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Assessment of Metabolic Impairment in Alzheimer’s Disease with
["®*FIFDG PET: Validity and Role of Simplified Tissue
Radioactivity Ratio Analysis

Sang Eun Kim, M.D,, Duk Lyul Na, M,DAT, Jeongrim Lee, M.S.
Yong Choi, Ph.D,, Kyung Han Lee, M.D., Yearn Seong Choe, Ph.D.
Doh Kwan Kim, M.D.T, Byung-Tae Kim, M.D., Kwang Ho Lee, MD.*
Seungtai P. Kim, M.D."

Departments of Nuclear Medicine, Neurology " and Psychiatry f,
Samsung Medical Center, Seoul, Korea

The purpose of the present study was to validate the use of tissue radioactivity ratios
instead of regional metabolic rates for the assessment of regional metabolic changes in
Alzheimer's disease(AD) with [®*FIFDG PET and to examine the correlation of ratio indices
with the severity of cognitive impairment in AD. Thirty-seven AD patients(age 68+9 yrs,
mean®s.d,; 36 probable and 1 definite AD), 28 patients with dementia of non-Alzheimer
type(age 66+7 yrs), and 17 healthy controls(age 66+4 yrs) underwent [®FIFDG PET
imaging. Two simplified radioactivity ratio indices were calculated from 37-66 min image:
region-to-cerebellar radioactivity ratio(RCR) and a composite radioactivity ratio(a ratio of
radioactivity in the most typically affected regions over the least typically affected regions:
CRR). Local cerebral metabolic rate for glucose(LCMRglu) was also measured using a
three-compartment, five-parameter tracer kinetic model.

The ratio indices were significantly lower in AD patients than in controls(tRCR in
temporoparietal cortex, 0.949+0.136 vs. 1.238+0.129, p=0.0004; RCR in frontal cortex, 1.027
+£0.128 vs. 1.361%£0.151, p<0.0001; CRR, 0.886x0.096 vs. 1.032+0.042, p=0.0024). On the
RCR analysis, 86% of AD patients showed a pattern of bilateral temporoparietal hypome-
tabolism with or without frontal involvement; hypometabolism was unilateral in 11% of the
patients. When bilateral temporoparietal hypometabolism was considered to be suggestive of
AD, the sensitivity and specificity of the RCR analysis for the differential diagnosis of AD
were 86% and 73%, respectively. The RCR was correlated significantly with the
macroparameter K [Kiks/(kz+ks3)1(r=0.775, p<0.0001) and LCMRglu(r=0.633, p=0.0002) measu-
red using the kinetic model. In patients with AD, both average RCR of cortical association
areas and CRR were correlated with Mini-Mental Status Examination(r=0.565, p=0.0145;
r=0.642, p=0.0031, respectively), Clinical Dementia Rating(r=-0.576, p=0.0124; r=-0.581, p=0.0077),
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and total score of Mattis Dementia Rating Scale (r=0.574, p=0.0648; r=0.737, p=0.0096). There
were also significant correlations between memory and language impairments and cor-

responding regional RCRs.

The results suggest that the ['*FIFDG PET ratio indices, RCR and CRR, reflect global
and regional metabolic rates and correlate with the severity of cognitive impairment in AD.
The simplified ratio analysis may be clinically useful for the differential diagnosis and

serial monitoring of the disease.

Key Words : Dementia, Alzheimer's disease, Cognitive impairment, Positron emission

tomography, Ratio analysis
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Table 1. Characteristics of Patients and Healthy Controls

Group No. (M/F) Age(yr) MMSE CDR
Alzheimer's disease 13/24 689 220*34 1.1£06
Dementia of non-Alzheimer type 16/12 66+7 192%6.3 1409
Healthy controls 7/10 66+ 4 — —

Data are presented as mean=*s.d.

M/F=male/female; MMSE=Mini-Mental Status Examination; CDR=Clinical Dementia Rating.
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Table 2. Region Localization

Anatomical location

Approximate axial level”

In-plane location”

Regions typically most affected

Prefrontal cortex +27mm Sector 20° - 40°
Temporoparietal cortex +13mm Sector 120° -140°
Temporoparietal cortex Omm Sector 120" - 140°
Temporoparietal cortex —13mm Sector 100" - 120°
Regions typically least affected

Primary sensorimotor cortex +27mm Sector 80" - 100°
Primary visual cortex Slice with most active representation ~ Most active pericalcarine area
Caudate nucleus Omm

Putamen Omm

Thalamus Omm

Cerebellum Slice with best representation Cerebellar cortex

* Relative to level that represents thalamus best.

Brain convexity regions lay between two radial angles originating in the center of each slic%) and
ranging in each hemisphere from 0° (frontal pole) to 180° (occipital pole). Modified from Herholz et al.
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Fig. 2. ROI(region of interest) placement. ROIs were drawn on the frontal association cortex 27mm above the
thalamus, temporoparletal association cortex in three levels(13mm above, at the level of the thalamus,
and 13mm below), primary sensorimotor cortex, primary visual cortex, caudate nucleus putamen,
thalamus, and cerebellum. Regions consisted of 1 to 4 circles, each 048 to 0.75cm® resulting in an
average region size of 1.89cm’. Regions were shaped to sample gray matter and to exclude white

matter as far as possible.

[*FIFDG K__,
in plasma

in tissue

(®*FIFDG ks [®FIFDG-6-P
in tissue
€ |je—E—

Fig. 3. The three-compartment model for measurement of cerebral
metabolic rate for glucose with [®FIFDG. The Sokoloff et al
model employed ["CIDG and considered only Ki, k; and ks. The
model used in this study, which is an extension of Sokoloff’
includes ks-mediated hydrolysis of [*FIFDG-6-PO; — [*FIFDG +

PO, and cerebral blood volume.
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Fig. 4. Time-activity data obtained from plasma
(filled squares) and prefrontal cortex (filled
circles) of a patient with Alzheimer's
disease. The solid line through filled circles
is the three-compartment model fit to the
measured data in the prefrontal cortex
using the arterialized venous plasma acti-
vity as an input function(the solid line
interpolating filled squares). Kinetic para-
meters were computed from the model fit:
Ki=0.131, ko= 0.059, k3=0.036, k4=0.0001.
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Fig. 5. Comparison of the composite radioactivity
ratio(CRR) between healthy controls and
Alzheimer’s disease(AD) patients. Error bars
represent standard deviations. “p=0.0024.
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p=0.0233; 1.157%0.082 vs. 1.300%0.134, p=0.0243;
1.154+0.078 vs. 1.273%0.134, p=0.0432), Q&%
AR AZe-Ed, A% AxARAeFHE, BE I3
2AeEHd, 9% dA3NZAEd, FF AR,
2% H7}, QER A9 IZAHES/ A3 AT
B iz IR 9 {93 Zolrt (KT
2}, 1.044%0.101 vs. 1.153%0.127; 1.027%0.097 vs.
1.138%0.097; 1.035%£0.087 vs. 1.145+0.108; 1.180
+0.167 vs. 1.351+0.111; 1.180%0.154 vs. 1.361%
0.097; 1.265%£0.142 vs. 1.409+0.085; 1.151+0.084
vs. 1.24510.141). @z3toiny FHAle] EFiAls
B dz2ee 2R vE Fo3A @keH0.886+
0.096 vs. 1.032+0.042, p=0.0024).
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Table 3. Region-to—Cerebellar Ratios in Different Brain Regions in Healthy Controls and Patients
with Alzheimer’s Disease and Dementia of Non-Alzheimer Type

Alzheimer’s disease

Dementia of non-Alzheimer type

0.976+0.145" 0.993+0.170"
0.923+0.146" 0.940+0.2041
0.949+0.136" 0967+0.178"
1.050%0.1577 0.994+0206"
1004%0.1178 0908101728
1.027+0.128" 0.951+0.176%
1.044%0.101 0.994+0.144"
1.027£0.097 0.973%0.150"
1.035+0.087 0.984+0.142"
1.180=0.151" 1.147+0.215"
1.180+0.167 1.161+0235

1.180£0.154 1.154+0.222"
1.082+0.1207 1.114+0.223"
1.068+0.1197 1.079+0.1867
1.075+0.111" 1.097+0201"
1.2650.142 1.256+0.189

1.237+0.1207 1.230+0.1761
1.251+£0.122" 12430178
1.151+0.084 1.073+0.110%
1.157£0.082" 1.069:£0.1417
1.154+0.078" 1.071+0.1217

Region Healthy controls
Temporoparietal cortex

Right 1.239£0.129

Left 1.237£0.132

Average 1.238£0.129
Erontal cortex

Right 1.362%£0.168

Left 1.361£0.146

Average 1.361%£0.151
Primary sensorimotor cortex

Right 1.153£0.127

Left 1.138£0.097

Average 1.145%0.108
Primary visual cortex

Right 1.372%0.088

Left 1.351£0.111

Average 1.361£0.097
Caudate nucleus

Right 1.334%0.144

Left 1.340%£0.125

Average 1.337%0.131
Putamen

Right 1.409%0.085

Left 1.455+0.153

Average 1.432%0.114
Thalamus

Right 1.245%0.141

Left 1.300%£0.134

Average 1.273£0.134
Date are presented as meanTts.d.

"p<0.05, Tp<0.01, Tp<0.001, *p<0.0001.

ugzsto|wEy o] FHAeM ZFFAGY A
el AR/ Ay Al dixTe] a3 I u
A FolstA WSt E® S55449, 0.993+0.170
vs. 1.239+0.129, p=0.0034; 9% ZFFA<, 0.940
+0.204 vs. 1.237£0.132, p=0.0013; JT EFFA
4, 0.967£0.178 vs. 1.238+0.129, p=0.0012; L&
Z AR, 099420206 vs. 0.362+0.168, p=0.0002;
9% AT, 0909%£0172 vs. 1.361£0.146, p<
0.0001; HF HF4, 0.951+0.176 vs. 1.361%0.151,
p<0.0001). wigZRste|oj g X|vf FxjollA d% Uz}
AAH A 8% F7he AN RS/ AN WA
© T azld wla folg zbojrt g ek(#

—{ﬂ

7} 1.16110.235 vs. 1.351+£0.111; 1.256%0.189 vs.
1.409%0.085), 2% dxApzreeu g, 4% a7t
7159 d, Hi AP AEEud, L% A7
94, 37 NG, 285 v, A% vy
BT vy, 9% 97, H 94, 2

& A, Hit A TANRS /AN WAFEHE
Z239 R ulEl FelstA @kvk(ZH, 099 =
0.144 vs. 1.153%0.127, p=0.0214; 0.973%0.150 vs.
1.138+0.097, p=0.0139; 0.984£0.142 vs. 1.145%
0.108, p=0.0105; 1.147+0215 vs. 1.372%0.088,
p=0.0198; 1.154£0.222 vs. 0.361+0.097, p=0.0414;
111470223 vs. 1.334%0.144, p=0.0210; 1.079=

fU

O
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Healthy Control

Alzheimer’s Disease (CDR 1.0)

Alzheimer’s Disease (CDR 2.0)

Fig. 6. [*FIFDG PET images of patients with
Alzheimer’s disease, showing a charac-
teristic pattern of metabolic impairment in
the bilateral temporoparietal association
cortex, with relative sparing of primary
sensorimotor and visual areas, basal ganglia,
thalamus, and cerebellum (not shown here).
In early stages of the disease, frontal
involvement may be missing and tem-
poroparietal metabolism may only be
unilaterally impaired.

0.186 vs. 1.340£0.125, p=0.0014; 1.097+0.201 vs.
1.337%0.131, p=0.0045; 1.230*0.176 vs. 1.455=%
0.153, p=0.0058; 1.243+0.178 vs. 1.432%+0.114,
p=0.0205; 1.073%£0.110 vs. 1.245*0.141, p=0.0023;
1.069%+0.141 vs. 1.300%0.134, p=0.0003; 1.071%
0.121 vs. 0.273%£0.134, p=0.0004). ¥ &z 3e]= ¥
A fqAe] BIFaterlE lzTe R vl
FostAl RUTHO0.877£0.094 vs. 1.032%0.042,

p=0.0016).

Table 4. Accuracy of the Region-to—Cerebellar
Ratio Analysis for the Differential
Diagnosis of Alzheimer’s Disease

Clinical diagnosis

[*FIFDG PET  Appeimer’'s DePentia of  Total
non-Alzheimer

-disease N
type
+1 2 6 33
- 5 16 21
Total 37 22 59

sensitivity : 86%
specificity : 73%

*Parkinsonian patients with dementia(n=6) were
excluded in this analysis.

Region-to-cerebellar ratios(RCRs) in the bilateral
temporoparietal cortices<control mean-1 s.d. and
mean RCR in regions typically least affected>
control mean-3 s.d. With this criteria, 8% of the
Alzheimer’s disease patients showed a pattern of
bilateral temporoparietal hypometabolism with or
without frontal involvement; hypometabolism was
unilateral in 11% of the patients.

A E/ Ay WAL R FEg -1 ®
FHa Y o FaEoAAR} dE LR A9
@ uf, gzslolwy At 379 F 32%(86%) A A
T4 dAtA s g4 B AFYE A glol &
Z 255499 At gEEHen, 49(11%)
M dEA thAAEHE Btk Probable ¢33}
oimid xRt 19dMe FANEUAASYE THAHA
2ot 4F EFFHGY FaxR9/AN A
7} BE gzT a9 BER - 1 ¥FUA v
n Had dapl 2 fAEE FA(EARgEEY
2, XY, ndd, 57, AP P =i
/e BatsHzt 2w a3 HEg - 3 %
FHzr Bt 2 A9 gRsto|wye] §3e PET &
Aoz ARG w, gRsjolny g i
[®*FIFDG PET 2719 duxst Solxe zzt
86%, 73% ©lAtHTable 4). Fig. 6o ERH
abdelel HEl g Mol ERStolvH  AUAEY
[®FIFDG PET A4 2718H4t.
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Fig. 7. Relationship between the region-to-cerebellar radioactivity ratio(RCR) and
the macroparameter K [Kika/(kz+ks)[(A) and LCMRu(B).

137 r-0.565
124 p=0.0145 o ©
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Global RCR
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0.7
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"3} 1=-0.576
12 8 p=0.0124
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o0
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Global RCR
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0.6 , . - -

2. ZRWALSH] X4 FHRASDYS 01Kt
of HFE TToORAS At Tajoe ¥
[ALTSEIABE ATE

TAYFN/ AN PAFEE 3-7F FAxGER
d& ol g5t F4% vtaEgEdE K [Kiky/(ke+
ka)] Ateloe feld ARABATL AAH=0.775,
p<0.0001)(Fig. 7A). ZAX5-9/4x whalsn| e} 3-
TR o]gstd AT FAHEEGUYARE Ate]
g Fog FDBAN AAHr=0.633, p=0.0002)
(Fig. 7B).

37
137 =0.574 R
124 p=0.0648 o

1.1
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Global RCR
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Total Score of MDRS

Fig. 8. Relationship between the glo-
bal region-to-cerebellar radio-
activity ratio(RCR) and the
global cognitive indices in pati-
ents with Alzheimer’s disease.

3. YXSIOIHMOINM ZEWANSH] X2} 21X]7]
5 Z& HTol MZHEA

Fig. 8, 9, 100 &zaolo{ &ztel A Fhx w4
/2= BAbsH] R Bkl e AB AP A
Fatd AA7eA T FRBAE eI

gzsjololy AN FFH AFFASFAND
AT gt Fax /e PARS = MMSE
44 3% CDR #5¢t fA% FA@AE bl
(Z7}, r=0.565, p=0.0145; r=-0.576, p=0.0124)(Fig.
6 Rx). ¥% AFFASTFANA AL AT

F4w0e)/a% WAS sk MDRS $79) 3w
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CRR

CDR

EAR S 2EatgtHr=0574, p=0.0648).
Tz a9k MMSE %4, MDRS £4 4 CDR
HE Alololy fod ARBATL  AANZHZH,
r=0.642, p=0.0031; r=0.737, p=0.0096; r=-0.591,
p=0.0077).

Adxmsloloiy FzlollA AE giHRl AFF
TE492 A% Het %Aﬂfﬂ/iﬂ A}
9 K-HVLTY AQAL Atolol= fojdt 4
7} 99tHr=0.509, p=0.0309). £ o=+

s Jgorr

S
AP

48 oofr o
=z

ot

RN

2

pd

e}

AEEGud Y FANRA/ANE WALEH| =
22013 f3A4 Ao TrJrfP AEBAE ERRS
Hr=0.608, p=0.0096). 9% ti=¥7 AFFAHAZTF
A2 AFEH9 %*ﬂTH/*H WARsElE on)
A% FAA4 Aee fold ABEAE RINEA
o]&, r=0.625 p=0.0097; B& °|&, r=0474, p-

L=

0.0469). LE% UxUT AFFASFHEIE Jd¥H
Aol Ht FaEFEH/aE HAFH9 Rey-Oster-
reith Complex Figure Test X3 dgo| At
BAE FAA FiAo A skAUTHr=0.449, p=0.0613).
gZ AR HFE FAERS/AN Al
MDRS®] ziAz/d&e Age] AgaAs FAF

freyAdol 2389 tHr=0.629, p=0.0515).

@A S5 1996

100 150 200

50
Total Score of MDRS

Fig. 9. Relationship between the com-
posite radioactivity ratio(CRR)
and the global cognitive indi-
ces in patients with Alzhei-
mer’s disease.
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3tAl ol &8 = S ERALh 9 ZAYAEH]
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