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INTRODUCTION

OBSERVATION AND UNDERSTANDING of pathophysiological
conditions from various angles plays a very important role
in diagnosis, clinical decision making, treatment, and
determining disease prognosis. This is also true for pa-
tients with coronary artery disease (CAD). Recent ad-
vances in diagnostic procedures, imaging technology,
and analysis capability has made it possible to use various
techniques to observe pathophysiological conditions from
many different angles. For the diagnosis of CAD, imaging
modalities such as nuclear medicine imaging (SPECT and
PET), ultrasonography and conventional X-ray coronary

angiography (CAG) play a crucial role in the collection of
a broad range of anatomical and physiological informa-
tion for analysis. Additionally, recent reports have shown
the usefulness of computed tomography (CT) and mag-
netic resonance imaging in the diagnosis and analysis of
CAD.1–5 Various kinds of information can be obtained
from these imaging modalities, and there are various ways
to display and interpret the information. Conventionally,
cardiologists mentally integrated these various kinds of
anatomical and physiological information into a three-
dimensional or four-dimensional model. However, in
order to perform a more objective analysis of data, the
development of applications which can produce an inte-
grated display of the results from the separate modalities
is strongly desirable for diagnostic imaging. Studies using
a technique which fuses images produced by nuclear
medicine imaging with images produced by other modali-
ties have been reported, but most of these reports deal with
the central nervous system, and the technique has rarely
been applied to cardiology.6–9 For the diagnosis of CAD,
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it is useful to fuse anatomical information (coronary tree)
with physiological information (myocardial perfusion)
because it is known that there are numerous variations in
the anatomy of the coronary arteries. However, up until
now, there have only been a small number of reports that
describe the three-dimensional integration of coronary
trees and myocardial perfusion information. Even in these
reports, invasive CAG was used as a modality for deter-
mining the coronary arterial structure.7,8 Recently, spiral
scanning and multislice CT have been developed, and the
usefulness of CT in cardiology, especially in visualizing
the coronary arterial structure by CT coronary angiogra-
phy (CTCA), has been investigated.1,4,5 It is becoming
possible to determine the coronary arterial structure with-
out performing CAG. Based on this background, in the
present study, we report the development of an applica-
tion for the three-dimensional registration and fusion
imaging of gated myocardial perfusion SPECT and CTCA.

MATERIALS AND METHODS

Study population
Between January 2003 and April 2004, we studied con-
secutive 12 patients (mean age of 66 ± 9 yo, six males, six
females) with known or suspected CAD who underwent
gated SPECT MPI and CTCA. Informed consent was
obtained from all patients, who were examined using both
gated SPECT MPI and CTCA within two weeks of each
other. Between the procedures, there were no changes in
clinical status, medical or surgical therapy, or any cardiac
events or intervention. The patient characteristics are
summarized in Table 1.

Gated SPECT data acquisition and analysis
Thirty to 40 minutes after an intravenous injection of 600
to 740 MBq of Tc-99m Sestamibi or Tc-99m tetrofosmin
at rest, ECG-gated myocardial perfusion SPECT data
acquisition was started with a 3-headed gamma camera
(PRISM3000; Marconi Medical Systems, Inc., Ohio, USA)
equipped with low-energy, general-purpose collimators.
The gated SPECT data were acquired over 360 degrees in
20 (×3) steps, each of which consisted of 60 beats. Sixteen
frames per R-R interval were acquired in a 64 × 64 matrix
and a 15% window centered on the 140-keV photopeak of
Tc-99m. The acceptance window was set at 20% during
beat collection. All scanning was performed during quiet
respiration without breath holding. Acquired SPECT data
set was transferred to Odyssey FX workstation (Marconi
Medical Systems, Inc., Ohio, USA). A Butterworth filter
(order = 10, critical frequency = 0.2 cycles per pixel, slice
thickness = 6.5 mm) was applied to the SPECT data and
reconstruction was carried out using filtered back-projec-
tion with a ramp filter. Subsequently, reconstruction was
reformatted into short-axis slices (matrix 64 × 64, slice
thickness = 3.5 mm). Sequential four end-diastolic phase
gated SPECT data set was summed and used for further
analyses. In each patient, perfusion defect summed sever-
ity score and extent score were calculated using a method
described in imaging guidelines for nuclear cardiology
procedures.10 The myocardial SPECT images of each
patient were divided into 17 segments. This model uses
three short-axis slices (apical, mid, and basal) to represent
most of the ventricle and one vertical long-axis slice to
better represent the left ventricular apex. The basal and
mid short axis slices are divided into 6 segments and the
apical short-axis slice is divided into 4 segments. A single
apical segment is taken from the vertical long-axis slice.
Two expert radiologists interpreted the SPECT images,
and each segment was scored by consensus using a 5-
point scoring system (0: normal perfusion, 1: mild reduc-
tion, 2: moderate reduction, 3: severe reduction, 4: absent
uptake). The summed severity score is defined by the sum
of the severity scores of all the segments. Defect extent
score is expressed as the number of abnormal uptake
segments.

CT coronary angiography data acquisition and recon-
struction
CT examinations were performed by using a 16-detector
row CT scanner (LightSpeed Ultra 16; General Electronic
Medical Systems, WI, USA). For the contrast material-
enhanced CT scanning, 80 mL of Iopamidol 370 mg I/
mL was injected through a 20-gauge catheter into the
right antecubital vein at 3 mL/sec followed by a 20-mL
saline flush injection at the same rate of the contrast
agent injection. An automated bolus-tracking technique
(SmartPrep; General Electronic Medical Systems, WI,
USA) was used for determining the contrast-enhanced
scanning delay. This technique obtained real-time

Table 1   Patient characteristics, cardiovascular risk factors and
nuclear variables for 12 patients

Value

Patient characteristics
Age (yrs) 66 ± 9 (49–81)
Femal gender (n) 6  (50%)
History of AMI (n) 8  (67%)
History of PTCA (n) 7  (58%)

CAD risk factors
Diabetes mellitus (n) 4  (33%)
Hyperlipidemia (n) 9  (75%)
Hypertension (n) 9  (75%)

SPECT MPI
summed severity score 1.3 ± 2.4  (0–6)
extent score 0.7 ± 1.2  (0–3)

Interval between SPECT MPI and
CTCA (days) 8  (2–14)

n = number of patients.
AMI; acute myocardial infarction, PTCA; percutaneous trans-
luminal coronary angioplasty, CAD; coronary artery disease,
SPECT MPI; single photon emission computed tomographic
myocardial perfusion imaging, CTCA; computed tomographic
coronary angiography
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Fig. 1

Fig. 1   Short-axis image (left) of CTCA is displayed to
delineate each coronary artery. In addition to the short-
axis images, corresponding horizontal long axis (right
top) and vertical long axis (right bottom) images were
displayed for reference.
Fig. 2   Extracted right and left coronary arteries
overlaid on the CTCA images (left column: magenta
points; operator-defined coronary artery, orange lines;
spline interpolated coronary artery). Three-dimensional
reconstruction coronary trees are displayed (right col-
umn: red curve, RCA; blue curve, LAD; white curve,
LCx; yellow wired sphere, left ventricle).
Fig. 3   Three short axis slices of CTCA dataset (top
row). Segmented epicardial and endocardial contours
(middle row), and segmented LV binary model (bot-
tom row).

Fig. 2

Fig. 3
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low-radiation-dose serial monitoring scans after the start
of the injection of contrast material. The trigger threshold
level was set at an increase of 100 Hounsfield Units
above the baseline attenuation using a region of interest
in the ascending aorta. After the trigger, CT scan was
started. CT scans were obtained with a collimation of

16 × 0.625 mm, a pitch of 0.275 to 0.5 (automatically
changeable with patient’s heart rate), a rotation time of
500 msec, at 120 kV, and 350 mA while the ECG signal
was recorded. Patients held their breath during the scan.
Raw helical CT data were reconstructed to 0.625-mm
thin section transverse CT images (matrix 512 × 512) in

Fig. 4   Horizontal long, vertical long and short axis slices of CTCA images (top row). Registered SPECT
images are overlaid on the CTCA images (bottom row).

Fig. 5   An example of the final 3D registration and fusion images of SPECT and CTCA are displayed
(top left; anterior view, top right; inferior view, bottom left; LAO view, bottom right; RAO view).
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Σ

the diastolic phase (70% of the R-R interval) with retro-
spective ECG gating.

Data analysis
Reconstructed images of both SPECT and CTCA data
sets were transferred to a desktop computer-based work-
station equipped with an Intel Pentium IV 2.8 GHz CPU
and 1 GB RAM running Microsoft Windows platform for
further analysis. The program code was written in IDL
Version 6.0 (The Interactive Data Language from Re-
search Systems, Inc., CO, USA) mainly. Some subrou-
tines were coded in C and C++ languages. The software
which we developed in the present study integrated three-
dimensional images obtained from both modalities using
the process described below.

Three-dimensional reconstruction of coronary tree using
CTCA data
The transaxial CTCA images, which were transferred to
the workstation, were reconstructed to short axis images
of the left ventricle (LV), using an axis preset by an
operator (Fig. 1). On the short axis CTCA images, an
operator used a pointing device to define the center-points
along its length for each coronary artery (Fig. 2). Addi-
tionally, for each arterial branch, the center-points in its
course were defined. During this process, in addition to
the short axis images, the vertical long axis and the
horizontal long axis images were displayed for reference
(Fig. 1). By using a spline function to connect these points
along the length of each coronary artery, the 3D coronary
tree was reconstructed (Fig. 2).

Segmentation of left ventricle using CTCA data
On the short axis CTCA images, the operator set the
region of interest (ROI) to encompass the entire LV. The
operator also defined the positions of the apex and the
valve plane. When the set ROI is appropriate, its center is
the LV cavity filled with contrast material. Therefore the
LV cavity was segmented by expanding the center of the
ROI (i.e., center of LV cavity) using the region growing
method based on threshold range, followed by an ellip-
soidal fitting. The surface of this ROI was defined as the
endocardial surface. Then, this ROI was continuously and
externally extended, and the epicardial surface was auto-
matically extracted using the region growing method
based on a multiplier of the standard deviation. These
endocardial and epicardial surfaces, which had been de-
fined by a computer with these processes, could be iden-
tified on the cross-sectional images. The operator may
change the threshold and/or standard deviation multiplier
value for the region growing method. As necessary, these
surfaces were corrected manually by the operator. Using
these processes, the LV wall data were extracted from the
CTCA data, and were used as a LV binary model (Fig. 3).

Three-dimensional registration and display of LV binary
model and SPECT
LV binary model and gated SPECT data were registered
using manual, rigid and nonrigid registration methods.
First, the voxel size of the SPECT data was adjusted to the
voxel size of the CTCA data using a tri-linear interpola-
tion. For manual registration, the CTCA was displayed
on the screen and the SPECT data were superimposed
on this mask (Fig. 4). The operator manually regis-
tered the SPECT data onto the CTCA using a pointing
device. For rigid registration, 6 degrees of freedom (3
translations and 3 rotations) translation was used. Third
order polynomial transformation following global affine
transformation (12 degrees of freedom) was applied as a
nonrigid registration11 For automated rigid or nonrigid
registration methods, SPECT data were registered onto an
LV binary model instead of original CTCA images. The
optimal transformation maximizes a cost function: C(T) =
1/N    i=0 to N-1 F(T.ri), where T is a geometrical transfor-
mation. F(r) is the SPECT count value. A nonzero ele-
ment of LV binary model is expressed as ri, which
contains N nonzero elements. Iterations are repeated until
the cost function does not increase at a value less than the
operator defined value.12 After the three-dimensional
registration of the SPECT data and the LV binary model
(Fig. 4), we mapped the myocardial perfusion informa-
tion onto the model of the left ventricular structure. First,
the short axis images were prepared by dividing the LV
binary model into 16 equal segments along the long axis
from the apex to the base. Second, each short axis image
was divided into 36 segments (10 degree angular incre-
ments from the center of the LV cavity). Therefore, the
LV binary model was divided into 576 (16 × 36) polygo-
nal surfaces. The information about myocardial perfusion
in each polygonal surface was defined as the maximum
count in the spatially registered SPECT images. Then,
these polygonal surfaces were assembled to generate
a three-dimensional left ventricular myocardial model
which contained information about myocardial perfusion
(Fig. 5).

Three-dimensional fusion display of coronary tree and
myocardial perfusion
The three-dimensional coronary arterial structure and the
three-dimensional left ventricular myocardial model,
which were created using the above mentioned process,
were displayed in three-dimensions. Since both were
obtained from CTCA and had the same coordinates,
further processing such as changing shapes and warping
images was not performed.

Qualitative evaluation
Qualitative evaluations were performed by two experi-
enced radiologists in consensus who had not been given
any information about the patients.

Image quality of each coronary artery by CTCA was
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evaluated visually by using a four-grade scoring system.
Image quality was graded as follows: excellent quality,
good quality (assessable for course and stenosis), fair
quality (assessable for course, but nonassessable for steno-
sis) and poor quality (nonassessable for course or distribu-
tion). Segmentation quality of LV by CTCA was also
evaluated visually using the four-grade scoring system:
excellent quality. LV was successfully segmented with-
out the need for parameter change; good quality, LV was
segmented with interactive parameter change, fair qual-
ity; manual correction of LV boundary was needed, and
poor quality; failure in LV segmentation.

For each registration method, the accuracy for the
registration of the SPECT and the LV binary models were
visually scored using the following four-grade scoring
system (excellent quality, good quality, fair quality, and
poor quality). This grading system was based on the
following criteria (1: size, shape and position of the LV,
2: contour of LV wall, and 3: correspondence between
SPECT count distribution and LV wall characteristics).
Similar scoring was performed on the final 3D fused
images of the SPECT MPI and the CT coronary tree.

Quantitative evaluation
We also compared the cost function for the registration of
the LV binary model and the SPECT among the registra-
tion methods as a quantitative evaluation. The same
radiologists independently performed 3D registration of
the LV binary model and the SPECT MPI to evaluate
inter-observer reproducibility error. SPECT data sets
were sampled after registration to generate equally spaced
intervals of 1000 points. These points were used to calcu-
late the average distance between the two corresponding
points in the two models.

Statistical analysis
All data were expressed as mean ± one standard deviation.
To compare visual inspection with semiquantitative analy-
sis for registration of the LV binary model and the SPECT
MPI among the registration methods, a nonparametric
analysis of variance was used. One-way repeated-meas-
ure analysis of variance was also used to compare the
cost function for the registration. When statistical signifi-
cance was noted, group comparisons were performed
using Tukey’s method. A p-value of less than 0.05 was
considered significant.

RESULTS

All SPECT and CTCA data had adequate image quality
for further analysis. Severity and extent score of the
SPECT MPI were 1.3 ± 2.4 (range 0 to 6) and 0.7 ± 1.2
(range 0 to 3), respectively. That is to say that each patient
had almost normal to mild hypoperfused myocardium,
and no patient had severely and/or broadly hypoperfused
myocardium. The segmentation of the LV and the coro-
nary arteries was successfully performed for all patients.
The time taken was approximately 30 ± 6 seconds (range
21 to 40) for extracting the LV binary model from CTCA
data and 15–30 minutes for manual delineation of each
coronary artery. The coronary tree and the extracted LV

Table 3   Comparisons of registration accuracy among the three registration methods

Registration of SPECT onto LV Final 3D fusion image

manual rigid nonrigid manual rigid nonrigid

Score by qualitative evaluation*
Excellent 5 5 10 4 4 9
Good 5 5   2 6 6 3
Fair 2 2   0 2 2 0
Poor 0 0   0 0 0 0

Cost function** 218.5 ± 15.3 223.7 ± 17.0 235.3 ± 13.9 − − −
Inter-observer reproducibility error (mm)†   2.1 ± 1.7   3.6 ± 2.5   2.2 ± 1.8 − − −

SPECT; single photon emission computed tomography, LV; left ventricle
* Significant differences observed for manual versus nonrigid registration (p < 0.05) and rigid versus nonrigid registration (p <

0.05). Comparisons performed by using a nonparametric analysis of variance.
** Significant differences observerd for manual versus rigid (p = 0.005), for manual and nonrigid (p = 0.003) and for rigid versus

nonrigid registration (p = 0.008). Comparisons performed by using one-way repeated-measure analysis of variance.
† No significant differences among the registration methods.

Table 2   Image quality of each coronary artery by CT coronary
angiography

coronary arteries
Score

RCA LAD LCx

Excellent 6 10 6
Good 4   2 5
Fair 2   0 1
Poor 0   0 0

RCA; right coronary artery,  LAD;  left anterior descending
artery, LCx; left circumflex artery
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binary model were of good quality in most patients (Table
2). The LV extraction score was excellent for 4 of 12
patients, good in 5, and fair in 3. No patient was graded
with a poor segmentation. The observer needed to correct
the LV edge manually in 3 patients. The errors observed
in segmentation were attributed to the LV septal wall,
hypertrophic papillary muscles, and thin portions of the
myocardium such as infarcted area or apical regions.

The time needed for SPECT and LV binary model
registration for manual, rigid and nonrigid registration
were 68 ± 31 seconds (range 23 to 103), 8 ± 4 seconds
(range 3 to 15) and 36 ± 11 seconds (range 20 to 52),
respectively. For all three registration methods, the spatial
registrations performed were generally good (Table 3).

Registration quality agreed in 6 of 12 patients between
rigid and nonrigid registrations. Registration quality of
nonrigid registration was superior to that of rigid registra-
tion in 6 patients, and in none of the cases was the quality
of nonrigid registration inferior to that of rigid registra-
tion. Nonrigid registration was ranked significantly higher
than the other two registration methods (p < 0.05). There
was no significant difference between rigid and manual
registration. Cost functions for manual, rigid and nonrigid
registrations were 218.5 ± 15.3, 223.7 ± 17.0 and 235.3 ±
13.9, respectively. Cost function of nonrigid registration
was significantly better than the other two registration
methods (p < 0.01). Inter-observer reproducibility error
for manual, rigid and nonrigid registrations were 2.1 ± 1.7
mm, 3.6 ± 2.5 mm, and 2.2 ± 1.8 mm, respectively. There
was no significant difference among the 3 registration
methods. The time taken for the three-dimensional dis-
play of the coronary trees and myocardial perfusion was
one second or less. The results of the visual interpretation
on the final fused images of SPECT and the coronary
arterial structure are shown in Table 3. In the 12 patients
who were assessed, these results were generally good, and
three-dimensional fusion of the myocardial perfusion
SPECT and CTCA images could be performed (Fig. 5).

DISCUSSION

In the present study, we have developed a technique for
the semi-automatic three-dimensional fusion of anatomi-
cal information (coronary tree obtained from CTCA) and
physiological information (myocardial perfusion SPECT).
We applied this technique to patients with coronary artery
disease and were able to create satisfactory fused images
in all patients. Thus far, a number of reports in which
three-dimensional display and fusion of images have been
attempted have dealt mainly with the central nervous
system, but there have been few reports of its use in
cardiology. There are several reasons for this. First of all,
the brain is stable in the skull and does not move during
examination. In contrast, during respiration the heart
moves by the motion of the diaphragm and the thoracic
cage, and itself beats. Moreover, the organs in the thoracic

cage change shape according to body position and the
shape of the examination table on which a patient is lying.
Second, compared to the brain, the heart does not have
many anatomical landmarks. For the central nervous
system, attempts have been made to use external fiducial
markers to perform positioning.13 However, this is not
efficient in cardiology, since respiratory motion causes
the movement of external fiducial markers adjusted to the
thoracic cage. Consequently, in cardiology, three-dimen-
sional image fusion is technically difficult, but is still
required. In this study, we employed nonrigid transforma-
tion for the three-dimensional registration to resolve these
problems. Our results suggested that manual, rigid and
nonrigid registration methods gave generally good regis-
tration quality. However, nonrigid registration gave more
reliable results.

Many studies have been conducted regarding the de-
tection of CAD with SPECT MPI using a model with
assumed coronary artery distribution.14,15 Such studies
validated a 17-segment polar map by comparing the
predefined coronary territory assignment with the actual
angiographically derived coronary distribution.16 They
concluded that, for major epicardial coronary arteries,
both the sensitivity and specificity of SPECT MPI for the
detection of CAD are better when using anatomical match-
ing rather than the model-based approach. Consequently,
combining image information for each individual im-
proves diagnostic accuracy in clinical practice. In the
present study, we did not plot the fused data onto the two-
dimensional polar coordinates shown above, but we pro-
duced a three-dimensional integrated display of the data.
Therefore, it may be possible to attain undistorted fusion
that can be intuitively understood.17–19

There are a small number of reports in which the three-
dimensional fusion of the coronary arterial structure and
myocardial perfusion has been attempted.7,8 However, in
these reports, CAG was used for obtaining the coronary
arterial structure. Therefore, this is the first report describ-
ing the fusion of CTCA and SPECT. Although CAG is
still the gold standard for the detection and quantification
of CAD, it is an expensive and invasive procedure. In
contrast, CTCA is considerably less invasive and less
expensive. Additionally, spatial distortion occurs with
CAG, since data from biplane projections are used for the
three-dimensional reconstruction of the coronary arterial
structure. Moreover, coronary angiographic data do not
contain spatial information about left ventricular struc-
ture, so when coronary trees reconstructed from CAG are
registered onto SPECT MPI, the operator needs to carry
out manual positioning based on anatomical landmarks
such as the atrioventricular groove. On the other hand,
data containing undistorted three-dimensional informa-
tion can be obtained from CTCA. Since data from CTCA
are used for creating a model of the myocardial structure
of the LV, processes such as moving images and changing
shapes are not necessary. Therefore, the fusion of CTCA
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and SPECT is considered to be an excellent method in
terms of reduced spatial distortion and reproducibility.
However, regarding spatial and temporal resolution, CTCA
is inferior to CAG, so is not by itself sufficient for
detecting coronary artery stenoses, and cannot be a substi-
tute for CAG.20 Therefore, in the present study, we de-
cided to use CTCA to determine the paths of the coronary
arteries, and the principle purpose was to obtain a three-
dimensional relationship between the distribution of myo-
cardial perfusion and the area covered by the coronary
arteries.

Recently, vulnerable or unstable plaques have been
attracting attention as a cause of acute coronary syn-
drome. Acute coronary syndrome often results from rup-
ture of a modestly stenotic vulnerable plaque, not visible
by conventional CAG.21 Consequently, for diagnosis and
analysis of CAD, it is necessary to detect not only the
significant stenosis, but also the characteristics of the
nonstenosed vessels and the vascular lumen. Schroeder et
al.22 reported that less invasive CTCA showed good
diagnostic accuracy with regard to lesion detection and
quantification compared to intracoronary ultrasound as a
gold standard for in vivo plaque detection. We did not
examine coronary lesions, such as plaques, in the present
study. However, it is expected that by developing the
detection and display of coronary lesions, in addition to
assessment of the anatomical path of the coronary arteries
and the diameters of vessels, it will become possible to
perform a more physiological assessment of the myocar-
dium, which could not be obtained from CAG alone.

The present study had several limitations. First, the
number of subjects studied was small (12 patients). Satis-
factory results were obtained in all patients in whom
three-dimensional fusion was performed. However, we
did not examine patients with a broad perfusion defect or
patients with multivessel disease. For such cases, we
should validate registration accuracy using non-gated
SPECT instead of gated SPECT. It is important to validate
the clinical diagnostic efficiency of this technique in a
larger cohort of patients. We also should apply this
technique not to rest SPECT but stress SPECT MPI.
Second, in this study the coronary arterial structure was
manually extracted by an operator from the CTCA, which
was time consuming. Volume and surface rendering tech-
niques are conventionally used for three-dimensional
reconstruction, and their reproducibility and processing
speed are high. However, the diameters of the coronary
arteries are very small, and they are tortuous. Moreover,
the LV cavity and the coronary sinus, which are strongly
enhanced, are adjacent to the coronary arteries. Therefore,
with these techniques, which use CT values, it is difficult
to project images of the coronary arteries with sufficient
length and to obtain images of fine branches. In the near
future, the development of new automatic reconstruction
methods, which utilize artificial intelligence or a priori
knowledge database, will make it possible to perform a

more objective and reproducible assessment. However, at
present, we considered that the best technique was to have
an operator manually define the coronary arteries, even
though it was time consuming.

Recently, assessments of the LV regional wall motion
and wall contractility are commonly performed using
gated SPECT. Many papers have reported that ECG-
gating may improve the accuracy of diagnosis of
CAD.14,23–25 In the future, we plan to develop an inte-
grated approach that includes functional imaging such as
analysis of LV regional wall motion.

In conclusion, we have developed a new application for
three-dimensional registration of myocardial SPECT and
CTCA data. This approach enables us to perform three-
dimensional fusion of data from different sources and thus
facilities observation of integrated physiological infor-
mation (myocardial perfusion) and anatomical informa-
tion of the coronary arteries. This fusion technique was
less distorted than conventionally reported techniques.
We propose to use this procedure with a larger number of
patients in order to evaluate its diagnostic efficiency.
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