294 Takatoshi Semba, Yoshifumi Sugawara, Takashi Ochi, et al

210

11.

13.

I5.

16.

17.

high grade gliomas. J Neurooncol 2002; 59: 81-90.

. Nakada K, Katoh C, Kanegae K, Tsukamoto E, Itoh K,

Furudate M, et al. The role of 2°'T! scintigraphy in evaluat-
ing proliferative activity in thyroid neoplasms. Ann Nucl
Med 1996; 10: 4148,

. Suga K, Kume N, Orihashi N, Nishigauchi K, Uchisako H,

Matsumoto T, et al. Difference in 2'T1 accumulation on
single photon emission computed tomography in benign
and malignant thoracic lesions. Nuel Med Commun 1993;
14: 1071-1078.

Kaplan WD, Takvorian T, Morris JH, Rumbaugh CL,
Connolly BT, Atkins HL. Thallium-201 brain tumor imag-
ing: A comparative study with pathologic correlation. J
Nucl Med 1987, 28: 47-52.

. Vertosick FT Jr, Selker RG, Grossman SJ, Joyce IM.

Correlation of thallium-201 single photon emission com-
puted tomography and survival after treatment failure in
patients with glioblastoma multiforme. Neurosurgery 1994,
34: 396-401.

Lorberboym M, Mandell LR, Mosesson RE, Germano 1,
Lou W, DaCosta M, et al, The role of thallium-201 uptake
and retention in intracranial tumor after radiotherapy. J
Nucl Med 1997; 38: 223-226.

. Rodrigues M, Fonseca AT, Salgado D, Vieira MR. ®9"Tc-

HMPAO brain SPECT in the evaluation of prognosis after
surgical resection of astrocytoma. Comparison with other
noninvasive imaging techniques (CT, MRI and 20'7Tl
SPECT). Nucl Med Commun 1993; 14: 1050-1060.
Black Kl., Emerick T, Hoh C, Hawkins RA, Mazziotta J,
Becker DP. Thallium-201 SPECT and positron emission
tomography equal predictors of glioma grade and recur-
rence. Neurol Res 1994; 16: 93-96.

Bénard F, Romsa I, Hustinx R. Imaging gliomas with
positron emission tomography and single-photon emission
computed tomography. Semin Nucl Med 2003; 33: 148-
162.

Oriuchi N, Tamura M, Shibazaki T, Ohye C, Watanabe N,

18.

20.

21.

22,

23

24,

25.

Tateno M, et al. Clinical evaluation of thallium-201 SPECT
in supratentorial gliomas: Relationship to histologic grade,
prognosis and proliferative activities. J Nucl Med 1993; 34:
2085-2089,

Higa T, Maetani §, Kobashi Y, Nabeshima S. TI-20i
SPECT compared with histopathologic grade in the prog-

nostic assessment of cerebral gliomas. Clin Nuct Med 2001;
26: 119-124.

. Kosuda §, Fuiii H, Aoki S, Suzuki K, Tanaka Y, Nakamura

O, et al. Prediction of survival in patients with suspected
recurrent cerebral tumors by quantitative thallium-201 single
photon emission computed tomography. fnt J Radiat Oncol
Biol Phys 1994; 30: 1201-1206.

Black KL, Hawkins RA, Kim KT, Becker DP, Lerner C,
Marciano D. Use of thatlium-201 SPECT to quantitate
malignancy grade of gliomas. J Neurosurg 1989; 71: 342—
346.

Jinnouchi 8, Hoshi H, Ohnishi T, Futami S; Nagamachi S,
Watanabe K, et al. Thallium-201 SPECT for predicting
histological type of meningiomas. J Nuc! Med 1993; 34:
2091-2094.

Sun D, Liu Q, Liu W, Hu W. Clinical application of 2'T]
SPECT imaging of brain tumor. J Nucl Med 2000, 41: 5-10.
Baumert BG, Lutterbach J, Bernays R, Davis JB, Heppner
FL. Fractionated stereotactic radiotherapy boost after post-
operative radiotherapy in patients with high-grade gliomas.
Radiother Oncol 2003; 67: 183-190.

Thilmann C, Zabel A, Grosser KH, Hoess A, Wannenmacher
M, Debus J, Intensity-modulated radiotherapy with an
integrated boost to the macroscopic tumor veolume in the
treatment of high-grade gliomas. Int J Cancer 2001; 96:
341-349.

Kim §, Chung JK, Im SH, Jeong JM, Lee DS, Kim DG, et
al. ''C-methionine PET as a prognostic marker in patients
with glioma: comparison with 3F-FDG PET. Eur J Nucl
Med Mol Imaging 2005; 32: 52-59,

Annals of Nuclear Medicine



SclenceDirect ~ Neuroscience Research : Heterogeneity of posterior limbic perfusion In very early Alzheimer's disease

o, ScierwelDirect BAREYR—

2007/03/08 05:08 PM

Login: B
Register

Home Brovise Search My Selungs Aleris Help
Quick Search Title, abstract, keywords Author
&) search tips Journal/book e Volume fssue

Neuroscience Research
Volume 55, Issue 3, July 2006, Pages 285-291

e.g. js smith

Clear@ Go@

Page

doi10.1018/j.neures, 2006.03.006  (F) Cite o Link Using DOI
Copyright © 2006 Elsevier reland Ltd and the Japan Neuroscience Society All rights reserved.

Heterogeneity of posterior limbic perfusion in very early
Alzheimer's disease

Michinobu Nagao™ B, E, Yoshifumi Sugawara®, Manabu Ikeda®, Ryuji Fukuhara®,
Tomohisa IshikawaP?, Kenya Murase®, Takanori Kikuchi®, Teruhito Mochizuki® and
Hitoshi Miki®

#Department of Radiology, Ehime University Medical School, Japan
YDepartment of Neuropsychiatry, Ehime University Medical School, Japan

FThis Document

+ SummaryPlus

b Full Text + Links
-Thumbnail Images

» PDF {266 K)

Actions

» Cited By

« Save as Citation Alert
« E-mail Article

+ Export Citation

+ {2} Addto my Guick Links

®Department of Medical Engineering, Division of Allied Health Sciences, Osaka University Medical School, Japan

Received 19 July 2005; accepted 22 March 2006. Available online 27 April 2006.

Abstract

Purpose

This study was designed to quantify the heterogeneity of cerebral perfusion on SPECT
images in elderly controls and Alzheimer's disease (AD) patients in mild stage using a
three-dimensional fractal analysis (3D-FA).

Material and method

Seventy-five patients with possible and probable AD based on the NINCDS/ADRDA

criteria, and thirty-one elderly controls underwent 99mTc. HMPAO SPECT scanmning.
Dementia severity was assessed using the clinical dementia rating (CDR). Patients with

CDR scores of 0.5 (n = 33) were classified as “very early” and those with CDR 1 (n = 42)
as “early”. We delineated the SPECT images using 2 cutoffs (35% and 50% cutoffs of the

maximal voxel radioactivity) and measured the number of voxels in the areas included by

the contours obtained with each cutoff level. The fractal dimension {FD)} was calculated by

relating the logarithms of cutoff level and the aumber of voxels. Posterior limbic images

were reconstructed at 30° positive to the coronal plane, and posterior limbic FD was
calculated.

Result

Posterior limbic FD for early AD, very eatly AD, and control groups were 1.03 % (.16,

1.02 £0.17, and 0.87 £ 0.14 (P = 0.001 versus early AD group, P = 0.001 versus very early

AD). Use of the posterior limbic FD and the ratio of posierior limbic FD to total FD
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separated very early AD patients from controls with a sensitivity of 76% and a specificity of
81%.

Conclusion
3D-FA indicated significant differences in the heterogeneity of CBF distribution between
patients with AD in mild stage and elderly controls. Posterior limbic FD may be useful for

easily and objectively distinguishing patients with very early AD from aging people.

Keywords: Alzhcimer's disease; Aging; SPECT,; Cerebral perfusion; Fractal dimension
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The most common neurodegenerative cause of dementia in the elderly is Alzheimer's
disease (AD) (Kokmen et al., 1993). Memory impairment is usnally the earliest
manifestation, and differentiating the gradual decline in memory efficiency associated with
healthy aging from mild AD is a diagnostic difficulty (Petersen et al., 1994). As effective
treatments begin to emerge, detecting AD in the preclinical or very early clinical stage will
become crucial. Thus, the development of neuroimaging markers offers one possible way
forward.

PET and SPECT are useful imaging modalities for diagnosis and monitoring progression in
AD. Cerebral blood flow (CBF) reductions in AD have a regionally dependent time course.
In mild stages of the disease, CBF in the temporo-parietal region declines first, and regional
CBF decrease spreads 1o frontal and other brain regions later (Foster et al., 1984, Haxby et
al., 1985, Holman et al., 1992, Messa et al., 1994 and Nebu et al., 2001). However, the CBF
in sensorimotor cortex, pons, and cerebellum are relatively preserved {Minoshima et al.,
1997, Johnson et al., 1998 and Kogure et al., 2000). As regional CBF variability increases
with progressing AD, we hypothesized that CBF distribution in very mild AD may also be
more heterogeneous than that in healthy aging people.

Three-dimensional fractal analysis (312-FA), based on an intensity threshold at different
cutoffs for the involved area, was used to quantify the heterogeneous distribution on SPECT
(Nagao et al., 2001, Yoshikawa et al., 2003a and Yoshikawa et al., 2003b). 3D-FA is a
simple and objective image-analyzed methed and is a helpful tool used to characterize CBF
distribution patterns, which is not easy to diagnose through conventionat visual analysis. In
this study, we quantified the heterogeneous distribution on CBF SPECT images in very
early AD, early AD, and healthy aging people using 3D-FA and examined the usefulness of
the quantification for distinguishing these three groups.

1. Methods

1.1. Recruitment and characterization of subjects

2007/03/08 05:08 PM
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Patients with cognitive impairment and the cognitively normat elderly were consecutively
recruited from the Higher Brain Function Clinic at Ehime University Hospital between
January 1998 and June 2003. All procedures used in this study were performed strictly
according to the local Ethics Committee's Clinical Study Guidelines and were approved by
the internal review board. Written informed consent was obtained from all participants or
their caregivers after a complete description of the study.

Patients suspected of having cognitive impairment underwent detailed physical,
neurological, and psychiatric examinations. Laboratory studies obtained from all patients
included biochemistry, complete blood count, sedimentation rate, syphilis serology, sensitive
thyroid-stimulating hormone, vitamin B12, folic acid, EEG, and brain MR Patients with
MRI evidence of focal brain lesions and MR angiographic evidence of ceclusive lesions in
the cervical and intracranial arleries were excluded. MRI was performed with a 1.5T system
{Gyroscan ACS-NT release 6, Philips, The Netherlands) incorporating a circularized head
coil. The scanning parameters for T2-weighted turbo SE sequences were as follows:
repetition time = 4.26 ms; effective echo time = 110 ms; echo train length = 10;

matrix = 247 x 512; field of view = 220 mm, section thickness = 6 mm; intersection

gap = 0.6 mm; NSA = 2; and imaging time = 2 min 54 5. Patients with only age-related
hyperintensity lesions (less than 5 mm x 5 mmy} in basal ganglia and white matter were
included in this study (Drayer, 1988).

For diagnostic and research purposes, the patients were assessed with a comprehensive
neuropsychological test battery, including mini-mental state examination (MMSE) (Folstein
el al., 1975), Raven's coloured progressive matrices (RCPM) (Aftanas and Royce, 1969), the
Alzheimer's disease assessment scale, cognitive subscale (ADAS-cog) (Mohs et al., 1983).
Their principal caregivers were interviewed using the instrumental activities of daily living
scale (JADL) and the physical self-maintenance scale (PSMS) (Lawton and Brody, 1969).
Affective and behavioral disorders were evaluated using the neuropsychiatric inventory
(NPI) (Cummings et al., 1994) for caregivers.

Following the completion of this evaluation, a consensus committee consisting of consultant
neuropsychiatrists and consultant neurologists was convened to determine the clinical
diagnosis. The clinical diagnosis of possible or probable AD was based on the National
Institute of Neurological and Comumunicative Disorders/Stroke and Alzheimer's Disease and
Related Disorders Association (NINCDS/ADRDA) criteria (McKhann et al., 1984).
Dementia severity was assessed using the clinical dementia rating (CDR) (Moris, 1993).
Patients with CDR 0.5 were classified as “very early” and those with CDR 1 as “early”

(Table 1).

Table 1.

Subject characteristics
Characteristic Control Very early AD | Early AD
No. 31 33 42
Age (vears) 73344573758 74158
Education {years) 1.2+ 26 | 109+ 24 96x24
Male/female 922 14/19 14428
CDR 0 0.5 1
MMSE score 280218 | 232431 18823.6
RCPM 260+3.5 20771
ADAS cognitive subscale 126269 188+75

All patients have participated in a longitudinal project investigating aspects of cognition and
behavior. Patients underwent clinical and neuropsychological reevaluations at approximately

P
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12-month intervals. At first assessment the only major cognitive impairment in the patients
with CDR 0.5 was memory disturbance with mild secondary disorientation (i.e. possible AD
in NINCDS/ADRDA criteria). They had histories of progressive memory decline in the
preceding 2-3 years as reported by their caregivers. With subsequent follow-up, their
cognitive impairment progressed to the point where they all met NINCDS/ADRDA criteria
for probable AD. Therefore, all of the AD cases (both very early and early) eventually
diagnosed as probable AD. The mean follow-up time for these patients was 33.5+ 17.9
months. This project included the patients with CDR 0.5, who had an unchanged cognitive
impairment during follow up period. These patients did not meet NINCDS/ADRDA criteria
for probable AD with subsequent follow-up. They were characterized as having stable mild
cognitive impairment (MCI) or MCI not converted AD. These stable MCI patients were not
included in AD and control groups.

Control subjects were derived from the same community population as the cognitively
impaired subjects. These individuals underwent an evaluation similar to that described
previously, including a general medical examination and part of the nevropsychological test
battery mentioned above. Subjects qualified as normal controls if, in the opinion of their
clinicians, they were functioning normally in the community and did not have any cognitive
impairments. They could not have had any active neurologic or psychiatric illnesses and
could not be taking any psychotropic medications (Table 1).

Age, education years, and sex ratios (males/females) were not statistically different among
these three (two patient's and control) groups.

A CBF SPECT examination was performed within a month of the initial clinical assessment
in all patients.

1.2. Data acquisition

Hexamethyl propyleneamine oxime (HMPAO) was labeled with “™Tc on site shortly
before administration. The dose was approximately 740 MBq. The radiopharmacentical was
injected into an antecubital vein while the subjects lay supine with eyes closed in a secluded
examination room. Data acquisition started at 10 min post-injection. A SPECT scanner
{SPECT-2000H; Hitachi Medical Corp., Tokyo, Japan}, incorporating a four-headed
rotating gamma camera with an in-plane and axial resolution of 7.5 mm full width at half
maximum (FWHM), equipped with low-energy high-resolution collimators for PIMT in air,
was used. Data were obtained from the 140keV photo peak (20% window) over 360°
rotation using a 128 x 128 matrix. A step and shoot format was utilized with an acquisition
time of 20 s/frame and a zoom factor of 1.33. Image reconstruction was performed by the
filtered backprojection method using a Butterworth filter (order 10, cut-off frequency

0.12 cycles/pixel). Attenuation correction was performed using Chang's method by assuming
the object shape to be an ellipse for each slice and the attenuation coefficient to be uniform

(0.08 cm_l)k Slice thickness was 2 mm {one pixel).
1.3. Three-dimensional fractal analysis

Fractals were introduced by Mandelbrot (1967) to characterize structures and processes
occurring in nature. The principal features of fractal objects are: (1) a large degree of
heterogeneity, (2) scaling similarity over many scales of observation, and (3) the lack of a
well-defined scale (Nelson, 1990). Fractal geometry is characterized where the relationship
between a measure {A) and the scale {£) is expressed as

M(e)=ke™P, (1)

where k is a scaling constant and D is called the fractal dimension (Nelson, 1990). As this
equation implies, the quantity M to be measured is a function of the ruler scale and can be a
non-constant. The fractal dimension is one parameter that is useful for this purpose in
characterizing organizationally complex structures (Nelson, 1990). The fractal dimension is
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a scale-independent measure of spatial heterogeneity.

In 3D-FA, the chosen cutoffs were used as the ruler scale + in Eq. (1), and the number of
voxels with radioactivity higher than the corresponding cutoffs were expressed as A(¥),
Clearly, M(%) decreases as & increases; hence a linear regression on the M(*) versus ¥
graph, when plotted on a logarithm versus a logarithm scale, yielding a negative slope with
the magnitude equal to the fractal dimension (Nagao and Murase, 2002 and Nagao et ak.,
2004).

In this study, we delineated the SPECT images using 2 35% and a 50% cwtoff of the
maximal voxel radicactivity and measured the number of voxels included in the contours of
the two different cut-offs. The fractal dimension (FD) was calculated by relating the
logarithms of the cut-offs and the number of voxels based on the above equation and to
define the heterogeneity of cerebral perfusion.

The important factor for 3D-FA is the range of cutoff levels used. In HMPAO SPECT
studies, when a cut-off of less than 30% is used, artifactual regions outside the brain tend to
be delineated, especially in younger patients. In this study, we targeted the reduction of
cortical CBF hecause the first affected brain structure with progressing AD is the cerebral
cortex, Thus, we selecied the range of cut-off levels, which is expressed as the change of
cortical CBF, and defined cut-off levels as 35% and 50% (Nagao et al., 2001 and Nagao et
al., 2004).

We divided the ordinary coronal SPECT images into the anterior, middle and posterior
regions. Anterior or posterior region was composed of the anterior or posterior half of the
coronal SPECT slices (Fig. 1A). The middle region was composed of the middle one-third
of the coronal SPECT slices. Then, middle region overlaps the posterior one-third slices of
the anterior region and the anterior one-third slices of posterior region (Fig. IB),

2007/03/08 05:08 PM

Anterior
__ Middle

Posterior

(A)

(B)

“, Posterior limbic

Fig. f. (A} The schema of the anterior and posterior region indicates. Anterior and posterior
regions comprised the anterior or posterior one-second of the coronal SPECT slices. {B) The
schema of the middle region and the posterior limbic region indicates. The middle region
comprised the middle one-third of the coronal SPECT slices. The posterior limbic region
comprised the middle one-third slices that were reconstructed at 30° positive to the coronal plane.

The posterior limbic region was composed of the middle one-third slices that were
reconstructed at 30° positive to the ordinary coronal plane (Fig. 1B). We caleulated FD
corresponding to anterior, middle, posterior and posterior limbic regions.

Computer selected the images that composed of each region automatically. The use of the
images had no variation in reproducibility. In the all process of this analysis, the images
were not {ransformed into a standard stereotactic space.
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1.4. Statistical analysis

One-way analysis of variance with Bonferroni's correction was used to compare anterior
FD, middle FD, posterior FD, posterior limbic FD) and the ratio of posterior limbic FD to
total FD among early AD, very early AD, and elderly control group. P value of less than
0.05 was considered statistically significant.

2. Results

Aanterior FD for early AD, very early AD, and control groups were 1.20 = 0.23, 1.19 + 0.24,
and 1.03 = 0.19, respectively (P = 0.006 versus early AD group, F = 0.02 versus very early
AD) (Fig. 2). There was no significant difference between early AD and very early AD
groups.

Anterior FD
17
36
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T,
[
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L T

Early AD Very Earty AD Control

1.3
1.2

FIE IR SN SO T BRSNS N A S|

Fig. 2. The box-and-whisker plot shows anterior fractat dimension (FD) for patients with AD and
elderly controls. The boxes represen{ 25-75% range with bisecting lines showing the median
value, and the horizontal lines represent 10-90% range. “P=0.006 vs. early AD group, P=0.02
vs. very carly AD group.

Middle ¥ for early AD, very early AD, and control groups were 1.16 + 0.24, 1.15 + 0.27,
and 0.96 + 0.22 respectively (P = 0.005 versus early AD group, P = 0.01 versus very early
AD) (Fig. 3). There was no significant difference between early AD and very early AD

groups.
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Fig. 3. The box-and-whisker piot shows middle fractal dimension {FD) {or patients with AD and

elderly controls. The boxes and the horizontal lines are same as in Fig. 2. *P = 0.005 vs. early AD
group, P =0.01 vs. very early AD group.
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Posterior FD for mild AD, very early AD, and control groups were (.89 % 0.18, (.86 + (.18,
and 0.74 £ 0.14 respectively (P = 0.001 versus early AD group, P = 0.02 versus very early
AD group) (Fig. 4). There was no significant difference between early AD and very early
AD groups.

Fostenor FU
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Eady AD \ery Early AD Contrmt

Fig. 4. The box-and-whisker piot shows posterior fractal dimension (FD) for patients with AD and

elderly controls. The boxes and the horizontal lines are same asin Fig. 2. *P = 0.001 vs. early AD
group, P = 0.02 vs. very early AD group.

Posterior limbic FD for early AD, very early AD, and control groups were 1.03 + .16,
1.02 £0.17, and 0.87 x 0.14, respectively {F = 0.00} versus early AD group, P = 0.001
versus very carly AD) (Fig. 5). There was no significant difference between early AD and
very early AD groups.
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Fig. 5. The box-and-whisker plot shows posterior limbic fractal dimension (FD) for patients with

AD and elderly controls. The boxes and the horizontat lines are same as in Fig. 2. *P = 0.001 vs.
mild AD group, P = 0.001 vs. very early AD group.

The ratio of posterior limbic FD to total FD for early AD, very early AD, and control
groups was 1.13 £ 0.08, 1.16 £ 0.07, and 1.09 + 0.07, respectively (P = 0.0003 versus very
early AD). There was no significant difference between early AD and very early AD groups
and between early AD and coatrol groups, When patients with a posterior limbic FD af
more than 0.96 and a posterior limbic FD to total FD ratio of more than 1.1 were diagnosed
as having very early AD, these criteria separated very early AD) patients from controls with
a sensitivity of 76% (25/33) and a specificity of 81% (25/31) (Fig. 6).

http:f fwww.selencedirect.com/science?_ob=ArticleURL&_udi=B6TOH...rid=5560159&4md5=b30d 1fd359c051 29afbeadac84 5894 c7 &artimgPref=F

~—3 7714

217



ScienceDirect ~ Neurosclence Research : Heterogeneity of posterior llmbic perfusion in very early Alzheimer’s disease

oelerior Tmblic FD

2
]
181
a -} ,
161
14 o
.. =*
12 o en B
o B .
1 e ﬂg £ °
[#] ug o
© xS
[
8 P
o
6 c
4 T T
9 1 11 12 13

The ratio of posterior limblic FD to total FD

14

Fig. 6. Scatter ptot of posterior limbic FD and the ratio of posterior limbic FD to total FD for 33
patients with very early AD (=) and 31 controls ().

Representative SPECT images of very early AD are shown in Fig. 7. Fig. 7A is the coronal
SPECT images, which show no definite hypoperfusion area. Fig. 7B is the SPECT images
which are reconstructed at 30° positive to the coronal plane. Anterior FD, middle FD,

posterior FD and posterior limbic FD of this very early case were 1.00, 0.98, 0.78, and 1.07.
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Fig. 7. (A) The coronal SPECT images for a 69-year-old female with very early Alzeheimer's
disease show no definite hypoperfusion area The armows indicate the slices corresponding to the
middle region. Her anterior fractal dimension (FD3), middle FD and posterior FD were 1.00, 0.98,
and 0.78. (B) The SPECT images were reconstructed at 30° positive to the corenal plane, the same
case as (A). The arows indicate the slices corresponding to the posterior limbic region. Her
posterior limbic FD was 1.07.

3. Discussion
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In this study, 3D-FA allowed successful evaluation of the heterogeneous distribution of
CBF SPECT in early stages of AD and healthy aging. There were significant differences in
anterior FD, middle FD, posterior FD and posterior limbic FD between both (early and very
early) AD groups and the normal control group. Of the four FDs, the most significant
difference was found in the posterior limbic FD between very early AD and control groups.
Although there was overlap in anterior FD, middle FI and posterior FD between the very
early AD and control groups, criteria relating to both of the aforementioned parametess (a
posterior limbic FD of more than 0.96 and a posterior limbic FD to total FD ratio of more
than 1.1) clearly distinguished very early AD patients from elderly controls. The ratio of
posterior limbic FD to total FID indicates the predominance of the heterogeneity of the
posterior limbic perfusion in the whole CBF distribution. These results suggest that the
heterogeneity of posterior limbic perfusion may be the reliable imaging marker for
predicting the clinical severity at the mild stage of AD.

The posterior limbic region added the anterior temporal lobe to the middle region and
exchided the primary motor cortex in parietai lobe from the middle region, since the
posterior limbic images were reconstructed at 30° positive to the ordinary coronal plane
(Fig. 1), Furthermore, the posterior limbic region excluded the occipital lobe and cerebelium
from the posterior region (Fig. 1). Thus, the posterior limbic region included the
hippocampal amygdaloid complex, thalamus, a part of anterior cingulate cortex, posterior
cingulate cortex and precuneus, in which were seen slight hypoperfusion at early stage of
AD (Minoshima et al., 1997 and Johnson et al., 1998). In ordinary transaxial or coronal
images, the hippocampus, posterior cingulate cortex and precuneus are divided into several
parts and shown on several separate slices. As a result, it was difficult to evaluate blood
flow of the small part in each slice. On the other hand, the posterior limbic images became
nearly parallel to the long axis of the hypocampal formation, posterior cingulate cortex and
precuneus and could demonstrate slight reduced CBF in these regions. Consequently, CBF
distribution on posterior limbic region may be more heterogeneous than that on the other
regions.

In addition, this resuit is consistent with recent studies of mild cognitive impairment (MCI),
the amnesic prodrome of AD, using SPECT or PET. Since the seminal findings of
Minoshima et al., 1994 and Minoshima et al., 1997 of posterior cingulate and adjacent
cingulo-parietal hypometabolism in mild stage AD, SPECT hypoperfusion in this region has
been identified in MCI cases that subsequently converted to AD (Johnson et al., 1998 and
Kogure et al., 2000). Furthermore, posterior cingulate and adjacent cingulo-parietal
hypometabolism was identified in MCI cases (Nestor et al., 2003) and such changes were
reported as a predictor of early conversion from MCI to AD (Chetelat et al., 2003). We
experienced five stable MCI patients with a follow up period of more than 3 years. Their
posterior limbic FD (mean: 0.89) is almost equal to that for controls when CBF SPECT was
performed with the same protocol. Posterior limbic FD has possibility to be a predictor of
conversion from MCI 10 AD. Maruyama et al. reported that increased level of the
cerebrospinal fluid (CSF)-tan might help in detecting MCI subjects who are predicted to
develop AD (Maruyama et al., 2001). However, we did not have CSF data from the patients
enrolled in the present study. The comparison of FD with the biochemical assays in terms of
accuracy of discrimination between normal subjects and probable AD or AD-converted
MCI is a theme in the fulure studies.

The recent development of computer assisted analysis using three-dimensional stereotactic
surface projections (3D-85P) afforded more objective and more reliable assessment than the
visual inspection of the standard transaxial images. Imabayashi et al. reported 3D-S8P
demonstrated a high accuracy of 86% for disciminating patients with AD at a very eady
stage from control subjects (Imabayashi et al., 2004). 3D-FA is a simple and objective
image analysis method and does not use a standard stereotactic space or a statistical image
technique such as 3D-88P. Although a methadology of 3D-FA is different from 3D-S$SP,
3D-FA resulted in a high accuracy for discriminating very early AD patients from controls.
We expect that combination of 3D-FA with 3D-88P may increase the diagnostic accuracy
for early AD.

Age-related and regional decreases in CBF have been reported in many studies. In recent
PET studies, bilateral and symmetrically distributed effects of age were most marked in the
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inferior and posterior lateral frontal, anterior cingulate, perisylvian temporo-parietal and
anterior temporal cortices, and, left caudate and anterior thalamus. However, the anterior
dorsolateral prefrontal regions, posterior cingulate, precuneus, some occipital association
and inferior occipito-temporal cortices, as well as other areas, were relatively less affected,
while no significant effects of aging were identified in most of the occipital cortex (Moziey
et al., 1997, Kulil et al., 1982, Moeller et al., 1996 and Petit-Taboue et al., 1998). Relative
hypofrontality with increased age and the lesser effects of age on the posterior brain are
consistent findings of most previous studies. Due to the age-related decrease in anterior
CBF, there might be unacceptably high overlap in the anterior FID between AD patients and
controls.

In conclusion, 3D-FA indicated significant differences in the hetlerogeneity of CBF
distribution between patients with very mild stage AD and healthy elderly. Posterior limbic
FID that indicates the heterogeneity of this region may be useful for objectively
distinguishing patients with very early AD and MCI from healthy elderly.
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Abstract

Purpose: The aim of our study was to update the rate of severe complications following CT-guided needle biopsy in Japan via a mailed
survey.

Materials and methods: Postal questionnaires regarding CT-guided needle biopsy were sent out to multiple hospitals in Japan, The guestions
regarded: the tolal number and duration of CT-guided lung biopsies performed at each hospital, and the complication rates and numbers of
poeumothorax, hemothorax, air embolism, tumor seeding, tension preumothorax and other rare complications. Each severe complication was
followed with additional questions.

Results: Data from 9783 biopsies was collected from 124 centers. Pneumothorax was the most common complication, and occurred in 2412
(35%) of 6881 cases. A total of 39 (35%) hospitals reported 74 (01.75%) cases with severe complications. There were six cases (0.061%)
with air embolism, six cases (0.061%) with tumer seeding at the site of the biopsy route, 10 cases (0.10%) with tension preumocthorax, six
cases (0.061%) with severe pulmenary hemorthage or hemoptysis, nine cases (0.092%) with hemothorax, and 27 cases (0.26%) with others,
including heart arrest, shock, and respiratory arest. From a total of 62 patients with severe complications, 54 patients (0.55%) recovered without
sequela, however one patient (0.01%) recovered with hemiplegia due to cerebral infarction, and the remaining seven patients (0.07%) died.
Conclusions: This is the first national study documenting severe complications with respect to CT-guided needie biopsy in Japan. The
complication rate in Japan is comparable to internationally published figures. We believe this data will improve both clinicians as well as
patients understanding of the risk versus benefit of CT-guided needle biopsy, resulting better decisions.

© 2006 Elsevier Ireland Ltd. AH rights reserved.
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1. Introduction

Transthoracic needle biopsy is a common procedure used
mainly to elucidate the nature of pulmonary nodules [1,2].
CT has rapidly become the guidance modality of choice
for performing transthoracic needle biopsy due to technical
advances in CT and its better detection of pulmonary lesions,
which sometimes cannot be identified on chest radiograph
3}

CT-guided needle biopsy is generally regarded as a safe
procedure, although pneumothorax and other rare complica-
tions can sometimes occur [4]. There have been occasional
reports of deaths due to severe complications, such as, air
embolism following lung biopsy [5]. Fortunately, these com-
plications are generally very rare; previously published data
shows wide variations in complication rates, making them
difficult to generalize [5-81.

The aim of our study was to update the rate of severe
complications following CT-guided needle biopsy in Japan
via a mailed survey.

2. Materials and methods

Postal questionnaires regarding CT-guided needle biopsy
were sent out to named radiologists at 101 university hospitals
and cancer centers in Japan in August 2001. The radiolo-
gists at these hospitals were asked to pass duplications of the
questions to other associate hospitals. The guestions required
information regarding: the total number and duration of CT-
guided lung biopsies performed at each hospital, and the
complication rates, numbers of pnewmocthorax, hemothorax,
air embolism, tumor seeding, tension pneumothorax, severe
pulmonary hemorrhage or hemoptysis which was treated with
drugs for hemostasis and other rare complications, and mor-
talities and morbidities after that.

We defined a case as having a severe complication when
one of the following criteria was met: (1) the duration of
hospital stay was prolonged due to the biopsy, (2) a special
technique or treatment was required to treat the complica-
tion, (3) a special procedure was required for resuscitation,
and (4) shock or pre-shock developed. Each severe com-
plication was followed with additional questions, including
diagnosis of the complication, the position of the pulmonary
lesion, the distance of the pulmonary lesion from the periph-
eral pleura, whether the lesion was located near the hilum
or large pulmonary vessel, whether there was any reasonable
factor causing the complication such as cough during biopsy,
biopsy technique (CT-fluoroscopy or Co-axial method), the
number of biopsies for each case, type and size of the needle,
and presence of significant sequela from the complication.

Furthermore, the questionnaire included the following
enquiries: whether emergency medication was prepared for
resuscitation in the operating room, whether the patient was
treated by the intravenous route and monitors, such as auto-
matic sphygmomanometer, pulse oximetry, and electrocar-
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diography. Finally, availability of access to other departments
in case of emergency was questioned. Postal replies of ques-
tionnaire had been received for a year, and these answers were
analyzed.

3. Results

A total of 9783 biopsy data were collected from 124 cen-
ters, The average mumber of biopsies performed per center
was 79 cases, and that per center per year was 21 cases. The
number of institutions in which hyperbaric oxygen recom-
pression can be performed was 41 of 114 (37%) hospitals.
Patients were kept on peripheral intravenous drip infusion in
86 of 92 (93%) hospitals, automatic sphygmomanometer in
38 of 92 (41%) hospitals, pulse oximetry in 32 of 92 (35%)
hospitals, and electrocardiography in 8 of 92 (9%) hospitals.

Pneumothorax was the most common complication, and
occurred in 2412 (35%) of 6881 cases. The number of centers
that reported severe complications was 39 (35%) of 114 cen-
ters. The total number of overall severe complications was
74 (0.75%) cases. Of these, details of the complications in 64
cases are described in Fable 1. There were six cases (0.061%)
with air embolism, six cases (0.061%) with tumor seeding at
the site of the biopsy route, 10 cases (0.10%) with tension
pneumothorax, six cases (0.061%) with severe pulmonary
hemorrhage or hemoptysis, 10 cases (0.10%) with hemoth-
orax, and 26 cases (0.26%) with others. The others included
14 cases of pneumothorax requiring temporal drainage of the
pneumothorax or chest tube insertion, three cases of heart
arrest, and so on. There was no report of coughing during
needle placement into the thorax in any of the cases with
air embolism. Two of six pulmonary lesions were compli-
cated with air emboli located near the large pulmonary vessel,
and one lesion contained a cavity (Table 2). Tumor seeding
occurred in two cases following CT-guided biopsy performed

Table 1
Sumimary of 64 cases of severe complications
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Severe complications

—
E-N

Pneumothorax requiring drainage of air
Tension pneumothorax

Hemothorax

Air embolism

Tumor seeding

Pulmonary hemorrhage of hemoptysis
Heart arrest

Respiratory armrest

Shock

Cyanosis

Cardiac tamponade
Pneumomediastinum

Mediastinal hematoma

Loss of consciousness

Severe pain of biopsied site
disseminated intravascular coagulation (DIC)

—
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Total
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62

Table 2

Surmary of cases of air embolism

Sequela

Size of the
needle

No. of Technique

Co-axial
method
No

CT-Auoloscopy

Cavity

Large vessel near
the nodule

Yes

Distance from
pleura (mm)

Location
(lobe}

Size
(mm)
20

Sex
10

Age

Mo.

of biopsy

biopsy

18G Death

Core biopsy

Yes

No

Left lower

72
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From a total of 62 cases with severe complications, 54

Recently, many small pulmonary lesions, which cannot

3 3 w3 by the Co-axial method (Table 3). In one of these two cases,
g g 2 g g the tip of the outer cannula was placed within the chest wall,
EE 5 EE so that seeding obviously occurred by direct contact of the
Ea el Ealta) j 3 i
ig g ,?';;’ E "E; inner needle with the biopsy route.
EEA SR
cases (0.55%) were recovered without sequela, and one case
(0.01%) recovered but with hemiplegia due to cerebral infarc-
tion. Unfortunately, four (0.04%) of the remaining seven
52? © c% c% g cases died just after the CT-guided biopsy procedure; these
consisted of one case of air embolism, one case of DIC, and
o B S B m two cases of heart arrest. Three cases (0.03%) of the remain-
é é- é é % ing seven cases died several years later due to tumor seeding.
'g f.} § 'Q ';_} Four cases complicated with air embolism, three of which
0SS888 were treated with hyperbaric oxygen recompression, were
recovered without sequela out of a total of six cases. In 23
{50%) of 46 centers, an emergency team was able to attend
e when a severe complication occurred.
4. Discussion
fg2dz
be detected on chest radiograph, have been easily visualized
by CT examination in daily clinical work. These lesions are
usuatly followed with CT, or in some cases these are biop-
T o sies using CT-guided technique. CT-guided needle biopsy
FE822

No
No
No
No
Yes

No
No
Yes
No
No

[17-22).

2
25
25
3
8

Left lower
Right middle
Right upper
Right lower
Right lower

7
20
12
25

8 NA, information was not available,

59
57
74
57
75

is a widely accepted technique and is one of the principal
methods for evaluating a pulmonary lesion [9], Although it
is not rare to have minor complications due to CT-guided
needle biopsy, such as, a stnall amount of pneumothorax and
pulmonary hemorrhage, these complications improve with-
out any treatment [5]. On the other hand, it is well known
that potentially life-threatening complications such as air
embolism and tumor seeding can occur, Fortunately, the fre-
quency of these complications is considered very rare [5].
However, the number of published reports has shown that
the incidence of air embolism has been increasing over the
last several years. Only seven cases with air embolism were
documented in the 20 years before 1995 [10-16], whereas
six cases have already been published in the last 10 years

This is the first national research study demonstrating the
incidence rate of severe complications with respect to CT-
guided needle biopsy based on a large number of biopsy cases
using a multi-center survey.

The most common complication of transthoracic percuta-
neous needle biopsy is pneumothorax, with a frequency rate
of 0—61%, whereas the incidence of pneumothorax requiring
chest tube drainage ranges from 1.6% to 17% [23}. In the
present study, the rate of pneumothorax was 35.1%, which is
considered comparable to the previous studies.

Sinner’s review of the literature determined that there were
two cases suspected of air embolism in 2726 patients [5], He
estimated that the relative risk of air embolism per patient
was about 0.07%. In the present study of 9783 biopsies, air
embolism occurred in six patients, resulting in an incidence
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Table 3
Summary of cases of tumor seeding
No. Age Sex Size (mm) Location Distance from Co-axial No. of Technigue of Size of the
pleura (mm) method biopsy biopsy needle
1 72 M 30 Right upper 0 No 1 Core biopsy 18G
2 73 ™M 30 Lefi lower 30 Yes 3 Core biopsy 138G
3 71 M 10 Right upper 20 No 2 Aspiration biopsy 22G
4 30 F 28 Left upper 76 No 2 Core biopsy 18G
5 69 M i5 Right lower 0 No 2 Core biopsy 21G
6 77 M 12 Right upper 30 Yes 2 Core biopsy 20G

rate of 0.06%, which also shows no major difference from
the previocusly reported complication rate. However, in the
present study, there were several cases of severe compli-
cations including cardiac and respiratory arrest, and shock,
which can be secondary to air embolism, although it is very
difficult to confirm air embolism in the coronary artery in
cases of myocardial infarction when the patient has not been
scanned at the level of the heart. It is speculated that concur-
rent cough during the procedure has a high possibility of an air
embolism misplacing the biopsy needle into the large vessel
adiacent to the pulmonary lesion. Among the total of six cases
with air emboli in the present study, two cases demonstrated
biopsied pulmonary lesions located close to the large vessels,
however the remaining four cases have no close relation to the
large vessels. There were no reports of coughing during the
procedure in any of the cases complicated by air embolism.,
Airembolism even occurred in a case in which the nodule was
very near the pleura (case no. 5). In our study, all cases with air
emboli had undergone CT-guided biopsy using a core biopsy
needie of 18--20 gauge, which is greater in diameter than the
usually used fine aspiration needles. Having said that, in the
previous reviews, most cases with air emboli were biopsied
by fine aspiration needles, and there are two prior reports
of air embolism following C'T-guided lung needle marking
using thin needles without recent biopsy {24-26].

Tumor seeding into the needie tract seems to be a rare
possibility in several case reports [27-34]. There were six
cases (0.06%) of tumor seeding in our study, which is a rel-
atively high frequency compared to previous studies [3,35].
The true incidence of tumor seeding along the needle may
be underestimated as not all cases can be diagnosed, and
many patients die before these metastases become clinically
apparent. Tumor seeding appears to depend on the size of the
needle, therefore large-bore needles carry arelatively greater
risk of tumor seeding, however tumor seeding following a
fine needle aspiration was reported in one case of our study.
It is thought that CT-guided biopsy performed using the Co-
axial method has less frequency of tumor seeding as the outer
cannuia minimizes direct contact of the tumor cells with the
biopsy route. Surprisingly, tumor seeding occurred in two
cases using the Co-axial method. We speculate that the outer
cannula was niot appropriately placed.

Unfortunately, there were seven patients (0.07%) who
died in our study due to complications in the CT-guided
needle biopsy, Greene [6] estimated the mortality rate
associated with fine needle aspiration to be 0.02%, how-
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ever Richardson et al. [8] reported eight deaths (0.15%)
in their study due to complications in CT-guided nee-
dle biopsy. Most of the deaths in the present study were
attributed to fatal air embolism. Three cases of air embolism
that were treated with hyperbaric oxygen recompression
were recovered without sequela, which may suggest hyper-
baric oxygen recompression therapy is effective for treat-
ment of air embolism, and for reducing the mortality
rate.

Our study has several limitations, including selection bias,
the lonig period of the study, multi-center analysis with alarge
variety of techniques and CT scanners, and the possibility of
missing or misdiagnosing significant complications such as
the number of air embeoli and tumor seeding. Moreover, our
study is a retrospective questionnaire-based analysis rather
than a prospective survey.

In conclusion, this is the first nation-wide study document-
ing severe complications with respect to CT-guided needle
biopsy in Japan. The complication rate in Japan is compara-
ble to internationally published figures. We believe this data
will improve both clinicians as well as patients understand-
ing of the risk versus benefit of CT-guided needle biopsy,
resulting better decisions.
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