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Abstract

Objective: Since twenty-four-hour imaging by TI-201
myocardial perfusion scintigraphy has been introduced as
an effective additional procedure, the aim of this study was
to compare this method’s result with only rest redistribution
procedure in the diagnosis of myocardial viability.

Methods: Thirty patients (Seven female, 23 male; mean:
59.8 £ 10.7, 55.8-63.8 years old) with diagnosis of coronary ar-
tery disease were involved in this study. All patients had anam-
nesis of previous myocardial infarction and/or total occlusion
of any main artery in the coronary angiography. Myocardial
perfusion scintigraphy with TI1-201 with rest four hour (early)
redistribution and 24 hour delayed redistribution protocol were
performed to all of the patients. The images were evaluated ac-
cording to 17 segment basis by an experienced nuclear medicine
physician and improvement of a segment by visual interpreta-
tion was considered as viable myocardial tissue.

Results: Viability was found at 52 segments in the early re-
distribution images and additional 18 segments in the 24 hour
delayed redistribution images on segment basis in the evalua-
tion of 510 segments of 30 patients. On per patient basis, among
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the 26 patients who had viable tissue, 14 (54%) had additional
improvement in 24 hour delayed images. Three (12%) patients
had viable tissue in only 24 hour delayed images.

Conclusion: Delayed imaging in T1-201 MPS is a necessary
application for the evaluation of viable tissue according to con-
siderable number of patients with additional improvement in 24
hour images in our study, which is restricted to the patients with
myocardial infarct.

Descriptors: Vascular diseases. Coronary artery bypass.
Coronary artery disease.

Resumo

Objetivo: Dado que a cintilografia Tl -201 24 horas de ima-
gens por perfusio miocardica foi introduzida como um procedi-
mento adicional efetivo, assim, o objetivo deste estudo foi com-
parar os resultados deste método com o procedimento tinico de
redistribuicio no diagnostico de viabilidade miocardica.

Meétodos: Trinta pacientes (Sete mulheres, 23 homens, mé-
dia: 59,8 + 10,7, 55,8-63,8 anos) com diagnostico de doenca arte-
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Abbreviations, acronyms & symbols

ATP Adenosine triphosphate

CABG  Coronary artery bypass graft surgery

CAD Coronary artery disease

C-MRI  Cardiac applications of magnetic resonance imaging
MPS Myocardial perfusion scintigraphy

MR Magnetic resonance

SPECT  Single photon emission computed tomography

rial coronariana foram avaliados neste estudo. Todos os pacien-
tes tinham anamnese de infarto do miocardio e/ou oclusio total
de uma artéria principal na cinecoronariografia. Cintilografia
de perfusdo miocardica com protocolo de Tl-201 em repouso,
redistribuicio quatro horas (inicio) e redistribuicio tardia 24
horas foi realizada em todos os pacientes. As imagens foram
avaliadas de acordo com a base de 17 segmentos por um mé-
dico com experiéncia em medicina nuclear e melhoria de um

INTRODUCTION

Myocardial infarction is a critical event and the most
common cause of death all over the world. After myocardi-
al infarction, another critical course begins which includes
the decision of both presence and extent of the viable myo-
cardial tissue. Since myocardial tissue sometimes preserves
its viability by some adaptation methods during infarct, it is
possible to observe viable tissue in patients who experienced
myocardial infarction. The ‘hibernating’ myocardial tissue is
a tissue with impaired flow and function, but with preserved
viability.

This state of the myocardial tissue can be seen especially
by means of radionuclide imaging methods like T1-201 and
F-18 FDG PET/CT. Recently, new methods have been in-
troduced to the field of imaging of the myocardial viability,
such as cardiac applications of magnetic resonance imaging
(C-MRI) or stress echocardiography [1]. However diagnostic
power of the viability assessment by T1-201 is underestimat-
ed because most of the recent comparative studies with TI-
201 imaging involve rest redistribution protocol [2]. The aim
of this study was to investigate diagnostic importance of 24
hour delayed T1-201 imaging in our series.

METHODS

Patients

Thirty patients (seven female, 23 male; mean: 59.8+10.7,
55.8-63.8 years old) with diagnosis of coronary artery disease
were included in this study. Diagnosis of myocardial infarct
was based on anamnesis, electrocardiography results and/or
coronary angiography results showing 100% narrowing of any
main coronary artery. Sixteen patients underwent additional
coronary angiography. All patients had documented myocar-

segmento por interpretacdo visual foi considerado como tecido
miocardico vidvel.

Resultados: A viabilidade foi encontrada em 52 segmentos
de redistribuicio das imagens iniciais e 18 segmentos adicionais
nas imagens de redistribui¢do tardias de 24 horas baseadas em
segmento, na avaliacio de 510 segmentos de 30 pacientes. Em
termos de pacientes, entre os 26 pacientes que tinham tecido
viavel, 14 (54%) apresentaram melhora adicional em imagens
tardias de 24 horas. Trés (12%) pacientes tiveram tecido viavel
apenas em imagens tardias de 24 horas.

Conclusdo: A imagem tardia em TL- 201 MPS ¢é uma aplica-
¢d0 necessaria para a avaliacio do tecido viavel de acordo com
o numero consideravel de pacientes com melhora adicional em
imagens de 24 horas em nosso estudo, o qual € restrito aos pa-
cientes com infarto do miocardio.

Descritores: Doencas vasculares. Ponte de artéria coronaria.
Doenca da artéria coronariana.

dial infarction. Additionally, all the patients had segmental or
global wall motion abnormalities and left ventricular impair-
ment (mean ejection fraction: 30.948.9) according to the echo-
cardiography results. Patient characteristics are summarized in
the Table 1.

All the patients’ informed consent forms were obtained
prior to the study and after explaining the procedure and the
research. Ethics committee approval was not deemed neces-
sary since the study was performed retrospectively.

Table 1. Patient characteristics.

N° of patients

Age 56-64 years
Gender 7 female/23 male
Angina 19
Smoking 16
Diabetes mellitus 8
Hypertension 14
Family history 5
Hyperlipidemia 9
Previous CABG 3

CABG: Coronary artery bypass graft surgery

Myocardial perfusion scintigraphy

T1-201 myocardial perfusion scintigraphy (MPS) with
rest redistribution and delayed redistribution protocol were
performed in all patients with the same imaging and acquisi-
tion protocols (same timing, filter, gated acquisition, recon-
struction parameters (filtered back projection), attenuation
and scatter correction). After a fasting period of at least four
hours approximately 2 mCi (74 Mbq) T1-201 (the dose was
limited to 2 mCi in case reinjection was required, which did
not happen in this approach) was injected via venous line into
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the patients. Rest images were obtained at five-ten minutes,
early redistribution images at 3-4 hours and late redistribu-
tion images at 24 hours after the injection.

Single photon emission computed tomography (SPECT)
imaging was performed by a dual-head gamma camera
equipped with low energy all purpose collimator (GE, In-
fina). The images were acquired over a 180° arc in 64 projec-
tions, each lasting 30 seconds (in case of insufficient quality
of images by visual analysis, the imaging time was increased
to 40 sec/per frame), in a 64x64 matrix and gated protocol.
The butterworth filter with cutoff frequency of 0.5 and order
of 10 was applied for the reconstruction of the images.

Image interpretation

The images were evaluated in short axis, vertical and
horizontal long axe slices, and in bull’s eye imaging. This
was done according to 17 segment basis by two independent
experienced nuclear medicine physicians and improvement
of any segment by visual interpretation (greater than 50%
uptake increase) was considered as viable myocardial tissue.
The analysis of scores (0-4 scores and % scores) was per-
formed by the same physicians.

Statistical analysis

The comparison of the scores was done by paired samples
T test and P<0.05 was considered statistically significant.
SPSS 15.0 was used for the analysis.

RESULTS

In the evaluation of 510 segments of 30 patients, 52 seg-
ments in early redistribution images and other 18 segments in
delayed redistribution images were considered viable on a seg-
ment basis. In order to consider the improvement between the

rest-redistribution and delayed redistribution images, a signifi-
cant difference between % scores of the segments (P<0.05) or
improvement of 0-4 scores by at least one degree was accepted
as a threshold. On per patient basis, among the 26 patients who
had viable tissue, 14 (54%) had additional improvement on
delayed images. Three (12%) patients had viable tissue only
on delayed imaging (Figure 1). Additionally all the patients
had global or segmental wall motion abnormalities and mean
ejection fraction value obtained from rest redistribution imag-
es was 30.9 £ 8.9 according to Gated acquisition.

REST_FBP(G) REDIST_FBP(G DELAY_FBP(G)
Date: 2009/10/06 13:05 Date: 2009/10/06 16:34 Date: 2009/10/07 09:16
Perf. Vol.: 105ml

EF: 30%

Pert. Vol.: 113ml Perf. Vol.: 127ml

EF: 26% EF: 19%

REST-FEP(5Y REDIST_EHP{G)

Fig. 1 - Short axis, vertical axis, horizontal axis, and bulls eye TI-
201 MPS images of a patient who has viable tissue only in 24 hour
images in septum and anteroseptal wall

Table 2. Myocardial perfusion scintigraphy results of patients who have angiography results.

Angiography Redistribution Delayed Imaging
1 LAD 100% - Inferior, septum
2 LAD 80%, Cx 90% Septum Anterior mid
3 LAD-LIMA 100% Anteroseptal, inferior mid apical Lateral basal
4 LAD 95%, Cx 100% Anterior mid Anterior apical
5 LAD 100% - Apex
6 LAD 100%, Cx 50%, RCA 95% Anterior mid Septum
7 LAD 95% Septum Anteroseptal mid
8  LAD 100%, RCA 90% Apex -
9  LAD 98%, Cx90%, RCA 95% - -
10 LAD 100% - Inferior apical
11 LAD 70%, Cx 100%, RCA 70% Septum -
12 RCA 80% Inferior Inferolateral
13 Cx %90 Inferior Septum, anteroseptal mid
14 LAD 100%, Cx 95%, RCA 100% Septum, anteroseptal, inferoseptal -
15 LAD 100%, Cx 40%, RCA 100% Anterior mid apical Apex
16 LAD 100%, Cx 70%, RCA 100% Anteroseptal mid Anteroseptal basal
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The improved segments at rest redistribution and delayed
imaging of patients who underwent angiography are summa-
rized in Table 2.

Unfortunately, all the patients were out of follow up af-
ter the establishment of the viability. There was no informa-
tion regarding further management of the patients, whether
or not they underwent coronary artery bypass graft surgery
(CABG), and what their results were.

DISCUSSION

Since mortality associated with the heart failure is sig-
nificantly high, it is important to perform revascularization in
patients who might benefit from this procedure. According to
a meta-analysis study, revascularization procedures have pro-
vided improvements in 79.6% of patients with viable tissue
[3]. Viability assessment have gained importance ever since
risk factors associated with CABG operations, especially in
elderly patients, have become known [4,5]. Viability assess-
ment by means of radionuclide imaging methods is generally
effective because these methods provide functional assess-
ment of the myocardial tissue. T1-201 is a potassium analog
and enters myocytes via an active transport mechanism in-
volving the Na”/K™ adenosine triphosphate (ATP) transport
system. When T1-201 enters intracellular space, it goes back
to the systemic circulation through diffusion [6].

This kinetic redistribution, which is specific to this agent,
allows viability assessment by T1-201 imaging. The tracer is
taken by hibernating myocardium and it can be seen at three
hours after injection of radiopharmaceutical. Since Pohost
et al. [7] firstl introduced T1-201 as a viability agent further
studies have shown that 24 hour imaging provides important
prognostic data [8,9]. Perrone-Filardi et al. [10] observed im-
provement in approximately 20% of segments in late imag-
es, especially in mild to moderately persistent defects. Rest
redistribution imaging at three hours is not a sufficient ap-
proach as documented in a series which showed 75% of the
viability were reported as scars, according to rest-redistribu-
tion only T1-201 imaging [11].

Dilsizian et al. [12] were the first to report the ‘reinjec-
tion technique’, which includes a lower dose (1 mCi/37 MBq)
T1-201 injection at three hours and then reimaging. However,
24 hour imaging with T1-201 still preserves its diagnostic sig-
nificance as documented in a recent study [13]. In this com-
parative study with echocardiography follow up, researchers
observed 20% more segments with viability in the 24 hour im-
ages that had not improved in rest redistribution imaging. We
found 26% (18 out of 70 viable segments) additional segments
with improvement in the 24 hour images. Although previous
researchers performed 24 hour imaging with a higher T1-201
dose (3-4 mCi/111-148 mBq) we did not increase the dose.

The justification for increasing the dose of radiopharma-
ceutical is the poor image quality of T1-201 especially in de-

creased dose of 24 hour images. However the image quality
of our study at 24 hours was in fact comparable to the early
redistribution images even close to Tc-99m MIBI images,
according to visual interpretation and target non target ratio
(2.03; 2.16 and 3.03, respectively). We just preferred to in-
crease the time frame (40 sec versus 30 sec per frame), if nec-
essary. The patient based analysis of the viability assessment
in our study revealed that an important percentage of patients
(54%) had additional viable tissue in 24 hour images. Since
the patients who were included in this study all had fixed
defects on rest T1-201 imaging, this finding is of great impor-
tance. The most important result of this study is patients who
had improvement only in 24 hour imaging (three patients,
12%), which was not observed in any previous study. How-
ever, due to the small sample size the ratio of these patients
should be evaluated in a larger study population. In future
studies this percentage might increase.

The cardiac Tc-99m labeled tracers have superior image
quality compared to T1-201. That is why there are new ap-
proaches with Tc-99m compounds employed in the viability
assessments. Maurea et al. [14] have shown that administer-
ing nitrate during Tc-99m MIBI imaging might demonstrate
viable tissue in patients with chronic heart failure. A recent
comparative study using this method and the T1-201 reinjec-
tion approach has demonstrated comparable results and good
agreement between the two methods [15].

Another recent approach with Tc-99m compounds has
included Tc-99m labeled HL91, which is introduced as an
alternative application for the viability assessment. Viability
was defined as reduced Tc-99m MIBI uptake and increased
Tc-99m HLO1 uptake; a ‘mismatch’ pattern, especially in
the three hour images, which showed high diagnostic ac-
curacy [16].

The most important advance in the field of viability
imaging was F-18 FDG PET/CT. Viability assessment by
means of F-18 FDG PET has shown significant superiority
over 24 hour T1-201 imaging [17]. F-18 FDG PET has been
considered as the gold standard imaging method for detec-
tion of myocardial viability [18]. Additionally, according to
previous studies, F-18 FDG PET has been able to provide
prognostic information [3,19].

Stress echocardiography is another modality which
shows viable tissue in the myocardium. According to a me-
ta-analysis sensitivity, specificity, and positive and negative
predictive values of dobutamin stress echocardiography were
found to be 81%, 80%, 77%, and 85%, respectively [20]. The
same researchers have mentioned that radionuclide methods
have higher sensitivity and stress echocardiography has high-
er specificity.

Cardiac magnetic resonance (MR) imaging for assess-
ment of the myocardial viability is a new method which can
clearly identify cardiac tissue in all the myocardial layers
with superior spatial resolution compared to the radionuclide
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methods. An analysis of viability assessment by cardiac MR
has concluded that MR is an excellent tool to demonstrate
viability [21]. A comparative study with cardiac MR and TI-
201 imaging has documented that MR has higher specificity,
negative predictive value and overall accuracy; however, in
that study the T1-201 imaging was performed in a rest redis-
tribution manner [2]. Cardiac MR has had comparable diag-
nostic accuracy with PET according to a previous study [22].

One of the important characteristics of our study is the
homogeneity of our study population, which consists only
of patients with documented myocardial infarction. In oth-
er studies about viability assessment there have been patient
populations with angiographically significant coronary artery
disease (CAD), or patients with left ventricular impairment
with myocardial infarction in some (50%) of the patients
[23,24]. In those studies, significant percentages of the seg-
ments were already nonviable (144/398 and 56/240, respec-
tively). However, the primary pathology of our patients was
CAD with known myocardial infarct tissues thus our study
includes subjects with periinfarct viable tissue.

Another study about viability assessment by both rest
redistribution T1-201 and contractile reserve assessment by
low-dose dobutamine protocol included 41 patients, 39 of
whom had documented myocardial infarction, and found the
protocol easy and feasible [25]. Although their analysis did
not include additional late T1-201 imaging, their study group
was similar to ours and a smaller percentage of the segments
in their analysis was nonviable (33/890), as in our study. This
specially enabled our study to evaluate more segments re-
garding viability.

Limitations of this study were its retrospective structure
and lack of all the patients’ angiography or follow up results.
Quantification of the data also couldn’t be performed because
of a technical problem associated with our analysis program.

CONCLUSION

According to our results the 24 hour T1-201 imaging is
a necessary application for the identification of viable myo-
cardial tissue. Considering the large number of patients who
benefit from this additive method, this study can encourage
future comparative studies with 24 hour imaging protocol
and new diagnostic applications in this area.
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