The left bundle-branch block puzzle in the 2013
ST-elevation myocardial infarction guideline: From
falsely declaring emergency to denying reperfusion in
a high-risk population. Are the Sgarbossa Criteria
ready for prime time?
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Prompt and accurate identification of ST-elevation myocardial infarction (STEMI) in the presence of left bundle-branch block
(LBBB) remains difficult. The 2004 STEMI guideline recommended emergent reperfusion therapy to patients with suspected
ischemia and new or presumably new LBBB. These recommendations have led to frequent false catheterization laboratory
activation and inappropriate fibrinolytic therapy because most patients with suspected ischemia and new or presumably new
LBBB do not have acute coronary artery occlusion on angiography. The new 2013 STEMI guideline makes a drastic change by
removing previous recommendations. Therefore, patients with suspected ischemia and new or presumably new LBBB would no
longer be treated as STEMI equivalent. The new guideline fails to recognize that some patients with suspected ischemia and
LBBB do have STEMI, and denying reperfusion therapy could be fatal. The Sgarbossa electrocardiography criteria are the most
validated tool to aid in the diagnosis of STEMI in the presence of LBBB. A Sgarbossa score of ≥3 has a superb specificity (98%)
and positive predictive value for acute myocardial infarction and angiography-confirmed acute coronary occlusion. Thus, we
propose a diagnosis and triage algorithm incorporating the Sgarbossa criteria to quickly and accurately identify, among
patients presenting with chest pain and new or presumably new LBBB, those with acute coronary artery occlusion. This is a
high-risk population in which reperfusion therapy would be denied by the 2013 STEMI guideline. Our algorithm will also
significantly reduce false catheterization laboratory activation and inappropriate fibrinolytic therapy, the inevitable
consequence of the 2004 STEMI guideline. (Am Heart J 2013;166:409-13.)

In patients presenting with ischemic symptoms,
prompt and accurate identification of acute coronary
artery occlusion is critical for the timely use of
reperfusion therapy. 1,2 The triage of these patients relies
on the standard 12-lead electrocardiogram (ECG), with
ST-segment elevation criteria the primary indication for
emergent reperfusion therapy. 3 However, recognition of
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ST-segment elevation myocardial infarction (STEMI) in
the presence of left bundle-branch block (LBBB) remains
difficult. 4 Repolarization in LBBB is characterized by STsegment deviation away from the direction of the
terminal QRS waveforms. 5 Therefore, the ECG manifestations of STEMI may be either obscured or mimicked by
the baseline “secondary” ST-segment deviations of LBBB.
While acknowledging the formidable challenge and
diagnostic uncertainty from LBBB, the 1996 and 2004
American College of Cardiology and American Heart
Association (ACC/AHA) STEMI guidelines recommended
emergent reperfusion therapy including fibrinolytics or
primary percutaneous coronary intervention (PCI) to
patients with symptoms compatible with STEMI and new
or presumably new LBBB if these symptoms arose within
the prior 12 hours (class I indication). 6,7 The recently
published 2012 European Society of Cardiology STEMI
guideline also recommended early mechanical (PCI) or
pharmacological reperfusion as early as possible for
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patients with clinical presentation of STEMI and new or
presumed new LBBB (class IA recommendation). 8 These
guideline recommendations stemmed from the Fibrinolytic
Therapy Trialists' review of 9 major randomized trials in the
fibrinolytics era, which suggested that patients with a
bundle-branch block on the initial ECG had higher baseline
mortality and had the greatest incremental improvement in
survival when given fibrinolytics. 1,9
Since its publication, this guideline recommendation
has elicited continued debate. Firstly, data from randomized clinical trials establishing a clear benefit of urgent
reperfusion therapy exclusively in patients with LBBB are
lacking because relatively few patients seeking evaluation
for suspected acute myocardial infarction (AMI) have
LBBB, accounting for only 1% to 9% of patients in clinical
trials and registries. 4,5,10-15 Earlier clinical trials analyzed
for this guideline recommendation did not even separate
LBBB from other bundle-branch block. 1 In addition, the
timely availability of a previous ECG for comparison is the
exception rather than the rule. Physicians can promptly
determine whether a LBBB is new or old only if a recent
previous ECG is available or if the LBBB develops after a
first ECG has been recorded during the index episode of
chest pain. Therefore, the categorization of the LBBB is
subjective and may explain the wide variation in the reported
percentage of new (compared with old) LBBB in AMI
patients, ranging from 29% to 61% from different studies. 5,16
Furthermore, although the proven new appearance of LBBB
in a patient with acute chest pain could be suggestive of AMI,
it is more often a preexisting marker of underlying structural
heart disease such as degenerative conduction disease,
chronic ischemic heart disease, cardiomyopathy, or valvular
heart disease. 9,17,18 Patients with these cardiac conditions
may present with symptoms that can be easily misinterpreted
as “STEMI equivalent.” Patients with newly developed LBBB
from AMI would most probably be hemodynamically
unstable because very proximal coronary occlusion is
required to involve the septal perforating arteries that supply
the proximal left bundle branch. 19
The 1996 and 2004 STEMI guideline recommendations
on LBBB with suspected AMI were based on early
fibrinolytic trials where the diagnosis of AMI typically
was not confirmed angiographically, but rather biochemically. 20,21 Cardiac biomarkers can also be elevated by
nonischemic cardiac disorders and by noncardiac conditions such as renal failure, pulmonary embolism, and
sepsis. 22,23 Relying on cardiac biomarkers in the presence
of LBBB may overestimate the prevalence of AMI.
The diagnostic approach and management strategy for
STEMI have evolved in the last decade with primary PCI
currently the preferred reperfusion therapy. 24 This has
produced abundant angiographic evidence, which would
challenge the validity of these guideline recommendations. Larson et al 14 recently reported angiographic
findings in 36 patients who presented with a new or
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presumably new LBBB from a regional STEMI registry.
They found that 44% of these patients did not have culprit
coronary occlusion on emergent angiography, suggesting
false catheterization laboratory activation. The rate of
false activation in patients with STEMI but without LBBB
was only 14% in the same registry. Chang et al 5 analyzed a
cohort of patients who presented to emergency departments with suspected acute coronary syndromes.
They found no difference in the rate of clinical AMI
between patients with a new or presumably new LBBB,
old LBBB, or without an LBBB (7.3% vs 5.2% vs 6.1%, P =
.75). At 30 days of follow-up, among those with a new or
presumably new LBBB, only 19.2% had documented
coronary disease by angiography, and 7.8% underwent
coronary revascularization. Most recently, Jain et al 4
reported in a single-center STEMI registry only 14% (5/36)
of those who presented with new or presumably new
LBBB and suspected AMI had culprit coronary occlusion
on emergent angiography. These angiographic studies
suggest that new or presumably new LBBB provides
limited diagnostic value in identifying patients with acute
coronary occlusion and should not be considered a
reliable indicator for STEMI. It is logical to postulate that a
significant proportion of those patients with LBBB and
suspected AMI in the early fibrinolytic trials did not have
an occluded culprit artery and thus received inappropriate fibrinolysis. Adverse effects are potentially serious
because patients with LBBB have a higher risk of bleeding
including intracranial bleeding as they are more likely to
be female, older, and have both hypertension and
cardiovascular disease. 18 With increased pressure to
reduce door-to-balloon time, LBBB with suspected
ischemic symptoms has emerged as a frequent reason
for false activation of the cardiac catheterization laboratory for primary PCI. 25 Such false activation exposes
patients to unnecessary procedure-related risks, prolongs
hospital stay, increases health care expenses, and
imposes a burden on limited resources. 25
The newly published 2013 STEMI guideline recognizes
both the diagnostic uncertainty of LBBB and some of the
new angiographic evidence. 24 It acknowledges that most
cases of LBBB at presentation are “not known to be old”
when no ECG is available for comparison. It explicitly
states that new or presumably new LBBB at presentation
occurs infrequently, may interfere with ST-elevation
analysis, and should not be considered diagnostic of AMI
by itself. It concludes that urgent catheterization for such
patients may increase the risk of complications from the
invasive procedure, resulting in prolonged hospital stays,
higher costs, and decreased quality of life. The new
guideline has removed previous recommendations that
new or presumably new LBBB should be treated as STEMI
equivalent and considered for emergent reperfusion
therapy. This drastic conceptual change from “all
comer” to none will significantly reduce the incidences
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of false catheterization laboratory activation and inappropriate fibrinolytic therapy. However, it fails to recognize
that some patients with chronic LBBB do have STEMI, and
delaying reperfusion therapy in this population could be
fatal. Although these patients represent a relatively small
proportion, it was estimated that they account for
approximately 5,000 to 10,000 patients per year in the
United States. 4
There is a pressing need for readily available noninvasive diagnostic tools to accurately identify the patients
presenting with LBBB and chest pain who do have an
acute coronary occlusion. The Sgarbossa ECG criteria are
the most validated tool. In 1996, Sgarbossa et al 26
published an analysis from the GUSTO-1 trial evaluating
different ECG criteria to diagnose AMI in the presence of
LBBB. They evaluated N26,000 patients and found that
0.6% had LBBB. The ECG from patients with LBBB and
AMI confirmed by cardiac enzymes were compared with
those of control patients who had chronic coronary
artery disease and LBBB. Three independent ECG predictors of AMI were identified: (1) ST-segment elevation
≥1 mm concordant with the QRS complex in any lead (5
points); (2) ST-segment depression ≥1 mm in lead V1, V2,
or V3 (3 points); and (3) ST-segment elevation ≥5 mm
discordant with the QRS complex in any lead (2 points)
(Figure 1). 26 A total score ≥3 (concordance) was found to
be highly specific (N95%) for the diagnosis of AMI; its
sensitivity, however, was only 20%. The HERO-2 trial and
the ASSENT 2 and 3 trial showed that patients meeting
Sgarbossa concordance criteria had similar or higher
mortality rates compared with STEMI patients, whereas,
in patients without concordance, the mortality was lower
than in patients with STEMI. 27,28
The clinical performance of the Sgarbossa criteria has
been examined in contemporary practice. Tabas et al 29
published a meta-analysis including 11 studies with 2,100
patients that met at least 1 component of the Sgarbossa
criteria in the fibrinolytic era. For 10 studies with 1,614
patients who had a Sgarbossa ECG score ≥3, they reported a
summary sensitivity of 20%, specificity of 98%, a positive
likelihood ratio of 7.9, and a negative likelihood ratio of 0.8.
For 7 studies with 1,213 patients who had a Sgarbossa ECG
score of ≥2, the sensitivities ranged from 20% to 79%, and
the specificities ranged from 61% to 100%. The positive
likelihood ratios ranged from 0.7 to 6.6, and negative
likelihood ratios ranged from 0.2 to 1.1. They concluded
that a Sgarbossa ECG score of ≥3 is useful for diagnosing
AMI confirmed by cardiac biomarkers in patients with LBBB.
However, a Sgarbossa ECG score of 2 only demonstrated
modest value. The Sgarbossa criteria were further tested in
patients undergoing primary PCI. Lopes et al 10 analyzed the
APEX-AMI trial and reported that, in patients with new LBBB
and ≥1 mm concordant ST-segment elevation, 71.4% had
occluded coronary artery on emergent angiography.
However, in patients with new LBBB but without
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Figure 1

Sgarbossa electrocardiography criteria.

concordant ST-segment elevation, only 44.1% had an
occluded coronary artery. Jain et al 4 reported that, in 5
patients who had LBBB and acutely occluded culprit
arteries, a Sgarbossa score ≥5 had low sensitivity (14%)
but 100% specificity for identifying these patients, with a
negative predictive value of 65% and a positive predictive
value of 100%. These validating studies demonstrated that
the value of Sgarbossa criteria lies in their high specificity
and positive predictive value. Thus, systematically using the
Sgarbossa criteria should significantly reduce false catheterization laboratory activation and inappropriate fibrinolytic
therapy. Although the ACC/AHA STEMI guidelines discussed the Sgarbossa ECG algorithm, they did not include
recommendations for its use in treatment decisions for
patients with LBBB. 7,24
Diagnostic tests for potentially life-threatening conditions
such as AMI need to be highly sensitive. The low sensitivity
of the Sgarbossa criteria has limited their use in clinical
practice. This could be remedied by using additional ECG
criteria. Smith et al 30 compared ECGs from 33 patients
presenting with an acutely occluded coronary artery and
LBBB with 129 emergency department patients with
suspected ischemia and LBBB but without coronary
occlusion. They calculated the ST/S ratio, defined as the
ratio of ST-segment elevation measured at the J point to the
R or S wave, whichever was most prominent (Figure 2).
They found that absolute discordant ST-segment elevation
of ≥5 mm was present in 30% patients with confirmed
coronary occlusion versus 9% of the control group,
whereas excessive relative discordant ST-segment elevation with ST/S ratio −0.25 or less was present in 58% versus
8%. Substituting the absolute ST-elevation measurement of
≥5 mm in the third component of the Sgarbossa criteria
with an ST/S ratio −0.25 or less greatly improved the
diagnostic sensitivity from 52% to 91% in identifying
angiographically proven STEMI. The specificity of the
revised criteria (90%) remains similar to the Sgarbossa
criteria (98%). Positive and negative likelihood ratios for
the revised criteria were 9.0 and 0.1, respectively. If
validated in an independent study, the new criteria
would provide a more sensitive tool to guide the decision
for reperfusion therapy.
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Figure 2

Figure 3

Calculation of ST/S ratio in the presence of excessive relative
discordance of the ST segment in the opposite direction from QRS. ST
segment is measured at the J point.

We have the challenge to quickly and accurately
identify, among patients presenting with chest pain and
new or presumably new LBBB, those with acute coronary
artery occlusion. As stated above, the ACC/AHA STEMI
guideline recommendations have radically changed from
advising that all patients undergo reperfusion to advising
that none does. It seems that recent evidence needs to be
considered in the guideline recommendations. We
propose a diagnosis and triage algorithm (Figure 3). If
patients present with hemodynamic instability or acute
heart failure, ischemia should be strongly suspected, and
primary PCI should be considered. The Sgarbossa criteria
are particularly helpful in this setting, due to their high
specificity and positive predictive value. Clinicians can
confidently treat for STEMI when a Sgarbossa score of 3 is
reached. In those with a Sgarbossa score of ≤2, an ST/S
ratio −0.25 or less might further identify those likely to
benefit from emergent reperfusion therapy. If none of
these criteria are met, a diagnosis of AMI cannot be
established, and such patients should be further evaluated
with serial ECGs, serial specific biomarker assays (such as
high sensitivity troponin), and bedside echocardiography
(the use of portable echocardiography to clarify the
diagnosis of STEMI in the presence of LBBB had a class IIa
indication in the 2004 ACC/AHA STEMI guidelines).
Subsequent ECG findings, rapid uptrend of cardiac
biomarkers and regional wall motion abnormalities,
especially involving the anterior wall, or impaired left
ventricular ejection fraction should prompt immediate
catheterization laboratory activation for a conclusive
diagnosis and possible urgent reperfusion.
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