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OBJECTIVE

To evaluate the influence of the myocardium viability
study by coincidence imaging using '8F-FDG in the clinical
decision-making of patients with ischemic cardiomyopathy
and left ventricular dysfunction.

MEeTHODS

Thirty-one patients were submitted to myocardial
viability study with 8F-FDG by coincidence imaging
between September 2003 and November 2004. The
physician answered a questionnaire about the choice of
therapeutic procedure before and after PET.

REesuLts

Twenty-seven patients (87%) had myocardial viability.
Twenty-one (68%) physicians thought that PET changed
the therapeutic procedure for their patients and 27(87%)
considered that PET added to the therapeutic decision. The
current treatment decision (clinical or revascularization)
correlated with myocardial viability (p=0.006).

CoNcLUSIONS

Coincidence imaging is a useful tool to help physicians
in a difficult decision about the best treatment for
patients with ischemic cardiomyopathy. Symptoms,
electrocardiogram, ejection fraction and myocardial
fibrosis area did not correlate with myocardium viability,
so they should not be used to decide whether to perform
a myocardial viability study or not.
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Positron Emission Tomography (PET) is a type of exam
in Nuclear Medicine Assessment recently introduced in
our country. Its use in Oncology, Neurology/Psychiatry and
Cardiology is well documented in the world literature 1. In
our country, the experience with this type of exam is still a
recent one, as the production of #fluordesoxiglicose (*8F-
FDG), a radioisotope used in PET, started in 1999 5.

As with any new technology, the introduction of
a new diagnostic method can lead to two extremes:
its overvalorization, with exaggerated use and lack of
adequate assessment; or its underuse, due to the lack
of clinical practice caused by diverse barriers, such as
knowledge and trust of clinicians, the approval by health
insurance companies and patients’ access to public health
services. Regarding PET, the its limitations include the
high cost of the exam, the low availability of radioisotope-
producing centers and adequate equipment. Currently,
this imaging method is available only in the states of Sao
Paulo and Rio de Janeiro (in the metropolitan cities) and
in relatively few Nuclear Medicine Services.

Among the clinical applications of PET, it is noteworthy
the assessment of myocardial viability, which is a very
important topic considering its correlation with cardiac
failure, a disease of epidemic proportions with almost 5
million people with this morbidity in the United States
alone, and 550,000 new cases every year °.

Among the patients who are admitted to the hospital
with a primary diagnosis of cardiac failure, coronary
disease is the most important etiological factor, being
present in up to 70% of the cases’?. In a study carried
out by the Mayo Clinic from 1979 to 1994, it was
observed that 36% of the patients who survived an acute
myocardial infarction (AMI) developed cardiac failure®.

The success of the thromboembolytic therapy and
primary angioplasty has reduced the mortality by AMI.
Nevertheless, many survivors of an AMI still develop left
ventricular dysfunction 7.

Up to 50% of the regions showing Q waves at the
electrocardiogram (ECG) or segmented dysfunction at
the echocardiogram are potentially recoverable after the
revascularization of this region, as there can be viable
areas with hibernating or stunned myocardium mixed
with fibrotic tissue?®.

A meta-analysis with 3,088 patients from 24
myocardial viability studies showed that those patients
who presented myocardial viability diagnosed by
stress echocardiogram (STRESS ECHO), myocardial
scintillography with thallium?2°! or PET with 8F-FDG and
who were submitted to revascularization presented a
reduction in the annual mortality of 79.6% in comparison
to those who presented viability but were not submitted to
revascularization. The absence of myocardial viability did
not determine a survival difference in patients submitted
to clinical vs. surgical treatment!?12,

When we consider that survival in individuals with

severe ventricular dysfunction treated clinically is around
50% in a five-year period!, this potential possibility of
functional recovery can be significant for those patients
who present cardiac failure, mainly because up to 50% of
the patients waiting to undergo a cardiac transplant have
ischemic cardiopathy’. On the other hand, the mortality
rate within 30 days after the myocardial revascularization
surgery in patients with left ventricular dysfunction
can reach 20%!. Thus, it is mandatory to identify the
presence of viable myocardium in patients with ischemic
cardiopathy and severe left ventricular dysfunction in
order to verify which ones will indeed benefit from the
myocardial revascularization.

The medical decision regarding a procedure to be
implemented must be based on some mainstays such
as the patient’s clinical condition, when the risk of the
clinical condition will be assessed and the cost-benefit
of certain procedure; the patient’s preferences regarding
treatment; and the evidence related to the case, which
include: clinical history data, physical examination and
complementary test data, as well as information obtained
through other scientific studies. The doctor’s experience
is the factor that will join and assess all this information,
with the objective of reaching the most adequate
procedure for the patient.

Regarding the role of complementary tests, at this
time of medical costs and scientific evidence — evidence-
based cardiology — the focus has been shifted from the
observation of basic operational characteristics of a
complementary test such as sensitivity, specificity and true
predictive value ratio to the focus of the clinical impact,
following the analysis of the test result on the medical
procedure to be implemented.

There is plenty of evidence on the impact of PET on the
management of patients with ventricular dysfunction of
ischemic origin; however, the high cost of this technology
regarding its initial investment as well as its maintenance
has decreased its possibility of use, not only in our country
but also in other centers around the world!3.

Thus, in recent years, the conventional gamma-
chamber started to be used in exams with '8F-FDG,
resulting in the so-called hybrid PET-SPECT with a
coincidence detection system, using a gamma-chamber
with two detectors, which are configured at 180° 415,

Therefore, the primary objective of this study is to
evaluate the clinical impact, i.e., the influence on the
decision-making of Positron Emission Tomography
(PET) carried out by a Coincidence System with
8fluordesoxiglicose, to assess myocardial viability in
patients with a previous history of acute myocardial
infarction and left ventricular dysfunction. As secondary
objectives, we aimed at establishing a correlation between
the presence of myocardial viability and symptoms, ECG
findings, left ventricle ejection fraction assessed by Gated
SPECT and the area of fibrosis assessed by myocardial
perfusion scintillography.
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MEeTHODS

A series of thirty-one consecutive patients of both
genders, referred to the Nuclear Medicine and Molecular
Imaging Service of Hospital Pro-Cardiaco were selected
for undergoing a Positron Emission Tomography (PET)
using a Coincidence System with #fluordesoxiglicose (‘8F-
FDG) in order to assess myocardial viability, according to
the physician’s decision, regardless of the present study,
from September 2003 to November 2004. The research
project was approved by the Review Boards of Hospital
Pro-Cardiaco.

The inclusion criteria were: previous myocardial
infarction history, with or without the presence of Q
wave at the ECG, but with signs of segmental fibrosis
at the myocardial perfusion scintillography, such as:
hypouptake of the radioisotope at rest, associated to
contractility alteration and myocardial thickening at the
same region; a minimum period of three weeks after
the acute myocardial infarction; presence of coronary
atherosclerotic disease, documented through coronary
angiography or the presence of risk factors for coronary
atherosclerotic disease or previous history of myocardial
revascularization; presence of at least 12% of myocardial
fibrosis assessed by myocardial perfusion scintillography
at rest using the Emory Cardiac Toolbox software; and
systolic dysfunction of the left ventricle with an ejection
fraction 40% quantified by Gated SPECT (Cedars
Quantitative Gated SPECT) or presence of clinical signs
of cardiac failure. We excluded patients with no history
of acute myocardial infarction, those with left ventricle
systolic dysfunction of non-ischemic etiology, fibrosis
area < 12% at scintillography at rest, younger than 18
yrs and women of reproductive age with suspected or
confirmed pregnancy.

Patients were submitted to clinical data collection.
Cardiac failure symptoms were classified according to the
New York Heart Association (NYHA) 6 and the presence
of angina was classified according to the guidelines from
the Canadian Cardiovascular Society (CCS)!’.

A myocardial perfusion scintillography with 99mTc
— tetrofosmin (Myoview®) was carried out with the
intravenous administration at rest of 740 MBq. The
images were acquired between 45 and 90 min after the
administration of the radioisotope by an E.cam Duet®
(Siemens) gamma-chamber using two detectors with
an angle of 90° between them, with a 64 X 64 matrix,
1.45 zoom and 32 projections of 20 seconds each,
synchronized with the ECG (Gated SPECT), to allow the
three-dimensional reconstruction and the measurement
of the ejection fraction. The image processing was carried
out by filtered backprojection with a Butterworth filter,
with a cutoff of 0.5 and an order of 5. The images were
then interpreted through the division of the left ventricle
in 17 segments!®; the quantification of the fibrosis area
was performed using the Emory Cardiac Toolbox software
and the ventricular function assessment by Gated SPECT,

using the Cedars Quantitative Gated SPECT software.

Positron Emission Tomography and myocardial
perfusion scintillography were carried out on different
days. Patients had fasted for at least 4 hours, and the
administration of 370 MBq of '8F-FDG intravenously was
carried out with a capillary glycemia < 140 mg%. Non-
diabetic patients were offered an oral overload of 50-75
mg of glucose 60 min before radioisotope administration.
Capillary glycemia was monitored every 15 min. If the
capillary glycemia was elevated 45-60 min after the
glucose overload, regular insulin was administered i.v.,
as described in Chart 11°.

Chart 1 — Glycemia management during PET scan
preparation in non-diabetic patients

130-140mg/dL
140-160mg/dL
160-180 mg/dL
180-200 mg/dL
> 200 mg/dL

1 Ul of regular insulin
2 Ul of regular insulin
3 Ul of regular insulin
5 Ul of regular insulin
Re-schedule the test, consider as diabetic

When capillary glycemia is kept between 110 and
140 md/dL after two consecutive measurements, the
radioisotope is administered. As for diabetic patients, two
solutions are prepared: one with 100 IU of insulin in 500
ml of saline solution and another with 500 mL of 20%
glucose added to 20 mL of 10% potassium chloride. Each
solution is infused into an upper extremity, as 4 mU/kg/min
of insulin and 6 mg/kg/min of glucose. Capillary glycemia
is measured every 10 min and the infusions are adjusted
according to the glycemia level, aiming at keeping it
between 110 and 140 mg/dL. When capillary glycemia
is maintained within this range for two consecutive
measurements, the radioisotope is administered?°. During
the preparation for the exam, the patient is monitored
by the unit nurse and physician. Data acquisition
occurred 30 to 90 minutes after the administration of
the radioisotope, in an E.cam Duet® (Siemens) gamma-
chamber by coincidence system, with a 1-inch thick Nal
crystal doped with Tl and detectors configured at 180°
with no attenuation correction. The acquisition data are:
64 x 64 matrix, 1.45 zoom and 32 projections of 25
seconds each. The images were reconstructed together
with the data obtained from the myocardial perfusion
scintillography at rest, with an interactive reconstruction
(OSEM) through a Gaussian filter, with a cutoff = 10. The
images were analyzed regarding the presence of segments
with presence or absence of glucose metabolism and the
perfusion-metabolism mismatch area was quantified by
the Emory Cardiac Toolbox software. The images were
interpreted together with two other physicians from the
Nuclear Medicine and Molecular Image Service of Hospital
Pro-Cardiaco, both certified by the Brazilian Society of
Nuclear Medicine. The presence of myocardial viability
was considered when there was at least one myocardial
segment with perfusion-metabolism discordance.
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A clinical follow-up, ranging 2-14 months after the
exam, was carried out by telephone and the patients were
asked about the need to undergo revascularization, their
current symptoms and use of medication.

The patients’ physician answered a questionnaire that
included the following items: type of treatment proposed
before PET; the clinical situation that prompted the
request for PET; the treatment proposed for the patient
after the PET; whether PET modified or not the therapeutic
strategy implemented after the exam, such as change
from clinical treatment to myocardial revascularization
treatment; and whether the PET result contributed for
the decision-making, even in those cases where the
therapeutic decision was not altered, but the physician’s
initial impression was confirmed by PET findings.

The statistical analysis was carried out by the following
methods: Mann-Whitney (non-parametric test) to compare
quantitative data between two groups; Fisher exact test
to compare ratios (qualitative data) between two groups;
significance level was set at 5%, i.e., there is statistical
significance when p value is < 0.05.

REesuLts

General aspects: Clinical data of the studied population
are shown in Table 1 and scintillography data are shown
in Table 2. Numerical data were expressed as mean =+
SD (minimum and maximal) and qualitative data as
frequency and percentage.

Evaluation of the clinical impact of PET on the
therapeutic decision-making — regarding PET results,
we observed that 27 patients (87%) presented at least
one myocardial segment with perfusion-metabolism
discordance, suggesting viable myocardium. Graph |
presents the division of the number of patients according
to the number of viable segments.

When performing the correlation between the
therapeutic decision-making and the presence of
myocardial viability, we observed that none of the patients
who did not present myocardial viability was referred
to invasive therapy, whereas surgical or percutaneous
revascularization was proposed for 21 of 27 (77.8%) of
those who presented viability (p=0.006), showing that
the group of patients with viable myocardium presented
a significantly higher revascularization indication when
compared to the group with no myocardial viability.

However, we observed that the presence of viable
myocardium was not significant regarding the influence
of PET on the change of therapeutic decision-making
(p=0.086), i.e., the presence as well as the absence of
viability was important for decision-making, although a
slight tendency towards the association between viability
and change of therapeutic option was noticed. Regarding
the direct contribution of PET on decision-making, there
was no analogous association with the presence of
viability (p=0.55). From the analysis of these data, we

Table 1 - Clinical data of the studied population

Variable Value

62.6 = 10.4
23/31 (74.2%)
23/31 (74.2%)
18/31 (58.1%)
9/31 (29.0%)
4/31 (12.9%)
16/18 (88.9%)
7/9 (77.8%)
12/31 (38.7%)
21/31 (67.7%)
29/31 (93.5%)
20/31 (64.5%)
11/31 (35.5%)
21/31 (67.7%)
16/31 (51.6%)
11/19 (57.9%)
14/19 (73.7%)

CCS Il - IV = Canadian Cardiovascular Society - classes /Il and
IV; ACE inhibitors = Angiotensin-converting enzyme inhibitors;
LAD artery = Left Anterior Descending artery; CA = coronary
angiography; NYHA = New York Heart Association, classes /Il
and IV; AMI = acute myocardial infarction

Mean age (yrs)

Male gender

Symptomatic patients
Dyspnea

Angina

Angina + dyspnea

NYHA Il - IV

CCS -1V

Diabetes mellitus

Systemic Arterial Hypertension
ACE inhibitor use
Beta-blocker use

AMI region: extensive anterior
AMI region: LAD territory

CA previous to PET

LAD Occlusion

CA with trivascular stenosis

Table 2 - Scintillographic data of the
studied population

Variable Value
EF mean (Gated SPECT %) 29.3 + 10.7 (11-54)
Fibrosis area at SC (% de myocardium)  38.1 + 11.2% (15-63)
8.9 + 2.6 (5-13)
27/31 (87.0%)
3.52 + 2.61 (0-9)
EF= ejection fraction; SC= scintillography

N of segments with fibrosis at SC
N of patients with viability at PET
N of segments with viability at PET

observed that both results, namely presence or absence
of viability, are taken into account by the physician and
influence therapeutic decision-making.

When we analyze the current medical strategy
regarding the choice between clinical treatment and
invasive procedure, taking into account the number
of viable segments observed at PET, we observe that
patients who underwent revascularization showed, on
average, 4.29 + 2.47 viable segments, whereas the
group who received clinical treatment had 1.9 = 2.18
viable segments (p=0.011), indicating that a higher
number of viable segments was significant for the
invasive treatment choice. The same happens concerning
the viable myocardium area, as there was an average
area of 16.1% *13.58% for those who underwent
revascularization and 7.4% = 8.95% for those who had
clinical treatment.

Correlations between viability and clinical, electro-
cardiographic and scintillographic variables — The
presence or absence of symptoms (of cardiac or coronary
failure) did not correlate with the detection of viable
myocardium, given that, of 23 the symptomatic patients,
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18 patients
67%

9 patients
33%

[d1-2 viable segments

W > or =3 viable segments

Graph 1 — Number of patients with myocardial viability divided according to the number of viable segments

10
32%

Graph 2 - PET influence on therapeutic strategy change

4
13%

Graph 3 - PET contribution in decision-making

21 presented viable myocardium; however, among
the 8 symptomatic patients, 6 of them also presented
viability (p=0.26).

Data on the ECG at rest of 19 patients were available,
and only one of these patients presented normal
ECG; the remaining 18 were distributed as follows:
10 (55.5%) showed Q waves at the ECG, whereas 8
(44.5%) presented bundle branch block (right or left).
The analysis of the presence of Q wave regarding the
presence of viability was impaired by the small sample
size; nonetheless, the fact that 9 patients who had Q
waves at ECG also showed viability is noteworthy.

When we analyze the difference between the two
groups (with and without viability) regarding ejection
fraction by Gated SPECT and with fibrosis area assessed
by the Emory Cardiac Toolbox, we observed no statistically

O PET changed the therapeutig
decision

H PET did not change the
therapeutic decision

68%

@ PET contribution
H PET did not contribute

27
87%

significant difference between the two groups regarding
these two variables, with p= 0.59 and p=0.90 for each
group, respectively.

As for ejection fraction, the group that presented
viability had a mean ejection fraction of 29.7%, whereas
the group with no viability had 26.75%. Regarding fibrosis
area, there was great similarity between both groups,
with 38.04% of myocardial area with fibrosis at the
scintillography at rest for the viability group and 38.75%
in the group with no viability.

Follow-up — None of the 4 patients with absence
of viability underwent an invasive procedure, whereas
of the 27 who presented viability, 13 were submitted
to myocardial revascularization (7 angioplasties and 6
surgical procedures).

There was intention to treat in eight cases, but the
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treatment was not carried out due to the following
reasons: in 3 cases, the coronary anatomy was difficult
to reach; in one case, the patient died in the preoperative
period, while waiting for revascularization; two patients
could not undergo revascularization: one due to refractory
cardiac failure and another due to structural restrictions
of the hospital unit; in one case, the doctor intended to
perform surgical revascularization; however, the small
viable area was a negative aspect that went against the
decision, when discussed with the surgical team, who
considered the procedure risk/benefit ration, and as a
result, the patient is in cardiac rehabilitation. Therefore,
62% of the patients for whom there was intention to
treat with myocardial revascularization really underwent
the procedure. The statistical analysis of these data was
not possible due to the small number of cases in one
of the groups.

Discussion

In the real world, in addition to viability, the physician
must consider other factors related to the patient when
establishing the most adequate procedure; the coronary
anatomy, clinical status and associated co-morbidities
are included among them.

Some studies have demonstrated that between 31%
and 39% of the patients undergo revascularization,
regardless of the PET findings?!-?4. Auerbach et al?®
showed us that 68% of the patients with 5 or more
viable myocardial segments underwent revascularization
(differently from PET results in 32% of the cases); as
for those with a smaller number of viable segments (1
to 4), the rate of revascularization was 52% whereas
patients with no viability presented a rate of 36% of
revascularization. However, these conclusions came
from the observation of the patients’ clinical follow-up
and not directly from inquiring doctors regarding their
intention to treat.

In Oncology, the clinical impact of PET on patient
management has been demonstrated by studies in which
the physician answers questionnaires regarding the
therapeutic decision following PET data?®-33.

In Cardiology, after a search conducted by the
Internet, no study was found in literature describing
such study model. Our study is original regarding this
type of assessment of the clinical impact on myocardial
viability, using PET in a gamma-chamber by the
coincidence system.

Literature shows that, concerning the research on
myocardial viability, there is a significant concordance
between PET findings with a dedicated system and PET
in a gamma-chamber by the coincidence system. Tian
et al®* showed that the general concordance was 93%
and that PET sensitivity by the coincidence system was
92%. Hasegawa et al®® showed that the coincidence
system presents spatial resolution, measurement

sensitivity and image quality superior to those obtained
by gamma-chambers equipped with high-energy
collimator; however, in order to become equivalent to
dedicated PET, attenuation correction is a very important
factor. One of the limitations of our study is that our
equipment is not equipped with attenuation correction;
nevertheless, the 1-inch crystal characteristics warrant
excellent image quality.

The doctors participating in our study answered a
questionnaire in which they indicated the proposed
treatment before PET, what the indication for the exam
was, and after it, what therapeutic approach had been
adopted, and whether there had been a change of
therapeutic choice due to PET results and if PET had
directly influenced the decision-making.

We observed a significant adherence on the part of
these doctors regarding PET results, with concordance
between myocardial viability and therapeutic proposal.
Nevertheless, not only the presence but also the absence
of myocardial viability were useful for doctors, and had
influenced decision-making, regardless of the number of
viable segments and area of viable myocardium. Similarly,
the number of myocardial segments and extension of
viable myocardium influence the therapeutic choice.

Among the 21 doctors who indicated myocardial
revascularization, only 13 of their patients actually
underwent surgery, which corresponds to 62% of the
patients. This means that 38% of the patients had a final
therapeutic approach that was different from PET results
and intention to treat, which is in accordance with the
aforementioned studies?5:36-3,

This means that the presence of myocardial viability
is not the sole determinant that leads to myocardial
revascularization, as not all patients with viable
myocardium are candidates to revascularization due
to a number of reasons, as previously mentioned: the
complex coronary anatomy, the patient’s decision and
the associated co-morbidities*°.

In our country, we must add to these issues the lack
of infrastructure of some hospitals to perform complex
procedures such as cardiac surgery, or the prolonged
waiting period that many patients have to face while
waiting for a revascularization, causing many planned
procedures not to be performed. We faced all these
situations in our series, but the small number of cases is not
enough to allow us to draw conclusions on this issue.

It is possible to infer that PET had an impact on the
management of patients with ischemic cardiopathy in
this population; obviously, it is necessary to increase the
number of cases and doctors in order to be able to make
such assertion with precision.

In our study, we did not find a significant correlation
between the presence of cardiac failure or angina
symptoms with the presence of myocardial viability, in
concordance with the studies by Di Carli et al*® Thus,
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the presence of symptoms is not necessary to prompt
the assessment of myocardial viability.

Unfortunately, we only had access to the ECG results
of 19 patients, but we observed that almost all of them
presented alterations (18/19 — 94.7%). Although a
more accurate statistical analysis of these data was
not feasible, we observed that the presence of Q wave
at the ECG did not invalidate the finding of perfusion-
metabolism discordance.

Schinkel et al*, using dobutamine stress echocardiogram
in 150 patients, found myocardial viability in 58% of
the dysfunctional segments that showed Q wave at the
ECG. Comparing the latter with segments that were
dysfunctional but did not show Q wave at the ECG, we
observed no significant difference regarding viability
finding (p=0.2). Thus, myocardial viability can be either
observed or not, regardless of ECG results.

The mean ejection fraction found in our population
was low (29.3%), constituting a population with more
severe left ventricular dysfunction.

Studies that assessed myocardial viability analyzed
patients with ejection fraction < 40% and many reported
a mean ejection fraction similar to ours 234142,

When comparing the ejection fraction between
patients with and without myocardial viability, we did
not find a significant difference between the two groups
(p=0.59). It shows that myocardial viability can be either
present or not, regardless of the degree of ventricular
dysfunction. These findings are in accordance with
those by Di Carli et al*3, who suggest that myocardial
viability assessment is useful, even in patients with severe
ventricular dysfunction.

We believe that myocardial viability assessment must
be carried out, even in patients with very low ejection
fractions, as they can benefit from the procedure. We
mention one of our patients who presented EF at rest
of 13% and the study with ¥F-FDG showed a viable
myocardium area of 19%.
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