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Summary
Background: Some patients present an overestimated left ventricular ejection fraction (LVEF) on electrocardiogram-
gated myocardial scintigraphy (gated SPECT).

Objective: To establish the relationship between biological factors and overestimated LVEF.

Methods: We selected 3838 patients who underwent gated SPECT between May 20, 2000 and September 16, 2005 with
normal perfusion images and LVEF =50%. The following variables were analyzed: gender (29.4% females and 70.6%
males), age (from 20 to 94 years — mean: 56 years), weight (from 33.5 to 150 kg — mean: 79.6 kg), height (from 138
to 220 cm — mean: 171 cm) and BMI (from 13.9 to 54 — mean: 27.2). In a subgroup of 1002 patients who underwent
echocardiogram, the diastolic diameter (from 36 to 68 mm — mean 47.5 mm) and systolic diameter (from 22 to 41
mm — mean 29.8 mm) variables were included. The patients were divided into two groups: normal LVEF (<80%) and
overestimated LVEF (=80%). The odds ratio (OR) for presenting an overestimated LVEF was calculated for each variable
using logistic regression.

Results: The following odds ratios were found (p < 0.005): female gender OR = 3.585 (95%Cl: 2.745 to 4.683), age in
years OR = 1.020 (95%Cl: 1.011 to 1.029) and height in cm OR = 0.893 (95%ClI: 0.829 to 0.962). Weight and BMI were
not significantly associated with LVEF (p>0.2). In the subgroup of 1002 patients, a statistically significant influence was
found in overestimated LVEF values for the systolic diameter, gender and height variables.

Conclusion: Although systolic diameter influences the overestimation of LVEF, the gender and height variables have an

independent influence on LVEF overestimation by gated SPECT. (Arq Bras Cardiol 2008; 90(5): 305-310)
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Introduction

Myocardial perfusion scintigraphy allows the analysis of
regional blood perfusion in myocardial walls, which contributes
to the diagnosis, evaluation, and therapeutic and prognostic
follow-up of coronary artery disease’. The introduction of
electrocardiographic gating in myocardial perfusion scintigraphy
(gated SPECT) added the calculation of left ventricular ejection
fraction (LVEF), the determination of systolic and diastolic
volumes, and the analysis of myocardial wall motion and
thickening to the analysis of perfusion?. In addition to helping
the analysis of perfusion images®*, these parameters can offer
important prognostic information®’. Several studies in the
literature have validated the calculation of LVEF by gated SPECT
in comparison with other methods (first-pass scintigraphy?,
echocardiogram®, magnetic resonance imaging'®, and others).
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The minimum value considered normal for LVEF as calculated
by gated SPECT is greater than or equal to 50%'", although
some studies in the literature report different values'*'3. Normal
individuals may present LVEF values ranging from 55% to 75%
as determined by angiocardiography or echocardiogram™.
However, in our case series we noticed that some patients
— usually short women, have LVEF values above those
considered normal (Figure 1). This association is also observed
in other nuclear medicine services and by other authors in the
literature'. This study analyzes the influence of several biological
factors such as gender, age, weight, height and body mass index
(BMI) in the calculation of LFEV by gated SPECT, determining
which factors are associated with overestimated LFEV and
the degree of this association. It also analyzes the relationship
between ventricular size (diastolic and systolic diameters) and
the presence of overestimated LVEF in a subgroup of patients
who underwent echocardiogram (Figure 2).

Methods

We retrospectively selected 3838 patients who underwent
gated SPECT between May 20, 2000 and September 16, 2005.
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Figure 1- Diagram showing the distribution of normal and overestimated LVEF
among the male and female genders, and among the different height ranges
(all patients n = 3838).
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Figure 2 - Diagram showing the distribution of normal and overestimated LVEF
among patients with systolic diameter lower than and higher than 30 mm, and
among patients with diastolic diameter lower than and higher than 48 mm
(patients undergoing echocardiogram; n = 1002).

Inclusion criteria were: normal myocardial perfusion images
on scintigraphy and LVEF greater than or equal to 50% as
calculated by gated SPECT.

The images were acquired with the patients at rest and
after physical or pharmacologic stress. The rest images were

acquired 30 minutes after intravenous administration of 370
MBq (10 mCi) of ®"Tc-MIBI. The stress images were acquired
four hours after the rest images with electrocardiogram gating.
Intravenous administration of 1.11 GBq (30 mCi) of “"Tc-MIBI
in the stress phase was made at the peak effort of the exercise
test (Bruce protocol, modified Bruce protocol, or Ellestad) or
after the administration of dipyridamole (0.56 mg/kg for four
minutes). Stress images were acquired 45 to 60 minutes after
injection of the radiopharmaceutical. Image acquisition was
made in a scintillation camera (Forte™ Phillips), with a low-
energy high-resolution collimator. For each patient, 48 25-
second projections in a 64 x 64 pixel matrix were obtained. The
acquisition angle was 180 degrees (beginning in a right anterior
oblique view at 45 degrees and endingin a left posterior oblique
view at 45 degrees). Image reconstruction was performed with
a filtered back projection technique using a Butterworth filter;
LVEF was processed by the Autoquant™ software (Cedars-Sinai’s
Quantitative Gated SPECT — QGS) from stress images.

In addition to LVEF, the following variables were included:
gender, (29.4% female and 70.6% male), age (from 20 to 94
years — mean: 56 years), weight (from 33.5 to 150 kg — mean:
79.6 kg), height (from 138 to 220 cm —mean: 171 cm) and BMI
(from 13.9 to 54 — mean: 27.2) (Table 1). BMI was calculated
using the formula BMI = weight / (height x height).

The patients were divided into two arbitrary groups
according to LVEF results: normal (< 80%) and overestimated
(= 80%). Data were analyzed using logistic regression and
Pearson’s correlation with the SPSS™ statistical package. The
odds ratio for presenting an overestimated LVEF was calculated
for each variable.

Of the 3838 patients studied, we selected a subgroup of
1002 patients who had undergone echocardiogram within
up to ten days of the gated SPECT (61.4% of the patients
underwent both tests on the same day and 95.5% of the
patients underwent the tests within up to one week between
them — with a mean of 1.57 days). In this subgroup, the
values of systolic (from 22 to 41 mm — mean of 29.8 mm) and
diastolic (from 36 to 68 mm — mean of 47.5 mm) diameters
were listed for each patient (Table 2). These two variables along
with the gender (female) and height variables were analyzed
using logistic regression and Pearson’s correlation. The odds
ratio for presenting an overestimated LVEF was calculated for
patients with a < 30 mm systolic diameter; for patients with
a < 48 mm diastolic diameter; and for the gender (female)
and height variables. These values mentioned for the systolic
and diastolic diameters were considered as the cut-off point
for the calculation of the odds ratio because they were the

Population Features

All patients n = 3838

Mean = SD Median
Age (years) 55.82 + 11.59 56.00
Weight (kg) 79.65 + 15.06 79.00
Height (cm) 170.71 £ 9.50 172.00
BMI 27.22+4.09 26.70
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Ventricular diameters

Patients undergoing echocardiogram n = 1002

Mean £ SD Median
Systolic diameter (mm) 29.80 +2.93 30.00
Diastolic diameter (mm) 4747 £3.94 48.00

closest values to the mean. The gender (female) and height
variables were included in the logistic regression analysis in
the subgroup of 1002 patients along with systolic and diastolic
diameters, so as to verify whether they had an independent
statistical relation to the finding of an overestimated LVEF.

Results

When all patients were considered, the gender, height
and age variables showed a statistically significant association
with overestimated LVEF (p<0.005), notably the first two
(Table 3). Weight and BMI were not significantly associated
with the finding of an overestimated LVEF (P>0.2). Among
the continuous variables, height had the highest correlation
index with overestimated LVEF when all patients were
considered (Table 4).

Inthe subgroup of patients who underwent echocardiogram,
the systolic diameter showed a statistically significant relation
to overestimated LVEF (Table 5). The diastolic diameter did
not independently influence overestimated LVEF. The gender

Logistic regression

(female) and height variables still influenced the finding of
an overestimated LVEF, although less significantly in relation
to the analysis of all patients. The Pearson’s correlation
coefficients demonstrated an inverse correlation between
overestimated LVEF and height, diastolic diameter and
systolic diameter (Table 4).

Discussion

The Autoquant™ software calculates LVEF from the three-
dimensional reconstruction of the left ventricular cavity based
on gated short-axis images. The end-systolic volume (ESV) and
end-diastolic volume (EDV) are determined after epicardial
and endocardial edge detection, and LVEF is calculated
according to the formula: [(EDV - ESV) / EDV] x 100 (%)®.

In our case series, female patients had an approximately
3.5 times higher chance of presenting an overestimated LVEF
in comparison with male patients. Height had an inverse
correlation with the finding of an overestimated LVEF. Our
data confirm that overestimated LVEF occurs more frequently
among short women.

A possible explanation for this finding is the fact that small
women have smaller hearts'®, which causes the calculated
systolic volume to be underestimated, thus consequently
overestimating the LVEF. In patients with very small systolic
volumes, the automatic determination of the endocardial edge
by the software is impaired due to low resolution and partial
volume effects'” (Figure 3). The endocardial edge, in turn, is
easily determined in patients with greater ventricular volumes

All patients n = 3838

Variable Female gender Height (cm)

Age (years) Weight (kg) BMI

p’ 0.000 0.003

0.000 0473 0.286

OR"(95,0% C.I.) 3.585 (2.745 - 4.683) 0.893 (0.829 - 0.962)

1.020 (1.011 - 1.029) 1.030 (0.950 - 1.118) 0.888 (0.714 - 1.105)

* Statistical significance. T Odds ratio for finding an overestimated LVEF.

Pearson’s correlation

All patients n = 3838

Patients undergoing echocardiogram n = 1002

Variables Height (cm) Age (years) Weight (kg) |Bn‘()j:¥( l(nBan:; dsizfr:::ii:r gii:rsnt:tlti; Height (cm)
p 0.000 0.000 0.000 0.000 0.000 0.000 0.000
PIf -0.538 +0.228 -0.392 -0.109 -0.564 -0.566 -0.546
* Statistical significance. 1 Pearson’s correlation index.

Logistic regression

Patients undergoing echocardiogram n = 1002

Variables Systolic diameter < 30 mm Diastolic diameter < 48 mm Female gender Height (cm)
p* 0.000 0.113 0.000 0.000

ORf (95,0% C.1.) 4,078 (2.244 - 7.409)

1.600 (0.895 - 2.860)

2.794 (1.598 - 4.884) 0.907 (0.877 - 0.938)

* Statistical significance. 1 Odds ratio for finding an overestimated LVEF.
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(Figure 4). The analysis of the subgroup of 1002 patients who
underwent echocardiogram corroborates the hypothesis of the
relationship between ventricular size and overestimated LVEF.
The high value of the odds ratio found for the systolic diameter

Figure 3 - Overestimated LVEF: 39-year-old woman, 43 kg, 146 cm, systolic
diameter (echocardiogram) = 23 mm, diastolic diameter (echocardiogram)
= 39 mm, LVEF as calculated by gated SPECT = 97%, systolic volume as
calculated by gated SPECT = 1 ml. (First column: diastole views; second
column: systole views).

variable suggests that the main mechanism responsible for
LVEF overestimation is possibly the difficulty to determine
the endocardial edge in patients with small systolic volumes.
However, Yamada et al'® demonstrated that women have
significantly higher LVEF values as calculated both by Segami™

Figure 4 - Normal LVEF: 57-year-old man, 79 kg, 179 cm, systolic diameter
(echocardiogram) = 35 mm, diastolic diameter (echocardiogram) = 54 mm, LVEF
as calculated by gated SPECT = 55%, systolic volume as calculated by gated
SPECT = 45 ml. (First column: diastole views; second column: systole views).

Arq Bras Cardiol 2008; 90(5): 305-310
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and Autoquant™ softwares. The Segami™ software defines the
ventricular wall position by means of statistical parameters of
counting rate distribution and not by the automatic definition
of cardiac contours and thus should, at least theoretically, be
less influenced by small ventricular volumes.

Our data show that female gender and height independently
influenced the finding of an overestimated LVEF in the group of
patients who underwent echocardiogram. Despite presenting
an inverse correlation with overestimated LVEF (Table 4),
the diastolic diameter did not prove to be independently
associated with overestimated LVEF in the logistic regression
analysis (Table 5).

Other authors have already demonstrated the influence of
small hearts in LVEF as estimated by gated SPECT'*%°. Germano
et al*’ demonstrated an inverse exponential relation between
end-diastolic volume and LVEF, and between end-systolic
volume and LVEF in a study with 926 patients in which they
used Autoquant™. Some authors suggest techniques for the
correction of overestimated LVEF, such as larger acquisition
matrices or use of specific filters?®. An alternative to prevent
overestimation is the use of techniques that do not use
automatic systolic endocardial edge detection'’.

In addition to influencing the LVEF calculation, the
size of the left ventricular cavity may also influence some
other indexes calculated from the automatic detection
of the endocardial contours. In a previous study, Duarte
et al* reported the influence of gender in obtaining TID
(transient ischemic dilation) values, an index that measures
the difference between ventricular cavities with stress
and at rest. In a group of 16 patients with a low pretest
probability of ischemia and high TID values (>1.25), 14
were women. According to the authors, a possible reason
for the predominance of women in this subgroup could be
the difficulty to define the endocardial contours in patients
with small ventricular cavities, mainly during the resting phase
of scintigraphy, in which the radioactive dose administered
is approximately three times lower than that administered
in the stress phase.

Even in cases of overestimated LVEF, gated SPECT can
provide important information on the left ventricular function.
In these cases, it is possible to demonstrate the normal
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thickening, which is characterized by increased radioactivity
by area in myocardial walls during systole in relation to
diastole, and the preserved motility as demonstrated by a
significant reduction of the ventricular cavity during systole.

A possible study limitation that should be mentioned is the
type of study conducted (cross-sectional), which allows the
association between independent variables and the dependent
variable to be estimated, however without allowing a causal
relation between them to be established. Additionally, we
were not able to establish a biological mechanism that justifies
some associations, such as that between the female gender and
LVEF overestimation when this variable is controlled by the
systolic diameter. Thus, further studies are necessary to explain
all the causal factors of overestimated LVEF as measured by
gated SPECT.

Conclusion

The gender (female), height and systolic diameter variables
were associated with the finding of an overestimated LVEF. The
age variable contributed less significantly. Weight and BMI did
not show a statistically significant relation with the finding of
an overestimated LVEF.

This analysis confirms what is observed in clinical practice:
short women present overestimated LVEF by gated SPECT.
Although a reduced ventricular diameter may be a possible
explanation for this phenomenon, the gender and height
variables independently influenced the overestimation of
LVEF by gated SPECT.
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