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Fluorine 18-Fluorodeoxyglucose Positron Emission Tomography/
Computed Tomography Cardiac Viability Risk Stratification in Comparison
with EuroSCORE Il for Revascularization in Patients with Left Ventricular

Dysfunction

Abstract

Background: Diagnostic value of fluorine 18-fluorodeoxyglucose positron emission tomography/
computed tomography (FI18-FDG PET/CT) in the assessment of myocardial viable segments
is well known; hence, it can identify patients with left ventricular (LV) systolic dysfunction who
may benefit from revascularization. The presence of significant myocardial viable segments before
revascularization will offer better prognosis with reduced mortality and morbidity. However,
the usage of F18-FDG PET/CT myocardial viability study in the presurgical risk stratification is
limited. Objective: The objective of the study is to predict perioperative mortality with hibernating
viable myocardial (HVM) segments established by F18-FDG PET/CT in comparison with
EuroSCORE I in patients with LV dysfunction undergoing coronary artery bypass grafting surgery.
Materials and Methods: A prospective, observational study included 75 patients of chronic
ischemic coronary artery disease with ejection fraction <40%. Tc-99m sesta-methoxyisobutylisonitrile
myocardial perfusion single photon emission CT/CT and myocardial viability with F18-FDG PET/
CT at rest were performed. Mortality risk stratification was done according to the EuroSCORE II.
Patients were followed for post-coronary artery bypass graft surgery (CABG) 30-day mortality.
Mortality observed by HVM segment groups were compared with EuroSCORE II predicted
mortality. Results: Receiver operating curve for 30-day mortality prediction with HVM segments
and EuroSCORE II was constructed. It showed that a cutoff of <4 HVM segments (area under the
curve [AUC] = 0.7) had a sensitivity of 85%, whereas EuroSCORE II (AUC = 0.4) had only 28.6%
sensitivity. EuroSCORE 1I underestimated perioperative risk in patients with <4 viable segments,
that is 5 times higher risk was observed in patients with <4 viable segments. Conclusions: HVM
segments established by F18-FDG PET/CT had independently predicted mortality postoperatively.
Hence, including F18-FDG PET/CT for viability assessment along with EuroSCORE II in
preoperative risk assessment for revascularization by CABG in patients with LV dysfunction
provided better risk stratification.
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Introduction benefit ratio, and choice of therapy for a
patient and his/her families.** One of the
most widely used risk scoring systems,
EuroSCORE 1I, predicts both morbidity
and mortality.*®) Myocardial viability is
a vital prognostic predictor in patients
with coronary artery disease.””! Patients

Ischemic heart disease (IHD) is one
of the major causes of cardiovascular
death.l? Proper identification is essential
for choosing appropriate  treatment.
Coronary artery bypass graft surgery

((.:ABG) in_patients Wlth. multivessel with significant number of hibernating
disecase and left ventricular (LV) . .

dvsfuncti d . d it viable myocardial (HVM) segments
ystunction provides -Improvec - qualtty pave  shown improvement  following

of life with minimal operative risks.?!
Cardiac risk scoring systems provide pre-
and peri-operative risk assessment with

revascularization with reduced mortality
and morbidity.”®  Positron  emission
tomography (PET)/computed tomography

surgical triage, thereby facilitating easy
understanding of operative risk, cost—
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(F18-FDG) myocardial viability study recognizes patients
who may benefit from revascularization, in regard to
improvement in LV function, symptoms, and long-term
prognosis.”  However, myocardial viability is not
included in any of the risk scoring systems. Therefore, the
objective of the present study is to assess HVM segments
in chronic ischemic LV dysfunction patients undergoing
coronary artery bypass surgery to predict perioperative
morbidity and mortality in comparison with EuroSCORE II
prediction.

Aim
The aim of the study is to predict perioperative mortality
with HVM segments established by F18-FDG PET/CT

in comparison with EuroSCORE II in patients with LV
dysfunction CABG surgery.

Materials and Methods

This is a prospective, observational study conducted during
March 2018 to June 2019 in the Department of Nuclear
Medicine and PET/CT, Apollo Hospitals, Chennai. It
included 75 patients who have done CABG after F18-FDG
PET/CT aged 25-85 years. They are chronic (>90 days)
IHD patients with ejection fraction (EF) <40. Patients
who had undergone other procedures such as cardioverter
defibrillator implantation and maze procedure and were
medically managed patients were excluded. A detailed
clinical history and consent for both imaging was obtained.
Patients were stratified into low (0-2), moderate (2-5),
and high risks (>5) using EuroSCORE II calculator from
website www.euroscore.org/calc.html  formed by the
EuroSCORE Study Group 2011.54

Myocardial single photon emission computed tomography
(SPECT) imaging was performed with 8-10 mCi/296-370
Mbq of Tc-99m sesta-methoxyisobutylisonitrile (MIBI)
administered intravenously at rest, following which the
patients were advised to have a fatty meal to accelerate
hepatic clearance of tracer. SPECT with low-dose CT
(for attenuation correction) was performed 45-60 min
postinjection using Siemens Symbia T6 Dual head gamma
camera by Siemens healthineers, USA. The images were
acquired in 32 projections per detector over 104°, 20
s per projection, with starting angle at 52° using Low
energy High resolution (LEHR) collimator coupled
with Electrocardiography (ECG) gating. Reconstruction
was done using iterative reconstruction. Quantitative
processing (5-point scale: 0 = no defect; 1 = mildly
reduced; 2 = moderately reduced; 3 = severely reduced,;
4 = absent activity) was done on Cedars Sinai Toolbox.

The following day, after 6 h of fasting, the patients
underwent cardiac F18-FDG PET/CT. Blood glucose
level was checked and glucose load and insulin were
given as per the American Society of Nuclear Cardiology
guidelines.’® 3-5 mCi/111-185 Mbq of F18-FDG was
injected intravenously. Imaging was performed 1-h

postinjection on Philips Gemini TF-64 PET-CT scanner
by Philips, USA with ECG gating using standard cardiac
protocol. The images were reconstructed using iterative
reconstruction technique. A cutoff level for FDG uptake
of 50% or greater has been considered as HVM segment.
Both images were loaded and analyzed in “17-segment”
model for HVM segmental analysis as illustrated in
Figure la and b. Defects in both the studies (matched)
were considered scars [Figure la]. Perfusion defects
at Tc-99m MIBI SPECT/CT study, showing F18-FDG
uptake (mismatched), were regarded as HVM segment
[Figure la]. Minimum of four HVM segments has shown
overall improvement after CABG;/"® hence, patients were
classified into two groups (Group I >4 segments and
Group II <4 segments). Death occurring within 30 days
of the cardiac surgery (cardiac and noncardiac causes) and
clinical improvement status were obtained with the help of
referring physician, patients, and case records.

Approval
The study was approved by our hospital ethical committee.
Statistical analysis used

Continuous variables were expressed as mean plus or
minus standard deviation, if they were normally distributed.
Nonnormally distributed continuous variables were
represented by median (interquartile range). Categorical/
qualitative variables were represented by percentage.
Comparison of categorical variables was done by Chi-square
test or Fisher’s exact test. Comparison of paired categorical
variables was done using McNemar test. Comparison of
paired continuous variables was done using paired #-test.
Comparison of independent continuous variable between
the groups was done using independent sample ¢-test.
Data entry was done in MS Excel Spread Sheet. Data
analysis was carried out in SPSS version 25 (Statistical
Package for Social Science) software for statistics by
IBM company. P < 0.05 was considered as statistically
significant. Receiver operating characteristic (ROC) curve
was constructed between viability and EuroSCORE 1I to
calculate sensitivity and specificity for cutoff for 30-day
mortality prediction.

Results

Seventy-five patients with LV dysfunction had undergone
CABG after F18-FDG PET/CT myocardial viability study.
42 patients had 4 or more HVM segments. Thirty-three
patients had less than four HVM segments. The general
characteristics of the study population are shown in Table 1.
Distribution of HVM segments among the survivors
and survivors are shown in Figure 2a and b. Mortality
was found higher in patients with less than four HVM
segments compared with patients with four or more HVM
segments. Pearson’s Chi-square test showed statistically
significant association between 30-day mortality and
viability, with significant P = 0.020. Observed mortality in
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Figure 1: (a) Fluorine 18-fluorodeoxyglucose positron emission tomography/computed tomography and Tc-99m sesta-methoxyisobutylisonitrile myocardial
viability study sectional images. (b) 17 segmental analysis showing hibernating viable myocardial segments in part of apical and mid anterior, part of
anteroseptum and small part of inferolateral segments of left ventricular myocardium-4 segments. Apex and the remaining adjoining segments show

scarred myocardium

Table 1: Overall characteristic of study population

Factor Percentage (%)

Gender (male/female) 59/16
Age (mean) 56.99
Preoperative NYHA

Class [ 1(1)

Class II 32 (43)

Class 111 42 (56)
EuroSCORE II risk group

Low risk (0-2) 30 (40.0)

Moderate risk (2-5) 37 (49)

High risk (>5) 8 (11)
Diabetes 45 (60)
Hypertension 50 (66)
Dyslipidemia 25 (33)
COPD 10 (13)
No comorbidities 15 (20)
Previous history of CAD 75 (100)
Smoking 30 (40)

NYHA: New York Heart Association for Heart Failure symptoms,
COPD: Chronic obstructive pulmonary disease, CAD: Coronary
artery disease

EuroSCORE I risk groups is shown in Table 2. Fisher’s
exact test showed that there was no significant association
between 30-day mortality and EuroSCORE II (P = 0.6).
On comparing observed mortality among EuroSCORE II
with HVM segments as shown in Figure 3, two patients
were low risk by the EuroSCORE II but had only <4
HVM segments. Hence, EuroSCORE II underestimated
risks in patients with <4 HVM segments. ROC curve for

viability and EuroSCORE I in predicting 30-day mortality
showed that the sensitivity and specificity cutoff of <4
hibernating viable segments in identifying nonsurvivors
is 85% and 40% area under curve (AUC = 0.7).
EuroSCORE 1I failed to differentiate between survivors
and nonsurvivors (AUC = 0.4). It is shown in Figure 4.
Observed mortality in <4 HVM segments group is 5 times
higher than the mean EuroSCORE II predicted mortality
score. EuroSCORE 1I underestimated theperioperative risk
in patients with <4 HVM segments, that is 5 times higher
risk was observed in patients with less than four HVM
segments, as shown in Table 3.

Discussion

Revascularization with reduced mortality and morbidity in
patients with LV dysfunction patients depends on extent
of HVM segments. Our study compared EuroSCORE
II mortality prediction with observed mortality in HVM
segments by FI18-FDG PET/CT for risk stratification.
Maruskova et al.,”? in their study of predicting perioperative
mortality using myocardial viability by delayed contrast
magnetic resonance imaging and LV dyssynchrony in
high-risk patients evaluated with EuroSCORE, concluded
that viability and cardiac dyssynchrony are independent
predictors of 30-day mortality, and they observed that
most of the survivors had more than five HVM segments.
Predicted and observed mortality of EuroSCORE was
comparable in the viable group, whereas in the nonviable
group, the observed mortality of EuroSCORE was much
higher than predictive value. Our study also observed
similar finding, but we used EuroSCORE II. The
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El SURVIVORS (68 patients- 91%)

a

Hibernating Viable Segments

<N\

>four viable segments < four viable segments
(41 patients- 60%) (27 patients- 40%)

[ NON SURVIVORS (7 patients- 9%)

!

Hibernating Viable Segments

<N

&four viable segments < four viable segments
(1 patients- 14%) (6 patients- 86%)

Figure 2: (a) Hibernating viable myocardial segments pattern in survivors.
Among the survivors 60% had more than 4 hibernating viable myocardial
segments. (b) Observed mortality with hibernating myocardial viable
segment. Among the nonsurvivors, 14% had less than 4 hibernating viable
myocardial segments

Table 2: Mortality distribution among EuroSCORE II
groups
EuroSCORE II - moderate

EuroSCORE 11 - low risk

(30 patients) and high (45 patients)
Survivors Nonsurvivors Survivors Nonsurvivors
() (%) (%) (%)

28 (93) 2(7) 40 (89) 5(11)

Table 3: Compare EuroSCORE II mean predicted and
observed mortality among the viability groups

>4 hibernating

viable segments

<4 hibernating
viable segments

Mean EuroSCORE 11 2.66 2.77
predicted mortality

Observed mortality 2.4 18.2
Mortality risk change by No change 1557
assessment of viability

P 0.4736 0.00001

1 = increased

observed mortality was high in patients with less than
four myocardial segments which is five times more than
the predicted mortality of EuroSCORE II. EuroSCORE
IT underestimated risks in patients with less than 4 viable
segments. Pillai et al'® in their study compared the
predictive accuracy of EuroSCORE II with three other
risk stratification scoring systems (Parsonnet, System-97,
and Cleveland). They concluded that EuroSCORE 1II was
not suitable for Indian population. In their study, mortality
was comparable in low- and moderate-risk groups, but
predictive accuracy was low in high-risk group. In our
study, EuroSCORE II has underestimated mortality in
all three risk groups. ROC curve, constructed between
EuroSCORE 1II and HVM segments, demonstrated that
viability stands as a good predictor of mortality (area
under the curve [AUC] = 0.7) while EuroSCORE 1I lost its

M ES - Il LOW RISK
B ES - Il HIGH RISK

=4 VIABLE
SEGMENTS

<4 VIABLE
SEGMENTS

Figure 3: Bar diagram showing observed mortality distribution in
comparison with ES Il risk groups and hibernating viable myocardial
segment groups. It shows 5 patients were ES Il high risk and 2 patients
were low risk. 6 patients had <4 hibernating viable myocardial segments
and only one patient had >4 hibernating viable myocardial segments.
ES: EuroSCORE

predictive accuracy in differentiating between survivors and
non survivors (AUC = 0.4). This is because EuroSCORE
II low-risk group had nonsurvivors who had less than 4
viable segments. If viability is added, predictive accuracy
of the EuroSCORE II would have been improved. Our
study is in close agreement with Maruskova et al.,”
where <5 HVM segments were an independent predictor
of 30-day mortality (AUC = 0.7). Nashef et al.,> in their
study on update of EuroSCORE in European population
with additional risk factors (EuroSCORE II), concluded
that EuroSCORE II was well calibrated with additional
risk factors and good discrimination ability. It had 0.809 as
area under receiver operative curve. However, in our study,
EuroSCORE 1II underestimated risks, that is five times
more in the less than four hibernating viable segments
group than the EuroSCORE II predicted mortality. One
of the reasons for the difference in results among the
Indian population study could be that the number of
subjects and population-based characters is different from
place to place. EuroSCORE 1I is formed based on the
European population; hence, acceptance depends on similar
population characteristics.

Perioperative mortality depends on multiple variables such
as age, sex, heart failure symptom group, LVEF, LV end
diastolic pressure, history of chronic obstructive pulmonary
disease, hypertension, diabetes, stroke, myocardial
dyssynchrony, viability, ventricular remodeling, and
intraoperative surgical skills and anesthesia. Among the
above mentioned factors, the extent of HVM segments
plays an important role in mortality prediction, especially
in LV dysfunction patients.!"'"'*l In our study, we have
observed mortality is high in patients with less than four
HVM segments. Hence, for preoperative risk assessment,
HVM segments can be considered along with cardiac
risk scoring systems. Including myocardial viability in
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Figure 4: ROC curve for EuroSCORE Il and viability showing high sensitivity
for HVM segments. EURO: EuroSCORE, ROC: Receiver operating
characteristic, TVM: Total viable myocardium

preoperative risk scoring systems can be considered for
better risk stratification.

Conclusions

F18-FDG PET/CT for viability assessment along with
EuroSCORE 1I in preoperative risk assessment for CABG
in patients with LV dysfunction provided better risk
stratification.
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