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Conduction Blocks in Myocardial Infarction

Shinde and Jadhav.

ABSTRACT

Background: Conduction blocks complicating ST(ST-segment)-elevation myocardial infarction are associated 
with increased morbidity and mortality. Research indicates that anterior and inferior wall myocardial infarc-
tion were the most encountered causes of blocks but with conflicting results. However, patterns of conduc-
tion blocks have not been widely established in our population. The aim was to study the various patterns of 
conduction blocks following ST-elevation myocardial infarction and their prognostic implications.

Methods: Prospectively, 70 patients, aged > 18 years, diagnosed with ST segment elevation myocardial 
infarction were included in the study. Post intensive care unit admission, all patients were observed for con-
duction blocks using a standard 12-lead electrocardiogram and repeated the same every 48 h throughout the 
hospitalization stay. Statistical analysis was performed using software R version 3.6.0.

Results: Out of 70 patients, 70% were males. Mean age was 60.7 ± 13.4 years. The proportion of blocks was 
first-degree heart block (28.6%), Mobitz II heart block (20%), complete heart block (17.1%), Mobitz I heart 
block (11.4%), right bundle branch block (10%), left bundle branch block (10%), left anterior hemiblock 
(1.4%), and trifascicular block (1.4%). No significant difference was found between males and females with 
respect to various conduction heart blocks (P > .05). Mortality was observed only in patients with complete 
heart block (11.4%) and first-degree heart block (2.8%; P = .003). Statistically, no significant difference was 
observed between various conduction blocks with respect to cardiac enzymes, random blood sugar, and 
lipid levels (P > .05).

Conclusions: High mortality rate has been found in the patients with complete heart block indicating that 
severity of conduction block is a predictor of poor outcome in the ST-elevation myocardial infarction patients.

Keywords: Atrioventricular block, coronary artery disease, diabetes, heart block, hyperlipidemia, 
hypertension

Introduction
ST-segment elevation myocardial infarction (STEMI) is a grave medical condition and remains to 
be a leading cause of mortality globally.1 The STEMI is due to blockage of one or more coronary 
arteries. This acute blockage of blood flow to the heart is due to the factors like plaque rup-
ture, erosion, fissuring, or dissection of coronary arteries which forms as obstructing thrombus. 
The major causes due to this condition are dyslipidemia, diabetes mellitus, hypertension, smok-
ing, and family history of coronary artery disease.2

STEMI can lead to different complications, such as conduction blocks, ventricular dysfunction, 
cardiogenic shock, mechanical complications, and ventricular arrhythmias.2 However, the prog-
nosis of STEMI patients developing these complications is very poor. Cardiac conduction blocks 
are the electrical disturbances which may occur following acute myocardial infarction (MI). 
Delayed or interrupted conduction may occur as a result of physiological changes; ischemia 
causing temporary or permanent structural changes of the tissues surrounding the sinoatrial 
(SA) node and atrioventricular (AV) junctions, increased parasympathetic tone commonly asso-
ciated with an inferior wall MI, increased extracellular potassium that slows down the cardiac 
impulse conduction, and local release and formation of that decelerates the impulse conduction 
through AV node.3
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Development of heart blocks may worsen the 
outcome of STEMI. Knowledge regarding dif-
ferent types of conduction blocks occurring 
in STEMI may help in the early recognition of 
patients at increased mortality risk, so that 
appropriate treatment including temporary or 
permanent pacing can be instituted at an early 
stage.4 Mortality rate in our country is consid-
erably lower than developed countries which 
may be due to higher younger population rate 
than those in developed countries.5-7 However, 
the studies on the pattern of conduction blocks 
have not been widely established in our popu-
lation. Therefore, this study was intended to 
study the pattern of conduction blocks follow-
ing STEMI and its prognostic implications at ter-
tiary care hospital. So, this study findings would 
help physicians in practice for the management 
of STEMI patients at high risk in order to reduce 
the morbidity and mortality.

Material and Methods
After obtaining ethical clearance from KIMSDU, 
Karad (KIMSDU/IEC/03/2017; Protocol no: 
011/2017-2018 Dated: November 23, 2017), 
this prospective, observational study was car-
ried out for 2 years between December 2017 
and May 2019 in the Department of General 
Medicine and Intensive care unit (ICU) at a ter-
tiary care teaching hospital, Karad, Maharashtra, 
India. Informed consent was obtained from the 
participants who agreed to take part in the study.

By non-probability (consecutive) sampling tech-
nique, a total of 70 patients aged > 18 years 
diagnosed with STEMI as per World Health 
Organization criteria (clinical history of typical 
chest pain lasting >30 minutes, classical echo-
cardiogram (ECG) changes consistent with 
acute MI, and elevated cardiac enzymes levels of 
creatine kinase (CK-MB) and troponin I) were 
included after attaining written informed con-
sent form. Patients with old bundle branch block, 
cardiomyopathy or established valvular heart dis-
ease, congenital or rheumatic heart disease, and 

medication history of drugs (viz. clonidine, meth-
yldopa, verapamil, and digoxin) inducing conduc-
tion blocks were exempted from the study.

Data was collected for gender-Wise 
Distribution of Symptoms and Risk Factors in 
STEMI Patients as  per table number I which 
included detailed history of chest pain, risk fac-
tors and their duration, Medication. Random 
venous blood sample was obtained for the anal-
ysis of cardiac enzymes (CK-MB [EM360 ana-
lyzer] and troponin I [cTnI; EM360 analyzer]), 
blood glucose, and lipid profile. A diagnosis 
of STEMI was confirmed by chest pain last-
ing>30 minutes, ST-segment elevation ≥1 mm 
in at least 2 of the limb leads, and elevation of 
CK and its myocardial band (MB) fraction to 
more than twice the upper limit of normal or 
troponins. Upon admission into ICU, a standard 
12-lead ECG (at a paper speed of 25 mm/s and 
an amplification of 10 mm/mV) was recorded 
and repeated the same every 48 hours through-
out the hospitalization stay.

ECG Evaluation
New ST elevation at J-point in 2 contiguous 
leads with cut points: ≥0.1 mV in all leads other 
than leads V2-V3 (≥0.2 mV in men ≥ 40 years, 
≥0.25 mV in men < 40 years, and ≥0.15 mV in 
women). The conduction blocks based on ECG 
characteristics could be categorized as follows: 
atrioventricular block (including first-degree AV 
block, Mobitz type I, Mobitz type II, and third-
degree/complete AV block), and intraventricular 
blocks (including left bundle branch block, right 
bundle branch block [RBBB], left anterior hemi-
block, and left posterior hemiblock).

Data regarding CK-MB, cTnI, random blood glu-
cose (RBS), lipid profile (total cholesterol [TC] 

and triglycerides [TG]), and infarction site were 
recorded. A follow-up was done for all patients 
till hospital discharge.

Statistical Analysis
Statistical analysis was done using software R ver-
sion 3.6.0. Normality of the data was determined 
using the Shapiro–Wilk test. The continuous vari-
ables with normal distribution were presented as 
mean ± standard deviation and compared using 
paired t-test. Kruskal–Wallis test was performed 
for variables without normal distribution. The cat-
egorical variables were presented as frequencies 
and percentages and compared using proportion 
z-test. A P value of <0.05 was considered statisti-
cally significant at 95% CI.

Results
Out of 70 patients with STEMI, males (70%) 
constitute significantly higher proportion 
compared to females (30%; P < .00001). The 
mean age was 60.7 ± 13.4 years. The major-
ity (64.3%) were in the age group 51-70 years. 
Table 1 depicts the gender-wise distribution of 
symptoms and risk factors among study par-
ticipants. Table 2 shows the frequency of dif-
ferent infarction sites and conduction blocks 
in our study population. Statistically, no signifi-
cant difference was found between males and 
females with respect to various conduction 
heart blocks (P > .05; Graph 1). Though there 
was no significant difference, a higher number 
of patients among all conduction blocks were 
of male gender. Mortality was observed only 
in patients with complete heart block (11.4%) 
and first-degree heart block (2.8%); significantly 
higher in complete heart block than first-degree 
block (P = .003), while a marked improve-
ment was noted in those with other conduc-
tion blocks. The period of hospitalization of all 

Table 1.  Gender-Wise Distribution of Symptoms and Risk Factors in STEMI Patients

Variables

Gender, n (%)

Frequency (%) P*Male Female

Symptoms Chest pain 49 (100) 20 (95.2) 69 (98.6) .661

Vomiting 20 (40.8) 6 (28.5) 26 (37.1) .482

Sweating 48 (98) 19 (90.5) 67 (95.7) .439

Dyspnea 25 (51) 10 (47.6) 35 (50) 1

Palpitation 11 (22.4) 8 (38.1) 19 (27.1) .291

Total 49 21 70 -

Risk factors Hypertension 20 (40.8) 5 (23.8) 25 (35.7) .276

Diabetes 13 (26.5) 6 (28.6) 19 (27.1) 1

Alcohol 15 (30.6) 0 15 (21.4) .005

Cerebral vascular accident 0 1 (4.8) 1 (1.4) .66

Total 49 21 70 -

*Proportion z-test.

Main Points

•	 Acute myocardial infarction (AMI) is one of  the 
major problem.

•	 Conduction blocks are frequent complications of  
AMI.

•	 Bundle branch block in AMI carries poor progno-
sis.This has been attributed both to the extent of  
myocardial damage and to the frequency of  ven-
tricular asystole.

•	 Development of  conduction blocks worsens the 
outcome of  AMI. Knowledge about various types 
of  conduction blocks occurring in AMI helps in 
early recognition of  conduction blocks, so that 
appropriate treatment including pacing can be 
instituted at an early stage.
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study participants ranged from 4 to 12 days 
with a mean of 6.7 days. Statistically, no signifi-
cant difference was observed between various 
conduction blocks with respect to laboratory 
investigations, such as cardiac enzymes (CK-
MB and cTnI), RBS, and lipid profile (P > .05; 
Table 3). days. Table 4 depicts the mortality pat-
tern according to Killip classification.

Discussion
STEMI can lead to different complications, 
such as conduction blocks, cardiogenic shock, 
and ventricular arrhythmias. Conduction 
blocks complicating STEMI are associated with 
increased morbidity and mortality.1,2 This study 
has analyzed the various conduction blocks 
associated with STEMI in 70 patients and the 

majority were in the 51-70 years age group, with 
a male predominance (70%). This is compara-
ble to Ratan Ram et al8 where 51-60 years age 
group were most affected with STEMI, indicat-
ing that middle-aged males were more prone to 
STEMI. Vijay Kumar et al9 reported mean age of 
patients with conduction blocks was 62.9 years,  
whereas in patients without blocks, it was  
57.4 years. On comparison with previous stud-
ies (especially non-Asian studies), our study 
patients were younger, corroborating with evi-
dence from recent studies, that CAD occurs  
10 years earlier in the Indian population.10,11

Here, hypertension (38.6%) was the most com-
mon risk factor found in STEMI patients, followed 
by diabetes (27.1%). Ratan Ram et al8 reported 
that hypertension (27%), diabetes (25%), and 
smoking (30%) were the most encountered risk 
factors, whereas Chavda et al12 reported smok-
ing (72.0%), followed by IHD (14%) and diabe-
tes (10%).

The most prevalent infarction site was the 
anterior wall (38.6%), followed by inferior wall 
(34.3%). In contrast, Ratan Ram et al8 reported 
that inferior wall was the most common site of 
MI, followed by anterior wall MI. However, our 
study findings were consistent with Hreybe and 
Saba and Shah et al.13,14

Eight different types of conduction blocks have 
been observed with first-degree heart block 
being the most prevalent one equally in anterior 
and inferior wall MI, followed by Mobitz type 
II AV heart block and complete heart block. 
Similarly, Ratan Ram et al8 reported higher prev-
alence of first-degree AV block (7%), followed 
by second-degree AV block (4%) and complete 
heart block (3%). On the contrary, previous 
studies reported a significantly higher incidence 
of first-degree heart blocks with inferior wall 
MI than anterior wall MI.13 In the present study, 
gender-wise distribution of conduction blocks 
was studied and no significant difference was 
found. Though there was no significant differ-
ence, the higher number of patients among all 
conduction blocks was of male gender. Ratan 
Ram et al8 observed that males had more con-
duction blocks than females (18.0% vs. 14.7%) as 
observed in this study. 

High mortality rate was observed in patients 
with complete heart block (11.4%), followed 
by first-degree heart block (2.8%). Patients 
with complete heart block are at a higher risk 
of developing ventricular tachycardia, asystole, 
and sudden cardiac death, while a marked 
improvement was noted in those with other 
conduction blocks. Ratan Ram et al8 reported 

Table 2.  Distribution of Patients According to Site of Infarction and Conduction Block Type

Site of  Infarction Frequency (%) Percentage

Anterior wall MI 27 (38.6) 38.6

Inferior wall MI 24 (34.3) 34.3

Lateral wall MI 8 (11.4) 11.4

Anterolateral wall MI 5 (7.1) 7.1

Anteroseptal wall MI 3 (4.3) 4.3

Inferoposterior wall MI 2 (2.9) 2.9

Anteroinferior wall MI 1 (1.4) 1.4

Block type Frequency (%) Percentage

First-degree heart block 20 (28.6) 28.6

Mobitz type II heart block 14 (20) 20

Complete heart block 12 (17.1) 17.1

Mobitz type I heart block 8 (11.4) 11.4

Right bundle branch block 7 (10) 10

Left bundle branch block 7 (10) 10

Left anterior hemi block 1 (1.4) 1.4

MI, myocardial infarction

Table 3.  Distribution of Conduction Blocks Based on Site of Infarction

Infarction site
Blocks 

(n) CHB
First 

Degree HB LAHB LBBB
MT 

1 HB
MT 

2 HB RBBB TB

Anterior Wall MI 27 3 9 0 1 1 7 6 0

Anteroinferior wall MI 1 1 0 0 0 0 0 0 0

Anterolateral MI 5 0 0 0 1 0 3 1 0

Anteroseptal wall MI 3 1 0 0 0 1 1 0 0

Inferoposterior wall MI 2 1 0 0 0 1 0 0 0

Inferior wall MI 23 5 9 0 2 5 2 0 0

Lateral wall MI 6 1 0 0 3 0 1 0 1

CHB, complete heart block; HB, heart block; LAHB, left anterior hemi block; LBBB, left bundle branch block; MI, 
myocardial infarction; MT 1 HB, Mobitz type 1 heart block; MT 2 HB, Mobitz type 2 heart block; RBBB, right bundle 
branch block; TB, trifascicular block.

Table 4.  Mortality Pattern Based on Killip Classification and Gender

Killip Class
Frequency
(n = 70 )

Mortality Gender

Frequency Percentage Male (n) Female (n)

Class I 44 1 2.3 1 0

Class II 19 2 10.5 0 2

Class III 6 6 100 4 2

Class IV 1 1 100 1 0
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a mortality rate of 41.2% (7/14) and 16.8% 
(14/83) among STEMI patients with and with-
out conduction blocks, respectively; indicating 
that acute MI patients with conduction block 
had higher chance of mortality compared to 
non-conduction block MI patients. Similarly, 
Vijay Kumar  et  al9 also reported higher mor-
tality in STEMI patients with blocks (19.1%) 
compared to STEMI without blocks (2.5%). 
A higher incidence of conduction blocks 
was found in patients with anterior wall MI 
(38.6%), followed by inferior wall MI (32.8%). 
In contrast to our study findings, Majumdar 
AA  et  al15 and Vijay Kumar  et  al9 reported a 
significantly higher incidence of conduction 
blocks with inferior wall MI (66.7%) com-
pared to anterior wall MI (66.7% vs 33.3% and 
56.8% vs 31.8%; P < .05, respectively). Out of 
4 patients with RBBB, 2 patients expired with 
a mortality of 50%, which is in concordance 
with 52% as in Godman  et  al.16 The mortal-
ity was higher in males (60%) compared to 
females (40%). Similar findings were reported 
by several studies.17 Hence, male patients with 
complete heart blocks had higher probability 
of mortality compared to female patients. No 
significant difference was observed between 
various conduction blocks with respect to lab-
oratory investigations, such as cardiac enzymes 

(CK-MB and cTnI), RBS, and lipid profile (TC 
and TG). None of the studies related these 
investigations with respect to various conduc-
tion blocks.

Moreover, the mortality rate in our study 
population was considerably lower than stud-
ies conducted in developed countries which 
may be due to higher younger population rate 
than those in developed countries.5-7 On the 
other side, the overall prevalence of conduc-
tion blocks is more common in our population 
compared with developed countries.18 Hence, 
more precise studies with all underlying factors 
contributing to this need should be encouraged 
to confirm this hypothesis. Our study had its 
own limitations in that we did not consider non-
conduction block patients for comparison as we 
directly recruited STEMI patients with recent 
conduction blocks. Second, we did not follow 
up the patients after hospital discharge.

High mortality rate has been found in the 
patients with complete heart block indicating 
that severity of conduction block is a predictor 
of poor outcome in STEMI patients. All patients 
with STEMI should be monitored for early rec-
ognition of conduction blocks and appropriate 
treatment should be started to improve the 

outcome of patient. In addition, future studies 
should focus on non-conduction block patients 
for comparison with regular follow-up.

Data Availability Statement: The data that support 
the findings of this study are available on request from 
the corresponding author.

Ethics Committee Approval: This study was approved 
by Ethics Committee of KIMSDU, Karad (KIMSDU/
IEC/03/2017; Protocol no: 011/2017-2018 Dated: 
November 23, 2017).

Informed  Consent: Informed consent was obtained 
from the participants who agreed to take part in the 
study.

Peer-review: Externally peer-reviewed.

Authors Contribution: Concept – S.S., J.N.; Design –  
S.S., J.N.; Supervision – S.S., J.N.; Resources – S.S., J.N.; 
Materials – S.S., J.N.; Data Collection and/or Processing 
– S.S., J.N.; Analysis and/or Interpretation – S.S., J.N.; 
Literature search – S.S., J.N.; Writing Manuscript – S.S., 
J.N.; Critical Review – S.S., J.N.

Conflict of Interest: The authors have no conflict of 
interest to declare.

Financial Disclosure: The authors declared that this 
study has received no financial support.

References
1.	 Hamm  CW, Bassand  JP, Agewall  S, et al. ESC 

Guidelines for the management of acute coro-
nary syndromes in patients presenting without 
persistent ST-segment elevation: the Task Force 
for the management of acute coronary syn-
dromes (ACS) in patients presenting without 
persistent ST-segment elevation of the European 
Society of Cardiology (ESC). Eur Heart J. 
2011;32(23):2999-3054. [CrossRef]

2.	 Akbar H, Foth C, Kahloon RA, et al. Acute ST 
Elevation Myocardial infarction. In: StatPearls 
[Internet]. Treasure Island (FL): StatPearls Pub-
lishing; 2020. Availabe at: https​://ww​w.ncb​i.nlm​
.nih.​gov/b​ooks/​NBK53​2281/​.

3.	 Canto JG, Kiefe CI, Rogers WJ, et al. Number of 
coronary heart disease risk factors and mortality 
in patients with first myocardial infarction. JAMA. 
2011;306(19):2120-2127. [CrossRef]

4.	 Hartikainen TS, Sörensen NA, Haller PM, et al. 
Clinical application of the 4th universal definition 
of myocardial infarction. Eur Heart J. 
2020;41(23):2209-2216. [CrossRef]

5.	 Theres  H, Maier  B, Matteucci Gothe  R, et al. 
Berliner Herzinfarktregister e.V. Influence of 
gender on treatment and shortterm mortality of 
patients with acute myocardial infarction in Ber-
lin. Z Kardiol. 2004;93(12):954-963. [CrossRef]

6.	 Scharf RE. Platelet signaling in primary haemosta-
sis and arterial thrombus formation: Part 1. Ham-
ostaseologie. 2018;38(4):203-210. [CrossRef]

7.	 Andrikopoulos G, Pipilis A, Goudevenos J, et al. 
Epidemiological characteristics, management and Figure 1.  Gender-wise distribution of  conduction blocks in STEMI patients.

Table 5.  Comparison of Cardiac Enzymes and Lipid Levels Among Different Conduction Blocks

Block Type CK-MB (ng/mL) cTnI (ng/mL) RBS (mg/dL) TC (mg/dL) TG (mg/dL)

First-degree heart block 21 ± 18.9 11.8 ± 13.2 143 ± 68.6 164 ± 49.8 120 ± 37.9

Left bundle branch block 20 ± 14.1 8.79 ± 5.56 140 ± 67.4 207 ± 51.1 133 ± 44.2

Mobitz type 1 heart block 20.3 ± 18.7 10.2 ± 9.80 138 ± 54.8 200 ± 44.9 129 ± 45

Mobitz type 2 heart block 15.7 ± 9.69 6.09 ± 5.67 146 ± 63.9 197 ± 44.2 148 ± 53.7

Right bundle branch block 72.5 ± 170 7.44 ± 5.67 139 ± 69.2 183 ± 62.5 166 ± 13.4

P* .861 .447 .999 .157 .166

*Kruskal–Wallis test; cTnI, cardiac troponin I; CK-MB, creatine kinase; RBS, random blood sugar; TC, total cholesterol; 
TG, triglycerides.

https://doi.org/10.1093/eurheartj/ehr236
https://www.ncbi.nlm.nih.gov/books/NBK532281/
https://www.ncbi.nlm.nih.gov/books/NBK532281/
https://doi.org/10.1001/jama.2011.1654
https://doi.org/10.1093/eurheartj/ehaa035
https://doi.org/10.1007/s00392-004-0157-2
https://doi.org/10.1055/s-0038-1675144


152 • Shinde and Jadhav. Conduction Blocks in Myocardial Infarction� Eurasian J Med 2024; 56(3): 148-152

early outcome of acute myocardial infarction in 
Greece: the HELlenic infarction observation 
study. Hellenic J Cardiol. 2007;48(6):325-334.

8.	 Ram R, Devi KB, Chanu KJ, Devi TS, Naorem S, 
Chongtham  DS. Study of conduction blocks in 
acute myocardial infarction. J Med Soc. 
2016;30(3):149-152. [CrossRef]

9.	 Kumar V, Goyal S, Kumar S, Mirnal. Study of con-
duction blocks in acute myocardial infarc-
tion. Ann Int Med Den Res. 2018;4(2):ME20-
ME24. [CrossRef]

10.	 Gupta  MD, Gupta  P, Mp  G, Roy  A, Qamar  A. 
Risk factors for myocardial infarction in very 
young South Asians. Curr Opin Endocrinol Diabe-
tes Obes. 2020;27(2):87-94. [CrossRef]

11.	 Enas EA, Dhawan J, Petkar S. Coronary artery dis-
ease in Asian Indians: lessons learnt and the role of 
lipoprotein(a). Indian Heart J. 1997;49(1):25-34.

12.	 Chavda  DAB, Patel  DDS, Chatterjee  DSSC. 
Clinical profile of conduction blocks in patients 
of acute myocardial infarction at tertiary care 
hospital, Jamnagar, Gujarat, India. IJSR. 
2012;1(5):102-103. [CrossRef]

13.	 Hreybe H, Saba S. Location of acute myocardial 
infarction and associated arrhythmias and out-
come. Clin Cardiol. 2009;32(5):274-277. 
[CrossRef]

14.	 Shah  MJ, Bhatt  NR, Dabhi  A, Thorat  PB, Chu-
dasama  K, Patel  J. A study of 100 cases of 
arrhythmias in first week of acute myocardial 
infarction (AMI) in Gujarat: a high risk and previ-
ously undocumented population. J Clin Diagn Res. 
2014;8(1):58-61. [CrossRef]

15.	 Kosmidou I, Redfors B, Dordi R, et al. Incidence, 
predictors, and outcomes of high-grade atrio-
ventricular block in patients with ST-segment 

elevation myocardial infarction undergoing pri-
mary percutaneous coronary intervention (from 
the HORIZONS-AMI trial). Am J Cardiol. 
2017;119(9):1295-1301. [CrossRef]

16.	 Godman  MJ, Lassers  BW, Julian  DG. Complete 
bundle branch block complicating acute myocar-
dial infarction. N Engl J Med. 1970;282(5):237-
240. [CrossRef]

17.	 Escosteguy CC, Carvalho Mde A, Medronho Rde 
A, Abreu LM, Monteiro Filho MY. Bundle branch 
and atrioventricular block as complications of 
acute myocardial infarction in the thrombolytic 
era. Arq Bras Cardiol. 2001;76(4):291-296. 
[CrossRef]

18.	 Forsberg SA, Juul-Möller S. Myocardial infarction 
complicated by heart block—treatment and 
long-term prognosis. Acta Med Scand. 
1979;206(6):483-487. [CrossRef]

https://doi.org/10.4103/0972-4958.191179
https://doi.org/10.21276/aimdr.2018.4.2.ME6
https://doi.org/10.1097/MED.0000000000000532
https://doi.org/10.15373/22778179/OCT2012/35
https://doi.org/10.1002/clc.20357
https://doi.org/10.7860/JCDR/2014/6658.3769
https://doi.org/10.1016/j.amjcard.2017.01.019
https://doi.org/10.1056/NEJM197001292820502
https://doi.org/10.1590/s0066-782x2001000400003
https://doi.org/10.1111/j.0954-6820.1979.tb13551.x

