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Table 1. The Metabolite Ratios of the Lesion, Adjacent Area, and
Contralateral Normal Tissue (mean | standard deviation) in Early
Stage(2 - 10 days} of Infarct

Lesion Adjacent Area  Contralateral

Normal Tissue
NAA/Cr 1.20+0.43 1.944.054 2.781+0.72
Lac/Cr 2.01+1.73 0.06£0.11 0.00+0.00
Cho/Cr 1.38+0.40 1.17+0.11 1.25+0.15

NAA:N-acetylaspartate, Cr:creatine, Cho:choline, Lac:lactate

¢)all A8t National Institute of Health(NIH) stroke
scale® o]&-8}o] £ttt NIH stroke scale2 9A4F
—y]r R Ul-ﬂ ole] S9] A Azz}—z% A28 A akg}zﬂ- Ao A4

B 7} g2 whel 0 ol 4] 4% 74R] FolAw 24 457 o]}

[%

@) 87} FEFE DA Aol 2 ol e
£+ SASe SPSS T2l F 27| o

A HH ko] = paired t-test, #1714 ¢3j 7k EHA}“Z]
| o] Afo] 7] ¢} A7) 9] ¥ Aol A 9] tfAREA Bl 9k NIH

Lesion 1

NAA

NAA

Cho/Cr Cho/Cr

., "

Adjacent 2

Aoy

Contralateral 3

Fig. 1. Three MR spectra from the region of early in-
farct, adjacent parenchyma and contralateral normal
parenchyma obtained on 6 days after stroke onset in a
62-year-old man.

T2 weighted MR image (left upper) shows a large in-
farct in right frontoparietal area. The spectrum from the
region of early infarct(right upper, 1) reveals marked el-
evation of lactate/creatine ratio and decreased NAA/cre-
atine ratio. The spectrum of the parenchyma adjacent
to the infarct(left lower, 2) shows slight elevation of lac-
tate/creatine ratio. Compare spectrum with contralater-
al normal tissue (right lower,3).
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Wilcoxon matched-pairs signed-

i1

stroke scale #}o]+
ranks testE AHE-8le] F-A S A Zstqich dAbER
NIH stroke scale®}2] 4324 = Kendall s tau-b 71

o] &-5tof AlzkatA| o] I HE P shel ov pgroe] 0.050] }ql
78-F-oll ZdgkiA 7L sleka A st
2 1

7)o A= ¥ A2 NAA/creatine Bl B 49 vl & % A}
el vl wste] B uf 226]| oA ZHAstE I, 6o ol A = v &dh
JE 2olvh A 9dlA= NAA/creatine ¥l 7 49
& QA9 9} vlaLste] ghagk 4 27) 6elo] itk NAA/
creatine W= W AdM Fw¥(+EFHA) 1.2(+0.4, 2%
0.5—2.0)01%5_’, Fa0] Aol 1.9(+0.5, £E1.0-

Jelston b Aol 4] 2. 8(+0.7, ¥£ 1.4-4.0)

AT 2

3¢l (Fig. 2a)elsich. W4 A F-41 el A = 6| o)A lactater}
7A&=]3t} (Fig. 3b). Lactate/creatine v]3= 8 4ol SF
TRFHA) 2.0 (£1.7, % 0.4-6.5)0)1%1, ¥4 iy
HellA 0.06 (£0.11, ££ 0.0-0.3)0]%1 2.0 W 4o ulll g
A o) A= 7 &5 #] ehotrt. Choline/creatine ¥)&= ¥
Zoll A B (£ EFHA) 1.4 (204, ££0.9-3.0)0]d 2,

—_

Table 2. The Metabolite Ratios of the Lesion, Adjacent Area, and
Contralateral Normal Tissue (mean | standard deviation) in Late
Stage (20 - 32 days) of Infarct

Lesion Adjacent Area  Contralateral

Normal Tissue
NAA/Cr  0.94%0.34 1.68+0.38 2.21+0.30
Lac/Cr 1.38x1.21 0.02+0.06 0.00+0.00
Cho/Cr 1.90+£0.56 1.21£0.09 1.21+0.11

NAA:N-acetylaspartate, Cr:creatine, Cho:choline, Lac:lactate

O]ME} Table 1). Lactate/creatine B]& 159 2718 B
al 7971 259 (Fig. 1), wl9fd A X 9] $715 Role A4 %7}
Lac
Cho/Cr
NAA
Lesion 1
NAA NAA
ChO/CI‘ Cho/Cr
Lac
Adjacent 2 Contralateral 3

Lesion 1
NAA
NAA
Cho/Cr
Cho/Cr
Adjacent 2 Contralateral 3

a

b

Fig. 2. Initial (a) and follow-up (b} MR spectra obtained on 6 and 25 days, respectively, after stroke onset in a 62-year-

old woman.

On initial study {a), the spectrum from a large cortical infarct in left parietal lobe (right upper, 1) shows increased lac-
tate/creatine and decreased NAA/creatine ratios. The spectrum from the adjacent area (2) shows slightly elevation of
lactate. On follow-up study (b}, the spectrum of the lesion{right upper, 1} shows that lactate/creatine ratio decreased
compared with (a). Note the decreased signal to noise ratio probably due to susceptibility effect secondary to hemor-
rhagic transformation. The lactate from the adjacent area (2) is disappeared.
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4o Aol 1.2 (+0.1, £ 0.9-1. 401902 Hi
of whel A ARl 1.3 (£0.2 2 0.9-1.8)9]%1¢h
(Table 1. Fig. 4). NAA/creatine B]& W 429} ¥ 49 ‘Mj
9} (p=0.001). 4o} whefd A9 (p=0.001), ¥
ouj‘ﬂﬂqmuﬂﬁ A A g (p 0.03) AMOM LR %

|

# (p—0.00l),”éﬁ: Klei il zé"oLr (p 0001) it
AA T2 e ke AW (p=0.01) ApolollA] 2% f-2)3
o] 7k 9l4dt}. Choline/creatine #)& W 49} W49 al
2 (p>0.05), ,149} ahol s A AFE-9) (p)0.05), Wae] 9
Sleb wbei s YA 9] (p)0.05) Abe]ol| A =5 2l 2po] 7}
Q9r}.

Al 7)ol A8 A7) g Eg ol A 27 2p7] g B o)
H]EH NAA/CIeatme "l 5 ]Oﬂ/ﬂ AAaE (Fig. 2), 144

E7| ¥ X167 HEY =B A} 27| SHRY

¥ 0.2-1.4)]4

1.0-2.3)el51 o WA
¥ 1.8-2.5)

yolslrt. Lactate/creatine vl &=

QA S04 1.7 (+0.4, 3
guhwdﬂ %Awﬁzz +03¥-

s

52}

27]el ul#) 10¢]

ol M 7Hag . 2¢olA] = WatE Holx| skofrt Lactate/crea-
tine Bl= WA FF (2 FFH2}) 1.4 (0.4, F¥0.2-

5.0)el¢l L,
oA vd e AHan

o]xd}:lo

£ At AEEA 4ok
$ell A= 7

=5 A wsto.

7
hoy
Choline/creatine H]+= W Ao H (2 FFHA) 1.9 (+

0.6, +% 1.2-2.0)°|x
T2 1.2-1.3)]50 0 o

EECRE R
92:9] ol g GAHye

A 1.2 (£0.1,
Frglel Al 1.2 (£

0.1, £ 1.0-1.4)1%ict (Table 2,3).

EA 4N MRS EAA &2
NAA/creatine H|+=

A GAre

s} wiiA
2 AL 0](p 0.03)

(p=0.005), 5

14¢ 2% 23

g oh w42 Q1] (p=0.002),
2:9] <1419} whvj 2

Aol o4l BT 5818 o] 7} Sloieh

A}
Lactate/creatine ¥]& W4l W49 A4%9 (p=0.003),

Lac

Lac
Cho/Cr
NAA
|
Lesion 1
NAA NAA NAA
Cho/Cr Cho/Cr
Cho/Cr
Adjacent 2 Contralateral 3 Adjacent 2

Lesion 1

NAA
Cho/Cr

Contralateral 3

a

b

Fig. 3. Initial {a) and follow-up (b) MR spectra obtained on 8 and 21 days, respectively, after stroke onset in a 71- -year-

old man.

Initial spectra (@] from an ischemic infarct in left periventricular white matter(right upper, 1) show increased
lactate/creatine and decreased NAA/creatine ratios. The sprectrum from the tissue adjacent to the lesion (2) does not
show any abnormality (left lower). On follow-up spectra (b) there is further decrease of NAA/creatine ratio, marked
decrease of lactate/creatine ratio and markedly increase of choline/creatine ratio in the ischemic lesion (right upper,

1). The spectra from the adjacent area (2) and contralateral normal tissue (3) appear normal.
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W 4ol W s AAFE-9] (p=0.003)e4] 2to]7} glgl ot W4 Table 3. Change of Metabolic Ratios of the Lesion in Early and
o) QA xolo} uttha A AR (p)0.05) Ato] oA 23t 2o Late Stages of Infarct
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(p>0.05), e} wbel g 449} (p)0.05), Baef dA4] Caseno Early  Late Early Late  Early Late
uid| s 2] Ak A A B2 L.013) ol
o wbdid A 9] (p)0.05) Abe]ell Al - f-2f 7k zfe] 7} ¢ . L3 L2 04 0.2 L6 L5
St A BRI = A A HA e 2EA iAol 2 13 10 12 12 13 25
ol AR 7 AFER s EHo] o8t (Fig. b). 3 1.0 05 3.5 1.3 12 30
2719} 2| 7] Alol oA W 2o 48] NAA/creatine ¥]= & 4 0.8 12 38 14 15 22
A4 %2l% AolE uo) A WA, lactate/creatine ¥l SO S
$-23 74 Byt (p=0.008). Choline/creatine B+ #l 7 0.8 10 13 0.8 12 ' 2
Azl 271 vl F7hehe F41E Eoiet (p=0.01). 8 1.3 1.4 1.0 0.7 12 17
NIH Stroke Scale Z7]¢lA 1-17 ( Jii?G 8), Aad7]el 9 1.0 0.7 6.5 1.6 1.3 1.5
A 1-20 (A 6.2) 0.2 5 23] abo] o) 8-o]3t 5o]7} ¢ 10 12 10 16 06 14 20
9rh. 27]9) NIH Stroke Scale®} o1 EH*}@’“ A poe] Ak i; ig é; iz ég ?2 fg
AJAE 2AE A3} 27]9 W49 lactate/creatine B 7} : : : : : :
5 ! :
6 .
4 T H .
: 5
L2 3 ¢ - . o)
h— [ et
R ' i © 4 ;
52 SRR % ' SO
- =
<C ' S 9 :
< H © 0
z 1 ' ' ~
. 1
’ '
0 0 H .
Lesion Adjacent  Contralateral Lesion Adjacent  Contralateral
arca normal tissuc arca normal tissue
a b
Fig. 4. The distribution of metabolic ratios of NAA/crea-
35 tine (@), lactate/creatine (b}, and choline/creatine (¢} in
. patients with early stage of infarct (2-10 days after stroke
3 onset). Multiple dots represent the metabolic ratios of
05 each patient. Solid line represents the range of mean one
o ' ¢ standard deviation, and rectangular symbols represent
k= 2 . the means of the metabolic ratios. The NAA/creatine and
. 15 s lactate/creatine ratios between the infarct and adjacent
L\) ' : % I } tissue, and between *he infarct and contralateral normal
2 1 s l - . tissue were statistically significantly different {p <0.05).
O Choline/creatine ratio was not significantly different a-
0.5 mong three regions.
0 ,
Lesion Adjacent Contralateral
area normal tissue
c
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a

Fig. 5. Initial (a) and follow-up (b} MR spectra obtained on 7 and 32 days, respectively, after stroke onset in a 74-year-

old woman.

Initial spectra (@) from an infarct in right periventricular area {right upper, 1) show increased lactate/creatine and de-
creased NAA/creatine ratios clearly. The spectrum ratio in the area adjacent to the infarct {left lower, 2} shows de-
creased NAA/creatine ratio as compared with contralateral normal tissue (right lower, 3). Follow-up MR spectra (b)
from the infarct [right upper, 1) show decreased lactate/creatine ratio, and increased choline/creatine ratio. Decreased
NAA/creatine ratio in the adjacent area {2} has not been changed compared to contralateral normal tissue (3}.
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MR Spectroscopic Patterns of Early and Late Cerebral Ischemic
Infarct: Correlation with Clinical Findings
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Purpose: To evaluate the proton MR spectroscopy (MRS) findings of early and late ischemic infarcts and
to compare these MRS findings with clinical symptoms.

Materials and Methods : We obtained MRS spectra of 28 consecutive patients with early ischemic infarct
{15 men, 13 women) between 2-10 (mean 6.2} days after stroke onset. Follow-up MRS was carried out be-
tween 20-32 {mean 25) days in 12 patients. The MRS spectra were acquired at 1.5 T MR unit using single
voxel technique with PRESS sequence, TR of 2000ms, TE of 288 (144)ms, and voxel size of 2Zcm x 2cm x
2cm in the three areas; an infarct lesion, the brain parenchyma adjacent to the lesion, and contralateral
normal brain parenchyma. The NAA/creatine, choline/creatine, and lactate/creatine ratios were calculat-
ed in each spectrum. The spectra of MRS were compared with clinical symptoms.

Results : In early infarct, decreased NAA/creatine ratio (n=22) and increased lactate/creatine ratio {n = 25)
were found in the infarct lesion. Choline/creatine ratio was within normal range (n= 25). On follow-up
MRS in late stage, NAA/creatine ratio in the infarct lesion decreased further (n= 5}, did not change (n=
6), or increased (n= 1). Lactate/creatine ratio became less elevated {n= 10}, or did not changed (n= 2).
Choline/creatine ratio had a trend for increase. The decreased NAA/creatine and increased lactate/crea-
tine ratios were correlated well with the severity of symptoms, respectively.

Conclusion : Decreased NAA/creatine and increased lactate/creatine ratios were common MRS findings
characteristic in early ischemic infarct and correlated well with clinical severity. On follow-up MRS in
late stage, NAA/creatine ratio decreased further or did not change, and lactate/creatine ratio became less
elevated.
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