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Abstract

Positron Emission Tomography (PET) imaging with F-18
Fluorodeoxyglucose (FDG) is considered the gold
standard for detection of myocardial viability. However,
accessibilityto PET islimited and, Sngle Photon Emission
Computed Tomography (SPECT) imaging with FDG has
been proposed as a viable alternative. SPECT imaging
using Thallium-201 (TI-201), on the other hand, though
more widely available, has lower specificity compared to
PET imaging. We retrospectively reviewed patients with
known coronary artery disease (CAD) who underwent
myocardial perfusion imaging (MPI) using Tc-99m
Sestamibi (MIBI), TI-201land FDG as well as coronary
angiograms. SPECT imaging using FDG, T1201 and MIBI,
aswell ascoronary angiogramsin 72 patients (age60+ SD
14 years,; 55 male, 17 females) with known CAD (37 pts
with >3 vessels, 35 patients with <2 vessels) and left
ventricular (LV) dysfunction (mean LVEF 24% + 14) were
performed. Results of fifty seven patients who fulfilled the
criteriafor analyses, wereanalyzed in order to evaluatethe
predictability of major adverse cardiac events (MACE)
during the 48 months period following the above cited four
studies. MACE included fatal and nonfatal MI, requiring
coronary artery bypass graft (CABG), further
deterioration of heart failure and hospitalization with
angina. It was observed that FDG SPECT has similar
sensitivity but a better specificity for detecting myocardial
viability in patients with known CAD and LV dysfunction.
Based on this retrospective study it was concluded that
detection of viable myocardium (>5% of total myocardium)
on the FDG SPECT predicts major adverse cardiac events
better compared to conventional imaging with Thallium-
201.
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Introduction

Myocardial perfusion imaging (MPI) plays a very
important rolein the detection of reversible left ventricular
dysfunction, since coronary revascularization results in
improvement in left ventricular contractility, ejection
fraction, functional class and prognosis in patients with
viable myocardium (1-10). Reversible dysfunction is
mostly secondary to viable myocardium that is either
'stunned’, 'hibernating' or both. 'Stunned’ myocardium
refers to severe left ventricular dysfunction following an
episode of ischemic event like acute myocardial infarction
while 'hibernating' myocardium is a chronic ischemic state
believed to result from reduction of myocardia flow and
metabolism. Revascularization of stunned or hibernating
myocardium leads to improved function, where as no such
improvement is noted in any of the above mentioned
parameters from revascularization of nonviable
myocardium. Therefore, identification of patients who
would benefit most from revascularization is very
important, and nuclear imaging is often used in addressing
myocardial viability and thusin patient management (3).
Several methods have been used to identify viableischemic
myocardium including positron emission tomography
(PET) to measure blood flow and metabolism; and SPECT
imaging for perfusion (1-3). Since uptake of radiotracers
requiresintact cell membrane, the status of viability may be
qualitatively identified from the uptake of radiotracers in
the myocardium at risk. However, the diagnostic accuracy
of some of the techniquesislimited and standard protocols
for detecting viable myocardium are often modified to
improve the diagnostic capability. Of these the following
imaging techniques are often used: a) Rest-redistribution
Thallium-201(TI- 201); b) Stress-redistribution-re-
injection TI-201; c¢) Rest Tc-99m MIBI imaging (with
gating and quantification); d) Dual isotope imaging and €)
M etabolicimaging using F-18 Flurodeoxyglucose (FDG).
The aim of this communication is to evaluate the role of
FDG-SPECT in assessing the viable myocardium and
compare its usefulness to other techniques. Historically
FDG PET is the gold standard for the assessment of
myocardial viability.
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Materialsand M ethods

A clinical protocol waswritten in 1995 to compare Tl-201,
MIBI and FDG SPECT intheir ability to assess myocardial
perfusion and metabolism. The clinical study wasapproved
by thelnstitutional Review Board (IRB) and patient accrual
was carried out during 1995-2001. This is a post ad-hoc
analysis. A preliminary report was published in an abstract
form in 1996 and here we present the final analysis of the
data. Therewereatotal of 72 patientswith known coronary
artery disease (CAD). Therewere 55 malesand 17 females
with an average age of 68 years. The average body weight
of the patient group was 100kgs. No exclusions to
participate in the study were based on left ventricular
gection fraction (LVEF). Patient characteristics are as
shown in Table 1. The images were interpreted
independently by three board certified nuclear medicine
physicians. Thirty seven patients had more than three
vessel disease and 35 patients had two or less than two
vessel disease. The mean LVEF of the entire patient
population was 24%. All the patients underwent coronary
angiograms. Thefollowing protocolswere used for various
radionuclideprocedures:

Resting Thallium study

For resting redistribution thal lium study, patientsreceived 3
mCi of TI-201 intravenously followed by SPECT of the
chest 10 minutes later. 4 hrslater 1.5 mCi intravenous TI-
201 wasre-injected followed by SPECT of thechest.
Stressand Rest MBI study:

For rest and stressMIBI study, 8 mCi of MIBI wasinjected
intravenously for rest study and 25 mCi intravenously at
peak exercise or pharmacological stress followed by
SPECT 1hr later.

FDG SPECT study:

FDG was used as a non PET site in 1996-97. FDG was
obtained from Positron Diagnostic Research Center at UT
Houston. Additional license was obtained at the Cyclotron
facility and at UTMB. FDG was produced around 8am in
Houston and delivered to our institution UTMB at around
10 am. Signed informed consents were obtained from
patients. Baseline glucose determination was done.
Diabetics with a fasting glucose level of >120 mg/dl
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received 10U of regular insulin. 50 grams of glucose
intravenously over 15 minutes was administered followed
by 10 -20 mCi FDG intravenously. About 45 to 60 minutes
later SPECT of the chest using Dual head gamma camera
with ultra high energy collimator with a 20% energy
window centered at the 511 keV. The collimators were
designed to handle 511 keV in the single mode with 8%
septal penetration. The resolution of the system was 10mm
FWHM at 10cms. The sensitivity of the collimators was
38% compared to collimators used for TI-201 and Tc-99m
Sestamibi.

ImageAcquisition and processing:

SPECT acquisition was done for all radiopharmaceuticals
using time per azimuth 20-30sec, 180 degree rotation, and
32 azimuths with dual head gamma camera FDG SPECT
total acquisition time was 35 minutes with 2 minutes per
step for 32 steps. The total number of counts ranged
between four to six million. Decay correction was used
accounting FDG half-life of 109 minutes. SPECT
reconstruction was performed using Butterworth filter with
frequency cutoff 0.35 and order of 7 Y-axis filters on.
Oblique orientation was done with two pixel dlice
thickness.

Results

Results of atotal of 57 patient out of the 72 studied were
included herefor the analysis. Resultsfrom fifteen patients
were excluded due to incomplete data. Of the eligible 57
patients, 14 patients had all three studies and 43 had two
studies (12 patients had TI1-201 and FDG SPECT; 31
patientshad Sestamibi and FDG SPECT).

Our results can be summarized as follows: (a) none of the
patientshad larger defectson FDG SPECT compared to Tl-
201 or Sestamibi SPECT; (b) twenty one patientshad larger
defectson Sestamibi SPECT compared to FDG SPECT; (c)
fivepatientshad larger defectson TI-201 SPECT compared
to FDG SPECT; (d) defect of similar sizeswerereported in
8 patientswith Sestamibi and FDG SPECT and in 6 patients
with TI-201 and FDG SPECT and (f) seventeen patients
who had larger defects on MIBI and TI-201 studies than
FDG SPECT were obese (weight morethan 80 kg)

Patients Characteristics Range or number Mean
Age 33-91 Years 68 Years
Sex: M:55 F17 N/A
Weight 53- 162 kg 100 kg
LVEF 15 65% 24%
CAD

3 Vessel Involvement 37 N/A

< 2 Vessel Involvement 35 N/A

Old CABG 19 N/A

Old PCI 3 N/A

Table 1. Demographic profile of patients
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Theresultsof thethreeradioisotope studieswere compared
with the results of the coronary angiograms. It was
observed that the perfusion defects seen in territories of the
three major coronary arteries were not significantly
different from one another, and that the results of both FDG
SPECT and Thallium SPECT correlated well with those of
coronary angiography. Attenuation artifacts on Thallium
SPECT occurred more frequently and were not confined to
easily identifiable subgroups of patients such as obese
patientsand womenwith largebreasts.

The average specificity for Thallium SPECT was lower
comparedto FDG SPECT. In subgroup analysis, 19 patients
underwent CABG of which 4 (21%) patients had no
difference between FDG and Thallium /MIBI images,
while 7 (36%) patients showed significantly larger viable
areas on FDG images. Furthermore, 22 out of 49 patients
(44%) with MACE had larger areas of perfusion defects
with significant amount of viable myocardium (>5% of
total myocardium) onthe FDG SPECT images. Six patients
had cardiac degath, all showing multiple coronary territory
and large defects on FDG and MIBI/Thallium imaging and
al had LVEF <40%. Fifty two patients were hospitalized
one to three times subsequent to the performance of the
study. TheMACE for hospitalizationincludes CHF, cardiac
arrest, arrhythmiasand chest pain.

Discussion

Detection of dysfunctional viable myocardium is an
important aspect of metabolic imaging (8). There are
severa patterns of perfusion and functional abnormalities
described in relation to viable myocardium. Viable
myocardium exhibits three patterns including & normal
flow and glucose metabolism or b) good perfusion, reduced
glucose metabolism or ¢) reduced flow, and normal glucose
metabolism (flow- metabolism mismatch). Reduced flow
and glucose metabolism (matched flow- metabolism
defect) ischaracteristic of myocardial scar. | dentification of
viable myocardial tissue is important for further
interventions.  Viable myocardium demonstrates
functional recovery after reversible dysfunction where as
non viable myocardium demonstrates irreversible
dysfunction. Stunned myocardium after acuteischemiaand
successful reperfusion has reversible and prolonged
mechanical functional abnormalities. Hibernating
myocardium is chronically hypoperfused. It isimportant to
know whether low LVEF is associated with stunned or
hibernating myocardium asimprovement in LVEF is noted
after recovery of perfusion.

The link between the improvement in LVEF and
myocardial viability is well established. Furthermore,
revascularization in the high risk patients with low LVEF
and viable myocardium will decrease the incidence of
cardiac death, future hospitalizations and improve
symptoms(10).

Several radiopharmaceuticals and imaging modalities are

availableto assessthemyocardial viability (1-30). TI-201is
the most commonly used radiopharmaceutical to assess
myocardial viability. Myocardial uptake of TI-201 is
proportional to the blood flow and viable myocardium.
About 4% of injected dose of TI-201 is extracted by the
resting myocardium. Therate of myocardia washout of Tl-
201 is determined by the initial myocardial and blood
concentration as well as myocardial blood flow. Viable
myocardium demonstrates redistribution of Thallium at 4
to 24 hours after injection. However, TI-201 isnot ideal for
gamma camera imaging due to its long half life and low
energy. Attenuation artifacts are more common due to the
low energy. In addition TI-201 is cyclotron produced and
needs deliveries from out side pharmacy. Finally the
maximum dose given is limited due to the significant
radiation dose to the target organ. Due to these reasons,
other technetium radiopharmaceutical swerelooked into to
asses the myocardial viability. Technetium agents have
better spatial resolution due to higher energy and short half
life allowing administration of higher doses. The
myocardial uptakeismediated by the mitochondriawith no
redistribution property. However using this procedure it is
possible to assess perfusion and ventricular function at the
same time. Tc-99m Sestamibi gated SPECT myocardial
perfusion and wall motion assessments have been used
successfully inthe determination of myocardial viability.

In patientswith known CAD and fixed defects on perfusion
scan, it isimportant to distinguish viable from non-viable
myocardium because of therapeutic intervention and
prognostic value (1). In the evaluation of myocardial
viability, TI-201 is the radionuclide of choice due to its
redistribution property (2, 3). There are several imaging
protocols with Thallium; namely stress and 4 hour rest; or
Stress, 4 hour rest and re-injection; or Stress, 4 hour rest and
24 hour rest or early and 4 or 24 hour delay with re-injection
(2,3). Thecommonly used protocol isearly rest and 24 hour
delay with re-injection. It has been shown that in a
significant percent of patients fixed defects noted on the
Thallium images at 4 hours improve after re-injection and
imaging at 24 hours (2, 3, and 6). Inuptoathird of patients
who do not show redistribution of Thallium, improvement
in perfusion is noted after re-vascularization. This
phenomenon has been attributed to decrease sensitivity of
Thallium in diagnosing severe chronically ischemic
(hibernating) myocardium (1-4)

In spite of the wide use of TI-201 in myocardia viability
imaging, it lacks the characteristic ideal gamma imaging
qualitiesbecause of itslow energy, long half lifeand off-site
cyclotron production. Technetium agents were tried as an
aternative for the assessment of myocardial viability
because of their high photon flux and better imaging
quality, short half life and easy on-site availability.
However, technetium agents lack the redistribution
capability limiting their use. Subsequently with the
introduction of gated SPECT severa investigators have
documented good correlation of myocardial contractility
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and viability. Tc-99m agents have been used for this
purposeeither aloneor in combinationwith TI-201.

With the introduction of FDG-18, another alternative for
the assessment of myocardia viability became available
(12). FDG isaglucose analog taken up by myocardial cells
through plasma membrane receptors and remains trapped
in the cell. Ischemic and viable myocardium accumulate
glucose and hence FDG is an ideal agent to asses the
viability. However, F-18 FDG is a positron emitter with
high energy requiring PET scanner. Dueto the lack of wide
availability of PET scanners, several other methods have
been used for metabolic imaging, e.g., SPECT imaging
with FDG to assess myocardial viability. We utilized this
SPECT imaging with FDG to assess viable myocardium
and compared its sensitivity and specificity with those of
Thallium and Technetium based agents. We aso looked
into the outcome in patients with various degrees of
ischemic defectsnoted on these different techniques.
Myocardial viability assessment isvaluablein patientswith
known CAD and severe LV dysfunction or following
myocardial infarction. To predict the recovery of regional
function and improvement in global LV function after
revascularization of the viable segment is an important
aspect of myocardial viability testing. Theclinical outcome
intermsof major cardiac adverse events (fatal and nonfatal
MI, progression to heart failure and angina) are less in
patients with viable myocardium after revascularization.
The LVEF and residual viable myocardial tissue after Ml
areprognosticfactors.

With the availability of PET, F-18 FDG myocardial
metabolism assessment has became the gold standard for
the detection of viable myocardium. However, in 1996-97
due to limited PET availability, FDG SPECT was used for
the first time as an aternative for myocardial viability
assessment. Thereareseveral studiesperformedusing FDG
SPECT to establish the effectiveness in assessing
myocardial viability (12, 15-19). The results were
compared to FDG-PET, TI-201 SPECT and Tc-99m
Sestamibi SPECT. A study by Mabuchi et a (12)
demonstrated attenuation artifactsin the inferior wall with
FDG SPECT. Nevertheless the detection of myocardial
viability has been shown to be better with FDG SPECT
compared to TI-201 SPECT and gated Sestamibi (20).
Several of the studies demonstrated improvement in LV
function after revascularization (10, 13, 22, 23). FDG
SPECT with 511 keV collimation isless expensive and the
technique is simpler. FDG SPECT showed sufficient
sensitivity and resolution to detect myocardial viability
(16-29).

Dobutamine echocardiography and MRI (24, 31-34) arethe
other imaging modalities that are being evaluated in the
assessment of myocardial viability. Dobutamine stress
echo has been shown to demonstrate improved sensitivity
in predicting recovery of function after revascularization.
Contrast enhanced MRI demonstrated |ack of improvement
inregional and LV global function with hyper enhancement
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corresponding tothenon-viabletissue.
Conclusion

FDG SPECT is an dternative modality where dedicated
PET is not available in the assessment of myocardial
viability. In comparison to TI-201 and Tc-99m Sestamibi
Gated SPECT, FDG SPECT has similar sensitivity but
better specificity in detecting and defining perfusion
defects for myocardial viability in patients with known
CAD and low LVEF. Detection of viable myocardium
(more than 5% of total myocardium) on FDG SPECT
predicts major adverse cardiac events better compared to
therest re-injection Thallium myocardium perfusion study.
Attenuation artifacts are less with FDG SPECT compared
totheThallium SPECT.
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