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a b s t r a c t
Electrocardiographic recognition of an acute myocardial infarction in the setting of a right ventricular paced
rhythm (VPR) represents a unique diagnostic challenge. The classical ST-segment patterns of myocardial ischemia can become obscured by the abnormal repolarization changes caused by a right VPR. Consequently, longer
door-to-balloon reperfusion times and a higher mortality have been reported among these patients mostly
due to a delayed diagnosis. In this population, the use of the modiﬁed Sgarbossa Criteria (SC) can aid the clinician
in the diagnosis of an acute coronary occlusive myocardial infarction (OMI), as an ST-segment elevation myocardial infarction (STEMI) equivalent. However, there are only a few validating studies and no speciﬁc guidelines endorsing their use in patients with VPR. We present three cases with right VPR in which the use of the modiﬁed SC
was diagnostic of OMI, as well as predictive of the occluded coronary vessel. Our review of the current evidence
favors that identiﬁcation of at least one modiﬁed SC in patients with right VPR represents an OMI ﬁnding with a
similar accuracy as when these are used in patients with LBBB.
Published by Elsevier Inc.

Introduction
The electrocardiographic diagnosis of an acute myocardial infarction
can be quite challenging when there are baseline electrical repolarization
abnormalities caused by a left bundle branch block (LBBB) or a right ventricular paced rhythm (VPR). A right VPR is electrocardiographically very
similar to the presence of a LBBB given that they both produce a delayed
depolarization of the left ventricle, which in turn results in abnormal
ST-segment repolarization changes. The classical ST-segment changes
associated to myocardial ischemia can become obscured by this abnormal
repolarization, consequently resulting in a delayed diagnosis and treatment of an acute coronary syndrome [1,2].
Acute coronary occlusive myocardial infarction (OMI) occurs when a
coronary vessel becomes completely occluded and there is insufﬁcient
collateral circulation present. This type of myocardial infarction is a cardiovascular emergency and requires immediate reperfusion therapy to
reestablish vessel patency and blood ﬂow to the myocardium. The
ACC/AHA ST-segment elevation myocardial infarction (STEMI) guidelines (2013) no longer recommend treating new or presumably new
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LBBB as equal to an acute OMI [2]. They recognize the electrocardiographic use of the original and modiﬁed Sgarbossa Criteria (SC) for the
diagnosis of myocardial infarction in the setting of a LBBB [1–5]. However, in the case of a right VPR, there are no speciﬁc STEMI guidelines
endorsing their use for the diagnosis of OMI, largely since there are
only a few validating studies [6–10]. Our aim is to review the usefulness
of the modiﬁed SC in patients with VPR and suspected myocardial infarction by presenting three cases in which the application of such
criteria resulted in the successful electrocardiographic diagnosis of
OMI as well as in predicting the occluded coronary vessel.
Case #1
A 65-year-old male with a medical history of essential hypertension,
habitual marijuana smoking and a dual-chamber pacemaker (Fig. 1A)
implanted for complete atrioventricular block who presented to the
emergency department with complains of oppressive chest pain and diaphoresis of 3 h of evolution.
His arrival vital signs were remarkable for a blood pressure of 181/
101 mmHg and a pulse of 92 beats/min. Initial electrocardiogram
(Fig. 1B) showed sequential atrioventricular pacing. A closer inspection
revealed concordant ST-segment elevations (STE) >1 mm in the lateral
leads (I & aVL) and markedly discordant STEs (>5 mm) when compared
to the QRS vector (S-wave) on leads V2-V6 with a ST-segment to Swave amplitude ratio of >25% (Fig. 1C). Such ﬁndings represent the
ﬁrst and third criterion of the modiﬁed SC respectively, which successfully led to the diagnosis of an anterolateral OMI in this patient with a
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Fig. 1. Case #1 electrocardiogram and coronary angiography. (A) Case #1 baseline electrocardiogram showing sequential atrioventricular pacing and the characteristic ST-segment
elevations (STE) in the anterior precordial leads related to right ventricular pacing (max STE of <5 mm in V3). (B) Arrival electrocardiogram reveals sequential atrioventricular pacing
with more pronounced STEs in the anterior precordial leads (max of 9 mm in V3) as well as in the lateral leads (I & aVL). (C) Arrival electrocardiogram with the modiﬁed Sgarbossa
Criteria markings: 1) concordant STE >1 mm in the lateral leads (I & aVL, red arrows) and 2) proportional discordance by assessment of STE/S-wave ratio of >25% (green arrows) in
leads V2-V6. The boxed complex illustrates how to measure the STE/S-wave ratio, for assessment of the third modiﬁed Sgarbossa Criteria. (D) Case #1 coronary angiography ﬁndings
showing acute total occlusion of the mid left anterior descending artery (LAD) (yellow arrow) consistent with his anterolateral occlusive myocardial infarction. (E-F) Normal left
circumﬂex and right coronary artery respectively. (G) LAD with restoration of normal ﬂow after performing a successful primary percutaneous coronary intervention. ECG =
Electrocardiogram; LAD = Left Anterior Descending Artery; MSC = Modiﬁed Sgarbossa Criteria; PPCI = Primary Percutaneous Coronary Intervention.

afterwards revealed 100% ventricular pacing and markedly pronounced
concordant STEs in the inferior (between 3 and 4 mm) and lateral leads
(2 mm), meeting the ﬁrst criterion of the modiﬁed SC for which an
inferolateral OMI diagnosis was made (Fig. 2C). Consequently, an emergency coronary angiography was performed with the assistance of an
intra-aortic balloon pump for hemodynamic support. The right coronary artery was found totally occluded proximally and therefore
followed by a successful PCI, resulting in vessel patency and restoration
of TIMI grade ﬂow 3 (Fig. 2D-E). This immediately led to normalization
of his atrioventricular conduction as well as resolution of symptoms and
STE changes.

VPR. Subsequently, emergent coronary angiography was performed
demonstrating a 100% occlusion of the mid left anterior descending coronary artery (LAD) (Fig. 1D). He underwent a successful percutaneous
intervention (PCI) with restoration of Thrombolysis in Myocardial Infarction (TIMI) grade ﬂow 3 (Fig. 1G), with complete resolution of
symptoms and improved STE changes.
Case #2
A 76-year-old male with hypertension and dyslipidemia with complains of general weakness, dizziness, nausea and diaphoresis of 3 h of
evolution. He denied chest pain, but his wife reported that the day before his arrival he had epigastric discomfort of several hours of duration
with recurrent nausea and emesis. At the emergency department, he
was found pale, hypotensive (70/43 mmHg) and severely bradycardic
(25 beats/min). His electrocardiogram revealed a complete atrioventricular block with a slow junctional escape rhythm, inferior Q-waves, very
subtle lateral STEs of 1 mm (V5-V6), inferior STEs (II, III & aVF) and highlateral ST-segment depressions (aVL & I) (Fig. 2A). These changes were
initially difﬁcult to recognize given his severe degree of bradycardia. He
was initially managed with aggressive intravascular volume expansion,
dopamine infusion, followed by emergent placement of a temporary
transvenous pacemaker. Electrocardiogram performed (Fig. 2B)

Case #3
92-year-old male with history of hypertension, prior cerebrovascular accident, paroxysmal atrial ﬁbrillation on chronic anticoagulation,
dual-chamber pacemaker (Fig. 3A) for complete atrioventricular block
and rectal cancer treated with radiotherapy and chemotherapy. He
came to the emergency department after 2 days of general malaise, fatigue and weakness in addition to abdominal discomfort associated to
nausea and emesis. Upon arrival, he was free of chest pain, afebrile
and hemodynamically stable with a blood pressure of 104/61 mmHg
and heart rate of 79 beats/min.
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Fig. 2. Case #2 electrocardiogram and coronary angiography. (A) Case #2 arrival electrocardiogram showing severe bradycardia with junctional escape rhythm related to a complete
atrioventricular block. From the visible QRS complexes (no QRS complexes in precordial leads V1-V3), there are subtle ST-segment elevations (STE) in the inferior (II, III & aVF) and
lateral leads (V5-V6), with inferior Q-waves suggestive of an acute inferolateral occlusive myocardial infarction. (B) 12‑lead electrocardiogram following placement of an emergent
transvenous pacemaker where markedly pronounced STEs in the inferolateral leads can be appreciated. (C) Arrival electrocardiogram showing two of the modiﬁed Sgarbossa Criteria:
1) concordant STEs >1 mm in the inferior leads (II, III & aVF) plus in leads V5-V6 (red arrows) and 2) proportional discordance by assessment of STE/S-wave ratio of >25% (green
arrows) in V4. (D) Case #2 coronary angiography showing a completely occluded (yellow arrow) proximal right coronary artery. (E) Coronary angiogram post-PCI of the RCA (yellow
arrow) with restoration of vessel patency. ECG = Electrocardiogram, MSC = Modiﬁed Sgarbossa Criteria; PCI = Percutaneous Coronary Intervention; RCA = Right Coronary Artery.

Serial high-sensitive troponins were markedly elevated and in decreasing trend (5595 - > 4748 - > 4462 ng/L; abnormal cutoff value of >22
ng/L) as expected with a late-presenting subacute OMI. The decision
was made to manage the patient conservatively with guidelinedirected medical therapy and without primary PCI in view of the lack
of beneﬁts of late reperfusion therapy (>12 h) as well as to the adverse
patient characteristics that were present: advance age, frailty, multiple
comorbidities, acute kidney and liver injury. Eventually his condition
improved and the patient was discharge home with optimal
guideline-directed medical therapy and palliative care.
Despite no coronary angiography available in this case, non-invasive
tests provided evidence that suggested a proximal right coronary artery
occlusion. First, the above described right-side electrocardiogram

His electrocardiogram (Fig. 3B) showed a ventricular paced
rhythm with pronounced discordant STEs in the inferior leads (III &
aVF), with an STE to S-wave amplitude ratio (STE/Sw) of >25% consistent with an acute OMI in accordance with the third criterion of the
modiﬁed SC, plus associated reciprocal STDs in the lateral leads (I &
aVL) were noted. These electrocardiographic abnormalities were suggestive of an inferior wall OMI. He also presented with an STD of
>1 mm in the precordial lead V2, but the QRS vector is equiphasic
and not concordant with the STD thus not fulﬁlling the second criterion of the modiﬁed SC.
A subsequent right-sided electrocardiogram (Fig. 3C) revealed discordant STEs with STE/S-wave >25% (third criterion of the modiﬁed
SC) in leads RV4, RV5, and RV6 in favor of a right ventricular infarction.
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Fig. 3. Case #3 electrocardiogram. (A) Case #3 baseline electrocardiogram showing sequential atrioventricular pacing. (B) Arrival electrocardiogram with discordant ST-segment
elevations (STE) >25% in the inferior leads (green arrows) III and aVF consistent with the third modiﬁed Sgarbossa Criteria as well as reciprocal ST-segment depression (STD, yellow
arrows) changes in the lateral leads (I & aVL) and V2. STD in lead V2 are not concordant as required by the second Sgarbossa Criteria (C) Right-sided electrocardiogram showing
discordant STEs with STE/S-wave >25% in leads RV4, RV5, RV6 denoting right ventricular infarction. ECG = Electrocardiogram, MSC = Modiﬁed Sgarbossa Criteria.

(Fig. 3C) had ﬁndings in favor of a right ventricular infarction, which
commonly occurs with a proximal right coronary artery occlusion. Secondly, transthoracic echocardiogram revealed right ventricular dilation
and dysfunction further supporting a right ventricular infarction. Lastly,
the echocardiogram revealed a moderate left ventricular systolic dysfunction with akinesia of the inferior wall at the basal, mid and apical
levels of the left ventricle, which is a territory commonly supplied by a
dominant right coronary artery.

Table 1
The original and modiﬁed Sgarbossa Criteria.
Original Sgarbossa Criteria (requiring ≥3-points)
Criteria
#1
Criteria
#2
Criteria
#3

Concordant STE ≥ 1 mm in any lead with an upward QRS complex: 5
points.
Concordant STD ≥ 1 mm in any of leads V1-V3: 3-points.
Discordant STE ≥ 5 mm in leads with downward QRS complexes:
2-points.

Modiﬁed Sgarbossa Criteria (presence of any criterion)
Criteria
Concordant STE ≥1 mm in any lead with an upward QRS complex
#1
Criteria
Concordant STD ≥ 1 mm in any of the leads V1-V3
#2
Criteria
Proportionally excessive discordant STE ≥ 25% of the depth of the
#3
preceding S-wave (STE/Sw ≥ 25%) of predominant downward QRS
complexes.

Discussion
What are the Sgarbossa and modiﬁed Sgarbossa Criteria?
Over 20 years ago Sgarbossa et al. [1] proposed a point-weighted
system requiring at least 3 points for the diagnosis of acute myocardial
infarction in the presence of LBBB (Table 1). These criteria are reported
to have high speciﬁcity (98%), however, their sensitivity for identifying
myocardial infarction in patients presenting with LBBB is low (20%) [3].
In order to improve diagnostic accuracy, Smith and colleagues developed the modiﬁed SC (Table 1), in which the original absolute discordant STE ≥ 5 mm criterion #3 is replaced with a proportional and
comparative criterion: STE/S-wave ratio ≥ 25% in just one lead (with
at least 1 mm STE) [4,5]. Under these modiﬁed SC, when a patient
meets any one of the three criteria, he is deemed to have an acute

STD = ST-segment depression, STE = ST-segment elevation, and Sw = S-wave.

OMI and therefore immediate reperfusion therapy is recommended
with primary PCI or thrombolytics. With this modiﬁcation, the authors
reported improved diagnostic sensitivity from 52 to 91% in identifying
angiographically proven myocardial infarction, while the speciﬁcity
remained unchanged (>90%) [4,5].
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while both rules retained their similar high speciﬁcity. Moreover, the
sensitivity of the modiﬁed SC increased even further to 86% upon adding
the ﬁndings of concordant STDs in leads V4-V6 (as an extension to the
criterion #2 of concordant STDs in ≥1 lead of V1-V3). As opposed to
LBBB, a right VPR can produce negative QRS complexes in these lateral
leads (V4-V6). Careful attention to these leads (V4-V6) is highly recommended in patients with VPR not only to assess for the presence of excessively discordant STEs but to identify the presence of any
concordant STDs which are also indicative of acute myocardial ischemia
[9,10].
With the current limited evidence, it seems reasonable to say that
when compared to the original SC, the modiﬁed SC has superior sensitivity and capacity to “rule-out” while retaining the speciﬁcity and usefulness to “rule-in” acute myocardial infarction in patients with LBBB,
with a comparable and similar sensitivity and speciﬁcity as when
these are applied to those with VPR.
We believe that a stepwise triage and management algorithm
(Fig. 4) using clinical ﬁndings and the modiﬁed SC may be very useful
for the diagnosis of OMI in patients with right VPR (as similarly advocated by Smith et al. for patients with a LBBB [4]). Moreover, in cases
where an ongoing concern for myocardial infarction persist despite no
fulﬁllment of the modiﬁed SC or a non-diagnostic electrocardiogram,
ancillary testing can always be used to further clarify diagnosis by
using high-sensitive cardiac troponins, serial electrocardiograms, transthoracic echocardiography (for wall motion analysis), and ultimately,
invasive angiography if diagnosis still remains uncertain [2,13].
Our cases illustrate the value and usefulness of the modiﬁed SC in
the recognition and diagnosis of an acute OMI in patients with right
VPR. In the ﬁrst case, it led to an earlier “STEMI code” activation by the
emergency department physician, which resulted in a door-to-balloon
time of <90 min. In the second case, it assisted with convincing the interventional cardiologist of ongoing injury with complete atrioventricular block in the absence of chest pain for an emergent angiographic
evaluation and intervention. As for the third case, it led to the successful
diagnosis of transmural myocardial infarction with right ventricular involvement despite not having a diagnostic coronary angiography. Also,
it is the perfect example to show the superior sensitivity of the modiﬁed

Does the modiﬁed Sgarbossa Criteria apply to right VPR?
Acute coronary syndromes in the setting of right VPR are expected to
become a more frequent scenario as the prevalence of patients with
pacemakers continues on the rise largely due to higher rates of device
implantation, progressive increase in life expectancy and improved survival of patients with heart disease [6,11]. Patients with VPR and myocardial infarction have three times the average door-to-balloon time
for PCI and twice the mortality when compared to those without a
paced rhythm, mostly secondary to a delayed diagnosis [8,12]. Therefore, electrocardiographic methods for early identiﬁcation of myocardial
infarction in these patients are of crucial importance, especially in the
case of acute OMI for which treatment is particularly time sensitive.
One option that the guidelines recommend for the diagnosis of myocardial infarction in these patients is to perform an electrocardiogram with
the pacemaker temporarily switched off to assess for the presence of the
classical ischemic ST-segment changes [6,7,13]. However, temporary
deactivation of the pacemaker is sometimes not clinically possible if
the patient is completely pacemaker dependent. Moreover, in cases
where it is possible to temporarily turn it off, ischemia assessment
may even still be limited by residual cardiac memory ST-segment and
T-wave changes [6,7,13].
Some experts have suggested the adaptation of the modiﬁed SC for
OMI recognition in patients with right VPR since the electrocardiographic morphology of a right VPR is very similar to a LBBB, yet there
is only a limited number of studies validating their use in this setting
[6–10]. Maloy et al. [8] found that STE >5 mm in leads with discordant
QRS complexes was very speciﬁc (>99%) but not sensitive (10%) for
acute myocardial infarction in patients with VPR.
More recently, a retrospective case-control investigation that studied the sensitivity and speciﬁcity of the modiﬁed SC to the original SC
for the diagnosis of OMI in patients with a VPR has shown encouraging
ﬁndings [9,10]. Fifty-nine subjects who had a right VPR and angiographic evidence of OMI were compared to 90 patients with non-OMI
and to 102 subjects without myocardial infarction. They found that for
the diagnosis of OMI, the modiﬁed SC was more sensitive than the original SC (sensitivity 81% [95% CI 69–90] versus 56% [95% CI 42–69]),

Fig. 4. Triage and management algorithm (similar to the one proposed by Smith et al. [4] for patients with LBBB) that integrates the clinical ﬁndings and the modiﬁed Sgarbossa Criteria for
the diagnosis of acute occlusive myocardial infarction in patients with right ventricular paced rhythm. AMI = Acute Myocardial Infarction; ECHO = Echocardiogram; HS-Tropo = HighSensitive Troponins; VPR = Ventricular Paced Rhythm.
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SC for OMI detection since the application of the original point-based SC
to this case results in less than 3 points and therefore would not favor
such diagnosis. Additionally, this case highlights the usefulness of applying the modiﬁed SC to a right-sided electrocardiogram to further determine the possibility of right ventricular infarction. Finally, the
electrocardiographic localization of the ST-segment abnormalities that
fulﬁlled the modiﬁed SC were able to predict the occluded coronary vessel in all our cases, very similar to the predictive capabilities of STE in patients with a non-paced rhythm.

2. D.H. González-Bravo: acquisition of data, drafting the manuscript
and revising the manuscript critically for important intellectual
content.
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