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A method has been proposed to quantitate the myocardial
water-perfusable tissue fraction (PTF) in the area of hypoper-
fused asynergic segments using *O-water (H,°0) and PET. This
study investigated the histochemical correlates of PTF (and
perfusable tissue index, PTI) in a canine model of old myocardial
infarction. Methods: Myocardial infarction was produced in 12
mongrel dogs, and PET was performed 1 mo later, providing
guantitative parametric images of PTF, regional myocardial blood
flow (MBF), and extravascular density from H,°0O, 150O-carbon
monoxide, and transmission datasets. At the end of scanning, the
myocardium was sectioned, and the PET images were compared
directly with the corresponding myocardial sections. Results:

The distribution of tissue necrosis identified by histochemical
staining corresponded well with the defect in PTF but not in MBF.
PTF agreed with the equilibrium images of myocardial H,°0O
distribution, obtained after injection of a large bolus of H,%0. The
defect surface area identified on PTF agreed well quantitatively
with the morphometric estimates of the surface area of myocar-
dial infarction. PTI agreed with the absolute proportion of histo-
chemically defined normal myocardium (0.87 = 0.09 and 0.83 =
0.08, respectively; P < 0.01). Both PTF and PTI decreased
significantly in segments of myocardial infarction and showed a
significant difference between the transmural and nontransmural
myocardial infarction. Conclusion: The absolute mass and
proportion of histochemically defined noninfarcted tissue may be
guantitated with PTF and PTl in the area of myocardial infarction
segments.
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methoxyisobutyl isonitrile Z,3), echocardiography during
dobutamine stimulation4f, and flow-metabolism imaging
with PET 6-7).

An alternative that has been proposed for assessing
myocardial viability using PET antO-labeled radiotracers
does not require metabolic imagin@-10. This alternative
measures the water-perfusable tissue fraction (PTF, in
g/mL), which has been defined as the fraction of tissue
capable of rapidly exchangingO-water (H'°0) within a
given volume of region of interest (ROI)8(l1). The
perfusable tissue index (PTI) is also estimated and is the
proportion of BH®0-perfusable tissue within the total ana-
tomic tissue derived from the transmission (tissue density)
scan 8-10. The underlying hypothesis is that the ability to
rapidly exchange water requires viable myocardium. In
normal myocardium, values of PTF have been shown to be
consistent with extravascular tissue density, which was
independently measured using transmission‘&@ecarbon
monoxide (C°0) scan datasets, and the value of PTI agreed
well with an expected value of unit@). These PTF and PTI
indices have further been shown to successfully predict
recovery of contractile function after intervention in patients
with myocardial infarction in both acute and chronic settings
(9,10, with threshold values of at least 0.7 for the PTI and
PTF of a control region. However, the direct correlation of
these indices with histologic findings has not been fully
investigated. The aim of this study was to directly compare
the PTF and PTI indices to histochemical findings for old
myocardial infarction (OMI) in experimental dog studies. In
particular, we assessed the ability of PTF, PTI, and myocar-
dial blood flow (MBF) to distinguish between infarcted and

dentification of ischemic but viable myocardium imoninfarcted regions and to measure the infarct size and the
patients with myocardial infarction and impaired left ventricufraction of infarcted tissue.
lar function is of major clinical importance. Several radionu-
clide techniques have been proposed and evaluated for WsTERIALS AND METHODS
detection of reversibly injured myocardium in the clinicakg;ation of Functional Images

setting, including SPECT with eithe®T| (1) or %Tc-
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WATER-PERFUSABLE TISSUE FRACTION ¢ lida et al.

The radioactivity concentration in a small element of a myocar-
dial region after administration of #fO has been expressed by
assuming a single-tissue compartment model, as described previ-
ously 8,12,13. This formulation includes 3 parameters: regional
MBF, PTF, and arterial blood volume £/ The adoption of PTF
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has implications for the interpretation of MBF, such that th&chocardiography

measurement exclusively represents the mean regional MBF to thastandard 2-dimensional echocardiography was performed by an
mass of tissue within the ROI that is capable of rapidly exchangirxperienced echocardiography physician on the same day before
water, that is, the mass of tissue defined by PTF. This MBF, because PET study to evaluate wall motion (dyskinesis, akinesis,
corresponding to blood flow only to perfusable tissue, is free frofypokinesis, and normokinesis) in the septum and in the anterior,
the so-called partial-volume effect. “MBFis the term adopted to lateral, and inferior walls.

describe this parameter, which has units of mL/min/g of perfusable

tissue. Another blood flow is defined and used in this article asPAET Procedures ] ]
product of MBF, and PTF. This blood flow represents the average PET Was performed using a Headtome-lll tomograph (Shi-

to the volume of the ROI and has units of mL/min/mL of ROIMadzu, Kyoto, Japan)g), which enabled data acquisition in 5

“MBF /" is the term adopted for this blood flow planes simultaneously over an axial field of view of 7.5 cm. All

MBF,, PTF, and \{can be estimated with O and PET using a em'tsﬁ'fﬁtn atnd traqsdm|55|p n (ilata wer(te_ rlecon_TtrtL_Jcteci ﬁ(s)'gg a Bfutltler-
single-compartment kinetic model. The model equation has bedg - Mier to provide an in-piane spatiai resolution ot 1u.9mm fu
width at half maximum for both emission and transmission scans at

fitted to the PE.T. tissue anq blood-—activity curves by. a nonlineﬂ]re center of the field of view. The axial resolution was 13 mm full
least squares fitting analysis (NLLSF-{0,12,13 In this study, W'Ldth at half maximum at the center of the field of view. The slice

an alternative approach—the weighted integration technique devel-

d by Aloert et al 14 and K tal lied interval of this scanner was 15 mm. Data were acquired at 2 bed
oped by Alperte a_.:( )ap oeppe et al1p)—was applied so as positions to provide adequate sampling for 10 slices over the axial
to generate functional images of PTF and MBRot MBF,)

imult ly. The weighted integration method essentially prac o o /e
simultaneously. The weighted integration metnod essentially pro- o 5q_min transmission scan was acquired at each bed position.

vides the same results_ as NLLSF but requires a much shorter_ U%e blood-pool images were obtained at each of the 2 bed positions
for computation. Two time-dependent functions of unity and t_'mfé 2-min acquisition at each position) after inhalation of 3.7 GBq
were used, as suggested by Alpert et a)(and the parametric 155 (19). Arterial blood samples were taken every minute during
images were calculated using a look-up-table procedure. In tis;nning, and the radioactivity concentration in the whole blood

calculation, \4 was estimated from the'& blood volume and a5 measured using a Nal well counter that was cross-calibrated
from the extravascular tissue density images, with an assumggh the PET scanner.

venous fraction in the myocardium (0.10 mL/g), as reported afer 15 min to allow for decay of5O-radioactivity to back-
previously 8,16,17. The extravascular tissue density images Welground levels, 370 MBq K0 was infused intravenously during 2
calculated from the €0 blood volume and from the transmissionmin and then 2 dynamic scans were obtained at each of the 2 bed
datasets§). positions. The 20-frame, 6-min dynamic PET scan was started
The arterial input function was obtained from the left ventriculafhen radioactivity appeared in the right ventricle and consisted of
time—activity curve, and a previously validated metha8)(was 6 frames 65 s each, 6 frames of 15 s each, and 8 frames of 30 s
used to correct for incomplete recovery of the left ventriculasach p0). Between these 2 scans, radiolabeled microspheres
region and spillover from surrounding tissue. The PILQ was (14iCe, 3 MB(q) were injected into the left ventricle &8 studies)
then calculated for a given ROl as: for measuring regional MBF ex vivo.

PTF (perfusable tissue fraction) An additional static scan was initiated 10 min after injection of a

PTI — Eq.1 3.7-GBqbolus of HL%0 at the 2 bed positions to measure th&8
D., (extravascular density) equilibrium distribution in the body (both in the blood and in the
myocardium). Because of the short half-life ¥¥0, the activity
Animal Preparation injected was considerably high, and this method is not practical for

The subjects consisted of 12 mongrel dogs (body weight rangdinical human studies.
10-20 kg; age range, 2-3 y) with OMI. All experiments Were,. «tochemical Analysis

performed according to a protocol approved by the Committee forAfter the PET study, the dogs were killed with concentrated

Ethics and Clinical Research of the Research Institute for Brain angtaSSium chloride. Guided by the laser positioning liahts attached
Blood Vessels, Akita, Japan. During open-chest surgery, the m ’ y P 99

n
trunk of the left anterior descending branch of the left coronal

3the PET device, we marked the imaging positions directly on the
artery was ocoluded in each doa. After at least a month of reco Er(]%ocardium for the open-chest dogs and on the chest for the
ry w u ; 9- Vebsed-chest dogs. The heart was then excised and sliced at a

(35-45 d), a series of echocardiographic, electrocardiographic, Em%kness of 7.5 mm to correspond to each PET acquisition plane.

PET studies was performed. The myocardial slices were stained with triphenyltetrazolium

After an o_vernlgh_t fast, the d°93_ were sedated V‘_”th 4 Mhioride (TTC) and then by the elastica Masson (EM) and
acetopromazine by intramuscular injection. Anesthesia was

ma : _ 'S lamatoxylin-eosin (HE) procedures.

duced with intravenous thiopental sodium (25 mg/kg). The animals

were intubated and mechanically ventilated with a mixture @omparison with H ,50 Equilibrium Image

oxygen, nitrous oxide, and air. Anesthesia was maintained by After injection of a large bolus of $1%0, equilibrium is reached

inhalation of 0.5%-1% halothane. Of the 12 PET studies, 8 werewhen the distribution of K0 no longer reflects flow. More than

the open chest, and adhesions of the myocardium to the chest walmin are required to reach this point. Thus, PTF was calculated

and lungs were carefully removed before the scan. from a single static equilibrium image (equilibrium method)
Catheters were placed in the femoral artery to monitor arterimleasured at more than 10 min. First, this image was normalized by

blood pressure and PO input and in the jugular vein to infuse calibrating the left ventricular region to the blood density (1.06

H,1%0. Electrocardiography findings and arterial blood gases wegémL). The G50 blood-pool image (¥) was then subtracted from

monitored throughout the procedure. the normalized image to provide a distribution of the perfusable
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tissue. The water content in the blood was assumed to be 0.8&gpearance of the Q wave compared with the preocclusion
water/g blo_od, and that in the myocardium was assum_e_d to be Ost8dy). Echocardiography showed significant asynergy (hy-
g water/g tissuel(l); thus, the resultant image was divided by;pokinesis to akinesis) in the anterior wall in all dogs. Four
factor of 0.91 (0.78/0.86) to provide the quantitative image of P Enimals had hypocontractile function (hypokinesis to akine-

in g tissue/mL. PTF values calculated from the dynamic data We§F5) in the septum also. Wall motion was normal in the lateral
then compared with those obtained by the equilibrium method. wall of all dogs

Comparison with Microsphere MBF o The histochemical (TTC, EM, and HE) staining analysis
Estimated MBF (MBF) values were compared with micro-confirmed myocardial infarction in the anterior wall of all
sphere estimates for 8 studies. Five small myocardial samples Wgffimals. The distribution of the myocardial infarction was

taken from the inferolateral wall to determine the regional bloo\gisually identical for the TTC, HE, and EM staining
flow with the radiolabeled microsphere, and the MBE&lues were rocedures, although in 1 hea’rt m,ultiple small necrotic

compared with the microsphere flow values. Samples were r%t . . .
obtained from anteroseptal regions so as not to disturb tREEAS found with HE and EM were not obvious with TTC. Of

histochemical analysis around the infarcted zone. the 12 dogs, 8 had transmural infarction and the other 4 had

c . ith Histochemical Resul nontransmural infarction. Myocardial infarction was not
omparison with Histochemical Results _evident in the septum or the lateral or inferior walls of any
Regional values of PTF, PTIl, and MBF were compared wit nimals

histochemical and wall motion findings for all ROls; histochemica sual agreement was aood between the PTE images
infarct surface area was compared with defect surface area on PTIM u 9 was g Imag

and MBF images; and the fraction of infarcted myocardium in @0tained from the dynamic data (weighted integration

central slice determined by PTI was compared with thatdetermin@%?thOd) and t_hos.e obtained by the equilibrium method
by histochemical analysis. (Fig. 1). Quantitative values of PTF also showed overall

Regional Comparisorhe ROIls were drawn on the septum, theggood agreement between the 2 methods for the 3 myocardial
anterior wall that included the infarcted region, and the lateral wadegments, as shown in Figure 2. The equilibrium method,
using the extravascular density imagesjQvithout reference to however, provided slightly but significantly greater values
the functional images. The ROIs were then projected onto ”QBy approximately 10%) in the anterior wall region that
functicl)nal 'V:BFI a(;'d Pr-]”: images.fAF]small (1 c(;r_w iln c:iamgterf) RO{ncluded the myocardial infarction (0.3320.111 g/mL for
was also selected at the center of the myocardial infarction for e -
study, and PTF, R, and PTI values were calculated for this ROI. 1 _Qynamlc data versus 0.305 0'.11:.%. g/mL .for the

equilibrium method,P < 0.05). No significant difference

Comparison of Defect Surface Are@he surface area of the .
infarcted left ventricular wall on the stained slices was compard®S found for other regions. For the lateral wall and septum,

with the defect surface areas determined on the Maf PTE O significant difference between the weighted integration
functional images. The length of the infarcted zone, including boftnd the conventional NLLSF techniques was confirmed for

transmural and nontransmural infarction, was measured on eactestimated MBFor PTF values. The anterior wall showed a

the TTC-stained slices along the left ventricular wall. The surfagggnificant difference between the 2 techniqu@sJ(0.001);

area of the infarction AS [in square millimeters]) was then namely, MBR and PTF were greater with NLLSF than with

calculated as: the weighted integration method, by approximately 10% and
As= L, x Az Eq. 2 15%, respec_tively. . .

PET functional parameters are summarized in Table 1 for
where L; (in millimeters) denotes the length of the infarcted zonehe 3 myocardial regions. No significant difference was seen
on the i-th slice (defined along the center of the myocardial waljetween the noninfarcted lateral wall and septum for either
andAZ (in millimeters) is the slice interval, which is equal to thaipTE or PTI. PTl was close to unity in these regions. PTF and

of the PET device (7.5 mm). The defect surface areas w P . . :
similarly calculated for the MBFand PTF functional images. Here%:uvc\;g;e tﬁg?g;;?;i)é r;:jeuac)e:nlcri\ ::goa;:]tiﬂzr (\;,(\;?:’:e(rwgflctrf]]e

a significant defect was defined as a functional value less than 543 o ] .
of that in the control region, and; was traced along the 50% of myoca“?“al Ilnfarctlo.n. PTF and PT' We_re 5|gnlf|cantly
peak count boundary of the“® blood volume image. smaller in animals with a transmural infarction than in those

Comparison of Fraction of Infarcted Tissue.the 8 open-chest With a nontransmural infarctiorP(< 0.05). In the septum,
experiments, the average PTI in a large region over the who¥ significant difference was observed in PTF and PTI
myocardium of a midventricular slice was calculated. The calclbetween animals with normal wall motion and those with
lated PTI values were then compared with the fraction of thgbnormal wall motion. Because PTI may be affected by
histochemically defined noninfarcted tissue. spillover from the chest wall, Table 1 shows only the
Statistical Analysis open-chest results for the anterior wall. The mean anterior

All data were presented as meanl SD. Specific differences wall PTF values for all studies (& 12) were 0.27+ 0.10
were detected by either a paired or an unpaired Studest.P < g/mL for the whole area with transmural infarction and
0.05 was considered statistically significant. 0.37 = 0.11 g/mL for the whole area with nontransmural

infarction (P < 0.05). Corresponding values for the center of

RESULTS the myocardial infarction were 0.16 0.06 g/mL for

The electrocardiogram, using 18 electrodes, showed etransmural infarction and 0.24 0.12 g/mL for nontransmu-
dence of myocardial infarction in all animals (through theal infarction < 0.05).

WATER-PERFUSABLE TISSUE FRACTION * lida et al. 1739



FIGURE 1. Comparison of PTF images
obtained using 6-min dynamic images and
weighted integration method (A) and those
obtained using equilibrium method (B). Im-
ages represent 3 different transaxial slices.
Small defect in anterior wall corresponds to
myocardial infarction. Note that same color
scale is used for the 2 functional images.

Table 1 also shows that no significant difference occurré€d79 = 0.11 g/mL, which was significantly greateP <
in extravascular tissue density {pbetween the transmural0.001) than that for the open-chest animals because of
and the nontransmural infarcted segments at either the cenjgifiover from the chest and was also greater than that for the
of infarction or the whole anterior wall. Lin the whole other regions in the closed-chest anim#&#s{0.001).
anterior wall was not significantly different from that in MBF, and MBF, were significantly reduced in the anterior
other segments in the open-chest animals. The antedpr Rall and at the center of myocardial infarction, compared
value for the closed-chest animals was, on the other haigih the lateral wall P < 0.01). MBR for areas with

T T T
®  Lateral wall

[ © ‘Anterior wall (infarction center)
L

0.8 | 4  ‘Septum

PTF [g/ml]
(Pixel-by-pixel calculation by WI method)

lll B

0 0.2 0.4 0.6

PTF [g/ml]
(Equilibrium method)

0.8 1

FIGURE 2. Comparison of PTF values obtained using 6-min
dynamic images by weighted integration (WI) method with those
obtained using equilibrium method. Symbols correspond to
septum and to walls that included myocardial infarction. Data
were obtained from all 12 dogs. No significant difference oc-
curred between the 2 methods in septum or lateral wall, but PTF
values were slightly but significantly greater in anterior wall for
equilibrium method than for dynamic method (0.332 + 0.111
g/mLand 0.305 *+ 0.113 g/mL, respectively; P < 0.05).
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transmural infarction was also significantly smaller than that
for areas with nontransmural infarction. MB&nd MBF in

the septum were not significantly different from those in the
lateral wall, but a significant difference was observed
between animals with normal wall motion and those with
abnormal wall motion. Regional blood flow determined by
radiolabeled microspheres in the inferolateral wall (0284
0.33 mL/min/g, n= 8) agreed well with those determined by
PET (MBF,, 0.88=* 0.24 mL/min/g) and correlated signifi-
cantly (P < 0.05;r = 0.835).

Figure 3 shows an example of PET images (MBRd
PTF) and histochemical staining analyses (EM and HE)
from an open-chest experiment. In this study, severe wall
motion dysfunction (akinesis) was observed in the septum
and anterior wall on echocardiography. The stained speci-
men showed transmural infarction in the anterior wall but
not in the septum. Although a decrease in the MBtage
(not confirmed by microspheres in this study) reflected the
wall motion abnormality in the septum and anterior wall, the
PTF image was decreased in only the anterior wall with the
histochemically proven OMI. This pattern was seen in all 4
studies that showed asynergy in both the septum and the
anterior wall (Table 1).

The defect surface areas in MB&hd PTF images were
compared with the defect surface area of the histochemically
defined infarcted zone along the left ventricular wall in
Figure 4. The defect area in the PTF image agreed well with

* No. 10 « October 2000



TABLE 1
Summary of PTF, De,, and PTI Values for Each Segment

MBF, MBF,
Segment (mL/min/g) (mL/min/mL) PTF (g/mL) Dey (9/mL) PTI
Lateral wall
Whole area (n = 12) 1.12 * 0.70 0.60 = 0.34 0.49 = 0.10 0.48 + 0.09 1.02 = 0.11
Anterior wall
Whole area (n = 8) 0.48 = 0.22 0.19 = 0.14 031 +0.13 0.48 + 0.05 0.62 = 0.24
(with transmural MI, n = 5) 0.50 = 0.33 0.17 = 0.14 0.26 = 0.11 0.50 = 0.09 0.52 = 0.20
(with nontransmural MI, n = 3) 5] 0.64 = 0.21 N$1030 =016 P=%% 041 +011  MSjos2+005 N 0.79 = 0.20
MI center (n = 8) 0.62 + 0.29 0.10 * 0.10 0.16 = 0.12 0.32 + 0.14 0.44 + 0.22
(with transmural M, n = 5) 0.56 = 0.33 0.04 = 0.03 0.10 = 0.07 0.27 £ 0.15 0.33 = 0.16
(with nontransmural MI, n = 3) NS{ 0.72 = 0.24 P<0'05{0.19 +0.11 P<°'°5{ 0.25 + 0.14 NS{0.39 +012°° 0'05[0.63 +0.19
Septum
Whole area (n = 12) 0.85 = 0.47 0.45 * 0.25 0.47 + 0.08 0.48 = 0.05 0.98 + 0.08
Normal wall motion (n = 8) P<0.01{ 1.00 + 0.40 F,<O.05{0.52 +0.22 NS{OAG +0.06 NS{0.49 +0.04 NS{0.94 +0.05
Dysfunctional (n = 4) 0.41 = 0.17 0.22 = 0.10 0.48 = 0.08 0.52 = 0.06 0.91 = 0.09

NS = not statistically significant.
Only open chest studies are selected for anterior wall region.

that in the histochemical analysis. In contrast, the defect afeam the open-chest experiments<r8) was compared with

in the MBF image was generally larger than that in the PTEhe fraction of the histochemically defined noninfarcted

image and, hence, larger than the surface area of OMI.  tissue in Figure 6. This fraction was 0.83 0.08 for the
Figure 5 shows representative images of PTF and the Dnidventricular tomographic slice, whereas PTI was 087

together with the histochemical-stained slices (TTC, EM),.09 for the corresponding slice. Although PTI was signifi-

and HE). The stained slices indicated that the infarction gantly greater® < 0.01) than the proportion of noninfarcted

the anterior wall was nontransmural. Both PTF angMzere tissue, the correlation between the 2 quantities was signifi-

reduced in the area of infarction. The decrease ipvizas cant (y= 0.073+ 0.963x;r = 0.88;P < 0.001).

caused by a decrease in the transmural wall thickness and the

partial-volume effect. PTF was further reduced compared

with D, in the infarcted center, and PTI (calculated as pTRISCUSSION

divided by D) was approximately 0.5 at the center of the In this study, we found that PTF calculated from early

infarction. This value is consistent with the finding that thdynamic images after intravenous,f0 administration

nontransmural infarction had approximately 50% residuagreed well with PTF obtained from the equilibrium myocar-

tissue (Fig. 5). dial H,'%0 distribution. PTF and PTI could distinguish
PTI calculated for the whole midventricular slice obtainetletween infarcted and noninfarcted regions and were normal

FIGURE 3. Representative MBF,and PTF
images together with corresponding histo-
chemical-stained (EM and HE) cross-sec-
930005 tion of myocardium. Ant = anterior wall;
Lat = lateral wall; Sep = septum.

WATER-PERFUSABLE TISSUE FRACTION * lida et al. 1741
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FIGURE 4. Comparisons of defect surface area identified on
PTF and MBF, images and morphometric estimates of surface
area of infarcted myocardium derived from myocardial slices
stained with EM. Data were obtained from all dog studies
(n=12).

1.2 e e e e

1.1

e
= ®
9

=N}
Al
<
=
—
aal i

0.9

0.8

' N

0.7

n=28
open chest dogs
'l TR |
0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2
Fraction of Non-infarcted tissue

Perfusable tissue index (g/g)

QLML A L L L N i L

FIGURE 6. Comparison of PTI values with fraction of histo-
chemically normal tissue for whole midventricular slice. Correla-
tion was significant (y = 0.073 + 0.963x), although PTI values
were significantly greater than results from morphologic esti-

mates (0.87 = 0.09 and 0.83 =+ 0.08, respectively; P < 0.01).

in dysfunctional (akinetic) but noninfarcted wall segments,

which did, however, have decreased blood flow. The physi- o -
cal extent and size of the infarct defined by PTF and P%W-ﬂow areas cause the,HO distribution, after a sufficient

agreed reasonably well with those of the histochemicalig}g zglsiye’ tzgfo%?nzogogil t;;?jfg:g:'g?&ﬁ; ?;;%fus_
defined infarct both visually and quantitatively. distribution is expected to reach equilibrium 10 min after the

Identification of Infarcted Tissue by PTF and PTI bolus injection, and this technique is probably the simplest
H,1%0 is a diffusible and chemically inert tracexl). The for visualization of PTF. However, because of the need for a
early distribution after the administration of, PO reflects large injected activity owing to the short half-life %0
regional blood flow 22—-24. On the other hand, rapid(e.g., 3.7 GBq for a 10- to 20-kg animal in this study),
clearance from high-flow areas and further uptake intpplication of this technique to clinical studies is not

FIGURE 5. Comparison of PTF and D,
images together with histochemical-stained
slices (TTC, EM, and HE). Data were
obtained from open-chest experiment in
which slice position for histochemical analy-
sis was carefully determined on scanner
bed by marking PET tomographic slice
position directly on myocardium guided by
laser beams. Arrows point to nontransmu-
ral infarction.
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practical. The present approach, which estimates the quanmtith those obtained by the conventional NLLSF approach
tative PTF (in addition to the MBJfrom the early dynamic (14,15,29, and our study confirms this finding. Good
dataset, requires only a tenth of the activity (370 MBq) anagreement between MBR&nd the in vitro microsphere flow
provides values that essentially agree with those obtainedingasurement in the lateral wall further suggests the validity
the equilibrium technique (Fig. 2). of this mathematic approach, although a potential limitation
According to an early work in Europ%), the radiation in the left ventricular injection of labeled microspheres still
dose (whole-body effective dose) for this protocol can bexists (i.e., incomplete mixing of the spheres). However, the
estimated as 3—6 mSy, including®0 and H'%0 scans with NLLSF method yielded PTF and MBFvalues in the
an administration dose of 3.7 GBq and 370 MBq, respei¥farcted segment that were approximately 10% and 15%
tively. This level of radiation is smaller than that for thegreater, respectively, than were those obtained with the
typical combined protocol dfN-ammonia and FDG, that is, weighted integration method. Although the validity of MBF
5-7 mSv with administration of 740 MB§N-ammonia and quantitation in areas of reduced MBF remains unknown,
185 MBq FDG. particularly in OMI segments, this small discrepancy can, at
This study also showed that the estimated PTF and Pi€bst partly, be explained by the overestimation in NLLSF
values were significantly smaller in infarcted regions anchused by the limited count statistics in the infarcted region
correlated with the degree of infarction; that is, regions wit{27). Simultaneous determination of 3 parameters—N\MBF
transmural infarction had significantly lower PTF (and PTIPTF, and \(—using NLLSF in areas of low count statistics
values than did regions with nontransmural infarction. Ifi.e., reduced flow or necrotic tissue) was shown to cause not
contrast, in asynergic but noninfarcted septal segments, botily increased statistical uncertainty but also a systematic
PTF and PTI were preserved and not significantly differebfas (overestimation) in both MBBnd PTF. Suggestions to
from normal control segments, whereas both MEfd minimize this systematic bias have included fitting only 2
MBF; were reduced. Thus, PTF and PTI values can identiparameters—MBJFand PTF—with a measured (fixed),V
infarcted regions and differentiate infarcted areas fro(27); improving the image reconstruction algorithm, as has
ischemic but noninfarcted areas. In addition, the distributicuccessfully been shown by Katoh et &8); or improving
of tissue necrosis identified by histochemical staining (TT@he count statistics of time—activity data using larger
EM, and HE) corresponded well visually with the defect iflROls (L3).
PTF images. Quantitatively, the PTF defect surface areaRecently, Gerber et al2@) showed that the regional MBF
using a cutoff of 50% of the normal PTF value, agreed wellalues determined by fO were significantly greater than
with the histochemically defined infarct area. The averadkose determined byN-ammonia in infarct regions. Those
PTI (ratio) for a given slice should correspond to the fractioimvestigators claimed that the former methodology is not
of histochemically defined nonscar tissue in the slice. Wreferred over the latter. Although correct values are not
found a good correlation between PTI and the fraction &hown for that comparison, the discrepancy between the 2
noninfarcted tissue (Fig. 6), although a small but significamethods may be caused by the limited count statistics in the
difference was present. This small overestimation of PTI caegions with infarction. Systematic overestimation can also
be explained by the exclusion of only, W the calculation of result if the noninvasive input function is not corrected for
PTF, whereas the calculation of,Dsubtracts both arterial the limited recovery of the left ventricular (or left atrial)
and venous blood volumes from the tissue sigi@&dl(). chamber, as has been showlr8)( Further investigation is
This factor causes PTI to be overestimated by approximategquired.
10% in normal myocardiumg], a value that is consistent g¢ats of Flow Heterogeneity

W|thhour gbségrvatllon. , q ith hi hemi In the penumbra of the myocardial infarction, the micro-
Thus, by directly comparing PTF and PTI with histoc em"écopic flow distribution is unlikely to have the homogeneity

cal findings, we have shown that PTF and PTI can estimaleq;me by the model; in theory, systematic errors in PTF as
the extent of infarction and the proportion of nonscar tissye. | as in MBE can result30). Using simulations, Herrero

in a given area of myocardium in OMI. Hypocontractileet al. @) showed that PTF (and hence PTI) could be

ischemic segments tha’g have p_reserve(_j PTF (and PTI) Witf) dye restimated by 25% at maximum for tissues containing a
threshold level given in previous article81Q should mixture of 4 different flows with a minimum flow level

therefore be viable and can potentially benefit from revascﬂjr'eater than 0.10 mL/min/g. lida et ag), in a simulation

larization. of dynamic H%0 studies in the brain, showed that the
Validity of Mathematic Procedures blood—brain partition coefficient of water (equivalentto PTF
Weighted integration is a convenient method for calculaita the heart) could be systematically underestimated by 20%
ing functional images. Although the,HO methodology because of flow heterogeneity in regions containing a
requires image manipulation, including blood volume submixture of gray matter and white matter. However, Herrero
traction using the &0 dataset, the MBFand PTF images et al. also showed that, for mixtures of extremely low-flow
can be calculated automatically and require only selectiontidsue (e.g., MB~ 0.01 mL/min/g), which should corre-
an ROI in the left ventricle. Earlier studies found that thispond to scar tissue, the estimated MBF and PTF well
technique provided quantitative values that were consisteapresent the values for only the high-flow tissue. Thus, PTF
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well represents the fraction of nonscar tissue around thad at the end of the study are recommended, and significant
myocardial infarction, and MBF should correspond to themmovement between the 2 transmission scans has to be
flow for nonscar tissue. The work by Herrero et al. suggestedrrected or the study has to be repeated. Also recom-
that perfusion was low enough in the scar tissue to lmeended, as shown by Hermans&#)( is a methodology
neglected in the PTF and MBF calculations. In addition, wihat does not require separate blood-pool scanning using
observed that NLLSF analysis of averaged ROI regiod®-carbon monoxide. Further investigation would be of
provided greater PTF values than did pixel-by-pixel calculaalue.

tion. This difference could not be explained by flow

h_ete_rpgenelty. Thus, flow_heterogenelty is ur_1I|ker to be @ONCLUSION

significant source of error in practical applications.

Herrero et al. 1) also showed that $O can diffuse into The distribution of water-perfusable myocardium esti-
necrotic infarcted tissue within a PET study period. Diffuated by*%O tracers and PET corresponded well to the

sion into areas of scarring may explain the slightly bd}istochemically proven noninfarcted tissue seen in a PET
significantly higher PTF values obtained by the longdfsSelution of an animal model of OMI. Consequently, the
equilibrium method. Diffusion, along with the limited reso-P TF/Devratio (PTI) correlated well with both the histochemi-
lution of the PET scan and partial-volume effects, mé lly determined defect surface area and the histochemically
contribute to the fact that PTF and PTI did not approach Ze%termine_d fraction of noninfarcted tissue in OMI. Despite
in scar tissue. The exact magnitude by which PTF (and Pﬁ?me clinical limitations, measurement of PTF and PTI may

are overestimated in infarcted tissue is unknown, and furtH¢ @ reliable standard for evaluating other clinical protocols
systematic study is required. that assess myocardial viability. The PTI threshold for wall

motion recovery 0.7 in earlier studies) should represent

Study Limitations the lower limit of the proportion of histologically identified

This study was designed to validate the underlyinggjqual (noninfarcted) tissue in the asynergic segment.
hypothesis that PTF and PTI indicate the physical extent of

myocardial infarction, in a global sense. The accuracy of this
approach in assessing myocardial viability needs to B&KNOWLEDGMENTS
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