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Summary: N-isopropyl-P- [1-123] iodoamphetamine (IMP) has been the most widely studied
as a cerebral perfusion tracer, and single photon emission computed tomography (SPECT)
using IMP now provides functional information about cerebral perfusion in routine clinical
use. From the begining of IMP SPECT studies, temporal changes in the distribution of IMP
within the brain was noted as the “Redistribution phenomenon”, however the mechanisms and
clinical significance of this phenomenon remains uncertain. In this report, we discussed and
reviewed about the mechanisms of this phenomenon, the correlation between this phenomenon
and the tissue viability, and the factors enhanced to this phenomenon.

At the presence, the clinical significances of the delayed image in cerebral ischemia could
be estimated as follows:

(1)In acute cerebral ischemia, the severity of cerebral ischemia could be indicated by the ear-
ly and delayed images. The moderate hypoperfusion on the early image with an incomplete re-
distribution on the delayed image was assessed as a critical perfusion in the affected area.

(2)The tissue injury in the hyperperfusion area on the early image followed by reopening of
occluded vessels could be estimated by serial changes of the redistribution on the delayed im-
age. Almost complete redistribution was' constantly maintained in the hyperperfusion area
without severe tissue injury.

(3)In patients with occlusive cerebrovascular disease, hemodynamic reserve using IMP
SPECT with Diamox-activation could be assessed by the early and delayed images.

The moderate hypoperfusion on the early image with an incomplete redistribution on the de- Key words:

layed image under Diamox-activated condition was assessed as a moderate limitation of cere- ¢ cerebral ischemia
bral vasodilatory capacity in the affected area. * delayed imaging
Thus, SPECT imaging for cerebral perfusion must appear to offer a more widely available ¢ [-123 IMP
alternative to positron emission tomography (PET)in management of cerebrovascular disease. ¢ redistribution
* SPECT
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Fig.1 The time-activity curve of [-123 IMP and the redis-

tribution phenomenon in the brain SPECT.
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SRS ML (2 ARFF L 7 WIB-IMP @ binding (fixa-
tion) capacity Z7R 3 & W) T & 2% A (Fig. 1), 3
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A) non-specific amine binding (fixation) mechanism

(flow-independent)
B) wash-in rate*/wash-out rate** mechanism

* ! cerebral blood flow

lung reservoir

*% : back diffusion

metabolism

Table 1 Mechanisms in the redistribution phenomenon of

1-123 IMP.
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Fig.2 The redistribution phenomenon in the cerebral

ischemia (critical flow level)
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Fig.3 The early image demonstrates initial brain extrac-
tion of 1-123 IMP and the delayed image indicates
the function of wash-in and wash-out of 1-123 IMP

in the brain.
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Fig.4 Three compartment model for the radiolabeled
tracer used to estimate the regional cerebral
blood flow
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DPA FE] early Fig.5 Mean decrease persentage of
[filate’ STROKE activity(DPA) in early and late
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— 20 good improvement. Vertical bars.
~ 104 represents standard deviation.
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Table 2 The redistribution phenomenon of 1-123
IMP as a indicator of tissue viability.

EDEHED viability S EDREER N T D Z L
BRLETHL,EV) m, T/, 205D Ml
viability & MEROERENEIE (FTutE) & DBELC
DWW (Table 2), 4HEHELAIISNBTRIELS
TN THDHI,

( 3 ) Redistribution 125259 % 55K T

a 'B[-IMP @ metabolites D5
A2 E R o X5 kM (BBB) @
Bkt L 72l T3, KRB0 PT-IMP AU o et
A3 U, delayed image CRIER 2SI ERE & L THE
2oNBYEDDH % (Fig. 6a)o “I-IMP &, Fig. 7

[-123 IMP SPECT studies performed in a pa-
tient with a reopening of occluded right middle

Fig.6a

cerebral artery. On Day 17, a hyperperfusion
area on the early image was revealed in the
right infarcted area, and a hyperactive area
on the delayed image and later image (24

hours) was noted in the same territory in

which the disruption of blood-brain- barrier
was indicated by Tc¢-99m DTPA SPECT. On
Day 32, a hyperactive area on the later image
(24 hours) was correlated with a small hot
area on the Tc-99m DTPA SPECT within the

infarcted area.
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Fig.6b Serial CT scans performed in a patient

with a reopening of occluded right middle

cerebral artery.
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Fig.8 The change of initial distribution of 1-123
IMP and the prolongation of redistribution

phenomenon following Diamox-activation.
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Fig.9 The resting and Diamox-activated 1-123
IMP SPECT studies performed in a patient
with occlusion of the right middle cerebral
artery (chronic stage). A complete redis-
tribution on the delayed image was noted
under resting condition, and an incomplete
redistribution on the delayed image was in-

dicated under Diamox-activated condition.
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FAofibiio s (Figdla), ZhdOERTIE
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anse (Fig 10 b) o — 7 EFEM B MAES T 1. early
image B & U delayed image LI EFFERIBE D
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Table 3 The assessment of the severity of acute cerebral ischemia using 1-123 IMP SPECT
in a patients within 4 days from the onset.

CASE SEX Angiography IMP-SPECT (R??T)‘ IMP-SPECT (DlAMIO.X) Developemgnt of Byomcs

No AGE Occlusion  Coliateral Day from _Activity' Dy from Activity'  thecorteal - Toc
' site flow onset g p onset g p infarction
1 T.T. Ms8 LtiICA good D3 © O - o
+ +

2 TM M1 RtMCA good D3 © O D6 @ © (hiay D7

3 Y.I. M® RtICA god D2 © O D5 @ © -

4 S.C. M LtMCA good D3 @ O - of

5§ N.Y. M8 RtICA far D4 @ O D§ @ © -

(partial)

6 S.F. M LtICA far DI 9 @ - o

7 N.A. M@ RtICA far D2 @ © rotsing

8 T.M M75 Lt.CCA  fair D2 @ © (progressing)

9 T.K. T7 R.ICA poor D4 @ @ + -

*mean activity in the affected area
E:EARLY D:DELAYED

® < 2 < <O
Defect

Hypo Normal
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C(PRE-OP.) «6C(POST-0P.)

o &
EARLY DELAYED

[-123 IMP SPECT studies were performed in a
patient with acute occlusion of the left internal
carotid artery before and after EC-IC bypass
surgery (STA-MCA).

area on the early image with an incomplete redis-

A moderate hypoperfusion

tribution was revealed preoperatively in the terri-
tory of the left middle cerebral artery, and a mild
hypoperfusion area on the early image with a
complete redistribution was noted postoperatively

in the same area.

POST OP.

CBU/CBF

Fig.10b CBF, CBV, CBV/CBF, VTT were estimated in a

normal (
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Fig.11

(CBF Mapping) (Redistribution)

patient with acute occlusion of the left internal
carotid artery before and after EC-IC bypass
surgery (STA-MCA). CBF was measured by
Xe-133 SPECT, CBV image was obtained by
Tc-99m RBC SPECT,
(VTT) was measured by Rapid Sequence SPECT
technique using Tc-99m RBC.

An increase of CBV, CBV/CBF, VTT values

were noted preoperatively concomitant with de-

vascular transit time

creased CBF, and a reversal of these values with
an increase of CBF were demonstrated postoper-

atively.

ACTIVITY

The time-activity curve of [-123 IMP and the severity of cerebral

ischemia evaluated by early and delayed images.
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SPECT [#4%. "I-IMP SPECT early image - & &Ar
Y #E I8 (hyperperfusion area) 25G® b1 b Z &
2d A5, FEIC BT B HLEREE O BERERE & OB E
oW LTLOHIZ SR TRV ARV 2T,
Kok, COL) RAROED LN BIEFDCT -
MRI AT L & early B & OF delayed image D FEHFATZE
be % HBARET L, ITofR 2R,

@OCTH LU MRI b, WEEZEEILPT, HE 2
7 MM EAEZE QAT LS5 & 1L B FEBITld, early
image _b o> HE RIS TS I IRHERIS L 2 D |
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Fig.12a 1-123 IMP SPECT studies performed in a pa-
tient with a reopening of occluded left middle
cerebral artery.

A hyperperfusion area on the early image
(Day 8)

changed into a hypoperfusion area in the

around the left Sylvian fissure

chronic stage, on the contrary, a complete
redistribution on the delayed image in the
affected area persisted from acute stage to

chronic stage.

Fig.12b MR imaging performed in a patient with a
reopening of occluded left middle cerebral
artery.

Relatively small high intensity areas were
observed on the T-2 weighted image and T-1
weighted image enhanced by Gd-DTPA. A
small high intensity area on the T-1 weighted

image indicated a hemorrhagic infarction.
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Local activity*'of '2-IMP SPECT

Tissue injury*?

on
Acute  Subacute Chronic CT or MRI
Early t - [N
Type 1 ++~+++
Delayed [} tt b~11
Early t~tt - |
Type 2 ——
Delayed - IndadV/d I
*llocal activity: t t (Hyper) > t > = > | > 1] (Hypo)

*2tissue injury : —.absent. +:mild, ++moderate, +++isevere

Table 4

The relationship between serial changes of local activity on the

1-123 IMP SPECT images and tissue injury on the CT or MRI( in
the hyperperfusion area.
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n, BEMBEEKICHT L TH Bypass Fidsdic
EiEE S VI EFRRMICHERS Y, L
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Grade Resting DIAMOX® -activated
Gr. O O O - O O
Gr. I O O w3 2] O
@)
(@)
Gr. I 2] O ag> % @
Gr. I 2 2] =R @ @
early delayed early delayed Table 5
Activity (affected/unaffected): @ < @ < o < O
Hypoperfusion (early) . severe moderate mild (normal)
atr ; . moderately mildly complete
Redistribution (delayed) : (defect) I I et
Case EC-IC Postop. Grade**
Grade — —
No. Bypass Gr. O Gr. I Gr. I
Gr. O 3 0
Gr. I 12 3 S 1 2 0
Gr. I 20 14 = 0 14 0 Table 6
Gr. I 1 1 = 0 0 1
Total 36* 18 1 16 1

*main trunk occlusion **1-3 months after surgery

PREOPERATION POSTOPERATION

A-P LLCAG Lateral

Fig.13a Cerebral angiography before and after EC-MC bypass surgery

(STA-MCA anastomosis) performed in a patient with occlusion of the
right middle cerebral artery.

Preoperative angiograms showed occlusion of the right middle cerebral
artery with relatively good collateral flow through the leptomeningeal
arteries.

Postoperative angiograms demonstrated extensive filling of the MCA via
a dilating STA.

The cerebral vasodilatory
capacity graded in the resting
and Diamox-activated [-123
IMP SPECT images.

The assessment of the cere-
bral vasodilatory capacity in 36
patients included 18 patients
on whom EC-IC bypass was
performed.

RtBAG A-P Lateral Lt.CAG A-P Lateral




Fig.13b 1-123 IMP SPECT studies before and after EC-IC
bypass surgery (STA-MCA anastomosis) per-
formed in a patient with chronic occlusion of the
right middle cerebral artery (MCA) .

; v The cerebral vasodilatory capacity in the right

e \ ' MCA territory was assessed as preoperative

: v Grade II and postoperative Grade I. An improve-

ment of cerebral vasodilatory capacity was noted

DIAMOY

! o postoperatively .

Fig.13¢ CBF, CBV, CBV/CBF, VTT before and af-
ter EC-IC bypass surgery (STA-MCA anas-
tomosis) estimated in a patient with chronic
occlusion of the right middle cerebral artery.
CBF was measured by Xe-133 SPECT. CBV
image was obtained by Tc¢-99m RBC SPECT,
vascular transit time (VTT) was measured
by Rapid Sequence SPECT technique using
Tc-99m RBC.

An increase of CBV, CBV/CBF, VTT values

were noted preoperatively in association with

19

§3 a mild decrease of CBF, and a reversal of

Al : : Ut these values without a significant increase of

13 3eec] 8.3sec  CBF
. e L : : CBF were demonstrated postoperatively.

Table 7 The relationship between compensatory

Reduction Compensatory Mechanisms Limitation of
of CPP* cBv™ OEF*** Vasodilatory Capacity mechanisms and a limitation of vasodila-
tory capacity in the hemodynamic cere-
mild =  Vasodilation(+) =» mild~moderate bral ischemia.

moderate s  Vasodilation(+), OEF 4 =P moderate~severe

CPP* : Cerebral perfusion pressure
CBV** . Cerebral blood volume (PET. SPECT)
OEF** : Oxygen extraction fraction (PET)

RIS B A CBY @ & (vasodilation (2 DMEIRTE Vb 00, FFTMMELREEDET
L) L. WMERFEEIE (OEF) © L7 (misery AED H b FEE &, PET B & U8 SPECT Lo
perfusion?) 7% & b ICMEBEERH 2 MHF T 27200 CBV @ LA O LN AFHIIIHIE L, wWihd
B R % T 5 & & P CBF /CBV B0 BT MERE DR T 2 R_e 3 TR EFZ 2 5
ratio 2SI HEFEIE R MG SR TR RE D FIICAH M TH Nze Lo T, INEOFREALT BB
B EHRE SN T A?, SPECT T3 sk s LT, MATHEMOBICEERETRETHL ), &



52, DIAMOXNCx¥3 % J& BT i i & 5 g > ] IR
% Table 71R$ & 512, RFRIEGRE DB I
T EET ORE) & BET TR 5 % 618,
LZHFFF B X U° DIAMOX® & M2I-IMP SPECT early,
B L U delayed image 12 & - THRHIEERT 1 6E < B E
T O BT EAEE Rl #5891 id hemodyna-
mic compromise ) EIEEEHIIATEE &L & 2 b7z,
Z DA D delayed image 1213, EEE % Grading
THLOOMBHIT -7 L LTOEESHL LER
¥ (VA

BbYIC

A5 T3 -IMP SPECT @ redistribution 122\
THE L, “I-IMP SPECT @ delayed image D 3ikF
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9¥nPe-HM-PAQ (*"Te-d,I-hexamethyl-propylene amine
oxime) # ECD (*» Tc-L,L-ethyl-cysteinate dimer)
BEBRHRENRTVWE, ZhsbEWTVwThe
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compartment model:Fig. 4) 12 X 2 AT A BN
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