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Abstract 

 

ST-elevation myocardial (STEMI) is frequently associated with conduction disorders. Regional 

myocardial ischemia or injury may affect the cardiac conduction system at various locations, and 

neural reflexes or changes in the balance of the autonomous nervous system may be involved. 

Sinoatrial and atrioventricular block are more frequent in inferior than anterior STEMI, while new 

left anterior fascicular block and right bundle branch block indicate proximal occlusion of the left 

anterior descending coronary artery. New left bundle branch block is associated with multi-vessel 

disease.    

Most conduction disorders associated with STEMI are reversible with reperfusion therapy, but 

they may still impair prognosis, because they indicate a large area at risk, extensive myocardial 

infarction or severe coronary artery disease. 

Acute STEMI recognition is possible in patients with fascicular or right bundle branch block, but 

future studies need to define the cut-off values for ST depression in the leads V1-V3 in 

inferolateral MI and for ST elevation in the same leads in anterior STEMI. In left bundle branch 

block, concordant ST elevation is a specific sign of acute coronary artery occlusion, but the ECG 

feature has low sensitivity.   
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List on acronyms 

ACS = acute coronary syndrome  

AV = atrioventricular  

HDAVB = high degree atrioventricular block   

IAB = interatrial block  

LAD = left anterior descending artery 

LAFB = left anterior fascicular block 



LBBB = left bundle branch block  

LCX = left circumflex artery 

LSFB = left septal fascicular block 

MI = myocardial infarction  

PCI = percutaneous coronary intervention  

RBBB = right bundle branch block 

RCA = right coronary artery  

SA = sinoatrial  

STEMI = ST-elevation myocardial infarction  

TIMI = Thrombolysis In Myocardial Infarction 

UDMI = Universal Definition of Myocardial Infarction 

 

 

 

  



Bradyarrhythmias 

Sinoatrial block 

 

Sinus bradycardia is frequent in acute inferior ST-elevation myocardial infarction (STEMI), especially 

during the first hours after occlusion of the coronary artery [1, 2]. Sinus bradycardia was three times 

more common in inferior than in anterior acute myocardial infarction (MI) [3]. Bradycardia may be 

caused by depressed automatism. The Bezold-Jarisch reflex includes a triad of bradycardia, 

hypotension and vasodilation, and inferior wall myocardial ischemia may elicit this reflex [4]. The 

reflex is thought to result from the stimulus of cardiopulmonary mechanoreceptors that are 

associated with unmyelinated vagal afferent nerve fibers, classified as C-fibers. The sinoatrial (SA) 

nodal side branch (or artery) originates from the right coronary artery (RCA) in about two thirds (Fig. 

1) and from the left circumflex artery (LCX) in about one fifth of individuals [5]. The side branch may 

also take off directly from the aorta. Very proximal occlusion of the RCA caused by thrombus or 

aortic dissection may result in occlusion of the SA nodal branch, but occlusion may also result from 

stenting over the side branch ostium or from embolization. Ischemia of the cardiac conduction 

system may be the result of these pathophysiological processes.  

SA nodal branch occlusion may result in sinus bradycardia, sinoatrial block or even asystole. 

Because the SA nodal branch also irrigates parts of the atrial walls, bradycardia may be accompanied 

by atrial MI. In practice, it is not possible to distinguish between abnormalities in impulse formation, 

impulse conduction, or a combination, in the standard 12-lead ECG in patients with intermittent 

absence of sinus P waves. In sinus bradycardia and SA block, vagally induced bradycardia will 

disappear with atropine while ischemic bradycardia persists.  

Serrano et al compared inferior STEMI patients based on the culprit artery and the level of 

occlusion [2]. Sinus bradycardia in the admission ECG was noted in 15% of the patients with RCA 

occlusion, but in none of the patients with LCX occlusion, and proximal RCA occlusion was more 

often associated with sinus bradycardia than mid or distal occlusion.   

 

Interatrial block 

 

Interatrial block (IAB) is a distinct ECG pattern caused by conduction delay between the right and 

left atrium, probably resulting from local fibrosis reflected in the surface ECG as a biphasic 



morphology of the P wave in the inferior leads (II, III, aVF) [6, 7]. This together with a P-wave 

duration ≥120 ms is considered as advanced IAB. P-wave duration ≥120 ms with normal P-wave 

morphology is defined as partial IAB. In STEMI patients (n=198) without a history of atrial 

arrhythmias treated successfully with primary percutaneous coronary intervention (PCI), about half 

of the patients had partial or advanced IAB at presentation, while six hours after PCI, the prevalence 

of IAB had decreased to one quarter [8]. RCA stenosis and diffuse coronary artery disease were 

associated with IAB at admission. Partial IAB on admission and six hours post-PCI were independent 

predictors of atrial fibrillation at 12-month follow-up. In a registry study (n=972) of STEMI patients 

in sinus rhythm at hospital discharge, 21.3% had partial and 5.9% advanced IAB [9]. Patients with 

IAB had higher all-cause mortality than patients without IAB, but the association was explained by 

older age and other variables, while the multivariable analysis did not show any independent 

association between IAB and prognosis. In patients (n=109) undergoing elective PCI of the RCA or 

LCX, atrial branch occlusion was associated with more frequent intra-atrial conduction delay, atrial 

tachycardia and atrial fibrillation [10]. After adjustment by a propensity score, atrial branch 

occlusion was an independent predictor of periprocedural infarction and atrial arrhythmias. The 

authors speculated that atrial ischemic episodes might be considered as a potential cause of atrial 

fibrillation in patients with coronary artery disease.   

 

Atrioventricular block 

 

Atrioventricular (AV) block is a rather frequent finding in acute inferior STEMI. This is partly 

explained by the fact that the side branch to the AV node takes off distally from the posterolateral 

branch of the RCA (Fig. 2). In left-dominant circulation, the AV nodal branch arises from the LCX. The 

mechanism of AV conduction disturbance in acute STEMI is different depending on the infarct 

location. In a recent study of STEMI patients, RCA culprit predicted second degree Mobitz 2 or third-

degree AV block (high degree AV block, HDAVB) with an odds ratio of 3.80 [11]. RCA occlusion 

increases acetylcholine release from the myocardium of the inferior wall, and this contributes to the 

AV block. As for ischemia of the AV node, vagal overdrive disappears following the administration 

of intravenous atropine, while AV block of ischemic origin persists.  Ischemic AV block usually 

presents fast heart rate, while vagally induced block does not [12]. According to Lie et al, in patients 

with acute inferior MI and HDAVB, escape beats of left bundle branch block (LBBB) morphology 



represent conducted beats (AV junctional escape beats), while those with right bundle branch block 

(RBBB) morphology most probably represent fascicular of ventricular escape rhythm requiring 

pacemaker implantation [13].  

Mobitz 1 (Wenckebach) second-degree AV block is most frequent in inferior STEMI caused by 

RCA occlusion, and it is usually transient and supra-Hisian, while Mobitz 2 -block is usually infra-

Hisian and implies worse prognosis. In infra-Hisian Mobitz 2 -block, the PQ-interval prolongation is 

usually mild, or the PQ interval may even be normal [12, 14].  

The prognostic implications of third-degree (complete) AV block depends on the STEMI location. 

When it occurs in association with inferior STEMI, it usually evolves from a first-degree block, the 

QRS complex is narrow and the block is supra-Hisian [12]. Advanced AV block presenting in an 

anteroapical infarction is usually accompanied by an infra-Hisian escape rhythm with a wide QRS 

complex, which may result in hemodynamic deterioration. In this scenario, pacemaker implantation 

is indicated, but the outcome of the patient is dependent on the extent of the infarction and the 

degree of left ventricular dysfunction. In inferior STEMI, advanced AV block is more often seen in 

patients with terminal QRS distortion (Sclarovsky-Birnbaum grade III ischemia) than in those with 

grade II ischemia in the leads with ST-segment elevation [15].  

Berger et al reported a 19% incidence of second- or third-degree AV block in acute inferior MI 

by combining results from studies published in the 1960’s - 1980’s [16]. In the recent HORIZONS-

AMI trial, where almost all 3,115 study STEMI patients had primary PCI, HDAVB was found in 1.5% 

of the patients [11]. Of the patients with HDAVB, 60.9% had a temporary pacemaker implanted in 

the catheterization laboratory. The incidence of HDAVB in a recent national survey from 2010 was 

2.1% [17]. In a recent large STEMI registry study (n=16,536), the incidence of HDAVB was 6.6% in 

in inferior STEMI, but only 0.3% in anterior STEMI [18]. In a recent study of 4,799 patients with 

acute coronary syndrome (ACS) (STEMI in 55.7%), 1.9% presented with complete AV block [19]. 

HDAVB has been associated with an increased risk for in-hospital complications and higher 

mortality rates during follow-up; in the old study by Berger et al, mean in-hospital mortality rate 

was 23% [16]. In the recent HORIZONS-AMI study, 30-day mortality in HDAVB was 8.8% compared 

with 2.3% (p=0.005) in the patients without HDAVB.  

In ACS patients with complete AV block in the previously mentioned publication by Aguiar Rosa 

et al, 79.1% had inferior STEMI compared with 21.9% in the patients without complete AV block, 



and in-hospital mortality was almost eightfold higher in patients with complete AV block (23.1% vs. 

3.5%) [19]. In the large STEMI registry study referred to previously, anterior, but not inferior location 

was associated with increased in-hospital mortality in HDAVB patients after multivariate adjustment 

[18].   

The HORIZONS-AMI investigators also studied the incidence and prognostic implications of 

worsening AV block post-primary PCI [20]. They reported a 1.5% progression of both second and 

third degree AV block after one year. Anterior STEMI was associated with worsened AV block, 

which was an independent predictor of all-cause death and major adverse cardiac events. The 

authors speculated that HDAVB probably was the result of chronic damage to the AV conduction 

system, related to left anterior descending (LAD) coronary artery culprit lesions associated with 

extensive myocardial injury or infarction, in these patients.   

Which patients need a temporary pacemaker? 

Although AV block associated with inferior STEMI is usually temporary, benign and nearly always 

resolves with reperfusion therapy, intermittent pacemaker therapy may be necessary in case of 

hemodynamic compromise or bradycardia-related ventricular arrhythmias. According to the 2017 

ESC Guidelines for the management of acute myocardial infarction in patients presenting with ST-

segment elevation, temporary pacing is required in cases of sinus bradycardia with hemodynamic 

intolerance or HDAVB without stable escape rhythm if the arrhythmia does not respond to 

positive chronotropic medication [21]. AV sequential pacing should be considered in patients with 

complete AV block, right ventricular infarction, and hemodynamic compromise. According to the 

2013 ACCF/AHA STEMI guidelines, temporary pacing is indicated for symptomatic 

bradyarrhythmias unresponsive to medical treatment, and application of transcutaneous pacing 

pads for potential use is reasonable treatment in HDAVB caused by inferior STEMI [22]. 

Prophylactic placement of a temporary pacing system is recommended for HDAVB in patients with 

anterior/lateral MI.  

Intraventricular block  

Fascicular block 

 



The presence of a new left anterior fascicular block (LAFB) associated with anterior STEMI strongly 

supports a culprit artery location in the proximal part of the LAD, because the left anterior fascicle 

receives its blood supply from the first major septal branch of the LAD [23]. The development of 

LAFB in the course of an inferior infarction (RCA or LCX occlusion) indicates concomitant significant 

stenosis of the LAD before the first major septal branch.  

The appearance of left posterior fascicular block, which causes clear rightward deviation of the 

frontal plane QRS axis, is extremely rare in STEMI patients, and they are typically published as case 

reports. The left posterior fascicle is the least vulnerable division of the intraventricular conduction 

system. Compared with the left anterior fascicle, the left posterior fascicle is larger, has faster de- 

and repolarization, receives its blood supply from two coronary systems (the LAD and the RCA, and 

runs through a more protected area, the left ventricular inflow tract with less mechanical pressure 

impact [24]. Transient rightward shift of the frontal QRS axis in patients with acute anterior MI has 

been associated with severe two- or three-vessel disease, typically with collateral circulation 

between the LAD and the RCA [25]. Ischemia of the left posterior fascicle was suggested as the 

etiologic factor.    

The existence of a tetrafascicular intraventricular conduction system, including a left septal 

fascicle, remains debatable. A consensus statement ended up with some discrepancies and, despite 

agreeing on the possible existence of an anatomical left septal fascicle, the electrocardiographic and 

vectorcardiographic characteristics of left septal fascicular block (LSFB) were not universally 

accepted [7]. The most important criteria to indicate the existence of LSFB is its intermittent nature, 

because other causes of prominent anterior QRS forces, such as right ventricular hypertrophy, septal 

hypertrophy, lateral wall myocardial infarction, and lead switch have to be considered in the ECG 

diagnosis. The proposed ECG criteria for LSFB include normal or slightly increased (up to 110 ms) 

QRS duration, R-wave voltage of V1 ≥ 5 mm, R wave of V2 > 15 mm, and absence of a q wave in the 

left precordial leads V5, V6 and in lead I [26]. Two case reports from patients with ST-elevation ACS, 

one with anterior and one with inferior ST elevation, and prominent anterior forces, indicating LSFB, 

were reported [27, 28].  

 

Right bundle branch block 

 

The right bundle branch receives its blood supply from an anterior septal branch of the LAD alone 

or jointly with the AV nodal artery [29]. Therefore, a proximal LAD occlusion may result in a new 



RBBB, which is often accompanied by LAFB, because the right bundle branch and the left anterior 

fascicle receive essentially the same blood supply (Fig. 3). RBBB + LAFB is a type of bifascicular block. 

These intraventricular blocks are mostly reversible with reperfusion therapy.  

Transient RBBB in inferior STEMI is rare, and is probably explained by ischemia of the proximal 

His bundle, selectively inhibiting conduction to the right bundle branch; the His bundle is dually 

supplied by the AV nodal branch (proximal His bundle) and the first septal branch of the LAD (distal 

His bundle) [14, 29].   

RBBB and LAFB was demonstrated in more than half of the patients with acute total left main 

occlusion in a small patient series (Fig. 4) [30]. In addition, there was typically ST-segment 

elevation in the precordial leads from V2 to V4-6 and in leads I and aVL, accompanied by ST-

segment depression in the inferior leads. 

A unique situation occurs when LAFB obscures RBBB, abolishing the terminal S waves in leads I 

and aVL and the terminal R (R’) wave in V1 [31]. The existence of a RBBB is indicated by a broad 

QRS, wide R’ in lead aVR and a wide S wave in leads V5 and V6.   

RBBB does not interfere with the diagnosis of acute STEMI, and the ECG criteria for STEMI are 

the same as for patients with a narrow QRS. Diagnosing ST elevation in the anterior, inferior and 

lateral leads can easily be done in patients with RBBB. However, the diagnosis of inferolateral 

STEMI equivalent in patients with RBBB and baseline ST depression in V1-V3 is a challenge, and 

prospective studies are needed to define the threshold for ST deviations in this setting. In acquired 

RBBB, there is typically an initial Q wave, while in pre-existing RBBB, there is rRS’ configuration 

[14] (Fig. 3 and 4).   

RBBB was associated with increased mortality in acute MI patients in a meta-analysis, which 

included a considerable proportion of acute STEMI patients [32]. A radical change has recently 

taken place in the treatment recommendations for patients with new or presumably new RBBB 

and a suspicion of acute MI. The Fourth Universal Definition of Myocardial Infarction (UDMI) 

states: “New, or presumed new, RBBB without associated ST-segment or T wave changes is 

associated with thrombolysis in myocardial infarction (TIMI) 0–2 flow in as many as 66% of 

patients (compared with >90% in those with ST-segment or T wave changes)” [33]. The 2017 ESC 

guidelines for STEMI also specify: “Patients with myocardial infarction and RBBB have a poor 

prognosis. It may be difficult to detect transmural ischaemia in patients with chest pain and RBBB. 

Therefore, a primary percutaneous coronary intervention strategy (emergent coronary 

angiography and percutaneous coronary intervention if indicated) should be considered when 



persistent ischaemic symptoms occur in the presence of RBBB” [21]. These recommendations are 

mainly based on a retrospective study by Widimsky et al [34]. That study included 6,742 patients 

with AMI and showed that among the 427 patients with RBBB (53% with concomitant ST 

elevation), TIMI 0 flow in the infarct related artery was found in 51.7%, and primary PCI was 

performed in 80.1% of the patients. TIMI flow 0 in the infarct-related artery was found in 

significantly more patients with new or presumably new RBBB (55%) than in the group with old 

RBBB (34.9%), old LBBB (28%) or new or presumably new LBBB (41.1%). It is somewhat surprising 

that also RBBB without ST elevation has been added as a STEMI equivalent ECG manifestation in 

the new guidelines. The study results by Widimsky et al apply to patients with adjudicated acute 

MI, not necessarily to patients in the emergency care settings, and not all study patients 

underwent emergent angiography according to a primary PCI protocol. Significant coronary artery 

lesions in patients with RBBB are not necessarily new culprit lesions. Therefore, outcome data are 

needed in patients with chest pain, presumably new RBBB and no significant ST deviation treated 

with or without primary PCI. Also the usefulness of primary PCI for patients presenting with RBBB 

and atypical symptoms (shortness of breath, acute heart failure, etc.) should be prospectively 

tested.  

A more recent article by Neumann et al included 4,067 patients with suspected acute MI [35]. 

RBBB was found in 3.1% of the patients, and of them, only 20.8% had a final diagnosis of acute MI 

(six had STEMI and 17 non-ST elevation MI). Mortality for patients with RBBB at 1-year follow-up 

was 10.7% compared to 3.2% in the patients without broad QRS. The study data challenge the 

concept of RBBB as an indication for emergent coronary angiography, as the likelihood of MI was 

similar to that of patients without bundle branch block.  

Another clinical point related to RBBB is, whether a lower threshold for ST elevation than for 

narrow QRS should be used in anterior STEMI because of the baseline secondary ST depression in 

the right precordial leads associated with this conduction disorder. Future studies should address 

this issue, and also the cut-off values for ST depression in the leads V1-V3 in inferolateral MI need 

to be established.  

 

Left bundle branch block 

 

The left bundle branch is a larger and less vulnerable structure than the right bundle branch. The 

blood supply to the left bundle branch is clearly of dual origin as the anterior fascicle is supplied 



mainly by anterior septal branches of the LAD and the posterior fascicle from the AV nodal artery, 

which originates from the RCA or the LCX depending on coronary artery dominance. Accordingly, 

severe two- or three-vessel disease should typically be present for a new LBBB to develop.  

Sgarbossa et al introduced three criteria to help in identifying acute MI in patients with LBBB [36]. 

They were: (1) ST-segment elevation ≥1 mm and concordant with the QRS complex (5 points); (2) ST-

segment depression ≥1 mm in leads V1, V2 or V3 (3 points); and (3) ST-segment elevation ≥5 mm 

and discordant with the QRS complex (2 points). A total score of three or more points was 

considered diagnostic of acute MI, whereas a score of 2 points suggests an acute MI. A meta-analysis 

reported the Sgarbossa criteria to be specific (98%) but with low sensitivity (20%) [37]. Concordant 

ST elevation has proved to be the single most specific criterion for the diagnosis of acute MI in the 

presence of LBBB, and improves the detection of this “STEMI equivalent” [38] (Fig. 5). An adaptation 

of the Sgarbossa criteria, including ST-elevation to S-wave ratio may be too complicated for use in 

the emergency setting [39]. Also, serial ECG recordings may be helpful for acute MI diagnosis in 

patients with acute chest pain or equivalent and LBBB [40].  

In a study from the Minneapolis Heart Institute STEMI protocol (n=3,903), new or presumably 

new LBBB was present in 3.3% of the patients [41]. The LBBB patients were older, more commonly 

women, with a lower ejection fraction, and more often presented with cardiac arrest or heart 

failure than those without new LBBB. The patients with new LBBB had fewer culprit arteries 

(54.2% vs. 86.4%, p<0.001), but at one-year follow-up they had higher all-cause mortality. The 

authors tested a hierarchical algorithm based on hemodynamic instability and Sgarbossa 

concordance criteria. The algorithm yielded high sensitivity (97%) and negative predictive value 

(94%) for identification of a culprit lesion, while specificity was 48%.  

Another study form the US reported new or presumably new LBBB in 69/802 (8.6%) patients in 

the hospital primary PCI laboratory activation database [42]. Less than 30% of the patients with 

new or presumably new LBBB had troponin elevation, and 54% underwent emergent coronary 

angiography. Of these, 22% had a culprit vessel occlusion, while the emergent revascularization 

rate was 11.6%.      

In a recent large registry study of patients with a definite diagnosis of acute MI, crude in-

hospital mortality of patients with LBBB was 16.2% versus 6.5% for patients with STEMI [43] The 

patients with LBBB were older, with a greater burden of risk factors and comorbidity, and they 

were less likely to receive medication and invasive therapy.  

https://www.sciencedirect.com/topics/medicine-and-dentistry/qrs-complex
https://www.sciencedirect.com/topics/medicine-and-dentistry/st-segment-depression
https://www.sciencedirect.com/topics/medicine-and-dentistry/st-segment-depression


In patients (n=8,830) with suspected acute MI, LBBB was present in 2.8%, and of these 30% had 

a final MI diagnosis, with similar incidence in those with known LBBB vs. those with presumably 

new LBBB [44]. ECG criteria had low sensitivity (1%–12%) but high specificity (95%–100%) for 

acute MI. The study showed that combining ECG criteria with high sensitive troponin testing 

allows early and accurate diagnosis of acute MI in LBBB. 

The fourth UDMI states: “In patients with LBBB, ST-segment elevation ≥1 mm concordant with 

the QRS complex in any lead may be an indicator of acute myocardial ischemia” [31]. The 

conclusion was that since the detection of ischemia by the ECG in LBBB is difficult, decisions 

concerning urgent reperfusion therapy should be based mainly on symptoms and hemodynamic 

parameters.  

According to the 2013 ACCF/AHA STEMI guidelines, “New or presumably new LBBB has been 

considered a STEMI equivalent. Most cases of LBBB at time of presentation, however, are “not 

known to be old” because of prior electrocardiogram (ECG) is not available for comparison. New 

or presumably new LBBB at presentation occurs infrequently, may interfere with ST-elevation 

analysis, and should not be considered diagnostic of acute myocardial infarction (MI) in isolation” 

[22].  The 2017 ESC STEMI guidelines specify: “In the presence of LBBB, the ECG diagnosis of acute 

myocardial infarction is difficult but often possible if marked ST-segment abnormalities are 

present. Somewhat complex algorithms have been offered to assist the diagnosis, but they do not 

provide diagnostic certainty. The presence of concordant ST-segment elevation (i.e. in leads with 

positive QRS deflections) appears to be one of the best indicators of ongoing MI with an occluded 

infarct artery. Patients with a clinical suspicion of ongoing myocardial ischaemia and LBBB should 

be managed in a way similar to STEMI patients, regardless of whether the LBBB is previously 

known. It is important to remark that the presence of a (presumed) new LBBB does not predict an 

MI per se”. [20].  

Hence, recognition of an impending acute myocardial infarction in patients with LBBB remains a 

challenge. Decision making regarding emergent coronary angiography cannot be based solely on 

12-lead ECG findings. Clinical presentation, and probably also, sensitive troponin testing are 

important additional clinical tools.   

Conclusions 



STEMI is frequently associated with conduction disorders. SA and AV block are more frequent in 

inferior than anterior STEMI, while new LAFB and RBBB indicate proximal occlusion of the LAD. 

Most conduction disorders associated with STEMI are reversible with reperfusion therapy, but 

they may still impair prognosis, because they indicate a large area at risk, extensive myocardial 

infarction or severe coronary artery disease. 
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