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ABSTRACT　
 
Background　 Out-of-hospital patients presenting with atypical chest pain and complete left bundle branch block (LBBB) have to
be stratified for the presence of coronary artery disease and the risk of developing heart  failure (HF).  We investigated the pro-
gnostic role of coronary CT-angiography (CTA) and echocardiographic global longitudinal strain (GLS) in those patients in a mid-
term follow-up.
 
Methods　 Out-of-hospital patients with LBBB underwent echocardiography and a 64-slice CT angiography were evaluated ret-
rospectively. Development of HF or a cardiovascular death were the events scheduled.
 
Results　 Seventy-eight patients (32 female; mean age: 66.0 ± 10.4 years were enrolled. During a follow-up of 33 months (IQR: 17-
77), one patient (1.5%) experienced a cardiovascular death, 14 patients (17.9%) required urgent outpatient visits due to acute de-
compensated  HF  (12  hospitalizations).  Echocardiography  showed  a  slightly  reduced  left  ventricular  ejection  fraction  (LVEF)
(50.0% ± 9.8%) and GLS within the normal range (-16.2% ± 4.1%).  CTA analysis showed coronary stenosis > 50% in 28 patients
(35.9%). A high Agatston score (> 100) was observed in 29.5%. Notably, 25 patients (32.1%) were diagnosed with left main coron-
ary artery  disease  and 15  patients  (16.7%) underwent  revascularization during the  follow up.  Significant  associations  were  ob-
served between events and LVEF (P = 0.001), diastolic dysfunction grade ≥ 2 (P = 0.02), GLS (P < 0.001), multiple coronary stenos-
is (P = 0.04) and Agatston score (P = 0.05). Multivariate analysis confirmed the relationships with LVEF (R2 = 0.89, P < 0.001), dia-
stolic dysfunction (R2 = 3.30, P = 0.04), GLS (R2 = 1.43, P < 0.001), and Agatston score (R2 = 1.01, P = 0.05).
 
Conclusions　 In patients with complete LBBB, CTA and GLS identified those at a high risk of development HF.

 

A  middle-aged man was referred to the
cardiology clinic for atypical thoracic
discomfort and presented a complete

left bundle branch block (LBBB) on a 12-lead ECG.
The only cardiovascular risk factor collected was
the father's history of myocardial infarction. The pa-
tient, an agonist tennis player, inquired about any
contraindication to high-intensity exercise. He had
no comorbidities and was not on any prescribed
drugs. Echocardiography revealed a left ventricular
ejection fraction (LVEF) of 50% with abnormal
septal motion due to rebound stretching. The left

ventricle's deformation was also examined with
GLS, a sensitive marker of myocardial dysfunction,
and a value of -19.6% was calculated. Additionally, coro-
nary computed tomography angiography (CTA) ex-
cluded significant coronary artery disease. Over a 4-
year follow-up, no cardiovascular events were ob-
served. The article discusses the implications of
LBBB on patient management and prognosis, em-
phasizing the need for enhanced risk stratification
and an appropriate plan for ambulatory follow-up.
It also highlights the association of LBBB with heart
failure and the potential use of echocardiographic
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GLS for improved risk stratification in patients at
risk for heart failure.

The first finding of LBBB in a medium-to-high-
risk patient can be concerning, prompting us to
question how we might identify those at risk of fu-
ture cardiovascular death or heart failure develop-
ment. LBBB is a cardiac conduction abnormality
characterized by a delay or blockage of electrical
impulses through the left bundle branch. While the
identification of LBBB via surface electrocardio-
grams is relatively straightforward, understanding
its implications for patient management and pro-
gnosis can be more complex, often requiring addi-
tional investigations.[1] LBBB is more likely to occur
in patients with underlying heart disease (approx-
imately 33%), but it can also present in a healthy
population (with a prevalence of 0.06%).[2] The man-
agement of patients with suspected cardiac symp-
toms and incidental findings of LBBB outside of a
hospital setting remains a contentious issue. There
is a need to improve risk stratification and establish
an appropriate plan for ambulatory follow-up. Giv-
en that previous studies have associated LBBB with
the presence of coronary artery disease,[3,4] it is ad-
visable to screen most patients with LBBB (for in-
stance, with anatomical testing to rule out CAD).[5,6]

However, official recommendations do not provide
a precise description of the diagnostic workup for
incidental LBBB with suspected cardiac symp-
toms.[7] Furthermore, the use of echocardiographic
GLS has been explored for its potential prognostic
role in this context. Evidence suggests that the ana-
lysis of longitudinal deformation with speckle-
tracking echocardiography could detect subclinical
dysfunction and identify the initial alteration of left
ventricular myocardial contraction. This method is
gaining recognition for its prognostic value.[8] There-
fore, GLS might serve as a valuable clinical tool to
enhance risk stratification in patients at risk for HF,
according to the severity of the condition, and can
assist in identifying different cardiomyopathy
phenotypes.[9]

Left ventricular ejection fraction (LVEF) evalu-
ated on echocardiography could be the first relev-
ant data but could be difficult to assess due to sep-
tal-lateral wall dissynchrony. Patients with comple-
te LBBB and moderately reduced LVEF proved to
have a poor long-term outcome, suggesting that pa-
tients in this population would potentially benefit

from a closer follow-up.[10] Unfortunately, clinical
experience evaluating long term follow-up in LBBB
patients are lacking.

After echocardiography, patients with LBBB
should be referred for anatomical testing to rule out
CAD (especially left main and proximal LAD dis-
ease). Stress testing in the presence of LBBB could
be difficult because of the higher rate of false-posit-
ive results.[11] In contrast, CTA appears to be unaf-
fected by image quality from the LBBB and could be
considered as an alternative to invasive coronary
angiography.[12,13]

In addition, complete LBBB patients claiming
atypical chest pain have been demonstrated to be
an intriguing clinical challenge considering that the
presence of a complete LBBB masked the signs of
ischemia at rest or during effort, and septal dissyn-
chrony does not allow a correct diagnosis of CAD
during stress-echo.

The primary objective of this analysis was then to
assess the prognostic/diagnostic role of CTA and
GLS in patients with complete LBBB experiencing
atypical chest pain during a long-term follow-up.[14]
 

METHODS

We conducted a retrospective observational single-
center study involving consecutive adult patients
without known CAD who were diagnosed with
complete LBBB. These patients attended outpatient
visits for atypical chest pain (as per European
guidelines)[15] from 2011 to 2022, and subsequently
underwent transthoracic echocardiography (TTE)
and CTA.

The endpoint was defined as an episode of acute
decompensated Heart Failure (HF) or cardiovascu-
lar death. The exclusion criteria included age < 18
years, known history of CAD, known non-ischemic
cardiomyopathy, severe valvular disease, heart
transplantation, and pregnancy. Patients exhibiting
signs of heart failure during their initial visit were
also excluded. LBBB was characterized by wide
QRS complexes with a duration > 120 ms, a domin-
ant S wave in V1, a broad monophasic R wave in late-
ral leads (I, aVL, and V5-6), absence of Q waves in
lateral leads, and a prolonged R wave peak time >
60 ms in leads V5-6.[15]

Patients were evaluated through subsequent out-
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patient visits and through electronic medical re-
cords. Transthoracic echocardiography (TTE) was
conducted using General Electric VIVID E9 with an
S5-1 1.5/3.6 MHz transducer. Three consecutive
cardiac cycles of all apical views were digitally re-
corded for subsequent post-processing analysis to
assess LVEF and GLS, in accordance with the re-
commendations of the American Society of Echo-
cardiography and the European Association of Car-
diovascular Imaging[15].

CTA was performed using IQon Spectral 64-slice
CT Version with Philips Medical Systems. Patients
were pretreated with up to 25 mg of intravenous
metoprolol to achieve a target heart rate of < 65 beats/
min and were given a 2.5 mg sublingual dose of isosor-
bide dinitrate to enhance coronary artery visualiza-
tion. CTA images were obtained with an initial un-
enhanced scan for calcium scoring (using the Agat-
ston method with prospective ECG triggering, 2.5-
mm slice thickness, 120 kV tube voltage, and 200
mA tube current) to determine the amount of calci-
fied plaques.[15]

Images were captured with retrospective ECG
triggering at 35%-75% of the R-R cycle and intra-
venous administration of a nonionic contrast agent
(Ultravist 370 mg/mL; Schering AG, Berlin, Ger-
many) followed by 30 mL of saline injection using a
two-phase injection protocol at a rate of 5 mL/s. Tube vol-

tage and current were adjusted according to the body
mass index (BMI). The coronary arteries were segmen-
ted, and each coronary segment was visually analyz-
ed for the presence of stenosis (visually quantified
as > 50% of the diameter of the coronary vessel).[15]

Statistical analysis was conducted using SPSS
Statistics 26 (IBM, Armonk, NY, USA). Categorical
variables are presented as frequency with percent-
ages and were compared using Fisher’s exact test.
Scale variables are presented as mean ± SD or medi-
an [interquartile range (IQR)] and were compared
using the Mann–Whitney U test or Kruskal-Wallis
test. Kaplan-Meier analysis and univariate and mul-
tivariate Cox models were performed. We conside-
red results with a P ≤ 0.05 to be statistically signific-
ant. Sex, age, and the number of risk factors were
treated as confounders. Follow-up events included
the development of acute HF (requiring hospitaliza-
tion and/or urgent cardiological consultation for
HF symptoms) and cardiovascular mortality.

The local ethics committee approved our study
protocol that complied with the Declaration of Hel-
sinki. All patients signed an informed consent prior
to performing the CTA examination. 

RESULTS

We enrolled a total of 78 consecutive patients, with
 

Table 1    The risk factors, therapy, and anthropometric characteristics of the patients.

Total (n = 78) Male (n = 46) Female (n = 32)

Age   66.0 ± 10.0   64.6 ± 10.9    68.1 ± 9.4   

Hypertension 54 (69.2%) 33 (71.7%) 21 (65.6%)

Atrial fibrillation 9 (11.5%) 6 (13.0%) 3 (9.4%)

Carotid atherosclerosis 32 (41.0%) 22 (47.8%) 10 (31.3%)

Diabetes 9 (11.5%) 6 (13.0%) 3 (9.4%)

Smoke 22 (28.2%) 17 (37.0%)* 5 (15.6%)*

Number of risk factors     2.3 ±1.4        2.6 ±1.5*        1.8 ±1.3*   

ASA 23 (29.5%) 14 (30.4%) 9 (28.1%)

Statin 10 (12.8%) 8 (17.4%) 2 (6.2%)

ACE/ARB 30 (38.4%) 21 (45.7%) 9 (28.1%)

Betablockers 34 (43.6%) 20 (43.5%) 14 (43.8%)

Diuretics

LDL 124.8 ± 31.6 130.5 ± 32.1* 116.8 ± 29.6*

eGFR   74.3 ± 14.1   72.2 ± 15.2    77.3 ± 11.9 

Data were expressed as n (%) or mean ± SD. *P < 0.05. ACE: angiotensin-converting enzyme; ARB: angiotension II receptor blocker;
eGFR: estimated glomerular filtration rate; LDL: low density lipoprotein.
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a mean age of 66.0 ± 10.4 years, 32 (41.0%) were fe-
male. Table 1 presents the risk factors, therapy, and
anthropometric characteristics of patients. Hyper-
tension was the most common risk factor (69% of
cases) and the antihypertensive treatment has been
described. During a mean follow-up of 33 months
(IQR: 17-77), four patients (6.1%) died from any
cause. Only one patient (1.5%) experienced cardi-

ovascular death. Urgent outpatient visits due to
acute decompensated HF were required in 14
(17.9%) patients, and 12 of these 14 patients (15.4%)
were hospitalized (Table 2).

Echocardiography analysis revealed a slightly re-
duced LVEF (50.0% ± 9.8%) and a GLS within the
normal range (-16.2% ± 4.1%). CTA showed ob-
structive (> 50%) coronary artery stenosis in 28 pa-

 

Table 2    Differences between patients with hospitalization for HF and patients without.

Total (n = 78) With CV death or HF (n = 15) Without CV death or HF (n = 63)

Age, yrs   66.0 ± 10.0   68.9 ± 9.7     65.4 ± 10.5

Male 46 (59.0%) 10 (67.7%) 36 (57.1%)

Hypertension 54 (69.2%) 11 (73.3%) 43 (68.3%)

Atrial fibrillation 9 (11.5%) 3 (20.0%) 6 (9.5%)

Carotid atherosclerosis 32 (41.0%) 5 (33.3%) 27 (42.9%)

Diabetes 9 (11.5%) 2 (13.3%) 7 (11.1%)

Smoke 22 (28.2%) 5 (33.3%) 17 (27.0%)

Number of risk factors     2.3 ± 1.4     2.41 ± 1.4       2.3 ± 1.5  

ASA 23 (29.5%) 6 (40.0%) 17 (27.0%)

Statin 10 (12.8%) 1 (6.7%) 9 (14.3%)

ACE/ARB 30 (38.4%) 8 (53.3%) 22 (34.9%)

Betablockers 34 (43.6%) 6 (40.0%) 28 (44.4%)

LDL 124.8 ± 31.6 135.5 ± 31.0 122.4 ± 31.5

eGFR   74.3 ± 14.1   74.5 ± 15.2   74.3 ± 13.9

Heart Rate   64.4 ± 10.9   64.7 ± 9.9    64.4. ± 10.2

EF   49.9 ± 9.9      41.7 ± 10**     51.8 ± 8.9**

Diastolic disfunction grade ≥ 2 31 (39.7%) 10 (66.7%)* 21 (33.3%)*

GLS  -16.1 ± 4.1     -11.9 ± 3.1**   -17.1 ± 3.4**

Agatston score 3.5 [0.0-148.7] 56.0 [0.0-720.0]* 0.0 [0.0-90.0]*

Agaston score > 100 23 (29.5%) 7 (46.7%) 16 (25.4%)

Coronary stenosis 28 (35.9%) 7 (46.7%) 21 (33.3%)

Multiple coronary stenosis 12 (15.4%) 5 (33.3%)* 7 (11.1%)*

LMCA stenosis 2 (2.6%) 1 (6.7%) 1 (1.6%)

LAD stenosis 21 (26.9%) 5 (33.3%) 16 (25.4%)

LCX stenosis 11 (14.1%) 5 (33.3%)* 6 (9.5%)*

RCA stenosis 9 (11.5%) 2 (13.3%) 7 (11.1%

High risk plaque 21 (26.9%) 5 (33.3% 16 (25.4%)

Urgent outpatient visits for HF 14 (17.9%) 14 (93.3%) 0 (0.0%)

Hospitalization for HF 12 (15.4%) 12 (80.0%) 0 (0.0%)

All cause death 4 (5.1%) 1 (6.7%) 3 (4.8%)

Cardiovascular death 1 (1.3%) 1 (6.7%) 0 (0.0%)

Follow up (months) 33 [17-77] 25 [8-31] * 42 [17-78] *

Data were expressed as number (%) or mean ± SD or median [interquartile range]. *P < 0.05, **P < 0.01. EF: ejection fraction; GLS:
global longitudinal score; HF: heart failure; LAD: left anterior descending; LCX: left circumflex artery; LMCA: left main coronary
artery; RCA: right coronary artery.
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tients (35.9%). Of these, 16 patients (20.5% of the
total) had single-vessel disease, while 12 patients
(15.4% of the total) had multivessel disease. During
the follow-up period, 15 patients (16.7% of the en-
tire population) underwent planned percutaneous
coronary artery revascularization. The remaining
patients, whose lesions were deemed subcritical by
FFR during angiography, received conservative
treatment. A high Agatston score (> 100) was ob-
served in 29.5% of the patients, with 5 patients ex-
ceeding a score of 1000. After the diagnosis of coro-
nary artery disease, all patients had their antiplate-
let and lipid-lowering therapies optimized. Syntax
score ranges between 0 and 24 (mean 3.46 ± 6.0), only
3 patients have > 22. Correlations between LVEF,
GLS, Agatson score and Syntax score were presented
in Table 3.

Significant associations were found between the
primary target (CV death or development of acute
HF) and several factors: LVEF (P = 0.001), diastolic
dysfunction grade ≥ 2 (P = 0.02), GLS (P < 0.001),
multiple coronary stenosis (P = 0.04), Agatston score
(P = 0.05), and Syntax score (P < 0.001). After adjust-
ing for confounders, multivariate Cox models con-
firmed the relationships with EF (R2 = 0.89, IQR =
0.83–0.95, P < 0.001), diastolic dysfunction (R2 =
3.30, IQR = 1.05–10.43, P = 0.04), GLS (R2 = 1.43, IQR =
1.22–1.68, P < 0.001), Agatston score (R2 = 1.01, IQR =
1.00–1.02, P = 0.05), and Syntax score (R2 = 1.16, IQR =
1.06–1.28, P = 0.001). Comparing together these
parameters, impaired GLS emerged as the best pre-
dictor of the development of acute HF (R2 = 1.29,
IQR = 1.03–1.63, P = 0.03). When the population
was divided according the GLS quartile (Q1 < -13.7,
Q2 -13.7–16.8, Q3: -16.8–18.9, Q4: >-18.9), only pa-
tients with a cut-off value above the median (-16.8)
exhibited a risk of developing HF (Figure 1-2, P <
0.001). Interestingly, the prognostic role of GLS ap-
peared to be more significant in patients without

coronary stenosis, even after adjusting for con-
founders (R2 = 1.67, IQR = 1.25–2.24, P < 0.001 vs. R2 =
1.32; IQR = 0.95–1.83, P = 0.09) (Table 2,  Figure 1).
The use of a cut-off value for GLS (-16.8%) doesn’t
appear to be significant (ROC area = 0.20). It should
be noted that the presence of at least three risk
factors was associated with an increased preval-
ence of coronary stenosis (58.8% vs.18.2%, P < 0.001)
and an Agatston score > 100 (82.6% vs. 27.2%, P <
0.001). 

DISCUSSION

This analysis investigated the utility of GLS and
CTA in evaluating patients with LBBB, particularly
for identifying those at high risk of adverse clinical
cardiovascular outcomes (cv death/developing of
HF).

In our clinical practice, we have emphasized the
diagnostic and prognostic significance of CTA and
GLS in outpatients with complete LBBB who pre-
sent with atypical chest pain. We detected coronary
stenosis greater than 50% in 35.9% of these patients.
Over a median follow-up period of 33 months,
17.9% of patients required urgent outpatient visits
for acute decompensated heart failure (HF), with
15.4% subsequently hospitalized for this condition.
Cardiovascular causes accounted for the death of
only one patient (1.5%).

The high prevalence of coronary artery disease
(CAD) in our cohort aligns with literature reports,
such as the Framingham Heart Study, which also
indicates a higher mortality rate.[16,17] Notably, the
use of CTA, a highly specific method, suggested a
greater prevalence of CAD compared to earlier data
that relied on less precise CAD markers, such as
symptoms or functional tests for inducible ische-
mia—tests whose accuracy is compromised by the
presence of LBBB.[18]

In our experience, coronary stenosis did not cor-
 

Table 3    Correlations between LVEF, GLS, Agatson score e Syntax score.

LVEF GLS AGATSON SCORE SYNTAX SCORE

LVEF 1 -0.671** -0.163 -0.120

GLS - 1 0.271* 0.235

AGATSON SCORE - - 1 0.536**

SYNTAX SCORE - - - 1

*P < 0.05; **P < 0.01.
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relate with the combined endpoint of acute HF or
cardiovascular death, which may be due to the con-
current presence of non-ischemic cardiomyopathy.
The Agatston score emerged as a superior predict-
or of clinical events in our patient population. The
favorable cardiovascular outcomes observed may
be attributable to the implementation of specific
secondary coronary prevention therapies once
coronary anatomy was established.[19,20] These find-
ings advocate for rigorous clinical follow-up in
heart failure clinics to potentially enhance cardi-
ovascular prognosis in LBBB patients with demon-
strated coronary disease, regardless of successful
coronary revascularization.

GLS has also proven to be a valuable tool for ac-
curately identifying patients at high risk of adverse
clinical outcomes. Research has shown that left
ventricular GLS is a strong prognostic indicator,
more closely associated with poor outcomes than
other echocardiographic parameters capable of de-
tecting subtle left ventricular dysfunction.[21] GLS
was particularly reliable in patients with left
ventricular dysfunction, outperforming LVEF in
predicting cardiovascular events.[22] Moreover, in
HF patients with severe left ventricular dysfunc-
tion, a GLS below -10%, CTA was able to identify

patients who experienced ventricular arrhythmias
(specificity of 90%).[23] Intriguingly, Stokke, et al.[24]

demonstrated through a combined mathematical
and echocardiographic study that in patients with
preserved LVEF, GLS more accurately reflects sys-
tolic function than LVEF due to geometric confoun-
ders.

Impaired GLS, rather than diastolic dysfunction
or LVEF, appears to be a reliable predictor of the risk
of developing heart failure, with or without coron-
ary stenosis. These findings underlined the import-
ance of GLS in risk stratification management for
patients with complete LBBB, where normal left
ventricular systolic function will not precisely pre-
dict future HF risk. Additionally, when stratifying
the population by GLS quartiles, only patients with
a GLS greater than -16.8 faced a risk of developing
HF. CTA's role is crucial in excluding CAD and, if
present, initiating appropriate medical therapy. The
prognostic value of GLS is particularly pronounced
in patients without coronary stenosis, highlighting
the potential progression to cardiomyopathy in
those with complete LBBB but no CAD.

Our study has several limitations, including its
retrospective nature, the single-center sample size
for patients undergoing CTA, and the absence of a
control group. Our goal was to investigate the long-
term prognostic implications of LBBB in the gener-
al population. We also aimed to minimize potential
historical bias that could arise from including a con-
trol group at a later date than the LBBB patients (en-
rolled from 2011 onwards), as technological ad-
vancements and increased operator experience
could influence outcomes. Additionally, our sample
may be subject to referral bias, as high-risk sympto-
matic patients might have been directly referred for
coronary angiography.

In conclusion, the prognostic implications of a

 

Figure 1    HF-free survival in patients with LBBB splitting by GLS quartile (Q1: < -13.7, Q2: -13.7 to -16.8, Q3: -16.8 to 18.9, Q4: > -18.9).
Kaplan-Meier analysis.
 

Figure 2    Hospitalization for HF in LBBB patients divided for
quartile of GLS.
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first diagnosis of LBBB remain a debated issue.
However, our study has confirmed the association
between complete LBBB and adverse clinical out-
comes during mid-term follow-up. For patients
presenting with atypical chest pain and complete
LBBB, incorporating GLS measurements alongside
CTA aids in identifying individuals at high risk. We
advocate for the integration of this approach into
routine clinical practice to enhance the diagnostic
and prognostic classification of patients with an ini-
tial diagnosis of LBBB. While CTA enables the iden-
tification of patients with CAD, providing an op-
portunity for primary prevention through optimal
medical therapy before the development of ischem-
ic events, our findings are particularly insightful for
patients with compromised absolute GLS values, re-
gardless of left ventricular systolic or diastolic func-
tion. Patients with complete LBBB and impaired
GLS, independently by the presence of CAD,
should be actively monitored due to their increased
risk of hospitalization for heart failure over the long
term being the first clinical manifestation of cardi-
omyopathy. 
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