite ratios and statistical
methods

Post-processing was carried out at a SUN SPARC 20
workstation using Spectral Analysis/General Electric
(SA/GE) software incorporated with low frequency filter-
ing of residual water signal removal, apodization by 0.5 Hz
of exponential line broadening, zerofilling of 8k, Fourier
transformation, and lorenzian to gaussian transformation,
according to the method described by Kreis et al. (17).
Metabolic peaks were fitted by lorenzian line shape at
known frequencies of NAA at 2.02 ppm, Cr at 3.02 ppm,
and Cho at 3.22 ppm. Results were expressed as relative
ratios of metabolites to Cr.

We analyzed the MR imaging and spectroscopic findings
in patients with PTSD, paying particular attention to spec-
tral patterns different from those in the control group. In
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addition, the MRS findings were correlated with the severi-
ty of the neuropsychiatric symptoms.

Spectroscopic data were analyzed by Wilcoxon’s rank
sum test and Duncan’s multiple range test to establish dif-
ference rankings between means at a statistically significant
level, considered to be p<0.05.

RESULTS

PTSD symptoms were severe in nine patients and mild in
seven (Table 1). In all 16, the interval between the fire and

the time of MR examination was less than two months, and
MR images appeared normal.

'H-MRS showed that in the BG, NAA/Cr ratios in pa-
tients (1.23 +0.13) were significantly lower than in normal
volunteers (1.46 =0.11) (p<0.05), though there was some-
times overlap between these groups (Figs. 2A, B) (Table 2).
In this same area, Cho/Cr ratios in patients and controls
were 0.66 +0.06 and 0.60 +0.07, respectively, with no sig-
nificant difference between the two groups. In FWM,
NAA/Cr ratios in patients and controls were 1.52 £0.22
and 1.55 +0.16, respectively, and Cho/Cr ratios were 0.80

Table 1. Interview Scores and *H MR Spectroscopic Findings in Patients with Post-traumatic Stress Disorder

Patient No./ Symptom Interview Score

Re-experience

BG FWM PWM
Sum

Age(y)/Sex  Grade Avoidance Hyperarousal NAA/Cr Cho/Cr NAA/Cr Cho/Cr NAA/Cr Cho/Cr
1/16/M Severe 16 34 34 84 1.45 0.72 1.47 0.74 1.63 0.72
2/16/F Severe 17 31 28 76 1.35 0.65 1.55 0.89 151 0.75
3/16/M Severe 17 32 27 76 1.07 0.65 1.89 0.88 1.59 0.61
4/16/M Severe 9 29 28 66 1.17 0.63 1.53 0.83 1.49 0.67
5/16/M Severe 13 26 26 65 1.10 0.58 151 0.93 1.70 0.66
6/15/F Severe 13 23 28 64 1.22 0.65 1.02 0.46 1.78 0.84
7/16/M Severe 11 30 21 62 1.35 0.63 1.48 0.96 1.84 0.76
8/17/M Severe 8 28 26 62 111 0.72 1.88 0.87 1.86 0.80
9/17/IM Severe 10 27 25 62 1.20 0.59 1.59 0.84 1.59 0.62
10/15/M Mild 12 22 25 59 1.06 0.79 1.77 0.83 1.47 0.71
11/16/M Mild 11 31 17 59 1.23 0.69 1.55 0.64 1.54 0.68
12/15/M Mild 12 25 19 56 1.13 0.58 1.52 0.88 1.94 0.98
13/16/F Mild 11 20 22 53 1.44 0.76 1.35 0.8 1.62 0.74
14/15/F Mild 8 26 18 52 121 0.66 1.29 0.69 1.99 0.95
15/16/M Mild 7 19 18 44 1.26 0.65 1.45 0.76 1.61 0.66
16/16/F Mild 8 16 17 41 1.34 0.67 1.46 0.73 1.67 0.63

Note.—BG=basal ganglia, FWM=frontal white matter, PWM=parietal white matter, NAA=N-acetyl aspartate, Cr=creatine, Cho=choline compounds

Fig. 1. Transverse T2-weighted fast spin-echo MR spectrographic images (TR/TE: 4,000/98) depict examples of voxel placement (box)
in (A) the basal ganglia, (B) frontal periventricular white matter, and (C) parietal periventricular white matter in patients with PTSD.
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+0.13 and 0.82 £0.24, respectively (Figs. 2C, D), with no
significant differences. In PWM, NAA/Cr ratios in patients
and controls were 1.71 +£0.19 and 1.50 +0.13, respective-
ly, and Cho/Cr ratios were 0.76 +0.14 and 0.71+0.17, re-
spectively (Figs. 2E, F), again with no significant differ-

ences between the two groups (p>0.05) (Table 2).

In the basal ganglia, NAA/Cr ratios in patients with se-
vere neuropsychiatric symptoms and those with mild
symptoms were 1.22 +0.13, and 1.27 £0.13, respectively,
with no significant differences between the groups

Table 2. Metabolite Ratios at *H-MR Spectroscopy in Patients with Post-traumatic Stress Disorder and Normal Controls

BG FWM PWM
Score Grade NAA/Cr Chol/Cr NAA/Cr CholCr NAA/Cr Chol/Cr
PTSD Sum 1.23+0.12" 0.66 +0.06 1.51 +0.21 0.79+0.13 1.68 +0.16 0.74 +0.11
Severe 1.22+0.137 0.64 +0.04 1.55 +0.26 0.82+0.15 1.67 +0.14 0.71 +0.08
Mild 1.27+0.137 0.67 +0.07 1.44 +0.16 0.75+0.08 1.73+0.20 0.77 +0.14
Normal controls 1.46+0.11% 0.60 +0.07 1.55 +0.16 0.82+0.24 1.50 +0.13 0.71 +0.17

Note.— Data are mean =+SD.
BG=basal ganglia, FWM=frontal white matter, PWM=parietal white matter, NAA=N-acetyl aspartate, Cr=creatine, Cho=choline compounds
+p <0.05, +p > 0.05

NaA 2

Cr

D E F

Fig. 2. *H-MR spectra show NAA, Cr, and Cho levels in the basal ganglia (A, B), frontal white matter (C, D), and parietal white matter (E,
F) of normal controls (A, C, E) and PTSD patients with severe neuropsychiatric symptoms (B, D, F). In (A), NAA is present at 2.02 ppm,
Cr at 3.02 ppm, and Cho at 3.22 ppm. The NAA peak is lower in (B) than in (A).
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(p>0.05). In addition, NAA/Cr ratios in FWM and PWM,
as well as Cho/Cr ratios in all three regions, were not sig-
nificantly different between patients with severe and mild
neuropsychiatric symptoms (p>0.05) (Table 2).

DISCUSSION

In this study, the characteristic 'H-MR spectroscopic find-
ing in patients with fire-related PTSD was a significantly
decreased NAA/Cr ratio in the BG only. Other metabolite
ratios showed no significant change.

PTSD is a unique psychological disease arising after ex-
treme emotional and physical stress. Although a few previ-
ous MR imaging and PET studies in patients with PTSD
have revealed hippocampal volume decrease or changes in
blood flow in the limbic or paralimbic system, routinely
obtained MR images were normal, as in other psychologi-
cal diseases. This is because the anatomical or morphologi-
cal changes which occur are very subtle and believed to be
intimately related to changes in the biophysical or chemical
metabolism (1—4). Whereas MR imaging is primarily con-
cerned with gross morphological change accompanying the
disease process, MRS takes advantage of the magnetic res-
onance phenomenon to provide access to living chemistry
in situ. MRS is the only physical technique routinely used
in clinical research that allows the assessment of in-vivo
metabolism at the molecular level, which usually takes
place prior to morphological change (5-12, 18 -20).
Accordingly, MRS might be more sensitive in detecting
early cerebral change occurring in patients with PTSD, and
can be employed in various neurological and psychological
diseases where the findings of conventional imaging are
normal, or only subtle change is demonstrated.

In this study, MR imaging revealed morphological
change in neither patients nor controls, and the choice of
region of interest (ROI) at MRS was thus very difficult.
Because an ROI should involve an area where metabolic
change might precede morphological change, this choice is,
however, important. In a previous study by Freeman et
al.(13) using 'H-MRS in patients with combat-related
PTSD, the N-acetyl aspartate/creatine (NAA/Cr) ratio in
the right medial temporal lobe was significantly lower than
that on the left side, even in the same veterans. This was
also the case when patients were compared with controls,
though choline/creatine (Cho/Cr) ratios in the left medial
temporal lobe were also lower. Instead of comparing right
and left medial temporal lobes, as in their study, we locat-
ed ROIs in the BG and periventricular white matter where
metabolism might be active. In contrast to that previous
study, which included patients with neuropsychiatric symp-
toms which had continued for years, ours involved those
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whose symptoms had existed for a relatively short period,
after experiencing a serious fire at the same time and same
place, and the identification of acute metabolic changes
within the brain was thus facilitated. The voxel size of the
ROIs employed in our study and in the earlier one was
more than 8ml, too large to evaluate the hippocampus on-
ly, and contamination by adjacent brain parenchyma and
CSF, or by the surrounding scalp fat, was inevitable. The
BG periventricular white matter, on the other hand, are
both large enough for proper MRS study without contami-
nation by other structures. This is the second reason for the
choice of ROIs in the basal ganglia and white matter.

After total parenteral nutrition and in patients with hepa-
tocellular degeneration or manganese intoxication, the BG
region is thought to be one of the areas most vulnerable to
hypoxic brain damage and is also subject to deposition of
various paramagnetic trace metals. Interestingly, our re-
sults show that in PTSD, this region appears to be one of
the most metabolically active areas of the brain, though
the anatomic changes occurring are not seen at MRI.
Although the precise biochemical mechanism explaining
the morphologic disturbance depicted by MR images in
PTSD patients is still unknown, the results of this study
support the hypothesis that ongoing or early metabolic
change might occur in the BG of such patients. In as earlier
'H-MRS study involving patients with neuropsychiatric sys-
temic lupus erythematosus, Lim at al. (21) drew similar
conclusions. In our investigation, a further reason for
choosing the white matter region rather than that of gray
matter is the susceptibility of the former to small vascular
lesions. We found, however, that in PTSD patients, the
metabolites shown to be present in the periventricular
white matter at "H-MRS did not significantly change, and
thus believe that to evaluate the early biochemical changes
accompanying fire-related PTSD, the most suitable site for
'H-MRS is the basal ganglia.

In a research-based study, the ideal condition is homo-
geneity. In combat-related and sexual abuse-related PTSD,
the causes, types, intensities, and duration of psychic trau-
mas are, however, individually different, and in such pa-
tients it is thus difficult to categorize the type and degree of
injury. In this study, on the other hand, conditions such as
cause, stage, and age were the same or similar, and for that
reason our results make a meaningful contribution to re-
search into PTSD as well as to other psychological dis-
eases.

Our findings showed that in patients with fire-related
PTSD, NAA levels in the BG diminished. This decrease,
known to be a neuronal marker, indicates not only a loss
of neurons or neuronal activity but also neuronal dysfunc-
tion or impairment as a result of myelin breakdown.
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Decreased NAA/Cr ratios in the BG may be indirect evi-
dence of extensive small vessel injury in basal ganglia seen
at MRI as apparently normal (21, 22). These spectroscopic
findings suggest that the clinical presentation of the neu-
ropsychiatric symptoms indicates severe cerebral insult re-
sulting in significant neuronal injury.

Because a serious fire can cause hypoxic or toxic brain
insults, our MRS findings might reflect such insult rather
than the existence of typical PTSD. We believe, however,
that this is unlikely: no abnormal brain MR imaging find-
ings, observed in patients with hypoxic or toxic insult,
were apparent, and among our patients, the neuropsychi-
atric symptoms typically occurring in PTSD cases were
present.

A possible weakness inherent in our study is that its MRS
findings did not correlate closely with the severity of the
neuropsychiatric symptoms of the patients involved. This
might be partly attributed to the fact that the evaluation
and grading of such symptom was on the basis of the PTSD
interview alone, reliance being placed mainly on the sub-
jective description these patients provided. Conse-quently,
the grading of the symptoms is not objective. In addition,
our study included only a small number of PTSD patients,
and for these reasons, further series, involving MRI and 'H-
MRS studies of more such patients, are essential.

In conclusion, decreased NAA/Cr ratios in the BG, seen
at '"H-MRS, might be an early sign of abnormality in acute
fire-related PTSD.
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