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INTRODUCTION

MYOCARDIAL PERFUSION IMAGING (MPI);

SUPERIOR CLINICAL PERFORMANCE, A COMPARISON BETWEEN FILTERED BACK-
PROJECTION (FBP) AND ASTONISH ITERATIVE RECONSTRUCTION METHOD
WITH CARDIAC CATHETERIZATION

Ali Zohaib', Dr. Muhammad Hamid Saeed? Shaukat Ali Shahid> Muhammad Shahbaz?,
Faisal Ehsan®, Mudassar Igbal®

ABSTRACT... Objective: Myocardial perfusion imaging (MPI) with superior quality of images
in least acquisition time is imperative for diagnostic purpose. The objective of this study was
to compare the Filter Back Projection (FBP) and half time Astonish reconstruction techniques
in diagnosis of coronary artery disease using cardiac catheterization as gold standard. Place
and period of study: Study was conducted in nuclear cardiology department, at Faisalabad
institute of cardiology, Faisalabad from November 2014 to July2015. Material & Methods:
A total of 60patients (56 + 19years) underwent gated MPI with Tc-99m Sestamibi and 30
patients of these underwent cardiac catheterization as well. Images were reconstructed with
half time Astonish and FBP algorithms. CAD detection, LVEF, perfusion defect comparison
using polar maps and diagnostic performance were calculated. Results: Perfusion defects
calculated through Astonish and FBP techniques were compared and correlated with coronary
angiogram. The sensitivity, specificity and accuracy for detection of CAD in vascular territories
(LAD, LCX & RCA) of the patients were 72%, 41% and 57% with FBP and 86%, 54% and 71%
with Astonish. The calculated LVEF showed good correlation (r = 0.8773) between Astonish
and cardiac catheterization. Conclusion: There were no significant changes in image quality of
Half-time Astonish compared to full-time FBP. Astonish reconstruction showed equal resolution,
reduced background noise and radiation dose. Reduced scanning time will improve patient
scan quality due to less chance of attenuation.

Key words: Single photon emission computed tomography, myocardial perfusion
imaging, filtered back projection, left ventricular ejection fraction, coronary
artery disease
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Generally SPECT image quality is based on total

Myocardial perfusion SPECT imaging (MPI) with
superior quality of images in minimum acquisition
time is imperative for diagnostic purpose. Soft
tissue attenuation is a noticeable origin of SPECT
artifacts’, which may result in reduced diagnostic
exactness. MPI is a non-invasive procedure
utilized for diagnosis of coronary artery disease
and so an effective gatekeeper to the cardiac
catheterization.? In SPECT, data acquired by
multiple projection of the detector around the
patient and then raw data reconstructed by
using different reconstructed algorithm (FBP,
MLEM, OSEM, Astonish etc.) to create a three-
dimensional (3D) tomogram images.®*

acquired counts®, configuration of the system
and reconstruction algorithms. Noise, artifact and
poor spatial resolution in SPECT scan is usually
caused by the deficiency of photons detected due
to limited scan time, inadequate tracer injected
to the patient and soft tissue attenuation.® Image
reconstruction by using the appropriate algorithm
is important for image quality and diagnostic
accuracy.” FBP is still the most commonly used
algorithm due to its rapid processing but noise,
Compton scatter, soft tissue attenuation and
inferior resolution are the main drawback.® FBP
contains two stages: first filtering the data and
then back projection technique applied on filtered
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An Astonish reconstruction method increases
reconstruction accuracy by using double filtering
method to reduce noise and enhance uniformity.'®
Astonish is OSEM (Ordered Subsets Expectation
Maximization) iterative technique that reduces
statistical noise which can be utilized to reduced
injected dose and acquisition time. Astonish
algorithm delivers signal-to-noise enhancement,
so it generates satisfactory image quality with
reduced scan time which on the other hand also
reduces motion-induced artifacts."'? Different
kinds of filters used in SPECT image processing
generate dissimilar results for example star
artifact lessening, noise reduction and signal
enhancement.’®'*
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Figure-1. Schematic of Astonish reconstruction
using the 3D OSEM iterative method with resolution
recovery (system response function modeling),
and optional attenuation and scatter modeling.
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The Astonish software package uses a three-
dimensional ordered subsets expectation
maximization (3D-OSEM) algorithm for image
reconstruction. As inherited from the MLEM
algorithm, the 3D-OSEM algorithm models the
Poisson noise for the counting statistics during
data acquisition, avoiding the long-range noise
texture (noise streaks, for example) usually seen in
FBP reconstructed images. The three-dimensional
implementation allows for the incorporation of 3D
resolution recovery during image reconstruction.

MATERIALS AND METHODS

STUDY POPULATION

The characteristics of the study population are
shown in Table |. We analyzed consecutive 60
patients (39 male and 21 female, 56 + 12 yrs.)
who underwent gated MPI with Tc-99m sestamibi.
Of theses; 30 patients also underwent cardiac

catheterization within two weeks of the study.
The patients scan was done from November
2014 through July 2015at Nuclear Cardiology
Department, Faisalabad Institute of Cardiology,
Faisalabad- Pakistan. All patients underwent
two day stress/rest MPI with low-dose. To avoid
meddling with the scan investigation, medicine
such as beta blockers or calcium channel
blockers and caffeine containing compounds
were discontinued for at least 24 hours prior to
scan.

Characteristic Value
Age (years). mean +SD 56 + 12.2
Male (%) 39 (65)
Female (%) 21(35)
BMI kg/m2. mean + SD 254 +7
Diabetes (%) 59 (69)
Hypertension (%) 69 (81)
Hypercholesterolemia (%) 62 (72)
Smoker (%) 49 (57)
History of

CAD (%) 30 (35)
MI (%) 39 (45)
CABG (%) 09 (10)

Table-l. Patients Characteristics (N = 60)
BMI = Body mass index, CAD = coronary artery disease,
MI= myocardial infarction,
CABG=coronary artery bypass surgery.

RADIOPHARMACEUTICAL AND EXERCISE
STRESS PROTOCOL

All the studies were conducted by using the Tc-
99m Sestamibi manufactured by PINSTECH. The
stress protocol and radiopharmaceutical doses
were according to the guidelines of the American
Society of Nuclear Cardiology (ASNC).'® Stress
protocol included exercise tolerance test using
Bruce and Modified Bruce protocol and in
selective cases pharmacologic agents such as
Adenosine or Dobutamine were usually used for
those patient who were unable to exercise.!”'8
Radiopharmaceutical doses were on average
327 MBq (324.4 + 17) for stress/ rest two days
protocol.

DATA ACQUISITION AND RECONSTRUCTION
All scans were completed on cardiac dedicated
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CardioMD Ill (Gamma Camera) using standard
FBP and half time Astonish protocol. Low energy
high resolution (LEHR) collimation was used and
tomography images carried out over 180° rotation
from RAO 45° to LPO 45. Total scan time was
about 15 minutes in case of FBP and 07 minutes
in case of Astonish default.

DATA ANALYSIS

Myocardial perfusion imaging quality, diagnostic
confidence and accuracy for finding of CAD were
analyzed by two experienced nuclear physicians
and medical physicists. Reconstructed images
such as three view and polar map for both stress
and rest cardiac tomogram were analyzed visually
for poor, equivocal, good and excellent image
quality. Sensitivity, specificity and accuracy were
calculated for identifying CAD on visual analysis
of image reconstructed by the FBP and Astonish
algorithms. Moreover LAD, LCx and RCA territories
were also analyzed and result compared with
cardiac catheterization. Processing software
such as Auto-SPECT, 4DM and Quantitative
gated SPECT (QGS) were used on gated SPECT
data to determine the end-systolic volume (ESV),
end-diastolic volume (EDV) and left ventricular
ejection fraction (LVEF).

STATISTICAL ANALYSIS

Data were expressed as mean+SD and

PErcEnt

percentage. System error and degree of
agreement were assessed by bland and Altman
method. The degree of agreement explained as
the mean difference, SD of the difference, limit
of agreement and 95% confidence interval of
the mean difference. Reconstructed data by two
algorithm were compared using correlation (The
value of a correlation coefficient ranges between -1
and 1), regression and paired t-test. Independent
data were compared by an independent t-test.
A ‘p’ value of less than 0.05 was considered
statistically significant. Statistically Bland-Altman
plots were used to evaluate their degree of
agreement. Results were confirmed through
cardiac catheterization.

RESULTS

Clinical result of MPI Interpretations

Data of 60 consecutive patients (56 + 12 yrs.,
39 male and 21 female) who underwent gated
MPI was reconstructed by the FBP and Astonish
algorithms and results analyzed by the two
nuclear physicians and medical physicists.

In Figure 2, there was no statistically significant
change in interpretive certainty of Half time
Astonish compared with FBP. This shows the skill
of Astonish to accomplish good image quality of
patient’s scan with half the counts compared with
FBP.

Interpretive Certanity
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Figure-2. Comparison of the interpretative certainty data (short, vertical and horizontal long axis) reconstructed by
FBP and Astonish
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Quantitative analysis of myocardial perfusion. For
Semi-quantitative visual analysis, the myocardium
was separated into three vascular territories: LAD,
LCx and RCA. The territories area were visually
analyzed and correlated with study of cardiac
catheterization. The spreading of true positive,
true negative, false positive or false negative
perfusion scan rendering of the reconstruction

algorithm was compared with the cardiac
catheterization result (Table Il). The sensitivity,
specificity and accuracy of vascular territories for
the patients were calculated 72%, 41% and 57%
with FBP and 84%, 54% and 71% with Astonish.
The calculated value of LVEF (r=0.9299) showed
good correlation between Astonish and cardiac
catheterization.

A)

(B)
Figure-3. Stress/Rest Perfusion defect (short, vertical and horizontal long axis), Cardiac vessel territories

and summed score calculated by (A) FBP and (B) Half time Astonish reconstruction algorithm.
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A 60 years old male patient with history of chest
pain and three vessel coronary artery disease
underwent MPI for the assessment of reversible
myocardial ischemia. Both the physicians
conclude that the data reconstructed by the FBP
showed mild reversible myocardial ischemia
involving the lateral and inferolateral walls. No
evidence of reversible ischemia in LAD and
RCA territories. Slight reversibility in LCx (52%
normal, 39% fixed, Reverse 09%) and EF: 49%.
The data reconstructed by the half time astonish
algorithm showed that reduced tracer uptake in
the septal wall and mild reversible myocardial
ischemia involving the lateral and inferolateral
walls. No evidence of reversible ischemia in LAD
and RCA territories. Mild reversibility in LCx (31%
normal, 21% fixed, Reverse 48%) and EF: 54%.
The cardiac catheterization showed that LAD:
60% mid stenosis. RCA: Dominate vessel, total
mid Occlusion LCx: mid disease involving/Total
proximal occlusion EF: 60%. Figure 3(B) image
was reconstructed with Astonish having no loss
in diagnostic confidence level as compared
to cardiac catheterization which is the gold
standard. Figure 3(A) image was reconstructed
by FBP that shows adequate diagnostic accuracy
as compared to Astonish.

Method Territory Normal
LAD 25
FBP RCA 39
LCx 26
LAD 21
Astonish RCA 31
LCx 21

Mild

10
11
13
11
08
12

CHARACTERIZATION OF MYOCARDIAL
PERFUSION DEFECTS

The resultant polar maps of myocardial perfusion
were allocated to one of the three major territories
by standard pattern. Perfusion defects were
automatically computed for the normal, fixed
and severity with FBP and Astonish SPECT
reconstruction algorithms (Figure 3). Tracer
distribution and perfusion in the cardiac territory

is shown in Table lll.

Characteristic (%) All Patients n=30

Single vessel CAD 40.1%
Double vessel CAD 28.1%
Triple vessel CAD 15.3%
Significant disease in LAD territory 19.7%
Significant disease in RCA territory 8.4%
Significant disease in LCx territory 11.6%
Total occlusion in LAD territory 2.1%
Total occlusion in RCA territory 1.3%
Total occlusion in LCx territory 2.2%

Table-ll. Number of diseased vesselsin cardiac
catheterization results

Moderate Severe Fixed
09 10 06
07 02 01
11 08 02
09 12 07
11 06 04
10 10 07

Table-lll. Myocardial perfusion defect in territories LAD, LCX and RCA territories reconstructed by FBP and
Astonish algorithm by using 4DM software

Method Territory Normal
LAD 25
FBP RCA 39
LCx 26
LAD 21
Astonish RCA 31
LCx 21

Mild

10
11
13
11
08
12

Moderate Severe Fixed
09 10 06
07 02 01
11 08 02
09 12 07
11 06 04
10 10 07

Table-lll. Myocardial perfusion defect in territories LAD, LCX and RCA territories reconstructed by FBP and
Astonish algorithm by using 4DM software

Professional Med J 2016;23(4): 451-459.
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Number of Patients (%)

FBP Astonish
LAD LCx RCA LAD LCx RCA
TP 15 (50) 10 (33) 8 (27) 18 (60) 12 (40) 13 (43)
FP 07 (23) 12 (40) 07 (23) 04 (14) 09 (30) 07 (23)
TN 05 (17) 06 (20) 07 (23) 07 (23) 07 (23) 07 (23)
FN 03 (10) 02 (07) 08 (27) 01 (03) 02 (07) 03 (10)

Table-V. MPI interpretation using FBP and Astonish against cardiac catheterization considering as gold standard.
FN=false negative; FP=false positive; TN = true negative; TP = true positive.

Disease prevalence LAD LCx RCA
FBP 60% 40% 53%
AS 64% 46% 54%

Table-VI. Disease prevalence of myocardium vascular territories calculated by FBP, AS and ASM

ASSESSMENT BETWEEN MPI AND CARDIAC
CATHETERIZATION

All myocardial perfusion scan results (normal,
mild, moderate severe and fixed) in table lll were
compared with cardiac catheterization result
in Table Il. The true positive (TP), false positive
(FP), true negative (TN), or false negative (FN)
perfusion defects distribution rendering to the
reconstruction method and stenosis localization
compared with the cardiac catheterization is
shown in Table IV.

DIAGNOSTIC ACCURACY

There was no statistical change in the diagnostic
accuracy of Half time data reconstructed with
Astonish and full time with filtered back projection.

FUNCTIONAL RESULTS

Scatter plot and Bland-Altman plot for Ejection
Fraction between gated MPI of Astonish and
FBP algorithm were compared with cardiac
catheterization result. The results of Bland-Altman
are summarized in Table VII.

FBP vs. AS FBP vs. CC CCvs. AS
Correlation coefficient (r) 0.4957 0.5427 0.8773
Significant level P=0.0496 P=0.801 P=0.993

Table VII. Statistical analysis comparison LVEF calculated by Cardiac catheterization, Astonish and FBP
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Figure 4. Correlation of LVEF between
FB and Astonish
In Figure 4, scatter plot showed that there is
strongly poor correlation (r = 0.4957) of LVEF
calculated by FB and Astonish.

Figure 5. Correlation of LVEF between Cardiac
Catheterization and Astonish

In Figure 5, scatter plot showed that there is good
correlation (r = 0.8773) of LVEF calculated by

Professional Med J 2016;23(4): 451-459.
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Figure-6. Correlation of LVEF between FBP
and Cardiac Catheterization

In Figure 6, scatter plot showed that there is
poor correlation (r = 0.5427) LVEF calculated by
Cardiac Catheterization and FBP.

Figure 7 shows that LVEF values calculated by
cardiac catheterization and Astonish are more
precise rather than FBP,

DISCUSSION

Minimizing the acquisition time may possibly
increase patient throughput, increase camera
efficiency and decrease costs. Moreover, time
reducing also produces image noise.?' Half time

image reconstruction algorithm can generate
reconstructed images with enhanced spatial
resolution and reduced noise level developed
newly available.?? In previous analysis of gated
SPECT MPI, data were reconstructed by FBP and
newly iterative produced basically showed similar
results.®® Astonish is technologically advanced
SPECT image reconstruction algorithm that
contains correction to enhance image quality
with half scan time. Astonish based on the
OSEM reconstruction algorithm using built-in
noise decrease methods throughout the iterative
procedure. In integrating corrections for photon
scatter offers a more detailed image of the
counts from lesions that are at different depths
inside the patient. To minimize the statistical
noise throughout the reconstruction procedure,
Astonish uses exclusive noise lessening
technique for smoothing both the assessed
projection data and the measured projection data
internally throughout the data reconstruction by
an optional Henning filter. The significant aspects
that disturbs the quality of medical SPECT images
is choosing appropriate filter. Filtering of image
is a smoothness procedure for noise elimination
and resolution recovery. Furthermore, cut-off
frequency is also significant so as to decrease
noise. No filter till now is perfect and there is no
exact single filter for entirely applications.

Professional Med J 2016;23(4): 451-459.
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Inthis study we used FBP and Astonish algorithms.
There was no statistical change in diagnostic
accuracy. Astonish reconstruction algorithms
produced detailed images of radioactive
distribution and look to be more sensitive than
FBP algorithm. By using the astonish algorithm
with half time and low dose allow the patient to
feel comfort during scan and is less affected
by the radiation dose as compared to FBP
by which patients felt discomfort during scan
resulting in artifacts, attenuation effect and poor
resolution. Low radiation dose implements the
ALRA principle so minimum chance to damage
the DNA, because ionization radiation damages
the DNA. Low dose will also affect cost and less
use of radioactive material as the availability
of radioactive material is rare. So short scan
time is probable to decrease the rate of patient
motion and less of motion artifacts. This study
showed that the Astonish gives higher accuracy
in diagnosis than FBP for detecting CAD in LAD,
RCA and LCx territory.

Moreover, Astonish with low dose (300 + 21) MBq
or half time was unable to yield the best image
quality for the overweight patients (118 + 23)
due to breast attenuation, lateral wall thickness
of obese patients, and other attenuation factor.
Artifacts and attenuation due to hepatobiliary
effect were more significance in case of astonish
rather than in FBP which may be due to half scan
time or increased number of iteration in Astonish.
So raw data were reviewed and checked the
extra cardiac activity, as the extra cardiac activity
generate poor image quality.

Furthermore, in former scan results, patient felt
discomfort due to long scan time and because
of attenuation. Consequently to eliminate the
doubt of attenuation we have to perform the rest
scan of the patient and again patient suffers from
increase radiation dose as well as more time
consuming. So FBP increases the chance of rest
and confuse the physicians for exact reporting
due to attenuation effect.

CONCLUSIONS
The images showed that the practice of half

time Astonish algorithm enhance image quality
and may possibly be useful to minimize the
scan acquisition time without compromising in
diagnostic accuracy. Proper parameters selection
supports the physician in result interpretation;
precisediagnosis thus minimizes the need of rest
scan and less chance of attenuation.
Copyright© 10 March, 2016.
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