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ABSTRACT

Introduction: Acute myocardial infarction (AMI) in the presence of
left bundle branch block (LBBB) is a diagnostic challenge for the
physician. The purpose of this article is to evaluate the usefulness of
the Sgarbossa criteria for the diagnosis of AMI in patients with LBBB
through a systematic review and meta-analysis. Method: Structured
literature search in Medline, Lilacs, Ovid, and Embase from January 1996
to January 2018. Using the inclusion and exclusion criteria 3 reviewers
selected the articles that answered the research question. The quality
of the articles was evaluated using the QUADAS-2 tool. Results: 14
studies evaluated the Sgarbossa criteria using a score = 3 points. With
a total of 3689 patients, the sensitivity was 0.27 (95% CI: 0.24-0.29; p
= 0.0000); specificity of 0.97 (95% CI: 0.96-0.98; p = 0.0001) LR(+)
was 10.95 (6.28-19.11; p = 0.03), and LR(-) was 0.67 (0.56-0.81; p
= 0.0000). Conclusions: The Sgarbossa criteria have a high specificity
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for the diagnosis of AMI with LBBB; however, the
sensitivity and the LR (-) are low. It is necessary to evaluate
new diagnostic algorithms and to validate the criteria for
Colombia.
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acute myocardial infarction; acute coronary syndrome; bundle
branch block; diagnosis; Colombia.

RESUMEN

Introduccién: En presencia de bloqueo de la rama
izquierda, el infarto agudo de miocardio (IAM) es un reto
diagnéstico para el médico. Objetivo: Evaluar la utilidad
de los criterios de Sgarbossa en el diagnéstico de IAM
en pacientes con bloqueo de la rama izquierda, mediante
una revision sisteméatica y metaandlisis. Método: Bisqueda
estructurada de la literatura en Medline, Lilacs, Ovid y
Embase, desde enero 1996 hasta enero de 2018. Con base
en los criterios de inclusién y exclusién, tres revisores
seleccionaron los articulos que respondfan la pregunta de
investigacién. La calidad de los articulos se evalué con el
instrumento QUADAS-2. Resultados: Catorce estudios
evaluaron los criterios de Sgarbossa utilizando un puntaje
mayor o igual a 3 como corte. En total, fueron 3689
pacientes. La sensibilidad fue de 0,27 (IC 95%: 0,24-0,29;
p = 0,0000); especificidad de 0,97 (IC 95%: 0,96-0,98;
p = 0,0001) LR(+) de 10,95 (6,28-19,11; p = 0,03) y
LR(-) de 0,67 (0,56-0,81; p = 0,0000). Conclusiones:
Los criterios de Sgarbossa tienen una alta especificidad
para el diagnéstico de IAM con bloqueo de la rama
izquierda; pero bajo LR () y sensibilidad. Se deben evaluar
nuevos algoritmos diagndsticos y validar los criterios para
la poblacién colombiana.

Palabras clave
infarto agudo de miocardio; sindrome coronario agudo; bloqueo de
rama; diagndstico; Colombia.

Introduction

The concomitant presence of left bundle branch
block (LBB) and suspicion of acute myocardial
infarction (AMI) is a diagnostic and therapeutic
challenge for the physician (1). For this reason,
the Sgarbossa criteria facilitate the management
of these patients (Table 1) (2). However, despite
having a good specificity, in the original study
published in 1996, the sensitivity barely reached
36% (2). This means that a large percentage
of patients could be excluded from reperfusion
therapies because they do not have an AMI
diagnosis if these criteria are not interpreted
adequately. We carried out a systematic review
and meta-analysis, in order to determine if the

Sgarbossa criteria perform well for the diagnosis

of AMI in patients with LBBB.

Table 1
Sgarbossa criteria

Sgarbossa criteria Points

wn

Concordant ST elevation = 1 mm in any
lead

ST-segment depression = 1 mm in V1, 3
V2or V3
Discordant ST elevation = 5 mm 2

Note:first, two points mean concordance;
third point, discordance. More than 3 points is
considered to have high specificity for diagnosis.

Methodology

We carried out a systematic review in Pubmed,
Embase, OVID and Lilacs databases. For the
search strategy we used the terms: (acute
myocardial infarction) OR (myocardial infarction)
OR (coronary syndrome) AND (bundle branch
block). Articles published from January 1, 1996
to January 1, 2018, were considered, including
cases and controls and cohort studies in English,
Spanish, Portuguese, French and Italian. We
included adult patients who had been in the
emergency room, hospitalized or in an intensive
care unit, with suspected AMI and concomitant
presence of LBBB, in whom a score = 3
points in the Sgarbossa criteria would have
been evaluated, compared to the gold standard.
Regarding the latter, given the heterogeneity
in the definition of the standard and the
few existing articles, any of the following was
taken into account: interobserver agreement,
positive cardiac enzymes and positive cardiac
catheterization concordant with arterial lesion
responsible for AMI. We excluded studies in
which each criterion was evaluated separately,
without including the evaluation of a score =
3 points. Pregnant women and the pediatric
population were excluded from the review
and meta-analysis. No topic reviews, case
presentations or case series were considered.
Two members of the research group (DAMA
and DVM) reviewed the different databases with
all the titles and summaries of the initial search.
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They included and excluded the articles for
evaluation and, later, the rest of the research
group reviewed them. The data was transferred to
an Excel® spreadsheet, where the characteristics
of the studies and their specific estimates or
summary measures were evaluated.

To evaluate the methodological quality and
the quality of the evidence of the included
studies, we used the QUADAS-2 instrument,
which is the current recommended tool for
assessing the risk of bias and the applicability of
primary studies of diagnostic precision that are
used in systematic reviews.

Through this tool, we evaluated two
fundamental aspects: the proportion of concern
generated by the applicability of the primary
studies used for the systematic review, and the
proportion of concern generated by the primary
studies regarding the risk of bias; this by means
of evaluating the flow and times, reference test,
index test and patient selection.

Results

In the initial search, 3514 articles were identified,
17 of which were selected for the systematic
review, 6 articles were chosen with the “snowball”
strategy based on the references of different
articles of the initial search; 12 corresponded
to cases and controls and the others to cohort
studies. Of the 17 reviewed, 15 were chosen
to perform the meta-analysis. Two of them did
not provide data to obtain the sensitivity and
specificity of a score = 3 in the Sgarbossa criteria

(Figure 1).

Figure 1
Search Flowchart

Literature search in Medline, Ovid, Embase,
Lilacls

Total of articles:

n=3514
1 Excluded articles:
v n=18

‘ Title and abstract: n = 34 ‘

i Excluded articles:
n=20
Articles included in the complete review:
n=14
Data extracted l_—g* Excluded articles:
fromjreferences: Articles included in the review: n = 17 and

n=6 meta-analysis:
n=15

Unlike the meta-analysis published in 2008 by
Tabas et al. (3), the original Sgarbossa article
(2) was included, and the articles that used
the patients of this study were not excluded.
In the included studies, AMI was determined
by cardiac enzymes in some or all of the
patients, interobserver agreement and use of
cardiac catheterization or the combination of
these (Table 2). For a score = 3 in the Sgarbossa
criteria we obtained an overall sensitivity of 0.27
(95% CI: 0.24-0.29, p = 0.0000) (Figure 2); a
global specificity of 0.97 (95% CI: 0.96-0.98, p
= 0.0001) (Figure 3); an area under the curve
of 0.90; an overall positive likelihood ratio (LR+)
of 10.95 (6.28-19.11, p = 0.03) and an overall
negative likelihood ratio (LR-) of 0.67 (0.56-0.81;
p = 0.0000) (Figures 4, 5, 6), all of which shows

great heterogeneity among the different studies.

Table 2
Qualitative comparison of the evaluated studies
No. of patients Interobserver o Cardiac
Study (a1 + LEBE) agreement | CUUECNIMS | iy eterization

Jain et al. (2011)
3) 892 (36) | No No Yes
Siu Fai Li et al.
(2000) (19) 190 (25) | Yes Yes No
Dod et al. (2016)
)] 162 (33) | Yes Yes Yes
Gregg et al. (2013) 239 (141) | No No No
Di Marco et al.
(2017) (20) 145 (54) | Yes Yes Yes
Maloy et al. (2009)
Q2n 156 (57) |No Yes No
Smith et al. (2012)
(12 162 (33) | Yes Yes Yes
Gula et al. (2003)
(18) 499 (414) | No No No
Kontos et al.
(2000) (6) 182 (24) | Yes Yes No
Gunmarsson et al.
(2001) (2 158 (76) | Yes Yes No
Sgarbossa
(derivation sample)
(1996) (2) 145 (131) | Yes Yes No
Shlipak et al.
(1999) (O 89 (31) | No Yes No
Edhouse et al.
(1999) (8) 50 (26) | Yes Yes No
Eriksson et al.
(1999) (9) 33 (14) | No Yes No
Maynard et al.
(2003) 23) 56 (18) | No Yes No
Wong et al. (2005)
13 300 (242) | No Yes No
Meyers et al.
(2015) (1D 204(43) | Yes Yes Yes
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Figure 2
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Figure 5
Negative likelihood ratio
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In 6 articles (4,5,6,7,8,9) the LR+ could not
be determined, given that its specificity was
100%; 50% of these articles did not exceed 100
patients, and only one exceeded 500 patients (5),
and in the latter only 36 patients had AMI
LBBB. The small number of patients made our
meta-analysis difficult. Despite this, the results
are similar regardless of the sample size, as can
be seen in Table 3, and in Figures 2 and 3,
corresponding to sensitivity and specificity; a
score = 3 has a very low sensitivity and excellent
specificity in all articles of the meta-analysis.

Table 3
Punctual estimated summaries: evaluation of the
statistical parameters of the different evaluated

works
Authors |_Sensitivity (95% CI) Y (95% v IR

Di Marco 35.19% (22.68-49.38%) | 97. 80"« (92. 29"1: 09.73%)| 16.01 (3.88-66.07)| 0.66 (0.54-0.81)
etal

(2017)

Dodd et al. 54.535% (36.33%- | 100.00% (97.18%-100.0% NA| 0.45(0.31-0.66)
(2016) 71.89%

Gregg et 13.29% (8.19%-19.97%)| 97.89% (95.15%-99.31%)( 6.30 (2.40-16.50)| 0.89 (0.83-0.95)
al. (2013)

Mevers et 48.80% (33.70%- 100.00% (98.53%- NA| 0.51(0.38-0.68)
al. (2015) 64..

Smith et al. 21.50 (6.25-73.92)| 0.51 (0.30-0.86)
Q012) 76.96%)

Jain et al 16.67% (2.09%-48.41%) NA| 0.83 (0.65-1.07)
@011

Wong et al. 37.19% (31.08%- | 96.55% (88.00%-99 jﬂnn) 10.79 (2.74-42.51)| 0.65 (0.58-0.73)

(2005) 436

Maynard et 3333% (13 34%- | 97 37% (86 19%-00 03%) | 12.67 (1.64-07.55) 0.68 (0.49-0.03)
al (2003) 59.01%)

Gulaetal | 9.42% (6.78%12.63%)]| 98.82% (93.62%-90.07%)| 8.01 (1.12-37.49)| 0.92 (0.88-0.93)
(2003)

Kontos et | 25.00% (0.77%-46.71%) | 100.00% (97.62%-100.0% NA[ 0.75 (0.60-0.99)
al. (2001) )

Gummarsson| 17.11% (0.43%-27.47%) | 93.98% (86.50%-98.02%)|  2.84 (1.06-7.39)| 0.88 (0.79-0.99)
etal.

(2001

Shlipak et | 9.08% (2.04%-25.75%) 100.00% (93.84%- NA| 0.90 (0.80-1.01)
al. (1099) 100.0

Edhouse et S417% (33 82% 100.00% (85.7 NA|  046030-071
al. (1099) 100.0

Eriksson et | 0.00% (0.00% 33 m"..) 04.74% (73 97%-99 87"..) NA| 1.06 (0.95-1.17)
al (1999)

Sgarbossa 77 86% (60 78% | 00 08% (83 63% 04 61%)| 7 85 (465-1323)| 025 (0 18-034)
(derivation 84.65%)

sample)

(1996)

NA:not applicable.

Regarding the definition of AMI, there is
a wide heterogeneity regarding the reference
pattern to define infarction: less than 10% of the
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patients underwent cardiac catheterization and
only 5 studies (4,5,10,11,12) were evaluated with
this diagnostic strategy that would correspond to
the best method used in all articles. The quality
of the evidence for each article was rated with the
QUADAS-2 instrument (Tables 4 and 5; Figures
7 and 8).

Table 4
QUADAS-2 instrument to assess the quality of
diagnostic accuracy studies

Authors Selection of patients| Index test | Reference test | Flow and times
Di Marco etal.  |Low Low High Low
Dodd et al. Low Low High Low
Gregg et al. Unclear Low High Unclear
Mevers et al. Low Low Low Low
Smith er al. Low Low Low Low
Jain et al. Low High Low Low
Wong et al. Low Low Low Low
Maynard et al. Low Low High Unclear
Gula et al. Unclear High High High
Kontos et al. Low High Low Unclear
Gunnarsson et al. | Low Low High Low
Shlipak et al Low Low Low Low
Edhouse et al. Low High Low Unclear
Eriksson et al. Low Low High High
Sgarbossa High Low Unclear High
Table 5

QUADAS-2 instrument to assess the quality of

diagnostic accuracy studies
Study Probability of bias

Concern about the

ility of the results
Selection | Index test | Reference | Flowand | Selection | Index test | Reference
test times of patients test

® © 5] © © 5]

e

ele e e e - o g
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al.
Dodd et al

Gregg et al.

Meyers et
al.

Smith et al.
Jains et al.
Wong et al.
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al.

Gula et al.
Konto et al.

=@ e el 6= @

Gunnarson
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Shlipak et
al.
Edhouse et
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al.
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Figure 7
QUADAS-2: Risk of bias
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Figure 8
QUADAS-2: Applicability
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Discussion

The diagnosis of AMI in patients with LBBB
is a diagnostic challenge for the clinician. It
is estimated that the prevalence of LBBB in
AMI patients is between 2% and 9% (13,14). In
the study Assessment of the Safety and Efficacy
of a New Thrombolytic Regimen 2 and 3, a
significant elevation of creatine phosphokinase-
MB occurred in 62.5% of the 253 patients who
had LBBB (14,15). The prevalence of LBBB
in AMI patients varies considerably and even
more in studies in which enzymes were used as
a reference method to define AMI. In studies
in which cardiac catheterization was used, the
prevalence is more uniform and slightly higher
compared to those that used cardiac enzymes,
which is between 15% and 35% (5,14). For
this reason, for more than a decade, different
researchers have tried to develop diagnostic
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algorithms to increase detection or have a more
adequate way to detect and identify patients with
AMI who have LBBB. The Sgarbossa criteria
(Table 1) are the best known. However, despite
being frequently used in clinical practice, their
sensitivity and specificity vary between studies,
and their usefulness and application are unclear.

Based on this premise, our meta-analysis
evaluated the efficacy of the Sgarbossa criteria.
With the overall results of the performance
of these criteria for the prediction of AMI
associated with LBB with a score = 3, we
observed that, due to their low sensitivity,
the presence of AMI cannot be ruled out
when this score is not higher than indicated.
On the contrary, given their high specificity
(Figure 3), positive predictive value and LR+
(Figure 4), they allow us to diagnose with AMI
those patients who meet the criteria. However,
it should be emphasized that the clinician
must always make the decision according
to the clinical presentation of the patient.
Most of these studies do not evaluate the
different prognostic scales that involve physical
examination, risk factors, cardiac enzymes and
the electrocardiogram as a whole. This is how
the 2017 European guidelines on AMI with ST
elevation state that these diagnostic aids serve
“to assist diagnosis” and the clinical suspicion of
myocardial ischemia in conjunction with all these
findings must be what defines the management
(16).

According to the meta-analysis carried out
by Tabas et al. (3) in 2008, with a Sgarbossa
score = 3, the sensitivity obtained was 20%,
while the specificity was 98% and it had a LR
+ of 7.9, which was clinically useful, because
at that time it correlated with 7 of the 10
electrocardiographic criteria used to diagnose
AMI in patients without branch block. They also
measured the same variables when the score was
> 2 and they found that both sensitivity and
specificity did not improve and, instead, they
became heterogeneous, so it was not of clinical
utility (3).

It should be noted that the original article by
Sgarbossa was not included in that investigation.
On the other hand, in the present study, based

on scores = 3, the overall sensitivity reached was
27%, which continues to be low despite the small
increase (the specificity was 97%), which agrees
with the results of the previous meta-analysis.
However, despite this agreement with the studies
and the previous meta-analysis, some limitations
should be mentioned. Firstly, the sample of AMI
+ LBB patients remains small in order to obtain
more adequate confidence intervals. On the
other hand, the definition of AMI in the studies
found is very variable and does not represent
what is currently used. Most studies published
before 2008 used creatine kinase as a strategy
to diagnose AMI, while studies conducted since
2010 increased the use of troponins. However,
although these (4,5,10,11,12,17) are closer to
the current practice, differ in the use of cardiac
catheterization and, sometimes, in the definition
of the ] point and different variables when
interpreting the algorithms.

Some recent studies have proposed new
criteria based on those of Sgarbossa, as is the
case of the Smith algorithm, which includes
the Sgarbossa criteria and scores, but with
a modification in the third criterion, which
makes the 1 mm discordant elevation of
the ST segment more proportional. With this
modification, an increase in the sensitivity
of the Sgarbossa criteria was observed as an
electrocardiogram-based diagnostic method to
differentiate LBBB patients with or without
acute coronary event, especially when they
have occlusion of the anterior descending
artery (10,12,18,19,20,21,22,23). However, more
recent research has shown that the Sgarbossa
criteria included in Smith rules continue to have
a suboptimal sensitivity (24,25). Smith rules 1,
2 and 3 showed a sensitivity of 67%, 54% and
28%, respectively, while the specificity remained
considerable, above 90%, in the three rules.

Conclusion

The Sgarbossa criteria have a high specificity
for the diagnosis of AMI + LBBB. However,
they have low sensitivity and very low negative
likelihood ratios (LR). Based on the foregoing,
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these criteria can be used as a tool for diagnosis
associated with the patient’s clinical condition,
which should prevail in case of suspected
acute coronary syndrome. These criteria should
be validated and studied in the Colombian
population, to have a concept of the performance
of this strategy in our patients.
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