Although a possible association between preopera-
tive anxiety and abnormal cerebral glucose metabo-
lism may exist, the authors are not aware of any
report describing preoperative anxiety and cerebral
metabolism in patients with spinal stenosis in
detail. Fluorine-18 fluorodeoxyglucose positron
emission tomography with statistical parametric
mapping analysis was used to compare regional
brain glucose metabolism between 34 spinal steno-
sis patients and 34 healthy comparison subjects.
Spinal stenosis patients with preoperative anxiety
showed several voxel clusters of significantly
decreased cerebral metabolism. The largest clusters
were areas of left insula and left prefrontal cortex
(Brodmann’s areas 9 and 11). The second largest
cluster area was left prefrontal cortex (Brodmann’s
area 10). The other clusters were right insula
(Brodmann’s area 13), right superior temporal
gyrus (Brodmann'’s area 22), and right middle fron-
tal gyrus (Brodmann’s area §).

(The Journal of Neuropsychiatry and Clinical
Neurosciences 2009; 21:307-313)
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It is generally accepted that impending surgery is a
stressful situation and people awaiting operation ex-
perience anxiety.' Preoperative anxiety is characterized
by subjective feelings of tension, apprehension, ner-
vousness, and worry. Research has shown that preop-
erative anxiety is related to fears of surgical failures,
anesthesia, loss of control, and death.?

Preoperative psychological and emotional factors
have been shown to be related to pain and functional
outcomes in orthopedic patients.” Also, Rosenberger et
al.* suggested that preoperative consideration of attitu-
dinal and mood factors will assist the surgeon in esti-
mating both the speed and extent of postoperative re-
covery. Interaction between psychological factors and
body functions in humans has been discussed by vari-
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ous investigators.” Apart from the hypothalamic-pitu-
itary-autonomic nervous system, the cerebral cortex
and limbic system should not be ignored.®” Although
not in orthopedic patients, psychological factors have
been related to the prognosis of cancer patients, and
functional neuroimaging seems to be useful not only for
psychiatric evaluation of major factors such as depres-
sion and anxiety but also for further psychological fac-
tors in cancer patients.®'°

Preoperative and postoperative anxiety tend to be
correlated.” Patients with high postoperative anxiety
have longer hospitalization periods and report more
postoperative pain.'' One recent prospective study of
102 patients who underwent lumbar spine surgery
found that lower presurgical anxiety, depression, and
hostility predicted better outcome.?

A recent study demonstrated that amygdala and in-
sular hyperactivity is common to both social anxiety
disorder and healthy subjects undergoing fear condi-
tioning.'® This conditioned fear provides a mechanism
to explain fear and anxiety in public, and may in part be
relevant in preoperative anxiety.'*

According to the model for conditioned fear, the
amygdalae play a pivotal role in the elimination of
conditioned responses, and the prefrontal cortex ap-
pears to have a modulatory effect on amygdala func-
tion.'>*® From these findings, we can hypothesize that if
patients are faced with a major operation—a stressful
condition—these brain areas may be dysfunctional. Al-
though a possible association between preoperative
anxiety and abnormal cerebral glucose metabolism may
exist, we are not aware of any report describing in detail
preoperative anxiety and cerebral metabolism in pa-
tients with spinal stenosis. The primary purpose of the
current study was to determine the association between
preoperative anxiety and cerebral glucose metabolism
in patients with spinal stenosis.

METHODS

We studied 34 patients who had been admitted to our
department for the surgical treatment of lumbar spinal
stenosis. The diagnosis of lumbar spinal stenosis was
based on clinical presentation and radiological findings
(plain radiograph, computed tomography, and MRI).
All patients were diagnosed as having lumbar spinal
stenosis. All patients between 43 and 78 years old who
presented spinal stenosis were asked to voluntarily
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complete a Hamilton Anxiety Rating Scale (HAM-A),
Zung Self-Rating Anxiety Scale, and an analysis of their
cerebral glucose metabolism.'”*®

The HAM-A consists of 14 items scored on a five-
point scale. The Cronbach alpha for the HAM-A was
0.82. The Zung Self-Rating Anxiety Scale consists of 20
items scored on a four-point scale. The Cronbach alpha
for the Self-Rating Anxiety Scale was 0.73. Thirty-four
age- and gender-matched adults were used as the com-
parison group.

Before entering the study, all participants were also
examined clinically to rule out any hidden metabolic
disease or psychiatric disease that could affect the cere-
bral glucose metabolism. In addition, brain MRI studies
were performed for all participants before entering the
study in order to rule out organic brain lesions. Partic-
ipants with a history of neuromuscular disease, endo-
crine disease, connective tissue abnormalities, organic
brain disease, psychiatric disease, or previous spinal
surgery were excluded from the study. All participants
provided informed consent before the examination and
measurements. The study was approved by the Clinical
Research Ethics Committee of the university and the
hospital.

FDG Brain PET

Brain positron emission tomography (PET) scans of a
single frame of 15 minutes were acquired starting 60
minutes after the intravenous injection of 370 MBq (10
mCi) ['®F]fluorodeoxyglucose (FDG) using a Gemini
PET/CT scanner (Philips, Milpitas, Calif.). Scans were
performed while the participants were in a resting con-
dition with their eyes closed and ears unplugged, com-
fortably lying in a darkened and quiet room. The par-
ticipants fasted for at least 8 hours before PET imaging.
The PET images were reconstructed using 3D RAMLA
(2 repetition, 0.006 relaxation parameter) and displayed
in a 128 X128 matrix (pixel size=2X2 mm, with a slice
thickness of 2 mm). Attenuation correction was per-
formed with a uniform attenuation coefficient (u=0.096
cm ™). In-plane and axial resolution of the scanner were
4.2 and 5.6 mm full width at half maximum (FWHM),
respectively.

Statistical Parametric Map Analysis of Regional Cerebral
Glucose Metabolism

Spatial preprocessing and statistical analysis were per-
formed using the SPM2 implemented in Matlab 5.3 (The
MathWorks, Inc., Natick, Mass.). All the reconstructed
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FDG brain PET images were spatially normalized into
Montreal Neurological Institute (MNI, McGill Univer-
sity, Montreal, Quebec) standard templates by an affine
transformation (12 parameters for rigid transforma-
tions) and a nonlinear transformation, and then
smoothed with a FWHM 8 mm Gaussian kernel to in-
crease the signal-to-noise ratio and to account for subtle
variations in anatomic structures. To remove the effects
of the difference in the overall counts, we normalized
the voxel counts to the mean voxel count of the gray
matter in each PET image using proportional scaling.
Images of the spinal stenosis patients with preoperative
anxiety were compared with those of healthy compar-
ison subjects in a voxel-wise manner using SPM2 for
between-group analysis (p<<0.001, uncorrected; extent
threshold, k=100). The clusters that passed this thresh-
old were considered significant at p<<0.05 corrected for
multiple comparisons using family-wise error correc-
tion (Height threshold T=>5.02, extent of cluster=100).
The Talairach brain coordinates were estimated from a
nonlinear transformation from MNI space to Talairach
space (Talairach Daemon Client, Version 1.1, Research
Imaging Center, University of Texas Health Science
Center at San Antonio). We examined the differences
between the spinal stenosis patients with preoperative
anxiety and comparison subjects using an extent thresh-
old level of 100 voxels with significance at p<<0.001 to
illustrate the group differences in statistical voxel-based
analysis, as well as for illustrating the result of the
registration between spinal stenosis patients with pre-
operative anxiety and comparison subjects. For the vi-
sualization of the t-score statistics (SPM{t} map), signif-
icant voxels were projected onto the 3-dimensional
rendered brain or a standard high-resolution MRI tem-
plate provided by SPM2, thereby allowing anatomic
identification. In addition, we investigated linear corre-
lations of the regional brain glucose metabolism with
HAM-A and Zung Self-Rating Anxiety Scale scores us-
ing “single subject: covariates only” analysis and simple
regression analysis, which are statistical models in
SPM2 based on the general linear model.

Statistical Analysis
Statistical analysis was performed with SPSS 11.5 soft-
ware for Windows (SPSS, Chicago). Data were ex-
pressed by mean and standard deviation (SD). We com-
pared groups using the t test. Statistical significance
was set at p<<0.05.
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RESULTS

Patient Characteristics

Table 1 and Table 2 show the details of the participants.
The spinal stenosis group consisted of 34 patients (22
women and 12 men) with a mean age of 63.6 years old
(SD=9.4). The mean HAM-A score in the spinal stenosis
group was 24.6 (SD=8.2) and the mean Zung Self-Rat-
ing Anxiety Scale score was 45.1 (§5D=9.2). The compar-
ison group consisted of 34 participants (20 women and
14 men) with a mean age of 59.1 years old (SD=9.0).
The mean HAM-A score in the comparison group was
6.2 (SD=3.2), and the mean Zung Self-Rating Anxiety
Scale score was 26.5 (SD=4.4). The mean HAM-A score
and Zung Self-Rating Anxiety Scale score were signifi-
cantly lower in the comparison group than in the spinal
stenosis group (p<<0.0001 in both cases).

TABLE 1. Participant Characteristics
HAM-A ZAS

Case Age Gender Score Score Diagnosis

1 47 F 13 27 L3-L5 SS

2 61 M 15 35 L4-L5 SS

3 68 F 13 42 L5-S1 SS, L5-S1 DS
4 49 M 23 41 L3-L5 SS

5 75 M 21 42 L4-L5 SS

6 68 F 31 50 L4-L5 SS, 1L4-L5 DS
7 52 F 15 38 L2-L5 SS

8 63 M 17 34 L4-S1 SS, L5-S1 LS
9 43 M 27 40 L4-L5 SS

10 69 M 31 44 L5-51 SS

11 71 M 14 26 L3-L5 SS

12 64 F 11 30 L5-51 SS, L5-S1 LS
13 59 F 16 35 L5-51 SS

14 70 F 13 37 L4-L5 SS

15 70 M 26 37 L4-51 SS

16 74 F 33 49 L3-L5 SS, L3-L4 DS
17 72 M 32 50 L3-L5 SS

18 54 F 24 45 L2-L5 SS

19 51 M 11 34 L5-51 SS

20 58 F 26 50 L4-L5 SS

21 68 F 30 50 L4-S1 SS, L5-S1 DS
22 58 F 39 55 L3-L4 SS

23 75 M 29 48 L3-L5 SS, L4-L5 DS
24 68 F 26 52 L2-L5SS

25 78 F 21 55 L4-L5 SS

26 58 M 28 47 L4-S1 SS

27 78 F 36 52 L3-L5 SS, L4-L5 DS
28 46 F 35 58 L2-14 SS

29 64 F 38 57 L4-L5 SS, L4-L5 LS
30 64 F 30 54 L5-51 SS

31 75 F 27 56 L3-L5 SS

32 66 F 31 56 L2-13 SS

33 65 F 25 55 L4-51 SS

34 63 F 30 53 L5-51 SS, L5-S1 LS

SS=spinal stenosis; DS=degenerative spondylolisthesis; LS=Iytic
spondylolisthesis; HAM-A=Hamilton Anxiety Rating Scale;
ZAS=Zung Self-Rating Anxiety Scale
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Regional Cerebral Metabolism Abnormalities by
Statistical Parametric Map Analysis

As shown in Figure 1 and Table 3, several voxel clusters
of significantly decreased cerebral metabolism were ob-
served in the spinal stenosis patients with preoperative
anxiety. The largest clusters were areas of left insula
and left prefrontal cortex (Brodmann’s areas 9 and 11).
The second largest cluster area was left prefrontal cor-
tex (Brodmann’s area 10). The other clusters were right
insula (Brodmann’s area 13), right superior temporal
gyrus (Brodmann’s area 22), and right middle frontal
gyrus (Brodmann’s area 8).

Table 4 reveals the several clusters of significantly
increased cerebral glucose metabolism in spinal steno-
sis patients with preoperative anxiety relative to
healthy comparison subjects. These areas are right cer-
ebellar tonsil, left inferior semilunar lobule, right cere-
bellar tonsil, both pons, and right internal globus palli-
dus.

Correlations of HAM-A Scores, Zung Self-Rating Anxiety
Scale Scores, and Brain Metabolism

No significant correlation was found between HAM-A
and Zung Self-Rating Anxiety Scale scores and cerebral
glucose metabolism in spinal stenosis patients with pre-
operative anxiety.

DISCUSSION

The major finding of our study is that spinal stenosis
patients with preoperative anxiety showed decreased
cerebral glucose metabolism in several areas, including
the insula, temporal lobe, and frontal brain regions. Our
study especially demonstrated left frontal brain hypo-
metabolism.

Frontal brain asymmetry is suggested to be associ-

ated with differences in the basic dimensions of emo-
tion." The left prefrontal cortex is associated with the
approach-related emotion, anger, whereas the right pre-
frontal area is associated with the withdrawal-related
emotion, anxiety.'”° Our study also showed hypome-
tabolism of left prefrontal cortex and left orbitofrontal
cortex in spinal stenosis patients with preoperative anx-
iety. Morinaga et al.*' examined regional cerebral oxy-
genated hemoglobin (O,Hb) levels in human medial
prefrontal cortex prior to and during anticipatory anx-
iety. They found that right medial prefrontal cortex
O,Hb was significantly increased relative to left medial
prefrontal cortex O,Hb during anticipation of the
shock. Right-sided O,Hb increases were significantly
correlated with the Temperament and Character Inven-
tory Harm Avoidance subscale.

The orbitofrontal cortex and amygdala are supposed
to be components of the neural circuitry involved in the
adaptive processing of emotion and in psychopatholo-
gy.”>* A study of adolescent primates demonstrates
involvement of the orbitofrontal cortex in mediating
threat-induced freezing, a behavior that is similar to
human behavioral inhibition and is a characteristic of
trait-like anxiety.”* They demonstrated that the orbito-
frontal cortex lesions significantly increased left frontal
asymmetric brain electrical activity, which is similar to
findings in our study.**

Our study also revealed insular involvement in pre-
operative anxiety processing in spinal stenosis patients.
Insular regions are known to be associated with mod-
ulation of affective processing and are important for
linking emotions to cognitive processes and behavioral
responses.” Several studies have noted that the insular
cortex may be central for understanding anxiety prone-
ness. In particular, the insular cortex is supposed to
process visceral responses accessible to awareness as

TABLE 2. Characteristics of Spinal Stenosis Patients and Healthy Comparison Subjects

Spinal Stenosis

Healthy Comparison

Patients Subjects p

Age (years) 63.6 (9.4) 59.1 (9.0) 0.5492
Sex

Male 12 (35.3%) 14 (41.2%) 0.9235

Female 22 (64.7%) 20 (58.8%) 0.9401
HAM-A mean score 24.6 (8.2) 6.2 (3.2) <0.0001

(SD)
ZAS mean score (SD) 45.1(9.2) 26.5 (4.4) <0.0001
Handedness (right/left) 33/1 34/0 1.0

HAM-A=Hamilton Anxiety Rating Scale; ZAS=Zung Self-Rating Anxiety Scale
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subjective feeling states.® Some studies have found the
altered insular function in anxiety disorders. The insu-
lar is activated during anticipatory anxiety paradigms

FIGURE1. Abnormal Cerebral Glucose Metabolism in Spinal

Stenosis Patients With Preoperative Anxiety

Circled regions: increased cerebral glucose metabolism; Squared
regions: decreased cerebral glucose metabolism.

KIM et al.

in healthy subjects and in patients with social anxiety
disorders.” >’

In our study, decreased cerebral glucose metabolism
was noted in the right superior temporal gyrus (Brod-
mann’s area 22) of preoperative anxiety patients with
spinal stenosis. This finding is consistent with prior
studies which found structural abnormalities of the
temporal lobe in panic disorder patients.’*?' Other
studies also have reported the structural abnormalities
of the temporal lobe in patients with panic disorder.
The right temporal lobe is believed to be associated
with an earlier onset and frequent panic attacks in pa-
tients with panic disorder.’ Similar to the current
study, a PET study noted the decreased cerebral glu-
cose metabolism in the right inferior parietal and right
superior temporal regions.?® The authors assumed that
the temporal lobe played a mediating role between af-
fect and behavioral responses with input from the lim-
bic system. The authors also suggested that decreased
metabolism in the right superior temporal region
would be associated with an elevated y-amino-butyric
acid (GABA) activity receptor system in the right pre-
frontal cortex. In addition to metabolic changes, hemo-
dynamic alteration in panic disorder patients is also
reported. A recent study demonstrated that there is
decreased cerebral blood flow in temporal regions of

TABLE 3. Abnormally Decreased Cerebral Glucose Metabolism in Spinal Stenosis Patients With Preoperative Anxiety

FWE Corrected

Talairach Coordinate

Clusters Hemisphere p Value Peak Z X Y z Structure BA
1,108 Left 0.000 6.94 —36 18 2 Insula
Left 0.000 6.33 =52 4 36 Prefrontal cortex 9
Left 0.002 5.36 —28 40 —-16 Orbitofrontal cortex 11
858 Left 0.001 5.54 —4 60 8 Prefrontal cortex 10
133 Right 0.001 5.51 42 —14 10 Insula 13
Right 0.024 4.77 48 -2 2 Superior temporal gyrus 22
167 Right 0.002 5.34 54 14 42 Frontal eye field 8

FWE=family-wise error; BA=Brodmann'’s area

TABLE 4. Abnormally Increased Cerebral Glucose Metabolism in Spinal Stenosis Patients With Preoperative Anxiety

FWE Corrected

Talairach Coordinate

Clusters Hemisphere p Value Peak Z X Y V4 Structure
2,375 Right 0.000 6.77 28 —56 =50 Cerebellar tonsil
Left 0.000 6.66 —28 —62 =50 Inferior semi-lunar lobule
Right 0.000 6.47 22 —44 —48 Cerebellar tonsil
181 Right 0.000 6.25 12 —24 -32 Pons
Left 0.002 531 -6 —22 —30 Pons
326 Right 0.000 5.71 18 —-10 -2 Medial globus pallidus of lentiform nucleus

FWE=family-wise error
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the brain in panic disorder and that this decrease may,
in part, reflect the clinical severity of panic disorder.**

Interestingly, spinal stenosis patients with preopera-
tive anxiety showed increased cerebral glucose metab-
olism in several brain areas, including right cerebellar
tonsil, left inferior semilunar lobule of cerebellum, right
cerebellar tonsil, both pons, and right internal globus
pallidus. These findings suggest the hyperactivity of
two neurocircuits: afferent pathways to the amygdala
and part of the startle circuit. The afferent pathways of
the fear network include the viscerosensory informa-
tion conveyed by the nucleus of the solitary tract, the
visuospatial/auditory or cognitive information from
the thalamus, and fear-signifying memories from the
hippocampus.®® Previous preclinical studies have
found an efferent amygdalofugal pathway to the pri-
mary startle circuit at the level of the caudal pontine
reticular formation, which is relayed by the periaque-
ductal gray matter. Higher FDG uptake may have been
detected in the lower dorsal pons and midbrain, asso-
ciated with the anticipatory anxiety of panic disorder
patients.*

Sacchetti et al.”” reported on the relationship between
cerebellar regions and panic disorder, which is a role of
the cerebellum in fear-conditioning consolidation. The
study showed that interpositus nucleus functional in-
tegrity was necessary for acoustic, conditioned stimulus
fear response memory formation and that vermis func-
tional integrity was necessary for memory formation of
both context and acoustic, conditioned stimulus fear
responses. Also, similar results were found in the study
by Sakai et al.*® in which panic disorder patients showed
appreciably high-state anxiety before scanning, and exhib-
ited significantly higher levels of glucose uptake in the
bilateral amygdala, hippocampus, and thalamus, and in
the midbrain, caudal pons, medulla, and cerebellum than
comparison subjects.

Interestingly, there are recent reports of panic with
autonomic disturbances occurring in patients receiving
hypothalamic deep brain stimulation for cluster head-
aches and for deep brain stimulation in the subthalamic
nucleus region.’** Data indicate that subthalamic nu-
cleus deep brain stimulation can both impair fear rec-
ognition and induce fear and panic.***! A similar find-
ing was reported in 2006.*> The authors of that study
showed that deep brain stimulation of the anterior limb
of the internal capsule and nucleus accumbens region
caused severe panic, and this response may result from
the activation of limbic and autonomic networks.

A major drawback of our study is that the difference
in the severity of the anxiety between the healthy com-
parison group and the spinal stenosis patients with pre-
operative anxiety is a potential confound. In other
words, the lack of participant anxiety scores is the major
limitation of the current study. It is possible that stabil-
ity in anxiety in pre- and postoperative participants
might be related to stability in trait anxiety in this
group. In other words, perhaps people who are by na-
ture highly anxious are more likely to undergo surgical
procedures or are at greater risk for health-related prob-
lems. Therefore, this major problem should be ad-
dressed in a future study.

Spinal stenosis patients with preoperative anxiety
showed decreased cerebral glucose metabolism in sev-
eral brain areas including the left insula, left prefrontal
cortex, right insula, right superior temporal gyrus, and
right middle frontal gyrus. Increases were also noted in
the right cerebellar tonsil, left inferior semilunar lobule,
right cerebellar tonsil, both pons, and right internal
globus pallidus. The findings of our study provide
functional neuroimaging support of abnormal cerebral
glucose metabolism in spinal stenosis patients with pre-
operative anxiety.
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