CY

132

MB

CY

MB

Research Article

High accuracy of myocardial perfusion imaging
in patients with left bundle branch block:
comparison of four interpretation approaches
Abstract
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Although myocardial perfusion imaging (MPI) with pharmacologic stress is the standard method for
screening coronary artery disease (CAD) in patients with left bundle branch block (LBBB), controversies remain about its correct interpretation. We sought the best interpretation approach in these patients to achieve higher accuracy. Forty-two patients with LBBB underwent MPI with dipyridamole
stress and the criteria for positive results with four patterns of interpretation were as follows: Pattern
A: any reversible or irreversible perfusion abnormality in the myocardium irrespective of the location
or extension was considered positive. Pattern B: any reversible or irreversible perfusion abnormalities
except in the septal/anteroseptal region were defined as positive. Pattern C: in the absence of fixed
LV cavity dilatation, the scan was interpreted the same as pattern A, while in the presence of fixed LV
cavity dilatation, only the abnormalities outside the LAD territory was defined as positive. Pattern D:
as in pattern C, except that in the absence of fixed LV cavity dilatation, the scan was read according to
pattern B. For all patients, the angiographic results were considered as gold standard of CAD diagnosis. Our results showed that the false positive rate of MPI in patients with fixed LV dilatation was 50%,
while in cases with normal LV size or transient dilatation, was 38.5%. This difference was more prominent in the female patients. The accuracy for screening CAD for patterns A, B, C and D were 57%,
62%, 69% and 69%, respectively. Pattern D was the better approach in female cases and patients
with fixed septal/anteroseptal defects. In conclusion, a) In the male population without fixed defects
in the septal/anteroseptal region, the specificity and accuracy are high in all patterns and the pattern
of reading does not significantly influence the diagnostic value of MPI for CAD screening. b) In LBBB
patients, fixed defects limited to the septal/anteroseptal region should be considered a significant
finding only when LV cavity is not dilated.
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ince left bundle branch block (LBBB) may be accompanied with ischemic heart disease
(IHD) and hypertension, diagnosis of coronary artery disease (CAD) in LBBB patients is
important [1]. In LBBB patients the exercise stress test is inconclusive [2] so an alternative non-invasive method, myocardial perfusion imaging (MPI) is being used for screening
purposes [2-4]. Although pharmacologic stress is the preferred method for MPI [5], various
false positive test results mainly in the septal wall have been reported with this method [2,
4-6], indicating, false hypoperfusion of the septal wall. On the other hands angiography as a
gold standard may not be used routinely in these patients because of its relatively high cost
and possible complications. Many MPI studies with pharmacologic stress have reported paradoxical results for the diagnosis of ischemia in patients with LBBB, probably due to different radiotracers, different methods used or to nuclear physicians interpretation [7, 8]. In
some of these studies, any decrease in myocardial perfusion regardless its severity or extent
has been considered positive [2, 9], while in other studies, decreased perfusion in the territory of left anterior descending (LAD) artery is deemed as positive only in the presence of special conditions such as the reversibility or the extension of the defects to the apex or to other
LV walls [6, 7, 10-12]. The aim of this study was to assess the value of different patterns of MPI
interpretation in patients with LBBB. Finding the best interpretation pattern may enhance
the accuracy of MPI in the diagnosis of CAD in this group of patients.
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years, with LBBB and clinical suspicion of IHD were enrolled in
this prospective study. The inclusion criteria were: LBBB pattern on the electrocardiogram (ECG) along with intermediate
pre-test probability for CAD based on gender, risk factors and
cardiac complaints, including typical or atypical chest pain,
exertional dyspnea, palpitation and easy fatigability [13]. Patients with history of asthma, chronic obstructive pulmonary
disease, high degree of the atrio-ventricular block and allergy
to dipyridamole were excluded from the study. Following approval from the Medical Ethics Committee of our University,
written informed consent was obtained from all patients.

Image acquisition
For MPI the patients were instructed to fast for at least 4h before the study. All β-blocking medications, diltiazem and verapamil were stopped 48h before the stress phase. Also caffeine containing drugs and foods and long-acting aminophylline were discontinued for at least 24h. A commercial sestamibi kit (AEOI, Tehran, Iran) was used and the labeling and
quality control procedures were performed according to the
manufacturer’s instructions. A dose of 666-814MBq was given
4min following the standard pharmacological stress with intravenous injection of 0.56mg/kg dipyridamole over a 4min
period. In the presence of dipyridamole side effects such as
vertigo, chest pain, headache and electrocardiography
changes, 250mg aminophylline was slowly injected intravenously 5min after radiotracer injection. Single photon emission tomography (SPET) with standard acquisition protocol
was performed about 60min after radiotracer injection, using
a rotating, dual head gamma camera (Solus, ADAC, Milpitas,
CA) equipped with a low-energy high resolution parallel hole
collimator. A 15% window around the 140keV energy peak of
99m
Tc-sestamibi was used. Patients were in supine position
during the image acquisition. Thirty-two azimuth images,
30s/projection, were obtained in a 180-degree circular orbit,
beginning from 45 degrees right anterior oblique to 135 degrees left posterior oblique with step and shoot acquisition
on a 64×64×16 matrix and 38.5cm detector mask (1.22 zoom).
Rest images were obtained in the following day using the
same imaging protocol. No attenuation correction was carried out in the imaging process.

less than 1.2, and Group (b): normal LV cavity size with chamber size equal or less than 90mL in stress or rest phases or
transient LV cavity dilatation with stress to rest phase LV
chamber size more than 1.2. The perfusion defects and corresponding reversibility were graded on a 5-point scale (0: normal, 1: complete reversible, 2: partial reversible, 3: fixed decreased and 4: fixed absent perfusion). Another classification
to Groups I and II was carried out based upon the presence or
absence of fixed defect(s) (grade 3 and 4) in the septal/anteroseptal region of the myocardium. Standard coronary artery
regions were used to assign each perfusion abnormality to a
major coronary artery [14]. MPI was interpreted by three expert nuclear physicians according to the following four patterns of interpretation (Fig. 1); Pattern A: any reversible or irreversible perfusion abnormality in the myocardium irrespective of the location or extension was considered positive. Pattern B: any reversible or irreversible perfusion abnormalities
except in the septal/anteroseptal region were defined as positive. Pattern C: without fixed LV cavity dilatation (Fig. 1, pattern C, Group b), the scan was interpreted the same as in pattern A, while in the presence of fixed LV cavity dilatation, only
the abnormalities outside the LAD territory was defined as
positive (Fig. 1, pattern C, Group a). Pattern D: without fixed LV
cavity dilatation, the scan was interpreted as in pattern B
while in the presence of fixed LV cavity dilatation, the scan
was read as in pattern C Group a (Fig. 1).

Image analyses and interpretation
Reconstruction of the images was carried out by Pegasys software (ADAC system). An expert nuclear physician used the
cine-display of the rotating planar projections to assess subdiaphragmatic activities, attenuations and patient motion to
optimize the technical quality of the images. The raw data
were prefiltered by ramp and subsequently by Butterworth
filters with frequency cut-off of 0.45 and order of 9. Also the
data were quantitatively processed using Auto-QUANT software package (Cedars-Sinai Medical Center) and left ventricular (LV) chamber size was measured. Regarding the LV chamber size, the patients were classified into two groups; group
(a): fixed LV cavity dilatation with chamber size more than
90mL in both stress and rest phases with stress to rest ratio
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Figure 1. Four different patterns for interpretation of myocardial perfusion
findings in left bundle branch block patients. The shaded regions are
positive areas of interest for the interpretation of perfusion defects. The
perfusion abnormalities in non-shaded areas are not included in the final
interpretation with the corresponding pattern of scan reading (Group (a):
myocardium with fixed LV dilatation; Group (b): myocardium without fixed
LV dilatation).

MPI results were recorded separately according to all four
interpretation patterns. To accomplish unbiased interpretation, the sessions for scan reading with different patterns
were at least one week apart. Final diagnosis was reached by
consensus. The nuclear physicians were unaware of the angi-
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ographic findings and of previous diagnoses. All patients underwent coronary angiography by the referring cardiologist
within a maximum 6 months interval after MPI and the findings were reported by consensus of two expert cardiologists
who were unaware of the MPI results. Significant CAD was defined as at least 50% stenosis in one or more main coronary
arteries or their major branches. Patients who did not undergo coronary angiography during this 6 months period were
excluded from the study. The MPI results for each pattern of
interpretation were compared to coronary angiography being the gold standard.

Statistical analyses
SPSS software (11.5) was used for data analysis. The “false positive ratio” (FPR) was defined as a fraction of patients with
positive MPI and negative angiography among all or special
group of cases. As well, the proportional frequency of patients with negative MPI and positive angiography was described as “false negative ratio” (FNR). The sensitivity, specificity, positive predictive value (PPV), negative predictive value
(NPV) and accuracy were calculated based on each pattern of
interpretation. Cochran Q test was used for comparison of related proportions (sensitivity and specificity) obtained with
different patterns of interpretation. Also Chi square and twosided Fisher exact tests were applied to compare the results
of unpaired subgroups of the patients. A P value of less than
0.05 was considered statistically significant for all analyses.

Results
Out of 42 patients, seventeen (40.5%) had abnormal coronary
angiography, while 25 (59.5%) patients showed normal coronary arteries. Twelve cases (28.6% of all cases or 70.5% of patients with CAD) showed significant stenosis of the LAD artery or one of its major branches. On myocardial perfusion
images, 35/42 patients (83.3%) showed perfusion abnormalities in the myocardium and 7 patients showed normal MPI.
Eight of the 35 cases showed reversible abnormalities, 17/35
showed irreversible fixed defects in the septal/antrioseptal regions with or without extension beyond this area and only
10/35 cases showed perfusion abnormalities limited to the areas outside the septal/antrioseptal regions (inferior/lateral/anterior/apical walls).
Considering any perfusion abnormalities in the entire myocardium as a positive result (Pattern A), 18 patients had negative angiography with positive MPI, leading to a total FPR of
42.9% among all patients (18/42) while no case showed positive angiography with negative MPI that means FNR of 0%
and sensitivity of 100% for pattern A. The sensitivity, specificity, PPV and NPV of MPI for diagnosis of CAD based on different interpretation patterns in all cases and the difference between subgroups of patients based on gender are summarized in Table 1.
Among patients with no perfusion defects in the septal/
anteroseptal region (17 cases), 7 had positive angiography of

Table 1. Comparison of different patterns of MPI interpretation in our male and female patients concerning the sensitivity, specificity,
PPV and NPV for diagnosis of CAD based on angiographic results as gold standard.
Interpretation
pattern of MPI

Pattern A

Pattern B

Pattern C

Pattern D

Significance of difference between patterns

Diagnostic value
parameters

Total
(42 cases)

Male patients
(19 cases)

Female patients
(23 cases)

Significance of difference
between male and female
subgroups

Sensitivity

100.0% (17/17)

100.0% (13/13)

100.0% (4/4)

P=1.000 NS*

Specificity

28.0% (7/25)

66.7% (4/6)

15.8% (3/19)

P=0.032

PPV

48.6% (17/35)

86.7% (13/15)

20.0% (4/20)

P<0.0001

NPV

100.0% (7/7)

100.0% (4/4)

100.0% (3/3)

P=1.000 NS*

Sensitivity

82.4% (14/17)

76.9% (10/13)

100.0% (4/4)

P=0.541 NS*

Specificity

48.0% (12/25)

100.0% (6/6)

31.6% (6/19)

P=0.005

PPV

51.9% (14/27)

100% (10/10)

23.5% (4/17)

P<0.0001

NPV

80.0% (12/15)

66.7% (6/9)

100.0% (6/6)

P=0.229 NS*

Sensitivity

100.0% (17/17)

100.0% (13/13)

100.0% (4/4)

P=1.000 NS*

Specificity

48.0% (12/25)

83.3% (5/6)

36.8% (7/19)

P=0.073 NS*

PPV

56.7% (17/30)

92.9% (13/14)

25.0% (4/16)

P<0.0001

NPV

100.0% (12/12)

100.0% (5/5)

100.0% (7/7)

P=1.000 NS*

Sensitivity

88.2% (15/17)

84.6% (11/13)

100.0% (4/4)

P=1.000 NS*

Specificity

56.0% (14/25)

83.3% (5/6)

47.4% (9/19)

P=0.180 NS*

PPV

57.7% (15/26)

91.7% (11/12)

28.6% (4/14)

P<0.0001

NPV
Sensitivity
Specificity

87.5% (14/16)
P=0.061 NS*
P=0.011

71.4% (5/7)
P=0.061 NS*
P=0.261 NS*

100.0% (9/9)
P=1.000 NS*
P=0.021

P=0.175 NS*

*

NS: Not significant, MPI: myocardial perfusion imaging, PPV: positive predictive value, NPV: negative predictive value
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whom all showed perfusion defects outside the septal/anteroseptal region, while 3 patients showed normal angiography
in the presence of perfusion defects outside the septal/anteroseptal region. FPR and FNR were 17.6% (3/17) and 0%, respectively. Out of the 25 patients with perfusion defect(s) (17
fixed and 8 reversible defects) in the septal/anteroseptal region with or without extension, only 10 patients had positive
angiography: 60% (15/25) FPR. Comparing FPR between the
two groups of patients with and without defects in septal/anteroseptal region, significant difference was noted (P=0.006).
In Group (a) with fixed LV cavity dilatation (16 cases), all
patients showed significant perfusion abnormality on MPI,
while only 8 cases revealed positive angiography (FPR: 50%).
On the other hand, in the Group (b) with normal LV cavity or
transiently dilated LV cavity (26 cases), false positive MPI results were found in 9 patients (34.6%), resulting in no statistically significant difference (P=0.163); However, FPR between
Groups (a) and (b) in female patients, showed a significant difference; 100% (7/7) for Group (a) vs. 56.3% (9/16) for Group (b),
P=0.036. In males, FPR was 11.1% (1/9) in Group (a) and 0 in
Group (b).

The overall accuracy of MPI was 57.1%, 61.9%, 69.0% and
69.0%, for patterns of A, B, C and D, respectively. The accuracy
of MPI in males for the same patterns were 89.5%, 84.2%,
94.7% and 84.2%, respectively and in females were 30.4%,
43.5%, 47.8% and 56.5%, respectively.
Based on the presence of fixed defects in the septal/anteroseptal region, patients were classified into Groups (I) (with
normal or reversible perfusion defects in the septal/anteroseptal region) and (II) (with fixed defects in the septal/anteroseptal region). The sensitivity, specificity, FPR, FNR and accuracy of MPI was compared using inter- and intra-groups analyses for different patterns of reading (Table 2).

Discussion
Although MPI with pharmacologic stress is the standard noninvasive method for screening of CAD in LBBB patients, controversies remain about the correct pattern of interpretation
of the scintigraphic image. Previous studies have not compared the different patterns of interpretation in the same
group of LBBB patients using dipyridamole MPI. We have tried

Table 2. Diagnostic value of MPI with 4 patterns of interpretation in different group of patients based on the presence or absence of
fixed defect in the septal/anteroseptal myocardial region
Interpretation
Pattern of MPI

Group*
(a)
(b)

Pattern A

Inter-group difference
(a)
Pattern B

(b)
Inter-group difference
(a)

Pattern C

(b)
Inter-group difference
(a)
(b)

Pattern D

Inter-group difference
Significance of
intra-group
difference
between patterns
*
**

(b)

Specificity

FPR

100%
(12/12)
100%
(5/5)
P=1.000
NS**
91.7%
(11/12)
60.0%
(3/5)
P=0.191
NS
100%
(12/12)
100%
(5/5)
P=1.0
NS
100%
(12/12)
60.0%
(3/5)

53.8%
(7/13)

24%
(6/25)
70.6%
(12/17)

P=0.020
P=0.392
NS
P=0.112
NS

0%

FNR

Accuracy
76%
(19/25)
29.4%
(5/17)

0%
0%

P<0.0001

P=0.003

-

P=0.003

61.5%
(8/13)
33.3%
(4/12)
P=0.158
NS
61.5%
(8/13)
33.3%
(4/12)
P=0.158
NS
61.5%
(8/13)
50.0%
(6/12)
P=0.564
NS
P=0.733
NS
P=0.016

20.0%
(5/25)
47.1%
(8/17)
P=0.063
NS
20.0%
(5/25)
47.1%
(8/17)
P=0.063
NS
20.0%
(5/25)
35.3%
(6/17)
P=0.268
NS
P=0.980
NS
P=0.016

4.0%
(1/25)
11.8%
(2/17)
P=0.556
NS

76.0%
(19/25)
41.2%
(7/17)
P=0.023
80.0%
(20/25)
52.9%
(9/17)
P=0.043

0%
0%
-

80.0%
(20/25)
52.9%
(9/17)

0%
11.8%
(2/17)
P=0.158
NS
P=0.392
NS
P=0.112
NS

P=0.043
P=0.753
NS
P=0.221
NS

Group (I) (25 cases): without fixed perfusion defect(s) in the septal/anteroseptal region, Group (II) (17 cases): with fixed perfusion defect(s) in the septal/anteroseptal
region
NS: Not significant, FPR: false positive ratio, FNR: false negative ratio
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to find the best pattern for interpretation of MPI in a series of
patients with LBBB to achieve the highest accuracy for screening CAD. We started by considering different patterns of reading in LBBB patients, irrespective of the presence of reversibility or non-reversibility of the defects in septal/anteroseptal regions. In all these patterns, the NPV and the sensitivity of MPI
were more than 80% and even reached to higher values (up to
100%) in the subgroup of female patients, however, the specificity in this subgroup was very low. In addition, no significant
difference in sensitivity for screening CAD was noted between
different patterns of interpretation. Despite the difference in
interpretation approaches, similar results have been reported
in previous studies [4, 5]. In 19 LBBB patients who underwent
dipyridamole MPI test, 14 had normal MPI with no evidence of
CAD on coronary angiography or over a long-term follow up
leading to NPV of 100% [4]. These investigations along with
our results confirm the usefulness of MPI regardless of the pattern of interpretation for excluding CAD in patients with LBBB;
however even after dipyridamole stress test, interpretation of
MPI patterns remain a concern when perfusion defects are
noted in the LAD area.
In our study, the PPV for MPI, irrespective of other criteria,
such as LV cavity size, location and extension of the perfusion
defects was 48.6% and the specificity of the test was 28%.
These values significantly differed when LV size and the site
of abnormality were considered. In the above mentioned
study [4], 5/19 patients with LBBB had abnormal MPI findings
in the septum area. Three of them had no evidence of CAD in
coronary angiography, 1 had angiographically-detected LAD
artery stenosis, and 1 died from CAD [4]. Others compared
the scintigraphic results of both pharmacologic and exercise
stress tests in 12 patients with LBBB [2]. Six patients had abnormal dipyridamole MPI of whom coronary angiography
was normal in 3. In our study by using pattern D that reflected both the extent of the defects and LV cavity size, the specificity significantly rose from 28% to 56%, which was in contrast with the above findings [2]. A reasonable explanation for
this discrepancy is the difference between studied population and sample size, which was too small to achieve a significant difference. Also, all patients of the above study had septal or anteroseptal perfusion defects on exercise thallium-201
(201Tl) SPET test, while LBBB patients were included in our
study irrespective of the scan findings.
As false perfusion abnormalities are usually seen in the
septum and the anterior myocardial walls, some investigators
believe that perfusion abnormalities in the inferior wall are
stronger predictors of CAD [6, 10]. Some others believe that
abnormal perfusion in the apex along with anteroseptal perfusion abnormalities are more specific predictors of LAD artery stenosis [11, 12]. This finding was also encountered by our
study but not by some others [2]. Pattern B -coexisting defects outside the septal/anteroseptal region- was more specific than pattern A. This alternative interpretation approach
had been previously employed using exercise 201Tl-SPET
study and was showed to be superior to the conventional approach [15].
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When considering any perfusion abnormalities as a positive result, we found that the FPR in the subgroup of fixed LV
dilatation was much higher than that of normal or transiently
dilated LV cavity (50% vs 38.5%). The diagnosis was based on
quantitative analysis by the Auto-Quant software. Relatively
similar findings have been reported by others [16], who
showed that in the subgroup of LBBB with fixed LV dilatation,
the FPR of scan for diagnosis of CAD was 65%. However, regardless the LV size, this value for the entire population of patients was 39%, showing lower specificity and accuracy in
LBBB patients with dilated LV cavity. These defects may be
similar to those noticed in patients with LV hypertrophy and/
or dilatation [16-19]. Another report showed that patients
with LBBB often had associated CAD or nonischemic cardiomyopathies. In addition, LV cavity enlargement is often seen
in LBBB, irrespective of CAD [20]. Other studies have shown
evidence of diffuse fibrosis in the septal wall and also correlation between LV dilatation and the severity of perfusion abnormalities, not necessarily due to CAD [21, 22]. Several mechanisms have been suggested to explain these observations:
Downregulated perfusion secondary to diminished oxygen
demand, increased intra-myocardial pressure during diastole,
fibrotic alterations, or pronounced partial-volume effects due
to reduced wall thickening, especially in the presence of imperfect spatial resolution of gamma camera [3, 5, 6, 23-25].
Another study supports the theory of PVE being more pronounced in the anterior and septal walls, which are thinner
than usual due to cardiomyopathy [26]. In the above study,
293 symptomatic LBBB patients had undergone exercise or
pharmacologic MPI. In most of these patients, the underlying
cardiac disease (CAD, cardiomyopathy or both) was not specified. The most important predicting factors for cardiac events
were the size of myocardial perfusion defect and increased
pulmonary uptake of thallium. Left ventricular cavity was
more dilated in patients who experienced cardiac events.
Scintigraphic findings, between the exercise and pharmacological MPI groups were similar. These investigators recommended that LV cavity size should be included in the interpretation process of MPI [26].
A new finding in our study was the significant difference
in FPR between sexes. In case of dilated LV, any perfusion defects in the region of LAD are more likely to be false positive
in female than in male patients. This may be due to breast attenuation and/or to the size of LV cavity and/or to increased
tachycardia in women [12, 27]. It has been suggested that
medication with a beta-blocker in women with LBBB seems
to decrease the proportion of FPR [28]. In our study, the best
pattern for interpretation of MPI in female patients was pattern D which includes “the absence of LV cavity dilatation” as
one of its main features for reporting positive results. In the
male group of our study, the overall accuracy of MPI was not
significantly influenced by the dilated LV or the pattern of interpretation; however, the size of the LV may be a prognostic
factor for the disease [26].
In the subgroup of our patients with fixed defects in the
septal/anteroseptal region, the specificity and accuracy were
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very low by any pattern and pattern D was the best approach
to achieve the higher specificity, accuracy and the lower FPR.
On the other hand, in the group with normal perfusion or
perfusion reversibility between stress and rest tests in septal/
anteroseptal region, the specificity and accuracy were appreciably higher and were not influenced by the pattern of interpretation. A similar result was found by other investigators [7,
12, 29]. Reversible septal defects, especially at the end of diastole accompanied by a concomitant apical defect and systolic
dysfunction matching the perfusion defect, have been reported as the key findings that define true positives of MPI in
LBBB patients [29].
In conclusion, the results of this study indicate that: a) in female LBBB patients without LV dilatation, perfusion defects
out of the septal and the anteroseptal wall are more likely suggestive of CAD. b) In the presence of fixed LV dilatation, fixed
septal/anteroseptal perfusion defects usually are false positive
findings for CAD in this group. c) In the male population without fixed defects in the septal/anteroseptal region, the specificity and accuracy are high in all patterns and the pattern of
reading does not significantly influence the diagnostic value
of MPI for CAD screening. d) In LBBB patients, fixed defects
limited to the septal/anteroseptal region should be considered a significant finding only when LV cavity is not dilated.
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