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SUMMARY
Objective: The aim of this study is to determine the diagnostic value of myocardial perfusion
SPECT (MPSPECT) images in patients with complete left bundle branch block (LBBB) and left
ventricular (LV) dilatation.
Method: 25 patients (16 female and 9 male whose mean age 68.2 = 7) with complete LBBB and
LVdilatation have been included in this study. 17 patients who have no typical scintigraphic
perfusion abnormality have been evaluated as a control group. LV was divided into segments on
the apical, mid and basal short-axis images, and visual perfusion scoring was performed on 1248
segments. Perfusion defects were classified as fixed or reversible. All demographic data and the
ejection fraction (EF) values of patients were expressed as average standard deviation. The relation
between myocardial perfusion and coronary angiography (CAG) results were evaluated.
Results: In 25 patients who had coronary angiography, the positive diagnostic value of
MPSPECT for left anterior descending coronary artery (LAD) stenosis was 36%, for left
circumflex coronary artery (LCx) stenosis was 43%, and for right coronary artery (RCA) stenosis
was 16%. Specificity values were 36%, 82% and 13% respectively.
Conclusion: Pharmacologic stress-rest MPSPECT imaging with dipyridamole in the same day
increases diagnostic accuracy for detection of coronary artery disease (CAD) in patients with
LBBB and LV dilatation. It should be considered that false positive ischemic results detected in
RCA areas except for LAD areas in these patients also.

Keywords: Left bundle branch block, Left ventricular dilatation, T1-201, Tc-99m, MIBI, SPECT,
dipyridamole

CM] Cumhuriyet Medical Journal



INTRODUCTION

Complete left bundle branch block
(LBBB) is a defect of conduction system
in heart for which the incidence increases
with age. Male sex, advanced age (>65
years), hypertension (HT) and diabetes
mellitus (DM) are major risk factors for
LBBB™. In hearts with LBBB, the left ven-
tricle (LV) walls could not contract simul-
taneously, leading to an increase in systolic
and decrease in diastolic periods. Previous
studies have showed a significant associa-
tion between LBBB and coronary artery
disease (CAD) and hypertensive heart
disease’. Myocardial perfusion scintigra-
phy is a valid noninvasive method used for
the evaluation of CAD, especially in cases
with no diagnostic electrocardiographic
changes such as LBBB. In these patients,
vasodilator stress imaging is preferred to
the exercise imaging for establishing CAD
in LBBB pattern®. There is often high
prevalence of perfusion abnormality espe-
cially in anteroseptal area in patients with
LBBB even in the absence of CAD or se-
vere left anterior descending coronary
artery (LAD) occlusion. Thus, although
having an advanced technology, noninva-
sive evaluation of LAD pathologies in
patients with LBBB continues to be an
important problem for nuclear cardiology”.

The aim of this study was to assess the
diagnostic accuracy of MPSPECT imaging
for right coronary artery areas in patients
with LBBB and LV dilatation and also to
define the causes of possible measures for
false positive results.

MATERIAL AND METHODS
A total of 25 patients (16 female and 9
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male) with a mean age of 68.2 £ 7 years
(range, 55-84 years) and in whom electro-
cardiography shows LBBB and MPSPECT
imaging shows LV dilatation were includ-
ed in the study. Control group included 17
patients (10 female and 7 male) with a
mean age of 50.9 + 9 years (range, 46-56
years) and in whom no scintigraphic perfu-
sion anomaly was found after MPSPECT
imaging. Treadmill and physical stress
were applied to additional 9 TI-201-used
patients (53%) and to 8 Tc-99m MIBI-used
patients (47%). Coronary angiography
(CAG) was performed only one patient in
the control group and showed no signifi-
cant stenosis in coronary arteries.

Pixel area and average counting were cal-
culated by determining relevant area in
heart and lung at anterior position on each
MPSPECT projection imaging in both
control and patient groups. LV areas were
determined in stress and resting studies in
the control group, with a mean value of
145.4 £ 19 pixel and 168.3 + 33 pixel for
stress and resting studies, respectively.

After the measurement performed by de-
termining the relevant area in MPSPECT
images showing LV dilatation, LBBB pa-
tients with a LV area higher than 250 pix-
els (72.7 cm?, in 64 x 64 matrix, 1.8 zoom
parameter; 1 pixel is 0.053 cm2.) were
included in the study® °. LV areas of these
patients in stress and resting studies were
328.4 + 78 pixel and 344 + 89 pixel for
stress (n=23) and resting (n=25) studies,
respectively.

All of the patients had a CAG which was
performed by using standard percutaneous
techniques within the last two weeks. A
stenosis >50% in diameter was considered
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as significant coronary artery stenosis.
MPSPECT results were compared with
CAG results.

Echocardiography results were available
for 21 of 25 patients (84%), which showed
a low global ejection fraction (EF) values
(34.4% + 7). None of the patients had ex-
perienced a myocardial infarction (MI)
previously. Twelve patients (48%) report-
ed a previous diagnosis of dilated cardio-
myopathy (DCMP) (Echocardiography
results showed DCMP with an EF of
<45%, enlargement in all cardiac cavities,
wall thinning and congestive cardiac fail-
ure findings). Of these patients with
DCMP, 5 (41.6%) had ischemic DCMP
and 7 (58.4%) had non-ischemic DCMP.

Of the 25 patients, 15 (60%) had a previ-
ous diagnosis of HT and 7 (28%) had a
previous diagnosis of HT and type 2 DM,
while 3 patients (12%) had no history of
HT or DM.

Approximately 111 MBq of sterile Thalli-
um Chloride (TI-201, Mon-Talyum-201,
Monrol Nuclear Products Industry Com-
merce Incorporated Company, Turkey)
was quantified on a dose calibrator
(AtomLab 100/Biodex Medical System,
U.S.) and injected intravenously to all pa-
tients undergoing TI1-201 MPSPECT. No
preparation is needed for TI-201 which is a
kind of cyclotron product.

Technetium-99m sestamibi (methoxy iso-
butyl isonitrile, MIBI), Unit Dose Cardio
Spect® kit (Medi-Radiopharma Limited
Company, Budapest, Hungary) was used in
all patients undergoing Tc-99m MIBI
MPSPECT by preparing a sterile, nearly 2-
3 ml of 1110 MBq non-pyretogen sodium
pertechnetate Tc-99m solution. The vial
ingredient was kept in boiling water for 10
minutes and left to get cold in room tem-
perature. Radiochemical purity was as-
sessed by paper chromatography and dos-
ages which have only >90% binding per-
centage were administered to the patients
within 6 hour after preparation. Pharmaco-
logical stress was induced by dipyridamol
in 4 patients (16%) in whom TI-201 was
used and in 5 patients (20%) in whom Tc-
99 m MIBI was used. Treadmill and physi-
cal stress were applied to additional 11 TI-
201-used patients (44%) and to 5 Tc-99m
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MIBI-used patients (20%). Dipyridamole
was applied intravenously in 4 minutes and
with a dose rate of 0.142 mg/kg/min. Ra-
diopharmasotic was injected intravenously
in 7 minutes followed by SPECT imaging
after 10 minutes for stress study and a rest-
ing imaging 3 h after the stress imaging.
Tc-99m MIBI imaging was performed on
the same day by using resting-stress
SPECT protocol’.

SPECT data was stored in a dual head
gamma camera: model; ECAM-5500 and
manufactured year; 1996 (Toshiba Corpo-
ration, Japan). Topographic slices were
created by filtered back-projection method
and without using attenuation correction.
Short axis, horizontal and wvertical long
axis images and polar maps were obtained
from synchronous transaxial slices by pro-
cessing the projection images. The same
processes were used for stress and resting
SPECT images.

Perfusion in “anterior, anterolateral, lat-
eral, inferorolateral, inferior, inferoseptal,
septum and anteroseptal” walls on LV
apical, mid and basal short axis images and
“ apical, anterior and apical inferior” walls
on mid vertical long axis images were
observed visually by using *“ 26 segment-5
grade perfusion scoring” (Picture 1). A
perfusion score of O indicates that there is
no perfusion defect, 1 indicates minimally
reduced perfusion, 2 indicates moderately
reduced perfusion, 3 indicates severely
reduced perfusion and 4 indicates that
there is no perfusion. In this scoring sys-
tem, a score of 0-1 was considered as nor-
mal perfusion and 2-4 was considered as
abnormal perfusion® ® °. According to the
arterial sites, apical anterior, apical inferi-
or, septal, anteroseptal, anterior and anter-
olateral segments (segment 1, 2, 7, 8, 9, 10,
15, 16, 17, 18, 23, 24, 25 and 26) represent
LAD; lateral and inferolateral segments
(segment 3, 4, 11, 12, 19 and 20) represent
lateral circumflex artery (LCx); and inferi-
or and inferoseptal segments (segment 5, 6,
13, 14, 21 and 22) represent right coronary
artery (RCA)™.

Statistical analysis

All demographical data of patients and EF
values were expressed as meantstandard
deviation. Perfusion scores obtained in
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every segment on LV during stress
MPSPECT studies were compared with
those obtained in resting MPSPECT stud-
ies and the differences between the images
were analyzed. The rates of increase and
decrease in segmental perfusion were cal-
culated separately according to the arterial
locations in every study. Significance of
the difference in the heart-lung rates was
analyzed between the patient and control
groups. Patient data were evaluated by
using “SPSS for Windows” statistical pro-
gram and accuracy values were calculated.

RESULTS

The patients included into the study were
categorized according to their vessel loca-
tions in which coronary stenosis were ob-
served on CAG. There was a significant
(>50%) coronary artery stenosis in any one
of the three main coronary arteries in 9
patients (36%). There were three vascular
diseases in one patient and two vascular
diseases in six patients and a single vascu-
lar disease in two patients. Clinical and
angiographic data of all patients is shown
in Table 1.

Myocardial perfusion scintigraphy
(MPSPECT). LV dilatation was present on
MPSPECT images of all patients. In the
stress period SPECT images, abnormal
perfusion (perfusion defect) was seen in
76% of the coronary arterial locations.
With regard to the arterial location, of the
perfusion defects, 43.4% (30.1% reversible
and 13.2% irreversible) was in LAD area,
13.2% (9.4% reversible and 3.7% irre-
versible) was in LCx area and 43.4%
(18.8% reversible and 24.5% irreversible)
was in RCA area.

There were 650 segments (n=25) in the
first imaging and 598 segments in the sec-
ond imaging, with analyzing a total of
1248 segments (Only two patients had no
second image).

Of the segments analyzed in the first imag-
ing, 63% showed a perfusion defect (seg-
ments with a perfusion score of 2-4) and
37% showed a normal perfusion (segments
with a perfusion score of 0-1).

Reversibility was evaluated in a total of
1196 segments of 23 patients and perfusion
defect on stress imaging was found in 226
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of these segments (those with a perfusion
score of 2-4), of which 41% showed a total
reversibility in resting imaging (segments
with a perfusion score of 2—0, 2—1 and
3—1). Partial reversibility was seen in
37% of segments in which perfusion defect
was found in stress period (segments with
a perfusion score of3— 2, 4—2 and 4—3).
On the other hand, reverse perfusion was
found in 11% of the segments (segments
with a perfusion score of 1—2, 2—3 and
3—4),

When segment scores were separately
evaluated according to the arterial location,
of a total of 644 segments (n=23) in LAD
area, 136 segments showed a perfusion
defect in stress imaging (segments with a
perfusion score of 2-4). Total reversibility,
partial reversibility and reverse perfusion
were found in 47% (segments with a per-
fusion score of 2—0, 2—1, and 3—1),
33.08% (segments with a perfusion score
of 3—2 and 4—3) and 13% (segments
with a perfusion score of 1—2 and 2—3)
of these segments, respectively.

When 31 segments -in which perfusion
change was determined on stress period-
among a total of 276 segments in LCx area
was evaluated, total reversibility, partial
reversibility and reverse perfusion was
found in resting period in 22%, 12% and
12% of the segments, respectively.

When 59 segments -in which perfusion
change was determined on stress period-
among a total of 276 segments in RCA
area was evaluated, total reversibility, par-
tial reversibility and reverse perfusion was
found in resting period in 35%, 59% and
5% of the segments, respectively.

Visual evaluation of coronary artery area
showed sensitivity, specificity and accura-
cy values as follows: when three arterial
locations (LAD, LCx and RCA) were
evaluated together, the sensitivity was
100%, specificity was 31%, negative pre-
dictive value (NPV) was 100%, positive
predictive value (PPV) was 28%, false
positive rate was 69%, false negative rate
was 0%, diagnostic value was 45% and
accuracy was 45%.

There was a significant correlation be-
tween the heart/lung (H/L) rate obtained in
the stress and resting periods in 23 patients
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(p<0.05). There was a significant differ-
ence between the stress and resting H/L
rates on T1-201 MPSPECT obtained from
these patients and from those without
DCMP. All other comparisons gave statis-
tically insignificant results. The stress and
resting H/L rates on T1-201 MPSPECT in
patients and controls were significantly
different (p<0.05) (Table 2).

Projection, short axis and vertical long axis
images of the Patient 24 who had signifi-
cant coronary stenosis at CAG, LAD and
LCx are shown on Picture 2. As seen on
the picture, LV is dilated. Hypo-perfusions
are seen as true positive (TP) in anterosep-
tal and inferolateral area and as false posi-
tive (FP) in inferior area. Apical inferior
area in mid-vertical long axis is hypo-
perfused.

Projection, short axis and vertical long axis
images of the Patient 25 who had no sig-
nificant coronary stenosis at CAG are
shown on Picture 3. Both ventricles are
seen as to be dilated. Although hypoperfu-
sion was determined as FP in anteroseptal
and inferoseptal area, apical perfusion was
preserved in mid-vertical long axis.

DISCUSSION

Noninvasive evaluation of LAD patholo-
gies in patients with LBBB continues to be
an important problem for cardiology.
Among different protocols, intravenous
dipyridamole or adenosine TI-201 imagin-
ing should be considered as reliable alter-
natives to the exercise protocol. Because, it
increases the diagnostic accuracy of LAD
stenosis associated with anterior, septal or
apical ischemia in patients with LBBB.
Some authors have suggested that because
of reducing the incidence of FP septal per-
fusion abnormalities, Tc-99 MIBI SPECT
may be more specific than TI-201'. Rela-
tion between the wall thickness, wall
thickening, wall motion and SPECT find-
ings in determining M1 has not been evalu-
ated systemically in a clinical condition.
Especially, even if leading to FP results,
non-ischemic regional wall motion abnor-
malities and reduced wall thickness can
lead to uncertainty in determination of
infarct on SPECT images*!. There are dif-
ferent results in the literature about the
decrease in septal involvement in LBBB
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on TI-201 images, varying from 14% to
100%">*.

Noninvasive diagnosis of CAD is very
important for patients with the finding of
LBBB on resting electrocardiogram. Diag-
nostic tests based on exercise make the
diagnosis to be difficult because of chang-
ing electrophysiology. Moreover, myocar-
dial perfusion imaging leads to FP results
in nuclear stress laboratory. Several mech-
anisms have been suggested to explain the
marked hypoperfusion found in LBBB
patients on myocardial perfusion imaging
are the actual decrease in septal perfusion
due to decreased radionuclide uptake, the
decreased septal thickening in resting peri-
od, and the inadequacy of the septum to be
thickened in the stress period compared to
the other segments. Thus, each unit volume
number decreases relatively™.

It is known that FP reversible perfusion
defects occur on MSPECT in anteroseptal
wall and/or septum in 80% of the LBBB
patients without CAD™ *®. We have evalu-
ated diagnostic accuracy of MPSPECT
imaging in our study which was carried out
in patients with an electrocardiogram
showing stable LBBB and LV dilatation.
The rate of FP reversible perfusion defect
was found as 56.5% for LAD area in our
study.

Even though it is stated in previous studies
that Tc-99m MIBI in MPSPECT study is
more specific than TI-201", it is now con-
sidered that the type of radiopharmaceuti-
cal agent is less important in patients with
LBBB. Stress technique used in these pa-
tients is more important™. In our study,
sensitivity and specificity values obtained
for Tc-99m MIBI and TI-201 in
MPSPECT are similar, with being slightly
higher for Tc-99m MIBI.

Dipyridamole is used in determining myo-
cardial perfusion defects in patients with
LBBB and is practical and clinically useful
compared to the treadmill physical exer-
cise. It has been found that FP rates of
septal defects in determining CAD in pa-
tients with LBBB is significantly low in
dipyridamole or adenosine imaging. Vaso-
dilator stress imaging should be preferred
to exercise imaging in these patients to
determine the CAD in LBBB pattern®. It is
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stated in literature that FP for anteroseptal
perfusion defects will decrease with using
a pharmacologic agent such as dipyr-
idamole instead of physical exercise. Simi-
larly, in our study, a low rate of FP re-
versible defects was determined in patients
on whom dipyridamole pharmacological
stress and MPSPECT imaging were used.

Significantly increased H/L rate will be the
most important determinant of cardiac
events in the future. As it is also present in
TI1-201 treadmill exercise images, in-
creased lung involvement is the functional
determinant of significant CAD* %°. The
analysis of projection data of patients on
whom MPSPECT imaging was performed
gave similar results. Namely, statistically
significant difference was found between
H/L rates obtained ruing stress and resting
periods in patients in whom TI-201 radio-
pharmaceutical agent was used (p<0.05).

It was suggested that in LAD area (anteri-
or, anteroseptal and septal walls), CAG
should be done only in patients with LBBB
who have a reversible defect in comparison
to to those with a stable defect. On the
other hand, patients who have a stable or
reversible defect in LCx and RCA area
should be evaluated together with other
clinical parameters (such as global LV EF
and width of perfusion defect)?. Similarly,
FP reversible effects were observed in
patients with LBBB who did not have
CAD in our study. Interestingly, FP perfu-
sion defects were seen in RCA area in
addition to LAD area, which may be relat-
ed to the presence of LV dilatation in pa-
tients with LBBB. MPSPECT FP results
for the RCA areas is not specified in pa-
tients with LBBB and LV dilatation in the
research literature. Analysis of end-
diastolic SPECT images can help decreas-
ing the FP results.

Absence of an apical defect is a specific
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finding for eliminating the LAD disease.
Reversible defects in anteroseptal area and
apex are reliable indicators for ischemia in
LAD distribution (4). There are also some
other studies supporting these findings®.
Similarly, perfusion defect also was not
found in apical segment in vertical long
axis incision of patients with LBBB who
has FP perfusion defects.

Because there are strict inclusion criteria
(LBBB patients who have LV dilatation
and whose CAG was present), there is a
relatively low number of patients. Addi-
tionally, because of technical limitations,
Gated MSPECT could not be performed,
so perfusion images and LV wall motions
were not evaluated together. Future clinical
studies including more patients are needed
to evaluate the role of MPSPECT in detail
in determining the myocardial perfusion
defects in LBBB patients with LV dilata-
tion.

In conclusion; in our study, although sensi-
tivity and specifity values in determining
CAD in LBBB patients with LV dilatation
were similar for TI-201 and MIBI applica-
tions, it has been found that diagnostic
accuracy rate for Tc-99m MIBI is higher.
With dipyridamole pharmacological stress
and Tc-99m MIBI MPSPECT imaging,
rate of perfusion defects in LAD and RCA
is lower in comparison to other imaging
protocols. We think that application of
dipyridamole and pharmacological stress
test in determining CAD with resting-
stress Tc-99 m MIBI MPSPECT imaging
protocol on the same day would increase
diagnostic accuracy in LBBB patients with
LV dilatation. FP perfusion defect in RCA
in addition to LAD can be seen in patients
who is thought or suspected to have
LBBB, LV dilatation and DCMP. Evalua-
tion of the apical area from vertical long
axis incision should not be missed.
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Table 1: Clinical data of all patients with LBBB, CAG and MPSPECT results.

Patient
1

w

10

11

12

13

14

15

17

18

19

20

21

22

23

24

25

Age
(years)

59
64
60
55
60
63

55

80

69

63

62

80

64

72

84

76

76

75

65

68

66

75

71

75

Sex

n

n

= ™

-

DCMP

DCMP

DCMP

DCMP

DCMP

DCMP
DCMP

DCMP
DCMP

DCMP

DCMP

DCMP

HT

HT

HT

HT

HT

HT

HT

HT

HT

HT

HT

HT

HT

HT

HT

HT

HT

HT

HT

HT

HT

HT

DM

DM

DM

DM

DM

DM

DM

Coronary Angiography

ECHO LAD
(%) (%)
44 N
44 70
34 N
26 20
4 90
38 80
N
38 100
24 N
25 N
35 N
22 70
36 N
N
33 N
37 100
N
26 N
35 70
25 100
34 30
33 N
40 N
80
52 30

LCx RCA
(%) (%)
N N
40 60
N N
N N
70 100
N 70
N N
N 70
N N
N N
N N
N 60
N N
N N
N N
N N
N N
N N
N 30
100 N
40 N
N N
N N
90 N
N 30

Table 2: Correlation of stress and resting Heart/Lung activity rates.

Stress all group vs. Resting all group

TI-201 Stress vs. TI1-201 Resting
TI-201 DCMP Stress vs. TI-201 DCMP Resting

TI1-201 Non-DCMP Stress vs. T1-201 Non-DCMP

Resting

MIBI Stress vs. MIBI Resting

DCMP Stress vs. DCMP Resting

Non-DCMP Stress vs. Non-DCMP Resting

n
23
15
8

7

8
10
13

MPSPECT
LAD
RF Area
TI-
201 FPr
MIBI  TPr
MIBI  FP.
MIBI
. FPr
(dip)
MIBI
. TPr
(dip)
MIBI
. TPr
(dip)
TI-
201 TPir
(dlip)
TI- .
201 TPir
TI-
201 FPr
TI-
201 FPr
MIBI
. FPr
(dip)
MIBI TP
TI-
201 FPr
(dip)
TI-
201 FPir
(dip)
MIBI  FPir
TI- .
201 TPir
TI-
201 FPr
(dip)
TI-
201 FPr
MIBI
. TPr
(dllp)
TI- .
201 TPir
TI-
201 FPr
TI-
201 FPr
TI-
201 FPr
TI-
201 TPr
MIBI  FPir
r
0.73
0.44
0.09
0.92
0.95
0.10
0.95

Lcx
Area

FPr

TN
TN

TN
TPr

FPr

TN

TN
TN
TN

FPr
N

TN

TN
TN
FPir

TN

TN
TN
TPir
TN
TN
TN

TPr
TN

p
0.001

0.094
0.819

0.003

0.001
0.783
0.001

201

RCA
Area

FPr

TPr
FP.

FPr
TPir

TPir

FPr

TPir
FPr
FPr

FPr
FP.

FPir

FPir
FPir
FPir

FPr

FPr

FPir
FPir
FPir
FPir
FPir

FPr
FPir

TI-201: Thallium-201, MIBI: Technetium-99 m Sestamibi, DCMP: Dilated Cardiomyopathy
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midapical

1-apical anterior
2-apic al anterolateral
3-apical lateral
4-gpical inferalateral
5-apical inferior
é-apic al inferoceptal
7-apic al ceptal

8-apic al anteroceptal

9-mid anterior
10-mid anterolateral
11-mid lateral
12-mid inferolateral
13-mid inferior
14-mid inferoceptal
15-mid ceptal
16-mid anteroceptal

basal

short axis middle

vertical long axis

17-basal anterior 25-apeks anterior
18-basal anterolateral 26-apeks inferior
19-basal lateral

20-basal inferolateral

21-bosal inferior

22-basal inferoceptal

23-basalceptal

24-basal anteroceptal

202

Figurel: Perfusion scoring on LV apical, mid and basal short axis and mid vertical long axis

slices.

H1l

Figure 2: Projection, short axis and vertical long axis images of patient numbered 24.
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Figure 3: Projection, short axis and vertical long axis images of patient numbered 25.
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