
imaging findings with the histologic changes of chronically
hypoperfused myocardium.

MATERIALSAND METHODS

Patients
Table 1summarizes the characteristics ofthe study group, which

comprised 15 patients with coronary artery disease (CAD) (2
women, 13 men; mean age, 64 Â±11 y) who were scheduled for
cardiac surgery. In all patients, the proximal left anterior descend
ing arteries had significant stenosis and CAD had been clinically
diagnosed at least 1 y previously. Seven patients had clinically
diagnosed transmural myocardial infarction and had no evidence of
acute infarction within at least I mo before the surgery. The other 8
patients had clinically diagnosed angina pectoris. Four patients had
diabetes mellitus. The study protocol was approved by the institu
tional ethical committee of Kyoto University, and all patients gave
written informed consent to participate in the study.

CardiacCatheterization
Selective preoperative coronary angiography was performed

using the Judkins technique. The left and right coronary arteries
were imaged in multiple views. Stenosis was considered significant
if the luminal diameter was narrowed by 70%. The preoperative
coronary angiography was always performed within 3 mo of
surgery.

SPECTImagingProtocols
201T1and â€˜23I-BMIPPSPECT were performed within 2 wk

before surgery. All images were obtained with a dual-head SPECT
scanner (Optima; General Electric Medical Systems, Milwaukee,
WI) equipped with low-energy general-purpose collimators and a
180Â°circular orbit, starting at the 45Â°right anterior oblique
position. For each patient, 32 projection images requiring 30 s each
were obtained.

After fasting for at least 5 hr. and while at rest, each patient
received an injection of approximately 111 MBq â€˜23I-BMIPP.
SPECT was performed 15-20 mm later. The â€˜@I-BMIPPwas
prepared and supplied by Nihon Mediphysics (Nishinomiya,
Japan) and contained approximately ill MBq carrier-free 123!..
BMIPP dissolved in 10.5 mg ursodeoxycholic acid.

On a different day, SPECT was performed approximately 5â€”10
mm after injection of 72 MBq @Â°â€˜Tlin resting patients. The total

123l..1 5-(p-iodophenyl)-3-(R,S)-methylpentadecanoic acid (BMIPP)

isa tracerfortheevaluationofischemicheartdisease.The
purpose of this study was to assess the relationshipbetween
123IBMIPP uptake and myocardial fibrosis. Methods: Fifteen
patients who underwent cardiac surgery were examined by
imaging with @Â°1TIand 123l-BMIPP,and histologic specimens were
takenduringsurgery.The relativeuptakeof@Â°1Tl(%Tl)andthat of
123IBMIPP(%BMIPP)were calculated.The percentageof fibro
sis (%fibrosis) was analyzed with the specimen. Results: %Tl
correlated strongly with %fibrosis (r = â€”0.94;P < 0.001).
%BMIPPalso correlatedsignificantlywith %fibrosis (r = â€”0.88;
P < 0.001), but the change in %BMIPP looked biphasic. In the
category of only mild fibrosis, %BMIPP showed a steep de
crease. 1@I-BMlPP--@Â°1Tlmismatch was found only for fibrosis
<20%. ConclusIon:1@l-BMIPPgavespecificinformationabout
metabolic changes that occurred in ischemic myocardiumwith
out severe fibrotic changes.

KeyWords:123I-BMIPP;@Â°1Tl;myocardialfibrosis;metabolism
J NucIMed2000;41:293â€”296

n fasting patients, free fatty acid metabolism nourishes
normal myocardium but is suppressed in ischemic myocar
dium. Recently, many radioiodinated fatty acid tracers have
been developed for the detection of metabolically altered
myocardium using SPECT equipment.

â€˜231-15-(p-iodophenyl)-3-(R,S)-methylpentadecanoic acid
(BMIPP) is an iodinated analog of pentadecanoic acid (1).
Many clinical studies have shown decreased regional uptake
of â€˜231-BMIPPrelative to flow tracer uptake in ischemic but
viable myocardium (2). However, only a few reports con
cern the correlation between â€˜23I-BMlPPuptakeand myocar
dial histology (3).

The purpose of this study was to compare â€˜23I-BMIPP
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Patient %Stenosis Leftventriculogramfindings
No. Sex Age (y) Diagnosis LAD LCX RCA (segment) Diabetesmellitus

TABLE1
Patient Characteristics

1 M 77
2 M 47

3 M 73
4 M 70

5 M 58
6 M 60
7 M 72
8 M 80
9 M 49

10 F 64
11 M 61
12 M 45
13 M 66
14 M 66
15@ F 70

MI
Ml

Ml
Ml

Aneurysmalmotion(3)
99 90* Reduced motion (1, 4, 6)

Akinesis(2)
Diskinesis(3)
Normalmotion

75* Aneurysmalmotion(2,3)
Nomotion(6)

100 90 Normal motion
90t 90 Normal motion

Normal motion
Normal motion

99t 90* Normalmotion
100 75 Reducedmotion(4,5)

75 Akinesis(2,3, 6)
100 50 Normal motion

99 Reducedmotion(2,3)
99t 99 Normalmotion

99 Akinesis(4,5)

Ne9ative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Positive
Negative
Negative
Negative
Negative
Positive
Negative
Negative
Positive
Positive

99
99

90
100

AP 75
AP 90
AP 100
AP 90:t:
AP 100
AP 99
MI 75
AP 90
Ml 100
AP 75
Ml 90

*P@5teriordescendingbranch.
tObtusemarginalbranch.
fLeftmaintrunk.
Â§Biopsywasunsuccessfulinthispatient.
LAD = left anterior descending artery; LCX = left circumflex artery; RCA = right coronary artery; Ml = myocardial infarction; AP = angina

pectoris.
Segment1 isthe anterobasalwall;segment2, theanteroapicalwall;segment3, theapex;segment4, the inferoapicalwall;segment5, the

inferobasalwall;segment6, theseptum;andsegment7,the lateralwall.

duration of each 201'fl and 1231-BMIPPSPECT acquisition was
approximately 10 mm.

Image Analysis
Transaxial images were used for determiningthe regions of

interest. In each instance, 2 circular regions of interest (8 mm in
diameter) were placed on the anterior wall corresponding to the site
of biopsy and were averaged. One same-sized circular region of
interest was placed on the maximum-count pixel in each image and
used for normalization of each image. The normalized 123I-BMWP
uptake (%BMIPP) and the normalized thallium uptake (%Tl) were
calculated. â€˜23I-BMIPPâ€”@Â°'Tlmismatch was also calculated and
was confirmed if %Tl exceeded %BMIPP by 10%.

MicroscopicExamination
During the surgery of each patient, a single transmural biopsy

specimen (1 X 10 mm) was taken from the anterior wall of the left
ventricle, between the distal left anterior descending artery and the
last diagonal branch, using a Monopty 211810 biopsy needle (Bard
Urological Division, Covington, GA). Each specimen was fixed
with a 6:3:1 mixture of 100% ethanol:100% chloroform:lOO%
acetate. The sections were treated with Masson stain to quantify
fibrosis.

To assess the amountof fibrosisin the myocardium,a grid with
vertical and horizontal lines providing 11 X 11 intersections (121
points) was used (4). The number of points overlying a certain
structure was counted with light microscopy at a magnification of
X200. ThÃ§procedure was repeated 20 times on different areas of
the specimen. The points counted in the connective tissue were

expressed as the percentage of the points counted in tissue as a
whole (%fibrosis). Blood vessels and perivascular interstitial cells
were excluded from the analysis.

Statistical Analysis
The data were reported as mean Â±SD and were analyzed

statistically using a least-squares linear regression method. P <
0.05wasconsideredsignificant.

RESULTS

Good biopsy specimens were obtained from 14 patients,
who were then included in the analysis. The specimen from
the other patient was small and not suitable for histologic
analysis, probably because of technical error. All 15 patients
showed no complications after biopsy.

CorrelationBetweenSPECTFindings
andMyocardiaiFibrosis

The biopsy specimens showed %fibrosis values ranging
from 1.1% to 79.4%. The 2 patients who underwent
aneurysmectomy showed the highest %fibrosis (57.3% and
79.4%).

Myocardial fibrosis correlated inversely and significantly
with the SPECT findings. Table 2 and Figure 1 show all
SPECT data and the correlation coefficients and probability
values. An excellent inverse correlation was found between
%Tl and %fibrosis (y = â€”0.96x+ 78.7, where y = %T1 and

294 THEJouRr@@OFNUCLEARMEDICINEâ€¢Vol.41 â€¢No. 2 â€¢February2000



Patientno.%Fibrosis%BMIPP%Tl157.314.318.0236.828.637.1310.370.274.5479.413.913.5511.970.778.361.171.583.372.477.077.686.380.672.199.271

.075.21012.053.561.21113.246.258.21213.942.467.61318.122.939.1145.088.781.3

TABLE2
SPECT and Histologic Data of Each Patient

40

20

x = %fibrosis) (r = â€”0.94;P < 0.001). A good inverse
correlation between %BMIPP and %fibrosis was also found
(y = â€”0.92x + 71.9, where y = %BMIPP and x =
%fibrosis) (r = â€”0.88; P < 0.001). However, %BMIPP
tended to decrease sharply within the narrow range of mild
fibrosis (%fibrosis < 15%) and to decrease only gradually
within the range of moderate to severe fibrosis (%fibrosis
15%) in comparison with %Tl. Within the narrow range of
mild fibrosis, a significant inverse correlation was also found
between %BMIPP and %fibrosis, and the slope of the re
gression line was very steep (y = â€”2.4x+ 87.8, where y =
%BMIPP and x = %fibrosis) (r = â€”0.73;P < 0.05). Within
the range of moderate to severe fibrosis, %BMIPP was very
low and did not change significantly in relation to %fibrosis
(y = â€”0.2x+ 29.7, where y = %BMIPPand x = %fibrosis)
(r = â€”0.76;P not significant). The change in %BMIPP in
relation to %fibrosis seemed biphasic (Fig. 2).

123lBMIPP..201TIMismatch
Four patients showed a â€˜23I-BMIPPâ€”2011mismatch (Fig.

1). Three of 4 patients showed only mild %fibrosis, and the
value in the fourth patient was only 18.1%. Patients with a

FIGURE2. Biphasicchangeof%BMIPPinrelationto%fibrosis.

%fibrosis value > 20% did not show a â€˜23I-BMIPPâ€”201T1
mismatch.

DISCUSSION

This study showed that â€˜23I-BMIPPreveals SPECT find
ings different from those of 20111. %Tl uptake in resting
patients showed a good linear, inverse correlation with
myocardial fibrosis. However, %BMIPP sharply decreased
within the narrow range of mild fibrosis, indicating a
biphasic decrease in â€˜23I-BMIPPuptake in relation to
myocardial fibrosis.

Zimmermann et al. (5) showed that residual 201'fluptake
in myocardium correlates with myocardial fibrosis. They
used planar 201T1images for analysis, but their results were
consistent with the linear correlation we found between %T1
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80@ R=-0.94
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FIGURE1. Correlationbetween%fibro
sis and SPECTparameters.
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and %fibrosis. This consistency suggests that @Â°â€˜Tluptake in
resting patients is a good index for myocardial fibrosis.

On the other hand, the steep regression in â€˜23I-BMIPP
uptake and the â€˜23I-BMIPPâ€”201T1mismatch that we found in
the absence of severe fibrosis suggest that â€˜23I-BMIPP
revealed metabolic changes in ischemic myocardium that
showed no severe fibrotic changes. For further understand
ing of the â€˜23I-BMIPPfindings, investigation of structural
changes, especially mitochondrial, is needed.

CONCLUSiON

In an evaluation of the relationship between histologic
changes and â€˜231-BMIPPâ€”thalliumfindings in patients with
CAD, 201Tluptake showed a good inverse correlation with
fibrosis, but wI@BMIPP uptake showed a biphasic decrease
in relation to fibrosis. A â€˜23I-BMIPPâ€”201Tlmismatch was

observed only in patients with mild fibrosis. â€˜23I-BMIPP
may provide specific information about metabolic changes
in ischemic myocardium that shows minimal fibrotic changes.
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