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Abstract
Background: The literature lacks studies about the prognostic value of exercise stress echocardiography (ESE) in patients 
with complete left bundle branch block (LBBB) of the bundle of His. 

Objective: To assess the prognostic value of ESE in patients with LBBB.

Methods: This is a retrospective cohort that evaluated 135 patients with LBBB, from January 2001 to October 2009, 
of which 37.8% were men, mean age 63.6 ± 11.5 years submitted to ESE according to Bruce protocol on a treadmill. 
Cox regression was used, considering these outcomes: death from all causes and from cardiac events, defined as acute 
myocardial infarction (AMI), percutaneous angioplasty (PA), coronary artery bypass grafting (CABG) and death from 
cardiac causes. 

Results: Positive ESE was observed in 42 patients (31%). The mean follow-up was 45.8 ± 4.7 months. During this period, 
there were 9 deaths from all causes and 9 cardiac events (3 deaths from cardiac causes, 3 myocardial infarctions, 2 PA 
and one CABG). The mortality rate from all causes during five years was 16.1% in the group with positive ESE and 2.5% 
in the group with negative test (p = 0.171), whereas the rate of cardiac events in the same period was 15.1% for the 
positive ESE and 1.6% in the group with negative test (p = 0.009). 

Conclusion: ESE showed to be a predictor of cardiac events in patients with LBBB. (Arq Bras Cardiol 2011;97(6):478-484)
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Exercise stress echocardiography (ESE) is a noninvasive 
method of great value for the diagnosis and risk stratification 
of coronary artery disease (CAD)8-11. This technique allows the 
analysis of left ventricular function at rest and under stress, as 
well as the detection of the presence, location and extent of 
alterations in wall motion in response to stress. It also has high 
availability and reliability, in addition to being low cost and 
eliminating the need for radioactive material use12. The ESE is 
also able to detect ischemic changes earlier than the exercise 
test (ET), as previously demonstrated by several studies13. 

Therefore, this is an established and versatile tool for 
the diagnosis and risk stratification of CAD in the general 
population. However, its applicability in patients with LBBB 
is not yet well established. Considering that, the present 
study aims to evaluate the prognostic value of ESE in patients 
with LBBB.

Methods

Patients
Between January 2001 and October 2009, a total of 6,731 

patients underwent exercise stress echocardiography at the 

Introduction
The left bundle branch block (LBBB) of the bundle of His 

is easily detected by the electrocardiogram (ECG). It may 
be associated with progressive disorder of the conduction 
system or occur in patients with no evidence of heart disease. 
LBBB interferes with the interpretation of the exercise test, in 
addition to inducing ventricular dyssynchrony, thus impairing 
the evaluation of left ventricular function. According to 
epidemiological studies carried out in the last thirty years, the 
prevalence of the LBBB has varied between 0.1 and 0.8% in 
the U.S. population1-5. 

Approximately one third of patients with heart failure 
have a conduction disorder and LBBB is the one most often 
found (25%)6. It is associated with increased cardiovascular 
morbimortality and may be considered a marker of a 
slowly and progressive cardiac degeneration of ischemic or 
nonischemic causes7.  
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Laboratory of Echocardiography of Clínica e Hospital São 
Lucas (ECOLAB), Aracaju-SE. In this sample, we identified 
243 patients with LBBB. During follow-up, 108 patients were 
excluded from the study, as it was not possible to follow them 
by telephone contact. We also excluded those who refused to 
participate in the study, those with poor-quality imaging tests 
and those with significant valvular heart disease. 

LBBB was defined as wide QRS complex (duration ≥120 ms), 
with predominantly positive QRS complexes, and wide R 
waves in leads DI, V5 and V6 and rS or QS patterns in V14. 

Test protocol 
The test was initiated with the medical history, physical 

examination, blood pressure and heart rate measurement, 
12-lead electrocardiogram and echocardiography at rest. 
Subsequently, the ET was performed according to the 
Bruce protocol. 

The echocardiographic images were obtained at rest, 
immediately after the physical exertion and during the 
recovery period, using two-dimensional echocardiography, 
pulsed Doppler and tissue Doppler. The echocardiographic 
variables were obtained and measured according 
to the recommendations of the American Society of 
Echocardiography12. The two-dimensional echocardiographic 
images were recorded on video home system (VHS) tapes 
and digital video discs (DVDs), with the patient on left lateral 
decubitus and simultaneous electrocardiographic recording in 
the parasternal acoustic windows (longitudinal and transverse) 
and apical (two-chamber and four-chamber). 

ESE Analysis 
The images obtained at the three moments of the 

examination were placed side by side in quad screen format 
and were analyzed and compared at different heart rates by an 
experienced level-III echocardiographist, according to criteria 
established by the American Society of Echocardiography. 
This organization also recommends that the left ventricle (LV) 
should be assessed by standard echocardiographic planes, 
defining 16 segments, and that the examinations should be 
recorded for later review. Scores were given to each of the 16 
segments: 1 - normal segments, 2 - segments with decreased 
thickness (hypokinetic), 3 - segments without thickening 
(akinetic) and 4 - segments with dyskinetic movements. The 
left ventricular wall motion index (LVWMI) was obtained by 
adding the scores given to each of the 16 segments divided 
by the number of studied segments. This evaluation was 
performed at rest and after exercise stress11,14.  

The test was considered positive if segmental contractility 
abnormalities occurred in the myocardium at rest and / or 
after exercise. Ischemia was defined as the onset or worsening 
of segmental contractility abnormalities in the myocardium 
after exercise15. 

Follow-up
Follow-up was carried out through telephone interviews. 

The outcomes analyzed were deaths from all causes 
and occurrence of the first major cardiac event (acute 

myocardial infarction (AMI), percutaneous coronary 
intervention (PCI), coronary artery bypass grafting (CABG) 
or death from cardiac causes). 

Statistical Analysis 
Categorical variables were described as number of cases 

and percentages, and comparisons between groups were 
carried out by Chi-square (χ²) or Fisher exact test. Quantitative 
variables were characterized as mean ± standard deviation, 
and comparisons ​​between groups were carried out using 
unpaired t test. The cumulative event curves were estimated 
by the Kaplan-Meier method and compared by log-rank test. 
Cox regression was used to assess risk factors for cardiac events 
and overall mortality and p values ​​< 0.05 were considered 
significant. Statistical analysis was carried out with SPSS 
software, release 17.0 (SPSS Inc., Chicago, Illinois). 

Ethical Aspects 
The Ethics Committee of the Federal University of Sergipe was 

requested an extension for the research project “Chronotropic 
Incompetence Adds Positive Predictive Value to Obstructive 
Coronary Disease at Exercise Stress Echocardiography”, 
previously approved under Protocol #1818.0.000.107-06. All 
patients signed the free informed consent form. 

Results

Clinical characteristics of the studied population
Of the 135 patients, 51 (37.8%) were men. The mean age 

was 63.6 ± 11.6, ranging from 36 to 89 years. The patients 
were divided in two groups according to the ESE result: 
Negative ESE (n = 93, 69.9%) and positive ESE (n = 42, 
31.1%). The majority of patients with positive ESE was male 
and had a history of myocardial infarction (Table 1). 

Clinical Hemodynamic and Echocardiographic Parameters 
There were no complications during the examinations. Of 

the 135 patients submitted to ESE, 42 (31.1%) had a positive 
test. However, of these patients, 18 (42.9%) had altered 
motility only at rest, 17 (40.5%) had no motility alterations 
at rest and developed ischemia during the examination, and 
seven (16.7%) had motility alterations at rest and developed 
ischemia during the examination (Table 2). 

Follow-up
The mean follow-up was 45.8 ± 4.7 months. During this 

period, there were nine cardiac events (three AMI, one CABG, 
two PA and three deaths from cardiac causes) and eight deaths 
(in addition to the three from cardiac causes, two deaths due 
to cerebrovascular accident, one due to gastric neoplasm, one 
due to pneumonia and one due to pulmonary emphysema). 
The five-year mortality rate was 16.1% for the group with a 
positive test and 2.5% in the group with a negative test (p = 
0.171) (Figure 1), whereas the rate of cardiac events during the 
same period was 15.1% in the group with a positive test and 
1.6% in the group with a negative test (p = 0.009) (Figure 2). 
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Table 1 - Clinical findings in LBBB patients with positive and negative ESE

All patients 
(n = 135)

Negative 
ESE  (n = 93)

Positive ESE  
(n = 42) p

Men, n (%) 51 (37.8%) 27 (29%) 24 (57.1%) 0.002

Age, years 63.6±11.6 62.2±11.8 66.9±10.5 0.286

Smoking, n (%) 3 (2.3%) 2 (2.2%) 1 (2.5%) 0.915

DM, n (%) 15 (11.5%) 11 (12.1%) 4 (10%) 0.730

BMI, kg/m2 27.1±4.3 26.9±4.3 27.6±4.5 0.803

Obesity, n (%) 33 (24.4%) 23 (24.7%) 10 (23.8%) 0.908

Sedentary lifestyle, n (%) 33 (56.9%) 22 (51.2%) 11 (73.3) 0.135

Alcohol consumption, n (%) 17 (28.8%) 11 (25%) 6 (40%) 0.282

Hypertension, n (%) 84 (64.1%) 55 (60.4%) 29 (72.5%) 0.185

Dyslipidemia, n (%) 86 (65.6%) 57 (62.6%) 29 (72.5%) 0.274

FH of CAD, n (%) 74 (56.5%) 47 (51.6%) 27 (67.5%) 0.092

Previous CAD, n (%) 7 (5.5%) 1 (1.1%) 6 (15.4%) 0.001

CABG, n (%) 9 (7.1%) 2 (2.3%) 7 (17.9%) 0.001

ESE – exercise stress echocardiography; DM - diabetes mellitus; BMI – body mass index; FH - family history; CAD – coronary artery disease; CABG – coronary artery 
bypass graft.

Figure 1 - Kaplan-Meier curve showing the cumulative incidence of deaths in LBBB patients with positive and negative ESE.
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Table 2 - Clinical, hemodynamic and echocardiographic parameters during ESE in patients with LBBB 

All patients 
(n = 135) Negative ESE (n = 93) Positive ESE (n = 42) p

SBP at rest, mmHg 132.4±14.9 131.1±14.5 135±15.5 0.572

Peak SBP, mmHg 185.9±19.9 186.5±19.1 184.6±21.8 0.286

DBP at rest, mmHg 82.1±8.1 82.4±8.7 81.3±6.6 0.057

Peak DBP, mmHg 85.1±9 85.5±9.3 84.4±8.3 0.344

HR at rest, beats/min 78.4±17 78±15.4 79.2±20.4 0.308

Peak HR, beats/min 146.4±20.4 148.8±19.7 141.1±21 0.623

Precordial pain, n (%) 7 (5.2%) 0 7 (16.7%) <0.001

Peak hypertension, n (%) 18 (13.3%) 14 (15.1%) 4 (9.5%) 0.382

Dyspnea, n (%) 20 (14.8%) 8 (8.6%) 12 (28.6%) 0.002

CI, n (%) 51 (37.8%) 34 (36.6%) 17 (40.5%) 0.664

Assessed METS 7.8±2.1 8.1±2.4 7.5±1.7 0.050

Ejection fraction 0.62±0.09 0.64±0.06 0.56±0.09 0.004

LV mass index 102.1±37.7 94.4±29.6 119±47.2 <0.001

Aorta, cm 3.1±0.4 3.0±0.4 3.4±0.4 0.573

Body surface 1.7±0.2 1.7±0.2 1.7±0.3 0.073

LV relative thickness 31.3±5 32.1±4.8 29.4±4.9 0.994

LV WMSI at rest 1.1±0.3 1±0 1.3±0.4 <0.001

LV WMSI after exercise 1.1±0.3 1±0 1.4±0.4 <0.001

ESE - exercise stress echocardiography; SBP – systolic blood pressure; DBP – diastolic blood pressure; HR – heart rate; CI – chronotropic incompetence; METS – 
metabolic equivalents ; LV – left ventricle; WMSI – wall motion score index.

Table 3 - Univariate analysis of factors that predict mortality and cardiac events

Total mortality Cardiac events 

RR 95%CI p RR 95%CI p

Male sex 2.01 0.5-7.5 0.294 1.18 0.3-4.4 0.805

Age 1.81 1.2-2.7 0.003 1.27 0.9-1.7 0.129

Diabetes mellitus 1.74 0.3-8.4 0.492 3.0 0.7-12.3 0.122

Obesity 1.87 0.5-7.5 0.378 0.39 0.5-3.1 0.370

Hypertension 2.37 0.5-11.4 0.282 0.68 0.2-2.6 0.572

Dyslipidemia 1.13 0.2-5.0 0.874 0.68 0.2-2.7 0.587

FH of CAD 0.51 0.1-2.0 0.330 0.79 0.2-3.0 0.727

Previous CAD 4.96 1.2-19.6 0.023 1.01 0.2-5.6 0.987

Peak hypertension 1.05 0.1-8.5 0.964 0.97 0.1-7.8 0.975

CI 2.75 0.7-11.0 0.156 2.18 0.6-8.2 0.250

Ejection fraction 0.31 0.8-1.2 0.098 1.42 0.2-11.7 0.742

LV relative thickness 0.36 0.7-1.8 0.217 0.77 0.2-3.3 0.728

ESE result 2.43 0.7-9.1 0.186 6.51 1.3-31.9 0.021

Ischemia at ESE 0.77 0.1-6.4 0.810 7.84 1.7-31.2 0.008

Arrhythmia 2.26 0.6-8.4 0.226 0.73 0.2-3.0 0.662

FH - family history; CAD – coronary artery disease; CI – chronotropic incompetence; LV – left ventricle; ESE – exercise stress echocardiography.
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Predictors of events
Cardiac events were predicted by both the result of the 

ESE (RR = 6.5, 95%CI = 1.3 to 31.9, p = 0.021) and by the 
presence of ischemia at the ESE (RR = 7.8, 95%CI = 1.7 to 
31.2, p = 0.008). The mortality predictors were age (RR = 
1.8, 95%CI = 1.2 to 2.7, p = 0.003) and previous CAD (RR 
= 4.9, 95%CI = 1.2 to 19.6, p = 0.023). The ESE result was 
not a predictor of overall mortality (Table 3). 

Discussion
The exercise stress echocardiography is not usually used 

in patients with LBBB, probably due to the lack of studies 
in the literature to support this indication. This is the first 
investigation with such objective in a Brazilian population. 
The main finding of this research is to demonstrate that 
patients with LBBB and positive ESE have increased risk 
for cardiac events. 

The  p rognos t i c  va lue  o f  the  exe rc i se  s t r e s s 
echocardiography (ESE), which also includes the tests 
using pharmacologic stress, has already been established 
in many other specific groups of individuals, such as 
in patients with hypertension, diabetes mellitus, left 
ventricular overload (LVO) and atrial fibrillation15. 

Marwick et al16 demonstrated that the positive result of 
the ESE is an independent predictor of death from cardiac 

causes in hypertensive patients with suspected or known 
CAD. The study by Cortigiani et al17 found similar results. 
Smart et al18, in a study of 345 patients with LVO, showed 
that ESE-induced ischemia was a predictor of events in 
this group of patients. The ESE also showed a significant 
prognostic value for late cardiac events in patients with atrial 
fibrillation, as demonstrated in the study by Poldermans et 
al19. A study by Oliveira et al20, with the objective to evaluate 
the prognostic value of ESE in patients with diabetes, 
showed that those with normal ESE had low rates of cardiac 
events in the first year after the examination. 

The exercise test is the most widely used noninvasive 
method for diagnosis and risk stratification of CAD, but it 
is considered inconclusive in patients with LBBB21,22. As 
there are scarce data regarding the diagnostic potential of 
exercise stress echocardiography in patients with LBBB, 
this modality is not recommended by the guidelines of 
the American College of Cardiology and the American 
Heart Association, which indicate the use of myocardial 
scintigraphy on coronary vasodilator and pharmacological 
stress echocardiography with dobutamine23. The alleged 
limitation of ESE in patients with LBBB is the analysis of 
septal motility, which may not have good accuracy; in 
spite of that, the worsening in the septal wall thickening 
during the ESE is a good marker of ischemia24. The study 
by Peteiro et al25 demonstrated that the ESE has a good 

Figure 2 - Kaplan-Meier curve showing the cumulative incidence of cardiac events in LBBB patients with positive and negative ESE.
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effectiveness in patients with LBBB. A study of 35 patients 
with LBBB undergoing ESE showed a sensitivity of 76%, 
specificity of 83% and accuracy of 80%.  

Recent articles have demonstrated that the ESE in 
patients with LBBB may be useful to detect CAD and 
predict cardiac events in this population. A meta-analysis 
considering non-invasive tests in patients with LBBB showed 
that the ESE accuracy to detect CAD was comparable to 
that of myocardial scintigraphy. The prognostic value for 
major cardiac events also showed similar results between 
the ESE and myocardial scintigraphy, which supports the 
use of these two techniques for the diagnosis and prognosis 
of patients with LBBB and suspected CAD26. The American 
Society of Echocardiography, in its last recommendation, 
indicated the ESE as an excellent test to measure prognosis 
in this group15.  

In the present study, the rate of cardiac events (CABG, 
PA, AMI and death from cardiac causes) over five years 
was 15.1% for the group with a positive test and 1.6% in 
the group with a negative test (p = 0.009). 

This result is similar to that found by Bouzas-Mosquera 
et al27, who studied 618 patients with LBBB and showed 

a rate of 18% in the group with positive ESE and 4.6% 
in the group with negative ESE (p <0.001) . These data 
demonstrate that even patients with LBBB and positive 
ESE are more likely to develop cardiac events than those 
who had a negative test. 

Regarding the outcome of death from all causes, unlike 
Bouzas-Mosquera et al27 who found a rate of 24.6% in 
patients with positive ESE and 12.6% in patients with 
negative ESE (p <0.001), in the present study we found 
no significance in the comparison of mortality from all 
causes at five years (16.1% vs. 2.5%, p = 0.171). This 
finding may reflect the limitations regarding the power of 
this study (due to the limited number of patients) and not 
a homogenous evolution of the two groups with regard 
to overall mortality. 

Conclusions
The exercise stress echocardiography showed to be 

a predictor of cardiac events (myocardial infarction, 
percutaneous angioplasty, CABG, and death from cardiac 
causes) in patients with LBBB.
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