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Which test for CAD should be used in
patients with left bundle branch block?

ABSTRACT

Exercise stress electrocardiography is unreliable as a test
for obstructive coronary artery disease (CAD) if the pa-
tient has left bundle branch block. The authors provide an
algorithm for using alternative tests: exercise stress echo-
cardiography, dobutamine echocardiography, computed
tomographic (CT) angiography, and nuclear myocardial
perfusion imaging.
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Although current guidelines recommend exercise stress
echocardiography, it cannot reliably detect significant
obstructive CAD in patients who have left bundle branch
block at rest.

CT angiography is the first-line imaging test for these
patients if they are under age 65. For those 65 and older,
the first-line test is either pharmacologic stress nuclear
myocardial perfusion imaging with coronary vasodilators
or dobutamine stress echocardiography.

For patients who cannot tolerate CT contrast due to renal

impairment or who have a true contrast allergy, phar-

macologic nuclear myocardial perfusion imaging using
coronary vasodilators and dobutamine stress echocar-
diography can be alternatives.
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62-year-old woman with hypertension and

type 2 diabetes mellitus has been experiencing
shortness of breath on exertion and chest discom-
fort for 2 months. Her hypertension has been sub-
optimally controlled, and her most recent hemo-
globin A, measurement was 7.0%. She has never
smoked and has no family history of premature
coronary artery disease (CAD). She is otherwise
well and walks for 30 minutes 3 times per week.
A 12-lead electrocardiogram demonstrated normal
sinus rhythm with left bundle branch block. Her
physician suspects she has CAD. What testing
does this patient need?

I LIMITED DATA, GUIDELINES

For clinicians investigating suspected obstruc-
tive CAD in patients with left bundle branch
block on resting electrocardiography, the data
and guidelines are limited regarding the op-
timal noninvasive tests and how to interpret
them.

Here, we present a practical review of the
diagnostic utility of exercise stress electrocar-
diography, exercise stress echocardiography,
dobutamine stress echocardiography, nuclear
myocardial perfusion imaging, and computed
tomographic (CT) angiography for assessing
suspected obstructive CAD in patients with
resting left bundle branch block.

I WHAT IS LEFT BUNDLE BRANCH BLOCK?

In left bundle branch block, as the name im-
plies, electrical conduction along the left bun-
dle branch is blocked or delayed. Ventricular
activation therefore begins in the right ven-
tricle and the right side of the interventricular
septum.! Transseptal activation from the right
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Figure 1. A 12-lead electrocardiogram from a 70-year-old woman with a 12-month history of progressive
exertional dyspnea demonstrates sinus rhythm with a ventricular rate of 88 beats per minute and a wide
left bundle branch block (QRS duration 150 ms).

ventricle to the left ventricle is slow, because
it is transmyocardial.! Left ventricular basal
and posterolateral wall segments become ac-
tivated last.! Due to delay in the onset of left
ventricular contraction, ventricular contrac-
tion is dyssynchronous. Classically, interven-
tricular septal motion during systole has been
described as paradoxical, with anterior septal
motion.”

On electrocardiography, the QRS dura-
tion is widened (= 120 ms), with a distinctive
morphology as shown in Figure 1. Left bundle
branch block makes it difficult to accurately
assess for dynamic ST-segment changes with
exercise, rendering exercise stress electrocar-
diography a suboptimal test for obstructive

CAD if left bundle branch block is present.

I LEFT BUNDLE BRANCH BLOCK
AND RISK OF DEATH

Although left bundle branch block can be an
isolated finding, it can also be associated with
underlying obstructive CAD?’ or cardiomyopa-
thy.® When it occurs at rest, the risk of death
from a cardiovascular event is 3 to 4 times
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higher.” However, the exact incidence of sig-
nificant obstructive CAD in asymptomatic
patients with incidentally detected left bundle
branch block is unknown.

Acute left bundle branch block accompa-
nying acute myocardial infarction is associ-
ated with a high risk of death. Hindman et
al,® in a 1978 multicenter study, described 432
patients with acute myocardial infarction and
left or right bundle branch block. In the 163
patients who had left bundle branch block,
the in-hospital mortality rate was 24% and
the 1-year mortality rate was 32%.

Freedman et al’ in 1987 reviewed 15,609
patients with chronic CAD who underwent
coronary angiography, of whom 522 had left
or right bundle branch block. During a follow-
up of nearly 5 years, 2,386 patients died. The
actuarial probability of death at 2 years in pa-
tients with left bundle branch block was more
than 5 times that of patients without it (P <
.0001).

During 18 years of observation in the Fram-
ingham study,'® 55 participants developed left
bundle branch block, at a mean age at onset
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of 62. Twenty-six (48%) of these participants
developed clinically significant CAD or heart
failure coincident with or subsequent to the
onset of left bundle branch block. Fifty per-
cent of the participants who developed left
bundle branch block died of cardiovascular
disease within 10 years of its onset.

B EXERCISE STRESS
ELECTROCARDIOGRAPHY

Exercise stress electrocardiography, although
valuable for assessing functional capacity, can-
not be used to diagnose obstructive CAD in
patients with left bundle branch block.!!

I EXERCISE STRESS ECHOCARDIOGRAPHY

Exercise stress echocardiography is proven and
widely used for assessing myocardial ischemia
in patients with suspected obstructive CAD.
But the data are limited on its diagnostic utility
in patients with left bundle branch block. Un-
til recently, recommendations for its use in this
situation were based on only 1 small study."

Peteiro et al'? in 2000 described 35 patients
who underwent exercise stress echocardiogra-
phy and coronary angiography. Detection of
wall-motion abnormalities had high sensitiv-
ity (76%), specificity (83%), and diagnostic
accuracy (80%).

Of note, 8 (23%) of the patients could not
achieve at least 85% of the maximum predict-
ed heart rate, and for them, the study was not
diagnostic for ischemia. (Technically, the study
is said to be nondiagnostic when the patient
fails to achieve the target heart rate of at least
85% of the maximum predicted heart rate.)

Additionally, 18 of the 35 patients—over
half—had a decrease in left ventricular ejec-
tion fraction in response to exercise. These 18
patients included 12 of the 17 patients with
obstructive CAD and 6 of the 18 patients
without obstructive CAD." It is unclear
whether a significant proportion of these 18
patients would have been otherwise catego-
rized as having a globally abnormal left ven-
tricular contractile response to exercise ac-
cording to contemporary (2007) reporting
standards.”

Xu et al'*P in 2016 examined the diagnos-
tic utility of exercise stress echocardiography
in assessing suspected obstructive CAD in 191
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patients with resting left bundle branch block;
17 patients who failed to achieve a heart rate
of at least 85% of the age-predicted maximum
heart rate were excluded. Of the remaining
174 patients, 82 demonstrated a normal left
ventricular contractile response to exercise
and 92 had an abnormal response. In the
abnormal group, 70 patients had a globally
abnormal response, and 22 patients had a re-
gional ischemic response. Of those who had a
globally abnormal left ventricular contractile
response who subsequently underwent angiog-
raphy, only 30% were found to have obstruc-
tive CAD.

Although the sensitivity of exercise stress
echocardiography was high (94%), its speci-
ficity and diagnostic accuracy were poor (spec-
ificity 21%, diagnostic accuracy 52%).'*
These results suggest that for patients with
resting left bundle branch block undergoing
exercise stress echocardiography, obstructive
CAD cannot be reliably diagnosed in those
who develop a globally abnormal left ventric-
ular contractile response. Therefore, an alter-
native imaging strategy should be considered.

Il DOBUTAMINE STRESS
ECHOCARDIOGRAPHY

The evidence base for dobutamine stress
echocardiography in patients with left bundle
branch block is more robust than that for ex-
ercise stress echocardiography.

Geleijnse et al' studied 64 patients with
left bundle branch block undergoing dobu-
tamine stress echocardiography who also un-
derwent coronary angiography. Dobutamine
stress echocardiography was moderately sensi-
tive for detecting anterior and posterior myo-
cardial wall ischemia (60% and 67%, respec-
tively). Its specificity and diagnostic accuracy
were high, at 94% and 98%, respectively.

Yanik et al'® studied 30 patients with left
bundle branch block undergoing both dobu-
tamine stress echocardiography and coronary
angiography. The sensitivity of dobutamine
stress echocardiography for identifying isch-
emia in the left anterior descending territory
was 82%, the specificity was 95%, and the
diagnostic accuracy was 90%. For identifying
ischemia in the circumflex and right coronary
artery territories, the sensitivity was 88%,
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Figure 2. Pharmacologic nuclear myocardial perfusion imaging in a 75-year-old woman with atypical symptoms
and resting left bundle branch block on electrocardiography. In A, fixed perfusion defects were present at rest
and after pharmacologic stress with regadenoson in the septum and apex on single-photon emission computed
tomography, mimicking ischemic damage in the left anterior descending artery territory. In B, in comparison,
on positron emission tomography, no perfusion abnormalities were seen at rest or with regadenoson.

SA = short-axis; HLA = horizontal long-axis; VLA = vertical long-axis
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specificity 96%, and accuracy 93%.

Mairesse et al'? studied 24 patients with
left bundle branch block undergoing dobu-
tamine stress echocardiography, myocardial
perfusion tomography, and coronary angiog-
raphy. Dobutamine stress echocardiography
performed well in detecting ischemia in the
left anterior descending territory, with a sensi-
tivity of 83%, specificity 92%, and diagnostic
accuracy 87%.

Of note, the available data come from very
small studies published more than 15 years
ago, and pharmacologic stress testing cannot
provide the very important prognostic infor-
mation derived from treadmill testing.

I NUCLEAR MYOCARDIAL
PERFUSION IMAGING

Exercise nuclear single-photon emission com-
puted tomography (SPECT) myocardial per-
fusion imaging in patients with left bundle
branch block is challenging, due to the devel-
opment of septal perfusion defects at rest and
during exercise in the absence of obstructive
disease in the left anterior descending artery
(Figure 2).1%" Asynchronous contraction of
the septum, with resulting compression of the
septal arteries, decreased flow demands to the
septal region, and attenuation artifacts are
possible explanations for this phenomenon.?

Pharmacologic stress has been reported to
improve the diagnostic accuracy of SPECT
myocardial perfusion imaging.?!

Biagini et al,’! in a meta-analysis of non-
invasive techniques for diagnosing CAD in
patients with left bundle branch block, found
1,785 patients from 39 studies who underwent
nuclear myocardial perfusion imaging (48.8%
with exercise, 41.9% with pharmacologic
stress). Overall, sensitivity was high for both
exercise and pharmacologic stress (92.9%
and 88.5%). However, the reported specific-
ity with exercise stress was significantly lower
than with pharmacologic stress (23.3% vs
74.2%, P < .01).

Nuclear positron-emission  tomography
(PET) may further improve the diagnostic util-
ity of nuclear myocardial perfusion imaging in
patients with left bundle branch block. In a
study of 440 patients with left bundle branch
block undergoing myocardial perfusion imag-
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ing, 67 underwent PET and 373 underwent
SPECT.?? Possible septal perfusion artifacts
were significantly less common with PET than

with SPECT (1.5% vs 19.3%, P < .001).

Il CT ANGIOGRAPHY

CT angiography has a high sensitivity and
specificity for detecting significant obstructive
CAD.?#* Machines with 320 detector rows
have been reported to have a sensitivity of
94% and specificity of 87% for detecting sig-
nificant CAD and are not affected by resting
left bundle branch block.?

Of note, coronary artery calcification in-
creases in older patients, especially those
age 65 and older,’® and this confers a higher
likelihood of “bystander” CAD. Significant
coronary artery calcification limits the diag-
nostic accuracy of multidetector cardiac CT.
Additionally, the detection of bystander CAD
leads to positive findings of uncertain clinical
significance.

I CURRENT GUIDELINES

Exercise stress echocardiography

American College of Cardiology Foundation/
American Heart Association guidelines for
diagnosis and management of patients with
stable ischemic heart disease recommend ex-
ercise stress echocardiography for patients
with an intermediate to high pretest prob-
ability of ischemic heart disease who have an
uninterpretable electrocardiogram and at least
moderate physical functioning or no disabling
comorbidity (class 1 indication, level of evi-
dence B).!

Current American Society of Echocardiog-
raphy guidelines also support exercise stress
echocardiography as an appropriate test for
suspected obstructive CAD in patients with
resting left bundle branch block.?” However,
this recommendation is based on limited data.

Pharmacologic stress nuclear myocardial
perfusion imaging

American Society of Nuclear Cardiology
guidelines endorse pharmacologic stress nu-
clear myocardial perfusion imaging using
coronary vasodilators for evaluating suspected
obstructive CAD in patients with resting left

bundle branch block.?%%
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Il THE POSSIBLE HARMS OF TESTING

Although current guidelines recommend it,
recent data show that exercise stress echocar-
diography has poor specificity and diagnostic
accuracy for significant obstructive CAD in
patients with resting left bundle branch block.
And performing this test in patients with left
bundle branch block may result in further
downstream investigations.

Based on limited data from a small num-
ber of studies published more than 15 years
ago, dobutamine stress echocardiography has
moderate sensitivity and specificity for signifi-
cant CAD in patients with resting left bundle
branch block. However, this test does not
provide functional information about the pa-
tient’s exercise performance.

Pharmacologic stress nuclear myocardial
perfusion imaging using coronary vasodilators
is an appropriate investigation strategy. How-
ever, radiation exposure is a limitation.*

CT angiography can assess for significant
obstructive CAD in patients with resting left
bundle branch block. However, its diagnostic
accuracy can be affected by coronary calcifica-
tion in older patients. Additionally, each scan
is associated with a small amount of radiation
exposure,’! and a small number of patients will
have a true contrast allergy.*?

I CLINICAL BOTTOM LINE

For patients with typical ischemic symptoms
and new left bundle branch block on elec-
trocardiography, specialist cardiology consul-
tation should be sought, with consideration
given to proceeding directly to coronary an-
giography. For stable outpatients, we propose
the following diagnostic approach (Figure 3).

Exercise stress echocardiography is recom-
mended by current guidelines, but it cannot
reliably detect significant obstructive CAD
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