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Study objective: Sgarbossa’s rule, proposed for the diagnosis of acute myocardial infarction in the presence of
left bundle branch block, has had suboptimal diagnostic utility. We hypothesize that a revised rule, in which the
third Sgarbossa component (excessively discordant ST-segment elevation as defined by =5 mm of ST-segment
elevation in the setting of a negative QRS) is replaced by one defined proportionally by ST-segment elevation to
S-wave depth (ST/S ratio), will have better diagnostic utility for ST-segment elevation myocardial infarction
(STEMI) equivalent, using documented coronary occlusion on angiography as reference standard.

Methods: We collected admission ECGs for all patients with an acutely occluded coronary artery and left bundle branch
block at 3 institutions. The ECGs of emergency department patients with chest pain or dyspnea and left bundle branch
block, but without coronary occlusion, were used as controls. The R or S wave, whichever was most prominent, and ST
segments, relative to the PR segment, were measured to the nearest 0.5 mm. The ST/S ratio was calculated for each
lead that has both discordant ST deviation of greater than or equal to 1 mm and an R or S wave of opposite polarity;
others were set to 0. The cut point for the most negative ST/S ratio with at least 90% specificity was determined. The
revised rule is unweighted, requiring just 1 of 3 criteria. Diagnostic utilities of the original and revised Sgarbossa rules were
computed and compared. McNemar's test was used to compare sensitivities and specificities.

Results: The study and control groups included 33 and 129 ECGs, respectively. The cut point selected for relative
discordant ST-segment elevation was —0.25. Excessive absolute discordant ST-segment elevation of 5 mm was
present in at least one lead in 30% of ECGs in patients with confirmed coronary occlusion versus 9% of the control
group, whereas excessive relative discordant ST-segment elevation less than —0.25 was present in 79% versus 9%.
Sensitivity of the revised rule in which ST-segment elevation with an ST/S ratio less than or equal to —0.25 replaces
ST-segment elevation greater than or equal to 5 mm was significantly greater than either the weighted (P<.001) or
unweighted (P=.008) Sgarbossa rule: 91% (95% confidence interval [Cl] 76% to 98%) versus 52% (95% Cl 34% to
69%) versus 67% (95% Cl 48% to 82%). Specificity of the revised rule was lower than that of the weighted rule
(P=.002) and similar to that of the unweighted rule (P=1.0): 90% (95% CI 83% to 95%) versus 98% (95% Cl 93% to
100%) versus 90% (95% Cl 83% to 95%). Positive and negative likelihood ratios for the revised rule were 9.0 (95% Cl
8.0 to 10) and 0.1 (95% CI 0.03 to 0.3). The revised rule was significantly more accurate than both the weighted
(16% difference; 95% Cl 5% to 27%) and unweighted (12% difference; 95% Cl 2% to 22%) Sgarbossa rules.

Conclusion: Replacement of the absolute ST-elevation measurement of greater than or equal to 5 mm in the
third component of the Sgarbossa rule with an ST/S ratio less than —0.25 greatly improves diagnostic utility of
the rule for STEMI. An unweighted rule using this criterion resulted in excellent prediction for acute coronary
occlusion. [Ann Emerg Med. 2012;60:766-776.]
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INTRODUCTION therapy. Although the increase or decrease of cardiac biomarker
Timely and accurate identification of acute coronary levels is essential to the diagnosis of acute myocardial infarction,

occlusion in the setting of ischemic symptoms is critical to positive biomarker results alone do not differentiate ST-

initiating urgent angiography and appropriate reperfusion elevation myocardial infarction (STEMI) from non-STEMI. ST
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Editor’s Capsule Summary

What is already known on this topic

Diagnosis of ST-segment elevation myocardial
infarction in the setting of a left bundle branch

block is difficult.

What question this study addressed

Whether changing one component of the Sgarbossa
rule from an absolute (>5-mm discordant ST
elevation) to a proportional criterion (any ST-
segment to S-wave ratio less than —0.25, with at
least 1 mm ST elevation) improves prediction of
acute coronary occlusion.

What this study adds ro our knowledge

The revised rule, developed with 162 patients with
left bundle branch block, 33 of whom had an acute
occlusion, was more accurate than the original rule.
It has a positive likelihood ratio of 9 and negative
likelihood ratio of 0.1.

Houw this is relevant to clinical practice
This rule may not be “user friendly” enough for
clinicians unless incorporated into ECG machine

interpretations and should be validated in a distinct
set of ECGs.

elevation on the ECG is the primary indication for emergency
reperfusion therapy; however, identification of STEMI in the
setting of left bundle branch block remains challenging.'

In the setting of left bundle branch block, ST-segment
elevation or ST-segment depression commonly occurs in the
absence of acute myocardial infarction and is predictable in that
the ST-segment and T-wave abnormalities are normally
“discordant” to (in the opposite direction of) the majority of the
QRS (Figure 1). “Concordant” is the term used when the ST
segment or T wave is in the same direction as the QRS and is
not normally observed in baseline (normal) left bundle branch
block.

Sgarbossa et al proposed requiring at least 3 points from the
following criteria for the diagnosis of acute myocardial
infarction in the presence of left bundle branch block: (1)
concordant ST-segment elevation of 1 mm (0.1 mV) in at least
1 lead (5 points), (2) concordant ST-segment depression of at
least 1 mm in leads V1 to V3 (3 points), or (3) excessively
discordant ST-segment elevation, defined as greater than or
equal to 5 mm of ST-segment elevation when the QRS result is
negative (2 points)” (Figure 2). There have been many
evaluations of Sgarbossa’s criteria, with variable methodologies
and patient populations.”'® In a systematic review, although
specificity for greater than or equal to 3 Sgarbossa points was
high (98%), sensitivity was only 20%.'” For a score greater than
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Figure 1. Abnormal, excessive discordance, with the ST
segment and T wave in the opposite direction from QRS.
Method of measurement: ST segment is measured at the J
point, relative to the PR segment. R wave and S wave are
also measured relative to the PR segment.

or equal to 2 (ie, the unweighted rule), the sensitivities in the
studies ranged from 20% to 79%, and specificities ranged from
61% to 100%.

Two main issues may contribute to the low sensitivity of
Sgarbossa’s rule. First, all validating studies cited above used a
reference standard of creatine kinase (CK) (with or without MB
fraction) for acute myocardial infarction, not coronary occlusion
by angiography, meaning non-STEMI (emergency reperfusion
therapy unnecessary) and STEMI (emergency reperfusion
required) were included in the acute myocardial infarction
group. Second, anterior STEMI is most often diagnosed by ST-
segment elevation in leads V1 to V4; however, in left bundle
branch block, these leads normally already have discordant ST-
segment elevation. Therefore, some means of assessment of
excessive anterior ST-segment elevation is necessary to diagnose
most anterior STEMI. Specifically, Sgarbossa’s rule uses an
absolute 5-mm cutoff for discordant ST-segment elevation
when an ST-segment elevation proportional to the preceding
QRS or S wave may be more useful. We sought to evaluate the
performance of the Sgarbossa rule in patients with left bundle
branch block and angiographic evidence of coronary occlusion.
We hypothesized that changing the third component of the
Sgarbossa rule to a proportional rule would improve its
sensitivity and specificity.

MATERIALS AND METHODS
Study Design and Setting

Data for this study were collected at 3 Minnesota hospitals:
Hennepin County Medical Center, a trauma center in
Minneapolis; at the Minneapolis Heart Institute at Abbott
Northwestern Hospital, which has a large regional STEMI
system; and at Fairview Southdale Hospital, a community
hospital in suburban Minneapolis that also takes transfers for
primary percutaneous coronary intervention (PCI). Institutional
review board approval was obtained at all institutions.
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Figure 2. Baseline ECG of a patient with left bundle branch block without any acute myocardial infarction or ischemia; lead
V2 shows 7 mm of ST-segment elevation but also a (-)53-mm S wave, for an ST/S ratio of —0.13.

Selection of Participants

ECGs from 2 groups of patients were collected. From
patients with left bundle branch block and symptoms of acute
myocardial infarction (chest pain, shortness of breath, or both),
we searched for a STEMI group with angiographic evidence of
occlusion and for a control group with no occlusion. To
identify the STEMI group, we did the following: (1) at
Hennepin County Medical Center, we crossed the databases
(1994 to 2007) of the catheterization and electrocardiography
laboratories to find all patients with left bundle branch block
who had a coronary angiogram; and (2) at Minneapolis Heart
Institute (July 2004 to March 2008) and at Fairview Southdale
Hospital (April 2004 to October 2006), we searched the
STEMI databases for patients referred for primary angioplasty
for possible STEMI with left bundle branch block on the ECG
and then reviewed the catheterization reports. Angiographic
evidence of occlusion included either occlusion (thrombolysis in
myocardial infarction 0 to 1 flow) or stenosis with either
thrombosis or ulcerated culprit lesion and peak 24-hour
cardiac troponin I level greater than or equal to 10 ng/mL. A
cardiac troponin I cutoff of 10 ng/mL is higher than the level
used for diagnosis of acute myocardial infarction, which
ranged from 0.1 to 0.6 ng/mL during the period. Ten
nanograms per milliliter was chosen to include in the STEMI
group patients with a culprit lesion but an open artery who
might have had coronary occlusion at the time of the ECG
but had spontaneous reperfusion by the time of the
angiogram because most non-STEMIs (acute myocardial
infarctions that are not STEMI) have a peak troponin I level
less than 10 ng/mL."%? In the setting of an open infarct-
related artery (thrombolysis in myocardial infarction 3 flow),
if serial cardiac troponin I testing had been conducted and
the peak level was less than 10 ng/mL, we did not classify it
as a STEMI.

For the control group, we searched the ECG databases at
Hennepin County Medical Center (September 2000 to June
2003) for patients presenting to the emergency department
(ED) with left bundle branch block. We included all patients
presenting with ischemic symptoms (chest pain or dyspnea) but
without acute coronary occlusion. Absence of coronary
occlusion was defined as (1) all cardiac troponin I levels being
negative within 24 hours; (2) any positive cardiac troponin I
level with an angiogram showing either no culprit lesion or a
culprit lesion but both no occlusion and peak level of serial
cardiac troponin I less than 10 ng/mL; or (3) if no angiogram,
an echocardiogram with no wall motion abnormality and peak
cardiac troponin I less than 10 ng/mL. There were multiple
troponin assays in use during the period, with variable cut
points for diagnosis of acute myocardial infarction ranging from
0.1 ng/mL to 0.6 ng/mL.

For both cases and controls, patients with hyperkalemia
(potassium >5.5 mEq/L), extreme tachycardia (rate >130
beats/min), severe hypertension (diastolic blood pressure >120
mm Hg), or pulmonary edema with respiratory failure, as
defined by need for ventilatory support, were excluded because
their ECGs commonly mimic occlusion and these patients
would require intensive care, often including catheter laboratory
activation, regardless of ST-segment changes.

Left bundle branch block was determined by the overreading
cardiologist and included an rS complex in V1, QRS duration
greater than or equal to 120 ms, monophasic R in V6, and
intrinsicoid deflection of at least 50 ms in V6.

Methods of Measurement

We used the first recorded ECG from each patient’s initial
presentation. ECG measurements for all patients in the STEMI
and control groups were conducted independently by 2 medical
students with no ECG reading experience who were trained to
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make the measurements by an emergency physician (S.W.S.)
and who were blinded to the outcome. Each reader
independently chose a representative complex for each of the 12
leads and decided whether the QRS was mostly positive or
mostly negative. If mostly positive, then the R-wave amplitude
was measured. If mostly negative, the S-wave amplitude was
measured as a negative number. ST deviation was measured at
the J point because this was the method used by Sgarbossa®' and
is recommended by the American College of Cardiology and
American Heart Association.?” All measurements were to the
nearest 0.5 mm (0.05 mV) and relative to the PR segment
(Figure 1). Measurements between the 2 readers were then
compared: Pearson correlation coefficients were 0.74 to 0.96 for
measurements of ST deviation and 0.98 to 0.99 for
measurements of QRS. Any measurement that differed by
greater than 1.0 mm was reviewed and remeasured by the lead
author (§.W.S.), also blinded to the outcome. All discrepancies
of this magnitude were due to beat-to-beat variability,
wandering baseline, measurement of ectopic beats, and incorrect
labeling of equivocal QRS complexes as primarily positive or
negative. Such discrepancies were present in 40 of 1,944 (2.1%)
measurements of ST deviation and in 157 of 1,944 (8.1%)
measurements of QRS complexes, all with large voltage and
some beat-to-beat variability. Among the discrepancies of
greater than 1.0 mm that were remeasured, fewer were
measurements by one of the medical students; therefore, we
chose to assess these measurements, with the corrected
discrepancies incorporated.

Five distinct rules (I to V) using combinations of 4 different
components (a through d) were evaluated (Table 1). All
components required at least 1 mm of ST-segment elevation or
ST-segment depression. Computation of the cut point for
component c-ii required first determining the most negative
ST/S ratio (most discordant) in leads that had at least 1 mm
ST-segment elevation and a negative QRS measurement. Any
lead with less than 1 mm ST-segment elevation or concordance
was assigned an ST/S value of 0. A receiver operator
characteristic curve was then fit and area under the curve was
computed. The cut point from the curve with at least 90%
specificity was determined and defined as the optimal cut point.
Computation of the cut point for component d was similar,
except that discordance was defined as ST-segment elevation
combined with a negative QRS result or ST-segment depression
combined with a positive QRS result (thus, ST/S values <0
indicated discordance). Any lead with less than 1 mm ST-
segment elevation or ST-segment depression or a QRS of 0 was
assigned a value of 0. Any lead with concordance had a positive
ST/S ratio.

Rules I and II are Sgarbossa’s rules, weighted and
unweighted, respectively. For the weighted rule (the original
Sgarbossa rule), a score of 3 or greater was necessary to diagnose
acute myocardial infarction. For the unweighted rule, a score of
2 or greater was used (any one of the 3 criteria positive). Rule
III is the same as Sgarbossa’s unweighted rule (II), with the

Table 1. Components and diagnostic rules.

Component Description

a ST-segment elevation =1 mm and concordant with the
QRS in at least 1 lead
ST-segment depression =1 mm in any of leads V1-V3
c Excessively discordant ST-segment elevation in any
one lead
Cc-i Absolute as defined by ST-segment elevation =5 mm
in at least 1 lead
C-ii Proportional as defined by most negative ratio of ST/S
and at least 1 mm of STE
Result: Cut point for ST/S ratio with >90% specificity
determined to be <-0.25
d Excessively discordant ST-segment deviation
(elevation or depression) defined by most negative
ST/S ratio in any lead with >1 mm ST-segment
elevation or depression
Result: Cut point for ST/S ratio with >90% specificity
determined to be <-0.30

Rule
|
a, b, ci Sgarbossa rule (original; with weighting): >3 points
from components a (5 points), b (3 points), c-i (2
points)
1]
a, b, ci Sgarbossa Rule without weighting, equivalent to a
score >2 points: at least 1 of components a, b, c-i
1l
a, b, cii Modified Sgarbossa rule (no weighting, proportional
discordant STE): at least 1 of components a, b, c-ii
IV
a, b, ord Modified Sgarbossa rule (no weighting, proportional
discordant STE or STD): at least 1 of components
a, b, d
Vv
d Overall proportional discordance rule

STE, ST elevation; STD, ST-segment depression.

modification of using a relative measure of ST-segment
elevation discordance instead of an absolute measure. Rule IV
further modifies rule IT by using a relative measure of discordant
ST deviation, whether ST-segment elevation or ST-segment
depression, in place of absolute ST-segment elevation
discordance (component d). Last, rule V is based solely on
component d (overall proportional discordance of the ECG,
whether by ST-segment elevation or ST-segment depression).

Primary Data Analysis

Demographics and ECG characteristics were compared
between the acute coronary occlusion and control groups, using
a  test for continuous measures and x” test for categorical
measures. Sensitivity, specificity, positive likelihood ratio, and
negative likelihood ratio were computed for each rule.
McNemar’s rule was used to compare sensitivity and specificity
between pairs of rules and 95% confidence intervals (Cls) for
differences computed. All tests were 2 sided, and statistical
significance was accepted at the .05 level. Statistics were
computed with SPSS (version 18.0; SPSS, Inc., Chicago, IL)
and MedCalc (version 12.2.1.0; Mariakerke, Belgium).
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RESULTS
Characteristics of Study Subjects

At the 3 institutions, we identified 45 patients with acute
coronary occlusion, 33 of whom had an ECG available for
analysis. Overall, of 33 included cases, 27 had complete
occlusion and 6 had incomplete occlusion and maximum
cardiac troponin I level of at least 10 ng/mL. The culprit artery
was the left anterior descending artery in 20 patients, the right
coronary artery in 9, and the circumflex in 4.

A total of 129 patients met criteria for the control group. Of
the 323 Hennepin County Medical Center ED patients
screened, 117 met entry criteria of ischemic symptoms and left
bundle branch block but no coronary occlusion; 12 of these had
acute myocardial infarction by biomarkers but no evidence of
coronary occlusion. Another 12 controls with acute myocardial
infarction but no occlusion were identified through review of
Fairview Southdale Hospital catheterization laboratory reports.
Thus, of the 129 control patients, 105 had no acute myocardial
infarction and 24 had acute myocardial infarction without an
acute occlusion. Chest pain was the only presenting symptom in
42 patients, dyspnea only in 49, and both symptoms in 38.

Patients with an acute occlusion and left bundle branch
block were older (mean age 73 versus 67 years) and more often
men (59% versus 46%) than the controls. At least 1 cardiac
troponin I measurement was available for 24 of 27 patients in
the STEMI group (median 60.5 ng/mL; interquartile range 16
to 121): the peak value measured ranged from 3.4 to 553 ng/
mL, with 3 values below 10 ng/mL in patients with
angiographic occlusion. Results were not available for 3 of the
patients with angiographic occlusion. Serial cardiac troponin I
levels were available and positive for all 24 non-STEMI patients
included in the control group (median peak value=3.1 ng/mL;
interquartile range 0.8 to 4.93 ng/mL); peak values ranged from
0.3 ng/mL to 11.4 ng/mL.

Main Results

Area under the receiver operator characteristic curve for
component c-ii (proportionally excessive discordant ST-segment
elevation) was 0.89 (95% CI 0.84 to 0.94), with the criterion
for the ST/S ratio determined to be less than —0.25. Area under
the receiver operator characteristic curve for component d
(proportionally excessive discordant ST-segment elevation or
ST-segment depression) was 0.96 (95% CI 0.91 to 0.98), with
the criterion for the ST/S ratio determined to be less than
—0.30.

Each of components a to d was more frequently observed on
the ECGs of patients with acute occlusion versus the control
group (Tables 2 and 3). Less than half as many STEMI patients
had absolute excessive discordant ST-segment elevation
(component c-i) versus proportionally excessive ST-segment
elevation (component c-ii) (30% versus 79%): 10 versus 17 of
20 left anterior descending artery acute coronary occlusions
showed absolute versus proportional, and 0 versus 8 of 9 right
coronary arteries showed absolute versus proportional (Table 4)
excessive ST-segment elevation. Absolute excessive discordance,

Table 2. Prevalence of components by leads in acute coronary
occlusion and control groups.

Control ACO

No. of leads and location in which (n=129) (n=33)
each rule component was found % (n)
Component a: concordant ST elevation
No. of leads

0 98 (127) 58 (19)

1 2(2) 27 (9)

=2 0 15 (5)
Location

Any of V1-V4, aVR 0 3(1)

Any of Il, Ill, aVF 2(2) 21(7)

Any of |, aVvL, V5, V6 0 21(7)
Component b: ST depression =1 mm

in any of V1-V3 1(1) 21(7)

Component c-i: excessively discordant ST elevation, absolute
=5 mm

No. of leads
0 91 (118) 70 (23)
1 5(6) 21 (7)
=2 4(5) 9(3)
Location
Any of V1-V4, aVR 9 (11) 30 (10)
Any of Il, lll, aVF 0 0
Any of I, aVvL, V5, V6 0 0

Component c-ii: excessively discordant ST elevation, proportional
(ST/S =0.25)

No. of leads
0 91 (117) 21(7)
1 9(12) 27 (9)
=2 0 52 (17)
Location
Any of V1-V4, aVR 8(10) 58 (19)
Any of Il, Ill, aVF 2(2) 27 (9)
Any of I, aVvL, V5, V6 0 9 (3)
Component d: excessive discordance overall, proportional
(ST/S =0.30)
No. of leads
0 88 (113) 0
1 10 (13) 27 (9)
=2 2(3) 73 (24)
In any lead 12 (16) 100 (33)

ACO, Acute coronary occlusion.

when observed, was infrequently observed in more than 1 lead;
in contrast, proportionally excessive discordance, when
observed, was often observed in multiple leads (Table 2). All of
the ECGs in patients with STEMI showed either proportionally
excessive discordant ST-segment elevation or proportionally
excessive ST-segment depression (component d) compared with
12% of the control group, and most had excessive discordance
in multiple leads.

Sensitivity and specificity of the 5 diagnostic rules are shown
in Table 4. Sensitivities of rules III, IV, and V, all incorporating
a measure of proportionally excessive discordance, were not
statistically different from one another: the 95% CI for the
difference in sensitivity between rules III versus IV and III
versus V was —4% to 9%. Sensitivity of rule IIT (91%), in
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Table 3. Frequency of components by location of occlusion.

Acute Coronary Left Anterior

Control, Occlusion, Descending Circumflex, Right Coronary
Component, n N=129 N=33 Artery, N=20 N=4 Artery, N=9
a
Concordant ST-segment elevation 2 14 7 3 4
Any of leads aVR, V1-V4 0 1 0 1 0
Any of leads I, lll, aVF 2 7 1 2 4
Any of leads I, aVL, V5, V6 0 7 7 0 0
b
Concordant ST-segment depression, any of leads V1-V3 1 7 1 4 2
ci
Excessively discordant ST-segment elevation, absolute 11 10 10 0 0
Any of leads V1-V4, aVR 11 10 10
Any of leads Il, Ill, aVF 0 0 0
Any of leads I, aVL, V5, V6 0 0 0
cHi
Excessively discordant ST-segment elevation, proportional 12 26 17 1 8
Any of leads V1-V4, aVR 10 19 16 0 3
Any of leads Il, Ill, aVF 2 9 2 1 6
Any of leads I, aVL, V5, V6 0 3 3 0 (0]
d
Excessive discordance overall, proportional 16 33 20 4 9

Table 4. Performance characteristics of the Sgarbossa weighted, unweighted, and revised rules for acute coronary occlusion in

presence of left bundle branch block.

95% ClI
Positive Negative

Rule Sensitivity Specificity Likelihood Ratio Likelihood Ratio
I, Sgarbossa weighted (a, b, c-i) 52 (34-69) 98 (93-100) 22 (16-31) 0.5 (0.2-1.6)
Il, Sgarbossa unweighted (a, b, or c-i) 67 (48-82) 90 (83-95) 6.6 (5.2-8.5) 0.4 (0.2-0.8)
Ill, Modified Sgarbossa (a, b, or c-ii) 91 (76-98) 90 (83-95) 9.0 (8.0-10) 0.1 (0.03-0.3)
IV, Modified Sgarbossa (a, b, or d) 100 (89-100) 86 (79-92) 7.2(6.7-7.7) 0
V, Overall discordance (d) 100 (89-100) 88 (81-93) 8.1(7.6-8.6) 0
which an ST/S ratio less than or equal to —0.25 replaces ST- LIMITATIONS

segment elevation greater than or equal to Smm, was
significantly greater than that of either rule I (52%), the
weighted Sgarbossa rule (95% CI for difference 19% to 39%),
or rule IT (67%), the unweighted Sgarbossa rule (95% CI for
difference 6% to 24%). Specificity of rules III versus IV and III
versus V was also not significantly different: the 95% CI for the
difference in specificity between rules III versus IV was —3% to
9%; and for rules III versus V, —5% to 8%. Specificity of rule
III was lower than that of rule I (90% versus 98%; 95% CI for
difference 3% to 8%) and similar to that of rule II (both 90%;
95% CI for difference —6% to 6%). Positive and negative
likelihood ratios for rule III were 9.0 (95% CI 8.0 to 10) and
0.1 (95% CI 0.03 to 0.3), respectively.

By replacing the absolute criterion of 5 mm (criterion c-i)
with the proportional one (c-ii), the revised rule (rule IIT) was
significantly more accurate than rule I (16% difference; 95% CI
5% to 27%) or rule II (12% difference; 95% CI 2% to 22%),
with sensitivity of 91% and specificity of 90%. The most
accurate (94%; 95% CI 89% to 97%) and sensitive rule was
one that included proportionally excessively discordant ST
depression (rule V, with 100% sensitivity and 88% specificity).

It is likely that other patients with both left bundle
branch block and an acute coronary occlusion were treated at
the 3 institutions during this period and were not identified
by our methods. All controls did not have angiograms; thus,
we cannot rule out acute coronary occlusion, but this seems
unlikely with our strict criteria. Some patients were excluded
for lack of complete data, and how this might bias the study
is unknown. Furthermore, we used angiographic reports.
Our definition relied on a culprit lesion, but a culprit alone
was not enough because these may also be found in non-
STEMI. Thus, we required a minimum peak cardiac
troponin I level for cases that did not have documented
occlusion. Our ECG measurements were from an
inexperienced ECG reader, with selective overreading by an
experienced reader. This may have introduced some
unknown measurement bias. Last, the cut points for the
ratios were derived in this study and thus need future
validation. The acute coronary occlusion group included 33
individuals, which limited our power to detect small
differences in sensitivity. Specifically, we had approximately
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80% power to detect a 25% increase in sensitivity between
rules.

DISCUSSION

To our knowledge, this is the first and only study to use
angiographic endpoints to evaluate the accuracy of the ECG in
the diagnosis of acute myocardial infarction in the presence of
left bundle branch block. The American College of Cardiology
and American Heart Association guidelines for the treatment of
STEMI recommend reperfusion therapy for patients with chest
pain and new, or presumably new, left bundle branch block."**
The 2004 updated version suggests also using the Sgarbossa
ECG criteria." The 2007 and 2009 focused updates do not
further comment on this issue.>*>> This recommendation for
treating all new left bundle branch block is based on early
fibrinolytic trials in which bundle branch block or left bundle
branch block (new and old) were eligibility criteria for the trial,
and those patients with ischemic symptoms and left bundle
branch block who received the drug had a lower overall
mortality compared with those who received placebo.”®
However, there were no subgroup analyses of the ECGs to
elucidate characteristics of left bundle branch block that make
response to fibrinolytics more or less likely. Moreover, there was
no differentiation between new and old left bundle branch
block. Thus, all patients with left bundle branch block have
been treated the same by clinical guidelines, regardless of ECG
features that might distinguish them. It is possible, or even
likely, that many or most of the patients enrolled in these trials
did not have coronary occlusion, in contrast to patients with
normal conduction who were enrolled. In fact, patients with left
bundle branch block and known acute myocardial infarction
have higher mortality than patients with normal conduction
and acute myocardial infarction.””** In contrast, patients with
left bundle branch block who receive reperfusion therapy for
presumed acute myocardial infarction have been reported to
have lower mortality than their counterparts with normal
conduction,'” likely because the data include patients with left
bundle branch block without acute coronary occlusion who
received reperfusion therapy.

The Sgarbossa criteria come from an analysis of the Global
Utilization of Streptokinase and Tissue Plasminogen Activator
for Occluded Coronary Arteries or GUSTO-1 trial, in which, of
41,021 patients who received fibrinolytic therapy, only 133 had
left bundle branch block and a positive CK-MB result.” Among
patients with normal conduction (no bundle branch block),
only approximately 45% of patients with myocardial infarction
by CK-MB have a complete coronary occlusion.””~* If this is
also true of patients with left bundle branch block and acute
myocardial infarction, there would have been approximately 65
patients with occlusion in GUSTO-1; however, angiography
was not available.

In reality, despite guideline recommendations, patients with
left bundle branch block and ischemic symptoms infrequently
undergo reperfusion therapy, or it is delayed, and this is true
even for those who ultimately receive a biomarker diagnosis of

acute myocardial infarction.”” In a study of National Registry
of Myocardial Infarction-1 (NRMI-1) data, only 6.7% of all
acute myocardial infarction and only 1% of reperfusion cases
had left bundle branch block.”” A study of NRMI-2 data found
that only 3.8% of acute myocardial infarction had left bundle
branch block, and only 8.4% of these patients received
reperfusion therapy (0.32% of all acute myocardial infarction
patients had left bundle branch block and reperfusion
therapy).”® In NRMI-3 and -4, only 2% of patients undergoing
reperfusion therapy had left bundle branch block,>*** as was
also true in the reperfusion trial Hirulog Early Reperfusion
Occlusion or HERO-2."” This suggests that clinicians do not in
fact indiscriminately use reperfusion therapy in patients with left
bundle branch block and ischemic symptoms.

This absence of use of reperfusion therapy for all patients
with LBBB is likely due to clinical experience, confirmed by
literature, which suggests that chest pain in the presence of left
bundle branch block is infrequently due to acute myocardial
infarction and even less frequently due to coronary occlusion or
near occlusion (STEMI).” The incidence of CK-MB—diagnosed
myocardial infarction (STEMI+non-STEMI) among consecutive
patients with possible ischemic symptoms and left bundle
branch block was low (13%) in 2 ED studies.®'° (The more
recent study by Kontos et al,” with a higher incidence of
myocardial infarction, included a more select population)
(personal communication, Michael C. Kontos, MD, Virginia
Commonwealth University, August 2012). A more recent ED
study found the incidence of troponin-diagnosed acute
myocardial infarction to be much lower still, whether new left
bundle branch block (7.3%) or old left bundle branch block
(5.2%).%° Several other studies confirmed the low incidence of
acute myocardial infarction, and especially of occlusion, with
simple new left bundle branch block.'”*"** Given that the
incidence of STEMI (occlusion) in troponin-diagnosed acute
myocardial infarction is approximately 30%,*® then, by
extrapolation, only 1.5% to 4% of patients with ischemic
symptoms and left bundle branch block have acute occlusion.
This was confirmed in a more recent study in which only 6 of
177 patients with left bundle branch block referred for primary
PCI received it and only 1 had 100% occlusion.** Because
undifferentiated new left bundle branch block is also nonspecific
for acute coronary occlusion, one analysis predicted better
outcomes by using Sgarbossa criteria or a positive troponin
result for the fibrinolytic decision than by treating all patients
with new left bundle branch block.*> A newer algorithm uses
hemodynamic instability, Sgarbossa criteria, bedside
echocardiography, and serial biomarker testing to guide
emergency reperfusion.”” Thus, it would be useful to have an
ECG guideline that is more accurate than the Sgarbossa criteria
for diagnosing acute coronary occlusion (STEMI) in the
presence of left bundle branch block to guide decisions on
reperfusion therapy.

Electrophysiologically, repolarization voltages must be
proportional to depolarization voltages. During stress testing,
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Figure 3. The ECGs of a patient who presented with chest pain and left bundle branch block and had a left anterior
descending artery occlusion, compared with his baseline ECG. A, The patient’s baseline ECG with left bundle branch block.
Maximum ST elevation at the J point is 2 mm in lead V2, with an ST/S ratio of 2/23=0.087. B, The patient’s ECG when
he presented with chest pain. There is no concordant ST deviation (no concordant ST-segment elevation or ST
depression). Maximum ST-segment elevation is higher but still less than 5 mm (4.5 mm) and thus does not meet even the
unweighted Sgarbossa criteria (it does not earn 2 points). However, ST/S ratios in V1 to V3 were, respectively,
2.5/-9.5=-0.26, 4.5/—12=-0.38, and 3/—9.5=-0.32; all 3 are less than —0.25 but only 1 needs to be so to fulfill
the new criteria. This patient was taken for emergency angiography and PCI of a 100% acute left anterior descending

artery occlusion.

the significance of ST depression depends on the preceding R-
wave amplitude.***® T-wave to QRS amplitude ratio
distinguishes left ventricular “aneurysm” morphology (persistent
ST elevation after previous myocardial infarction) from acute
STEMI,**>° and R-wave to T-wave amplitude ratio
distinguishes early repolarization from acute STEML.>" Madias
et al”” showed that 8 of 128 (6%) patients with left bundle
branch block without acute myocardial infarction had at least 1
lead in V1 to V3 with at least 5-mm ST-segment elevation.
They did not calculate a ratio but did show one example that
had a very deep S-wave and an ST to S-wave ratio of less than

—0.25. In another study of patients with baseline left bundle
branch block (without acute myocardial infarction) and greater
than or equal to 5-mm discordant ST-segment elevation, the
mean preceding S wave was 46 mm (range 28.0 to 71.0 mm),
for a ratio consistently less than —0.25."" Of 223 consecutive
ED patients with left bundle branch block without acute
coronary occlusion, ST/S ratio was more specific than an
absolute value of greater than or equal to 5 mm.”” Figure 2
shows the baseline ECG of a patient with left bundle branch
block without ischemia; it shows 7 mm of ST-segment elevation

but also a (=)53-mm S-wave, for an ST/S ratio of —0.13. Our
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data confirm the hypothesis that, by substituting a proportional
criterion for an absolute one, the diagnostic characteristics are
improved.

Anterior STEMI caused by acute left anterior descending artery
occlusion results in ST-segment elevation in leads V1 to V4, as well
as in any or all of leads V5, V6, 1, and aVL when occlusion is
proximal to the first diagonal artery. In left bundle branch block,
the normal discordance results in ST-segment elevation in leads V1
to V4 at baseline. Therefore, in the setting of a mid left anterior
descending artery occlusion, the diagnosis of STEMI will rely
exclusively on excessive discordance in leads V1 to V4. Sgarbossa’s
weighted criteria give only 2 points for excessive discordance and
thus will “miss” a large number of anterior STEMIS, as they did in
our study. Predictably, the unweighted criteria were more sensitive
(52% versus 67%) for acute myocardial infarction; however, they
were less specific (98% versus 90%). By replacing the absolute
criterion of 5 mm (criterion c-i) with the proportional one (c-ii),
the rule was significantly more accurate than either of the others,
with sensitivity of 91% and specificity of 90%. The most accurate
and sensitive rule was one that included proportionally excessively
discordant ST-segment depression (rule V, with 100% sensitivity
and 88% specificity). If validated, it may be another instance in
which ST-segment depression, without any ST-segment elevation,
is a STEMI equivalent that is an indication for reperfusion therapy.
The only such indication at present is marked ST-segment
depression in leads V1 to V4, indicative of posterior STEMI,
analogous to Sgarbossa’s second criterion.'

Our study suggests that by using appropriate criteria, the ECG
may be more sensitive at diagnosing acute coronary occlusion in the
presence of left bundle branch block than it is given credit for. This
belief of poor sensitivity stems from previous literature that does
not distinguish between non-STEMI and STEMI and lacks
angiographic data. Supporting the notion that the ECG may be
nearly as sensitive for STEMI in the presence of left bundle branch
block as in normal conduction, Stark et al’* found that in patients
with baseline left bundle branch block, a change in the ST
segments of 1 mm was 80% sensitive for angiographic balloon
occlusion (mean A ST 2.7 mm); it was 75% sensitive in patients
with normal conduction.

Figure 3 demonstrates the Sgarbossa and revised rules by
showing the ECGs of a patient who had previous left bundle
branch block and presented with chest pain and proven left
anterior descending artery occlusion.

The new criteria should be helpful in managing patients with
ischemic symptoms in the presence of left bundle branch block.
If confirmed with a validation study, this ratio would potentially
provide a tool to guide the need for reperfusion therapy.
Sgarbossa’s criteria are associated with suboptimal sensitivity in
the identification of acute myocardial infarction, as diagnosed
by biomarkers, partly because the rule does not consider the
relative amplitudes of the ST segment and the S-wave
(proportionality) and because the ECG is never very sensitive
for acute myocardial infarction as diagnosed by biomarkers.
When proportionality is taken into account, despite the

presence of left bundle branch block, the ECG may be much
better than previously thought at discriminating between
patients with and without acute coronary occlusion, especially a
left anterior descending artery occlusion.

Diagnosis of acute coronary occlusion in the setting of left
bundle branch block, particularly left anterior descending artery
occlusion, remains a challenging clinical problem. In this
derivation study, the ratio of amplitude of ST elevation to the
preceding S-wave depth (ST/S ratio) was significantly different,
and with a significantly greater diagnostic sensitivity and
accuracy, than maximum ST elevation. Furthermore, replacing
criterion 3 (excessively discordant ST elevation) as defined by
greater than or equal to 5 mm with a proportional criterion
(ST/S ratio <-0.25) as measured in any one lead greatly
improved the diagnostic characteristics of the Sgarbossa criteria.
Proportionally excessive discordant ST-segment elevation or
depression may prove to be even more valuable.
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