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Abstract The diagnostic evaluation of patients with

isolated left bundle branch block (LBBB) is chal-

lenging due to limitations of several non-invasive

tests. Our aim was to evaluate the diagnostic value of

cardiovascular magnetic resonance (CMR) in asymp-

tomatic patients with LBBB. Sixty-one asymptomatic

patients with complete LBBB who were referred for

CMR from January 2005 to November 2010 were

identified. 29 patients (18 men) had normal echocar-

diograms (echo) whereas 25 (18 men) had abnormal

findings on echo. Six had no echo and one had poor

echo windows, and these patients were excluded from

further analysis. Patients with cardiac symptoms or

known coronary artery disease at the time of referral

were also excluded. Of the 29 patients with normal

echo, 9 (31%) were found to have pathological

findings on CMR. The most common abnormalities

were dilated cardiomyopathy-DCM (n = 6, 21%)

followed by left ventricular hypertrophy (n = 2, 7%).

Of the 25 patients who had an abnormal echo, CMR

confirmed the diagnosis in 19 (76%) and provided

clinically relevant additional information in 13 (52%)

subjects. Of these 13 patients, 9 (69%) had charac-

teristic patterns of myocardial late gadolinium

enhancement (8 mid-wall and 1 patchy distribution

consistent with DCM and cardiac sarcoid, respec-

tively). CMR detects sub-clinical cardiomyopathy in

a third of asymptomatic patients with LBBB despite

normal echocardiograms. In those with abnormal

echocardiograms, CMR provides additional clinically

relevant information in over 50% of patients, includ-

ing a high prevalence of mid-wall fibrosis in patients

with impaired left ventricular function. These find-

ings support the use of CMR as a valuable adjunct to

conventional investigations in asymptomatic LBBB.
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Introduction

The prevalence of left bundle branch block (LBBB)

in the general population is low, ranging from 0.1 to

0.8% [1], but the majority of patients have underlying

cardiac abnormalities which include coronary artery

disease (CAD), hypertension and dilated cardiomy-

opathy (DCM) [1–4]. Previous studies have demon-

strated that asymptomatic patients with LBBB have

worse long term cardiovascular outcomes when

compared with their matched controls [5, 6]. Left

bundle branch block can also occur however in

apparently healthy individuals without overt heart
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disease [5], and this poses a clinical dilemma for

further investigation. LBBB can be an early marker

of cardiomyopathy and may also have a causative

role in the development of cardiac remodelling and

hypertrophy [7]. Therefore it would be important to

identify whether patients with asymptomatic LBBB

have any features of underlying cardiac disease. The

diagnostic evaluation of LBBB is challenging how-

ever, due to the limitations of standard non-invasive

tests [8]. Two-dimensional echocardiography is the

first line imaging modality and is good at identifying

wall motion abnormalities, but it lacks the ability to

provide tissue characterization and differentiate ische-

mic from non-ischemic cardiomyopathies. LBBB can

also interfere with myocardial scintigraphy, giving a

higher rate of false positive defects in the septum with

overall lower specificity [9]. Multi-slice computed

tomography is useful in detecting CAD but has limited

value in the investigation of non-ischemic cardiomy-

opathy [10]. Nuclear and CT scans also utilize ionizing

radiation, which is ideally avoided [11].

Cardiovascular magnetic resonance (CMR) is used

increasingly in a wide range of cardiac diseases of

both ischaemic and non-ischaemic origin [12–15].

Although patients with LBBB are sometimes referred

for CMR, the clinical utility of CMR in asymptomatic

patients with LBBB has not been studied. The present

study aims to evaluate the diagnostic value of CMR

in asymptomatic patients with LBBB who have no

history of significant cardiac disease.

Methods

Between January 2005 and November 2010, a total of

3596 patients underwent clinical CMR at our insti-

tution. As this was a retrospective analysis, ethical

approval was waived by the Local Research Ethics

Committee. From these 3596 scans we identified 117

patients with complete LBBB (QRS duration [
120 ms). All these patients were referred for further

evaluation of LBBB. 56 patients had cardiac symp-

toms (angina, dyspnea, palpitations, pre-syncope or

syncope) or known cardiac disease (CAD, valvular

heart disease or cardiomyopathy) at the time of

referral and were excluded from the study. The

remaining 61 patients were asymptomatic and were

included in the study. Of these, 29 had normal and 25

had abnormal echocardiograms. Six patients who did

not have an echo and one who had poor echo

windows (total 7 patients) at referral were excluded

from further analysis. Criteria for an abnormal echo

included reduced left ventricular (LV) ejection fraction

(\54%), dilated cardiac chambers (LV end-diastolic

diameter [ 59 and 53 mm for men and women,

respectively), presence of regional wall motion abnor-

mality, LV hypertrophy (LV septal thickness [
13 mm), valvular heart disease and evidence of

inducible ischemia on stress echo. The presence of

LBBB was established by their treating physician prior

to referral for CMR. The presence of abnormal septal

motion typical of LBBB, if it was the sole finding, was

not considered as an ‘abnormal’ echo. Echocardio-

graphic reports were obtained from the referring

physicians and from the hospital echo reports. Anthro-

pometric data, pre-existing conditions, medications,

smoking status and family history were also recorded.

CMR studies were performed on a 1.5 Tesla MR

system (Siemens Sonata or Avanto, Erlangen, Ger-

many) using steady-state, free precession breath-hold

cines in long-axis planes and sequential 7 mm short-

axis slices from the atrioventricular ring to the apex.

Late gadolinium enhancement (LGE) images were

acquired 10 min after gadolinium-DTPA (0.15 mmol/

kg) in identical long- and short-axis planes using an

inversion-recovery gradient echo sequence. Inversion

times were adjusted to null normal myocardium.

Myocardial stress perfusion using adenosine was

performed at the request of the referring physician

where clinically indicated, as previously described

[16]. Ventricular volumes and function were mea-

sured using standard techniques as previously pub-

lished (Argus Syngo MR software version B15,

Siemens Healthcare, Erlangen, Germany) [17]. The

following left ventricular parameters were obtained:

end-diastolic volume, end-systolic volume, interven-

tricular septal wall thickness, LV ejection fraction and

myocardial mass (indexed to body surface area).

Statistical analysis

Results from normally distributed continuous data are

expressed as mean ± standard deviation (SD) and

non-normally distributed data are expressed as median

(interquartile range-IQR). Categorical variables are

presented as number and percentages. The independent

t test or Mann–Whitney test was used to compare

continuous variables between LBBB patients with
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normal and abnormal CMR scans as appropriate. Chi-

square test or Fisher’s exact test was used to compare

categorical variables between the two groups as

appropriate. A value of P \ 0.05 (2-sided) was con-

sidered significant. Statistical analysis was performed

with SPSS version 19.0 (IBM SPSS Statistic 19).

Results

Baseline characteristics

Baseline characteristics and LV measurements of the

two group of patients (29 asymptomatic LBBB

patients with normal echo and 25 asymptomatic

LBBB patients with abnormal echos) are presented in

Table 1. The mean age of the normal-echo group was

52.2 ± 9.7 years, and 18 (62%) were men. None of

the patients had a history of cardiac disease prior to

referral for CMR. The most common associated

medical conditions were hypertension (9 patients—

31%) and hyperlipidemia (6 patients—20%). Eight

patients (27%) had a family history of either CAD or

cardiomyopathy. Nine patients (31%) had previous

coronary angiography which was normal. Further-

more, 10 patients had undergone dobutamine stress

echo (DSE) which was negative for ischaemia. Two

patients of the normal echo group underwent myo-

cardial perfusion SPECT, in which one of them was

normal and the other one showed inducible ischae-

mia, with subsequent normal coronary angiogram.

For the abnormal echo group, the mean age was

57.5 ± 13.5 years, and 18 (72%) were men. None of

the patients had a history of cardiac disease prior to

referral for CMR. The most common associated

medical condition was hypertension (8 patients—

Table 1 Baseline

characteristics of the cohort

ACE Angiotensin-converting

enzyme, ARB Angiotensin

receptor blocker, BMI Body

mass index, DBP Diastolic

blood pressure, SBP Systolic

blood pressure, SD Standard

deviation, SPECT Single

photon emission computed

tomography

Normal echo

(n = 29)

Abnormal echo

(n = 25)

P value

Age [years (mean, SD)] 52.2 ± 9.7 57.5 ± 13.5 0.07

Male gender, no (%) 18 (62) 18 (72) 0.39

BMI [kg/m2 (mean, SD)] 27.7 ± 4.9 28.1 ± 5.7 0.94

SBP [mm Hg (mean, SD)] 138.6 ± 20.5 148.4 ± 18.6 0.25

DBP [mm Hg (mean, SD)] 80.0 ± 9.3 82.2 ± 6.9 0.62

Heart rate [bpm (mean, SD)] 72.1 ± 11.0 70.1 ± 11.3 0.54

Medications

Aspirin, no (%) 4 (13) 3 (12) –

Beta-blockers, no (%) 4 (13) 1 (4) –

ACE/ARB, no (%) 4 (13) 5 (20) –

Diuretics, no (%) 1 (3) 1 (4) –

Calcium channel blocker, no (%) 1 (3) – –

Nitrates, no (%) 1 (3) – –

Statin, no (%) 5 (17) 3 (12) –

Past medical history

Hypertension, n (%) 9 (31) 8 (32) –

Hypercholesterolemia, n (%) 6 (20) 2 (8) –

Diabetes, n (%) 1 (3) 1 (4) –

Family history of heart disease,

n (%)

8 (27) 3 (12) –

Smoker/ex-smoker, n (%) 5 (17) 5 (20) –

Coronary angiogram

Unobstructive, n (%) 9 (31) 8 (32) –

Dobutamine stress echo 10 (34) 1 (3)

SPECT 2 (6) –
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32%). Three (12%) patients had a family history of

either CAD or cardiomyopathy. Eight (32%) patients

had previous coronary angiography which was normal.

One patient had undergone DSE which was negative

for ischaemia, and none had SPECT.

CMR findings in asymptomatic LBBB patients

with a normal echocardiogram

CMR findings of the 29 asymptomatic LBBB patients

who had a normal echo are presented in Table 2. Of the

29 patients, 9 (31%) had abnormal CMR findings,

summarized in Fig. 1 and Table 2. Dilated

cardiomyopathy was the most common diagnosis,

which was present in 6 patients (21%) of whom 1 had

mid-wall fibrosis (Fig. 2). Left ventricular hypertrophy

(defined as regional LV wall thickness C 13 mm) was

found in 2 patients (7%) and Ebstein anomaly in 1

patient (3%). In the remaining 20 patients (69%), no

abnormalities on CMR were detected. Only three

patients had adenosine stress perfusion CMR with no

evidence of inducible ischaemia.

CMR findings in asymptomatic LBBB patients

with abnormal echocardiograms

CMR findings of the 25 asymptomatic LBBB patients

who had an abnormal echo are summarized in Table 3.

CMR and echo agreed on the underlying diagnosis in 19

of those 25 patients (76%). In 13/25 patients (52%),

CMR provided additional clinically relevant informa-

tion over and above the echocardiographic findings

which elucidated the cardiac diagnosis (Table 4). This

included 8 patients in whom late gadolinium enhance-

ment-CMR showed typical mid-wall fibrosis, establish-

ing a diagnosis of DCM. In 6/25 patients (24%) CMR

disagreed with the echocardiographic findings, includ-

ing 3 cases in which CMR was normal where the

echocardiogram had shown significant LV hypertrophy

or abnormal LV function.

Table 2 Cardiovascular

magnetic resonance

findings

CAD Coronary artery dis-

ease, CMR Cardiovascular

magnetic resonance, IQR
Interquartile range; LV Left

ventricle/ventricular,

LVEDV Left ventricular

end-diastolic volume, LVEF
Left ventricular ejection

fraction, LVESV Left

ventricular end-systolic

volume, LVMI Left

ventricular mass index, SD
Standard deviation

Abnormal echo

(n = 29)

Normal echo

(n = 25)

P value

CMR LV dimensions and function

LVEDV [ml (mean, SD)] 157.0 ± 36.7 197.0 ± 61.7 0.007

LVESV [ml (mean, SD)] 60.9 ± 24.6 101.4 ± 57.8 0.001

LVEF [ml (mean, SD)] 62.4 ± 8.4 53.1 ± 5.6 0.006

LV thickness [mm (median, IQR)] 7.9 (5.1) 10.8 (4.7) 0.082

LVMI [g/m2 (mean, SD)] 65.4 ± 14.5 84.1 ± 18.1 \0.001

CMR diagnoses, no (%)

Normal CMR 20 (69) 3 (12) –

Abnormal CMR

DCM 6 (21) 13 (52) –

LV hypertrophy 2 (7) 2 (8) –

Ebstein anomaly 1 (3) 0 –

Athletic heart 0 1 (4) –

CAD 0 3 (12) –

LV Non compaction 0 1 (4) –

Sarcoid 0 1 (4) –

Pericardial abnormalities 0 1 (4) –

Fig. 1 CMR findings in asymptomatic patients with LBBB

and normal echocardiogram
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Discussion

An important finding of this study is that CMR is useful

in the evaluation of asymptomatic patients with LBBB,

in patients with both normal and abnormal echo

studies. Our study demonstrated that CMR can identify

abnormalities in one-third of asymptomatic patients

with LBBB despite a normal echo. Additionally, in

those who had abnormal echo, CMR provided new,

clinically important information in half of the cases.

The results of our study demonstrate the utility of a

comprehensive CMR protocol, including cardiac mor-

phology, structure and function, in evaluating the

cause of LBBB in asymptomatic patients.

In the group of asymptomatic LBBB patients with

normal echo, the commonest CMR finding was

DCM. This is supported by Bayes-genis et al. who

found a high prevalence of LBBB in their DCM

patients [18]. The second commonest diagnosis, LV

hypertrophy, is likely related to the high prevalence

of hypertension in our cohort, which concurs with a

Fig. 2 An example from a CMR scan of a patient who was

diagnosed to have DCM with fibrosis. This 58-year-old

hypertensive was asymptomatic and incidentally found to have

LBBB. Echocardiogram was normal and coronary angiogram

revealed non-obstructive CAD. A and B are cine images in the

horizontal long axis (HLA) view during diastole (A) and

systole (B) showing globally dilated left ventricle. C and D are

late gadolinium-enhanced vertical long axis (VLA) and LV

outflow tract (LVOT) views demonstrating mid-wall myocar-

dial fibrosis (arrows)

Table 3 Cardiovascular magnetic resonance findings of

asymptomatic patients with left bundle branch block and

abnormal echocardiogram

n = 25

Agreement with diagnosis 19 (76%)

Additional clinically relevant information 13 (68%)

No additional clinically relevant information 6 (32%)

Disagreement with diagnosis, and new diagnosis

by CMR

6 (24%)
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previous study [19]. Moreover, congenital heart

disease is a rare cause of LBBB [20, 21], which fits

with the single case in our small series.

Of the asymptomatic LBBB patients who had

abnormal echos, CMR not only confirmed the diagnosis

of reduced cardiac function, but also provided additional

clinically relevant information such as typical patterns

of myocardial fibrosis or myocardial perfusion abnor-

mality. The presence of myocardial mid-wall fibrosis

has been associated with a poorer clinical outcome in

DCM patients [22]. CMR also offered a different

diagnosis in 24% of asymptomatic LBBB patients who

had abnormal echos, half of which had a normal CMR

scan. This is in keeping with previous studies showing

CMR to be more accurate than 2-dimensional echocar-

diography for the assessment of ventricular volumes and

function in both normal subjects and patients with LV

hypertrophy or reduced cardiac function [23].

To our knowledge, LBBB has only been examined

by three CMR studies published in the literature.

However, all those studies only focused on CMR

tagging, assessing a small number of asymptomatic

LBBB patients in one study [24] and symptomatic

LBBB patients in the other 2 studies [25, 26]. In

contrast, the present study involves the largest group

of patients with asymptomatic LBBB examined with

a state of the art clinical CMR protocol and therefore

this is the first study to demonstrate the diagnostic

value of CMR in asymptomatic patients with LBBB.

Study limitations

This study has several limitations. First, the number

of patients is small, despite being derived from a

large clinical referral database of more than 3,500

studies. The prevalence of totally asymptomatic

patients with LBBB in the general population is

probably small and, in our study, patients with

previously known causes of LBBB (e.g. CAD) were

excluded. It is, however, important to phenotypically

characterise those patients and detect even subclinical

structural heart disease. Second, this is a retrospective

study and is therefore susceptible to referral bias.

While this study reflects real-world clinical CMR

practice, large population studies are needed to

confirm our findings. Third, the information on echo

was mainly based on reports from the referring

physicians and was not reviewed by the investigators.

Fourth, only a small number of patients had adeno-

sine perfusion as it was not the primary reason for

referral for CMR. Consequently, the prevalence of

CAD may have been underestimated. Finally, the

exact duration of LBBB is unknown, which may have

influenced the CMR findings. The study only exam-

ined a single time point and no follow-up imaging

was performed.

Conclusions

CMR provides a useful adjunct to echocardiography

in the diagnostic work-up of asymptomatic patients

with LBBB. The main advantage of CMR is its

ability to provide myocardial tissue characterisation

with and without the use of gadolinium contrast.

According to our study, CMR detects sub-clinical

cardiomyopathy in a third of asymptomatic patients

with LBBB despite normal echocardiograms. In those

Table 4 Additional information by cardiovascular magnetic resonance in patients with left bundle branch block and abnormal
echocardiogram

Findings agreed by both CMR

and echo (n = 13)

Additional information

by CMR

Final diagnoses No (%)

Impaired LV function Positive mid-wall LGE DCM with fibrosis 8 (61)

Patchy mid-wall LGE Cardiac sarcoid 1 (8)

Trabeculated LV LV Non compaction 1 (8)

Dilated LV Myocardial perfusion defect CAD 1 (8)

RV wall abnormality LV hypertrophy Athletic heart 1 (8)

Pericardial effusion Thickened pericardium and flattened

septum on inspiration

Pericardial constriction 1 (8)

CAD Coronary artery disease, CMR Cardiovascular magnetic resonance, DCM Dilated cardiomyopathy, LGE Late gadolinium

enhancement, LV Left ventricle/ventricular, RV Right ventricular
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with abnormal echocardiograms, CMR provides

additional clinically relevant information in half of

the patients, including a high prevalence of mid-wall

fibrosis in patients with impaired LV function. Larger

scale studies are needed to confirm our observations

and assess the prognostic value of CMR in this cohort

of patients.
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