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Abstract

mon cause of death worldwide especially in the young.

ing pharmacological and surgical treatment.

Background Death from unexpected circulatory arrest within 60 min of onset of symptom is known as sudden
cardiac death (SCD). In spite of the advancement in treatment and prevention strategies, SCD remains the most com-

Main body This review focuses on highlighting how different cardiovascular diseases contribute to SCD. We discuss
the clinical symptoms that the patient experience prior to sudden cardiac arrest and the treatment strategies includ-

Conclusions We conclude that since there are many causes of SCD and very few treatment options, prevention
strategies, early detection, and resuscitation of those at greatest risk is important.

Keywords Sudden cardiac death, Cardiovascular disease, Cardiomyopathy

Background

Sudden cardiac death remains a major problem world-
wide and affects young healthy individuals and athletes.
Hypertrophic cardiomyopathy is the leading cause of
sudden cardiac death followed by anomalous origin of
the coronary artery. This is mostly a leading issue in low-
and middle-income countries where diagnosis is often
delayed resulting in deaths of young individuals. In this
review, we aim to highlight the pathophysiologic basis of
SCD and clinical outcomes. In addition, the current strat-
egies for prevention, identification, and resuscitation of
those at greatest risk will also be discussed.
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Main text

Sudden cardiac death (SCD) is defined as natural death
from unexpected circulatory arrest occurring within
an hour of symptom onset [1]. SCD is one of the most
common cause of death worldwide with higher fre-
quency especially in the young [2]. According to the
World Health Organization (WHO), cardiovascular dis-
ease (CVD) is the leading cause of death globally. An
estimate of 17.9 million people died from CVD in 2019,
accounting for 32% of all global deaths. Of these deaths,
85% were due to heart attack and stroke and at least
three quarters of the world’s deaths from CVD occur in
low- and middle-income countries. People living in these
countries often do not have the benefit of primary health
care programs for early detection and treatment of peo-
ple with risk factors for CVD and those suffering from
CVD have less access to effective health care services
which respond to their needs. As a result, detection is
often late in the course of the disease and people die at a
younger age from CVD [3]. The trend analysis of Global
Burden of Disease free online database on age-standard-
ized CVD identified that the global mean trend of CVD
incidence had an ascending trend until 1996 followed by
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a descending trend after this year. Nearly all the coun-
tries including developed and developing experienced an
overall declining trend in CVD incidence and mortality
rates from 1990 to 2017, while the survival rate of CVD
patients during the same time period was rather stable.
The incidence and mortality rates of CVD per 100,000
persons in developed countries was 901.8 and 373.9,
respectively, in 1990, declined to 877.1 and 304.4, respec-
tively, in 2017; demonstrating a decrease by about 14.4%
and 23.8%, respectively, in this 28 year period. The inci-
dence and mortality rates of CVD per 100,000 persons in
developing countries were 1272.1 and 268.0, respectively,
in 1990, decreased to 1088.8 and 204.1, respectively, in
2017, exhibiting that the decline in developing countries
was only about 2.7% and 18.5%, respectively, during the
same time period [4].

In young persons aged 1-35 years, most SCD are
caused by potentially inherited heart diseases, includ-
ing hypertrophic cardiomyopathy, arrhythmogenic car-
diomyopathy, dilated cardiomyopathy, and primary
arrhythmogenic disorders (e.g., congenital long QT syn-
drome and catecholaminergic polymorphic ventricular
tachycardia). However, coronary artery disease, anoma-
lous coronary arteries, congenital heart disease, and aor-
tic dissection are also potential causes [5]. Myocarditis is
another potential cause of SCD, but is often under-diag-
nosed. In developing countries, rheumatic carditis, trypa-
nosomas cruzi, and bacterial infection such as diphtheria
are the common cause of myocarditis; however, in the
developed world, viral infection commonly causes myo-
carditis [6].

SCD in the young has conspicuous presentation, sig-
nificantly affecting the individual’s family and community
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[7]. In developing countries, at household level, CVD
contributed to poverty due to increased health expendi-
ture and high-out of pocket cost. At the macro-economic
level, CVD leads to economic hardships of low- and mid-
dle-income countries [3].

Pathophysiology of sudden cardiac death

SCD is known to be the largest natural cause of death in
the USA, estimating 180,000-300,000 deaths/year [8]. In
developing countries, sudden cardiac death accounts for
6 million deaths per year, which is twice as much com-
pared to developed countries [9].

There are multiple causes that lead to sudden cardiac
death, some of which are coronary heart disease (75%),
cardiomyopathies (DCM, HCM, ARVC—15%), inherited
arrhythmia syndromes (LQT, BS, CPVT, ERS—2%), car-
diac abnormalities (genetic or acquired—3%), and valvu-
lar heart disease (5%) [8]. In young individuals < 35 years
of age, HCM (36%) and ARVC/D (20%) are the two most
common causes that lead to sudden cardiac death (Fig. 1).

Coronary artery disease (CAD)

Coronary artery disease (CAD) and atherosclerosis,
it is known to be the major cause of SCD comprising
75% of patient deaths. One of the studies performed
in Northern Finland between 1998 and 2017 with a
total of 5869 subjects showed, “Most common under-
lying cause of SCD among these younger SCD victims
(age 50 and younger) was CAD (43.6%)” [10]. CAD is
caused by plaque buildup, acute occlusions, chronic
obstructions, and ischemic cardiomyopathy. The fac-
tors that influence coronary heart disease causing SCD
are individuals with ischemic burden, hemodynamic

Sudden Cardiac Death

Coronary Heart
Disease (75%)

w
(=]

w
(=]

@
£
<
53
=)
8
8 40
2
<
=
e
(=]
X

Cardiomyopathies
(15%)

N
(=]

Valvular Heart

[
(=]

o

Fig. 1 Causes of sudden cardiac death [8]

Disease (5%) Inherited Arrythmia

Syndrome (2%)  Other (3%)



Patel et al. The Egyptian Journal of Internal Medicine (2023) 35:36

fluctuation, drugs, electrolytes, genetic factors, and
autonomic variations [11].

Patients with a history of smoking, high or uncon-
trolled blood pressure, blood cholesterol levels, diabetes
or insulin resistance, obesity, or overweight and genetic
factors with past family history of heart disease are at
high risk for CAD. The pathophysiology of SCD in CAD
can be attributed to one of the following:

+ A stable plaque transforming to an unstable plaque,
causing transient ischemia, and potentially leadking
to SCD or SCA.

« An acute coronary artery occlusion causing MI and
leading to SCD.

+ Chronic occlusion of vessel causing a scar forma-
tion which can further lead to the formation of
arrhythmogenic circuits [11].

Cardiomyopathies

Cardiomyopathies are acquired or hereditary with auto-
somal dominant traits affecting the myocardium of the
heart causing it to weaken its ability to pump blood to
the body leading to sudden cardiac death. The three
common types of cardiomyopathies that cause SCD are
hypertrophic cardiomyopathy (HCM), dilated cardio-
myopathy (DCM), and arrhythmogenic right ventricu-
lar cardiomyopathy/dysplasia (ARVC). There are 15%
of patient deaths caused by cardiomyopathies leading
to SCD in young individuals. There are risk factors that
increases chance to acquire cardiomyopathy, some of
which are long term high blood pressure, obesity, long-
term alcohol and drug use (chemotherapy drugs), radia-
tion, diabetes, thyroid abnormality, and other diseases
like connective tissue disorder, amyloidosis, sarcoidosis,
and hemochromatosis [12].

Hypertrophic cardiomyopathy accounts for 60% of
patient deaths (out of 15%) causing SCD. HCM is caused
by mutation in sarcomere protein gene causing the left
ventricle wall to thicken, and the most common muta-
tions are MYBPC3 and MYH?. The thickness of the left
ventricle walls causes disruption of myocytes affecting
signal conduction causing ventricular arrhythmias lead-
ing to sudden cardiac death [13].

Dilated cardiomyopathy occurs when there is myo-
cyte damage or inflammation causing eccentric fibrosis
of the myocardium leading to left ventricle chamber
enlargement with decreased myocardial mass causing
decrease in contractility of the heart. The decrease in
contractility leads to compensation mechanism and
negative remodeling of the heart, therefore dilating
the left ventricle further. This causes further systolic
dysfunction, hemostasis in ventricles, and thrombus
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formation risk leading to decreased cardiac output and
volume overload, increasing the risk of cardiac arrhyth-
mia causing sudden cardiac death [14].

Arrhythmogenic right ventricular cardiomyopathy/
dysplasia (ARVC/D) is an inherited myocardial disease
that is associated with progressive right ventricular
(RV) dysfunction caused by fibrous-fatty replacement
of the myocardium of the heart. ARVC/D is the second
most common cause leading to sudden cardiac death
in young people. It is currently the second most com-
mon cause of SCD after hypertrophic cardiomyopathy
in young people less than 35 years of age, causing up
to 20% of deaths in this patient population. ARVC/D
occurs due to desmosomal abnormalities which arise
from mutations in cell adhesion proteins or intracellu-
lar signaling components [15]. The two main proteins
whose reduced levels are associated with ARVC/D are
desmoglein-2 and desmocollin-2, and their function is
to maintain cell-cell adhesion and provide mechani-
cal strength to tissue. These two desmosomal cadherins
bind strongly with one another in the plasma mem-
brane of the extracellular space and then bind to the
linker proteins of the intracellular space. These linker
proteins are plakoglobin, desmoplakin, and plakophi-
lin-2. Plakoglobin and desmoplakin are responsible
for anchoring desmosomes to desmin intermediate
filaments [15]. Moreover, Plakoglobin also interlinks
adherens junctions with the actin cytoskeleton and
participates in cellular signaling. If there is defect in
these linking sites of proteins, it causes disruption in
cell to cell adhesion in increased mechanical stress
leading to cell death and progressive loss of myo-
cardium, which is then replaced by fibrous fatty tis-
sue [16]. The remaining myocardial fibers within the
fibrous fatty tissue zone causes slow conduction of
heart leading to re-entry ventricular arrhythmias caus-
ing sudden cardiac death (Fig. 2).

Coronary artery anomalies (CAA)

Normal coronary artery anatomy is the one which
can be found in more than 1% of population, and
CAA can be defined as anomalous anatomy seen in
less than 1% [18].

Anomalous coronary from opposite sinus (ACAOS) is
a type of CAA which is most commonly associated with
poor outcomes and prognosis in adolescent population
[19]. ACAOS can further be classified as malignant or
benign based on the course of the coronary artery. In the
malignant subtype, the coronary artery travels between
the aorta and pulmonary artery, known as the interarte-
rial course, which is known to be associated with most
cases of SCD found on the autopsies [20].
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Fig. 2 Types of cardiomyopathies causing SCD [13, 14, 17]. HCM, hypertrophic cardiomyopathy; DCM, dilated cardiomyopathy; ARCV,

arrhythmogenic right ventricular cardiomyopathy

Inherited arrhythmia syndromes

Long QT syndrome (LQTS) Long QT syndrome is
dependent on duration of the ventricular action poten-
tial particularly QT interval which is influenced by clos-
ing and opening of ion channels. Sodium and calcium are
positive ions whose influx results in depolarization of the
heart, and potassium is a positive ion whose efflux causes
repolarization. Excess of positive ions influx intracellu-
larly causes prolongation of the ventricular action poten-
tial leading to long QT syndrome [21].

LQTS is classified in two categories, congenital and
acquired. Congenital QT syndrome is caused due to
mutation in genes that code for specific ion channel pro-
tein and their malfunction is what causes excess intracel-
lular positivity leading to QT interval prolongation. There
are 15 such genes, most common being KCNQ1 which
causes LQT1 [21]. Long QT syndrome is usually trig-
gered by emotional and/or physical stress. The mutant
IKs does not sufficiently increase during p-adrenergic
stimulation resulting in ventricular arrhythmias causing
sudden cardiac death [22]. Acquired long QT syndrome
is more commonly seen in individuals in comparison
with congenital long QT syndrome. This is mainly due to
disturbance of electrolytes, hypokalemia, hypocalcemia,
and/or hypomagnesemia which leads to QT prolonga-
tion. There are also drugs that result in QT prolongation
which block the outward IKr current encoded by KCNH2

gene, these drugs are Sotalol, Amiodarone, Macrolides,
Fluoroquinolones, Haloperidol, Olanzapine, and Cisap-
ride [21].

The notable subtypes of congenital LQTS are the
Romano-Ward Syndrome (RW), Jervell and Lange-
Nielsen (JLN) syndrome, and Timothy Syndrome (TS),
and the later two of these are also known as malignant
subtypes of LQTS. Studies have shown that JLN causes
cardiac manifestations much early in life which does not
respond to the treatment and TS, which is extremely
rare, can present with a concomitant 2:1 atrio-ventricu-
lar block along with cognitive impairment, autism, and
hypoglycemia [23].

Brugada Syndrome (BS) BS is an electrical disease
that is associated with mutation of gene SCN5A which
encodes for human cardiac sodium channels on chro-
mosome 3p21 required to work on Phase 0 of action
potential. The mutation of this gene makes voltage gates
cardiac sodium channel non-functional causing I(to)
channel to stay unopposed in phase 1 of action potential
causing transmural voltage gradient reentrant ventricular
arrhythmias causing SCD [24].

Based on the ECG patterns, BS can be classified into two
sub-types; type 1 with a coved ST segment and type 2,
which has a saddleback ST segment. Type 1 is associated
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with most cases of SCD whereas type 2 is seen usually in
stressful situations like fever, pneumonia, etc [25].

Catecholaminergic polymorphic ventricular tachycar-
dia (CPVT) CPVT is caused by an increase in release
of calcium from junctional sarcoplasmic reticulum (JSR)
in the cytoplasm of cardiac myocytes. Calcium enters the
cell through L-type Ca2 +voltage-gated channels which
induces the RyR2 channel, releasing more calcium from
the JSR into the cytoplasm following the Ca2+ -induced
Ca2 +release mechanism [26]. The increase in intracel-
lular Ca2 +induces sarcomere contraction by binding to
troponin in the myofilaments, generating delayed after-
depolarization and ventricular arrhythmias leading to
sudden cardiac death in some cases [27]. There are four
main genes that are linked to CPVT which are RYR2,
CASQ2, CALM1, and TRDN inducing Ca2+release in
the cardiac myocyte (Fig. 3).

On the basis of the clinical phenotype, it can be divided
into typical and atypical CPVT. The pattern of arrhyth-
mia is reproducible upon adrenergic activation (exercise)
in typical but not in atypical CPVT [28].

Early repolarization syndrome (ERS) Early repolari-
zation syndrome occurs in the early phase of the car-
diac action potential and is mainly caused by density
changes of the cardiac transient outward potassium cur-
rent/channel (Ito). Reduced density of Ito channels in
the endocardium when compared to epicardium and/
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or mid-myocardium results in large Ito current influx
in the early repolarization phase resulting in large volt-
age gradient generating ] wave elevation [29]. This ] wave
elevation results in ventricular fibrillation initiating life-
threatening arrhythmias leading to sudden cardiac death
[25-30]. In patients with sudden cardiac death, previ-
ous standard 12-lead electrocardiogram on review would
show ] point elevation>1 mm in>2 continuous inferior
and/or lateral leads [31].

COVID-19-associated myocarditis and its role in SCD

In patients with SARS-COV2 infection, the viral S pro-
tein interacts with the angiotensin-converting enzyme 2
(ACE2) on the surface of the host cell, inhibiting its action
and causing myocarditis. Myocarditis has been found in
19% of COVID-19 hospitalized patients and is estimated
to double in individuals with pre-existing cardiovascular
and non-cardiovascular diseases, such as diabetes, hyper-
tension, and cancers [32, 33]. These comorbidities may
increase the likelihood of cardiac injury by making their
cardiac myocytes more susceptible to attack by SARS-
COV2. Among all hospitalized COVID-19 patients, the
incidence of SCD was 1.8%, and in COVID-19 patients
who passed away, the rate was 10%. This incident rate is
significantly higher than that reported for patients with-
out COVID-19 in the USA. The cause of this high SCD or
cardiac arrest rate is currently not fully understood, and
both cardiac (such as missed pulmonary embolisms) and
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Fig. 3 CPVT gene/protein mutations [22]. CPVT catecholaminergic polymorphic ventricular tachycardia
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non-cardiac (such as undetected ventricular fibrillation)
factors may be responsible [33].

Commotio cordis

Commotio cordis is a rare form of SCD in young athletes. Its
induction depends upon an object striking over the cardiac
silhouette while it is susceptible, on upslope of T wave, during
ventricular repolarization. The induction is further reliant on
the velocity of the object striking the chest, and consequently,
the energy of impact. The mortality rate of commotio cordis
can be decreased by rapid recognition of the signs and symp-
toms of commotio cordisalong with prompt implementation
CPR and external defibrillation (if available) [34].

Clinical symptoms and treatment

The patients prior to sudden cardiac arrest (SCA) may
experience chest pain, palpitations, dizziness, short-
ness of breath, or near syncope. Although it is reported
that almost half of the patients who have sudden cardiac
arrest report no symptoms prior to collapse [35]. The
American Heart Association has published guidelines
for the pre-participation screening of high school and
college athletes. This includes the athletes’ personal his-
tory, family history, and a physical exam [28-36]. Even
though routine ECG is not recommended for the student
athletes, those with personal history, family history, or
abnormal physical exam should be referred for cardiac
evaluation with ECG and echocardiogram [35].

The management of SCA is mainly focused on deter-
mining and treating the cause, maximizing the recovery
of neurological and cardiac dysfunction [37].

The concept of primary prophylaxis by using implant-
able cardioverter-defibrillator (ICD) in children is far less
studied than in adults. The benefits of using ICD in adults
overweigh the risk of complications, which might not be
true in children. However, physicians might follow the
same algorithm for prophylaxis in children at a high risk
of SCD as in adults [7].

The treatment modalities are mainly divided into phar-
macological and surgical treatment.

Pharmacological treatment

The goal of pharmacological treatment is to increase the
blood flow and decrease the risk of arrhythmias [38].
Only beta-blockers and amiodarone are found to reduce
sudden death in myocardial infarction. Calcium chan-
nel antagonists, class I drugs (mexiletine, encainide, fle-
cainide), and class III drugs (sotalol and dofetilide) all
failed to reduce or even increased the incidence of sud-
den cardiac death after myocardial infarction [39].

Page 6 of 8

Percutaneous treatment

Implantable cardioverter-defibrillator (ICD) are supe-
rior in reducing sudden death and total mortality com-
pared with antiarrhythmic drugs therapy [29-37]. A
meta-analysis of the antiarrhythmics versus implant-
able defibrillators (AVID), Cardiac Arrest Study Ham-
burg (CASH), and Canadian Implantable Defibrillator
Study (CIDS) randomized trial of ICD vs pharmacolog-
ical therapy in patients who have sustained ventricular
fibrillation or ventricular tachycardia demonstrated
50% of relative risk reduction for arrhythmic death
and 28% for all-cause mortality with ICD therapy [40].
Based on these findings, the first line treatment for
survivor of SCD from ventricular tachycardia and ven-
tricular fibrillation is ICD therapy [37].

Management for HOCM Surgical septal myectomy is
considered gold-standard treatment for HOCM. With
confirmed mortality of less than 1% and clinical success
rates of greater than 90 to 95%, techniques for HOCM
treatment have evolved and allow gradient relief at any
level of obstruction within the ventricle. A successful
myectomy removes or lowers systolic anterior motion-
mediated mitral regurgitation, as well as small amount
of LV reverse remodeling and a reduction in size of
the left atrium. Recurrent outflow tract obstruction is
uncommon after surgical myectomy, and long-term
survival is comparable to an age-matched general pop-
ulation. Similarly, procedures like alcohol septal abla-
tion (ASA) have been improved to reach procedural
mortality of <1% at centers with skilled interventional
teams. However, ASA may be less effective in patients
with septal thickness>30 mm and resting gradi-
ent > 100 mmHg. The greatest risk associated with ASA
is conduction block requiring pacemaker and increased
need for repeat intervention because of residual
obstruction. Repeat ASA or myectomy is reported in 7
to 20% of patients after ASA [41].

Dual-chamber (DDD) pacing has been suggested as
an alternative approach for the treatment of HOCM.
Multiple studies have shown its effectiveness in reduc-
ing the left ventricular outflow tract (LVOT) gradient
significantly at all time points including immediate,
short term, and long term. However, DDD pacing does
not reduce the LVOT gradient below 30 mmHg. Addi-
tionally, DDD pacing provides no significant reduction
in septal thickness, and thus, it remains inferior to sur-
gical myectomy in improving hemodynamic and func-
tional measures. Moreover, it does not significantly
reduce septal thickness, making it less effective than
ASA in that aspect [42].
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Conclusions

SCD is a leading cause of mortality in the USA and
worldwide, with the majority of cases attributed to
inherited cardiovascular diseases (CVDs). Accord-
ing to the World Health Organization (WHO), CVDs
were responsible for 32% of global death in 2019. Low-
and middle-income countries are disproportionately
affected, with SCD-related deaths often having signifi-
cant impacts on families and communities. Therefore,
understanding the pathophysiological basis of SCD and
its clinical outcomes is critical. Coronary artery dis-
ease accounts for 75% of SCD deaths in people under
the age of 50, while cardiomyopathies, both acquired
and inherited, can also lead to SCD. The three common
types of cardiomyopathies associated with SCD are
hypertrophic cardiomyopathy, dilated cardiomyopathy,
and arrhythmogenic right ventricular cardiomyopa-
thy. Inherited arrhythmia syndromes, such as long QT
syndrome, Brugada Syndrome, and early repolariza-
tion syndrome, are also leading causes of SCD. Treat-
ment options for SCD are limited to pharmacological
and surgical interventions. Therefore, it is important to
focus on prevention strategies, early identification, and
resuscitation of individuals at high risk.

Abbreviations

SCD Sudden cardiac death

WHO World Health Organization
CVD Cardiovascular disease

CAD Coronary artery disease

HCM Hypertrophic cardiomyopathy
DCM Dilated cardiomyopathy

ARVC/D  Arrhythmogenic right ventricular cardiomyopathy/dysplasia
LQTS Long QT syndrome

BS Brugada syndrome

CPVT Catecholaminergic polymorphic ventricular tachycardia

ERS Early repolarization syndrome

ICD Implantable cardioverter-defibrillator

Acknowledgements
Not applicable.

Authors’ contributions

All authors have contributed substantially to writing this manuscript and meet
the criteria for authorship. MP, AM, and FM helped in the collection and analy-
sis of the data. VG and RJ helped in the design and concept of the manuscript.
SG worked on proof reading and editing the manuscript. RJ helped in the
design, concept, and final approval of the manuscript. The authors read and
approved the final manuscript.

Funding
This work received no external or internal grants.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Page 7 of 8

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 19 February 2023 Accepted: 15 May 2023
Published online: 19 May 2023

References

1. Vedanthan R, Fuster V, Fischer A (2012) Sudden cardiac death in low- and
middle-income countries. Glob Heart 7(4):353-360

2. Markwerth P, Bajanowski T, Tzimas |, Dettmeyer R (2021) Sudden cardiac
death-update. Int J Legal Med 135(2):483-495

3. Cardiovascular diseases. World Health Organization https://www.who.int/
news-room/fact-sheets/detail/cardiovascular-diseases-(cvds). Updated
11 June 2021. Accessed 27 Mar 2022

4. Amini M, Zayeri F, Salehi M (2021) Trend analysis of cardiovascular disease
mortality, incidence, and mortality-to-incidence ratio: results from global
burden of disease study 2017. BMC Public Health 21(1):401

5. Stiles MK, Wilde AAM, Abrams DJ et al (2021) 2020 APHRS/HRS expert
consensus statement on the investigation of decedents with sudden
unexplained death and patients with sudden cardiac arrest, and of their
families. Journal of Arrhythmia 37(3):481-534

6. Sagar S, Liu PP, Cooper LT Jr (2012) Myocarditis. The Lancet
379(9817):738-747

7. Ackerman M, Atkins DL, Triedman JK (2016) Sudden cardiac death in the
young. Circulation 133(10):1006-1026

8. Srinivasan NT, Schilling RJ (2018) Sudden cardiac death and arrhythmias.
Arrhythm Electrophysiol Rev 7(2):111-117

9. Mehra R (2007) Global public health problem of sudden cardiac death. J
Electrocardiol 40(6 Suppl):S118-122

10. Vahatalo J, Holmstrom L, Pakanen L et al (2021) Coronary artery disease
as the cause of sudden cardiac death among victims < 50 years of age.
Am J Cardiol 147:33-38

11. Myerburg RJ, Junttila MJ (2012) Sudden cardiac death caused by coro-
nary heart disease. Circulation 125(8):1043-1052

12. Dunlay SM, Weston SA, Jacobsen SJ, Roger VL (2009) Risk factors
for heart failure: a population-based case-control study. Am J Med
122(11):1023-1028

13. Akhtar M, Elliott P (2018) The genetics of hypertrophic cardiomyopathy.
Glob Cardiol Sci Pract 2018(3):36

14. Neglia D, Liga R (2019) Absolute myocardial blood flow in dilated
cardiomyopathy: does it matter?x. JACC Cardiovasc Imaging 12(8, Part
2):1709-1711

15. LiKHC, Bazoukis G, Liu T et al (2018) Arrhythmogenic right ventricular
cardiomyopathy/dysplasia (ARVC/D) in clinical practice. J Arrhythm
34(1):11-22

16. McKoy G, Protonotarios N, Crosby A et al (2000) Identification of a dele-
tion in plakoglobin in arrhythmogenic right ventricular cardiomyopathy
with palmoplantar keratoderma and woolly hair (Naxos disease). Lancet
355(9221):2119-2124

17. Cho'Y (2018) Arrhythmogenic right ventricular cardiomyopathy. Journal
of Arrhythmia 34(4):356-368

18. Villa AD, Sammut E, Nair A, Rajani R, Bonamini R, Chiribiri A (2016) Coro-
nary artery anomalies overview: the normal and the abnormal. World J
Radiol 8(6):537-555. https://doi.org/10.4329/wjrv8.i6.537

19. Angelini P (2007) Coronary artery anomalies: an entity in search of an
identity. Circulation 115(10):1296-1305. https://doi.org/10.1161/CIRCU
LATIONAHA.106.618082

20. Gréni C, Kaufmann PA, Windecker S, Buechel RR (2019) Diagnosis and
management of anomalous coronary arteries with a malignant course.
Interv Cardiol. 14(2):83-88. https://doi.org/10.15420/icr.2019.1.1. Pub-
lished 2019 May 21

21. Al-Akchar M, Siddique MS (2022) Long QT syndrome. StatPearls. StatPearls
Publishing Copyright © 2022, StatPearls Publishing LLC,, Treasure Island
(FL)


https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds)
https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds)
https://doi.org/10.4329/wjr.v8.i6.537
https://doi.org/10.1161/CIRCULATIONAHA.106.618082
https://doi.org/10.1161/CIRCULATIONAHA.106.618082
https://doi.org/10.15420/icr.2019.1.1

Patel et al. The Egyptian Journal of Internal Medicine

22.

23.

24.

25.

26.
27.

28.

29.

30.

31.

32.

33.

34

35.

36.
37.

38.

39.

40.

41.

42.

(2023) 35:36

Xie'Y, Grandi E, Puglisi JL, Sato D, Bers DM (2013) 3-adrenergic stimulation
activates early afterdepolarizations transiently via kinetic mismatch of
PKA targets. J Mol Cell Cardiol 58:153-161

Schwartz PJ, Crotti L, Insolia R (2012) Long-QT syndrome: from genetics to
management [published correction appears in Circ Arrhythm Electro-
physiol. 2012 Dec;5(6):e119-20]. Circ Arrhythm Electrophysiol 5(4):868—
877. https://doi.org/10.1161/CIRCEP.111.962019

Satish OS, Yeh KH, Wen MS (2005) Brugada syndrome-an update. Chang
Gung Med J 28(2):69-76

SattarY, Ullah W, Zaidi SR, Almas T, Alraies MC (2020) Brugada pat-

tern type 2 diagnosis unmasked by aspiration pneumonia. Cureus
12(5):e8331. https://doi.org/10.7759/cureus.8331. Published 2020 May 28
Wall JJ, lyer RV (2017) Catecholaminergic polymorphic ventricular tachy-
cardia. Pediatr Emerg Care 33(6):427-431

Leenhardt A, Denjoy |, Guicheney P (2012) Catecholaminergic polymor-
phic ventricular tachycardia. Circ Arrhythm Electrophysiol 5(5):1044-1052
Napolitano C, Mazzanti A, Bloise R, et al. Catecholaminergic polymorphic
ventricular tachycardia. 2004 Oct 14 [Updated 2022 Jun 23].In: Adam MP,
Mirzaa GM, Pagon RA, et al, editors. GeneReviews®. Seattle (WA): Univer-
sity of Washington, Seattle; 1993-2023. Available from: https://www.ncbi.
nim.nih.gov/books/NBK1289/

Ali A, Butt N, Sheikh AS (2015) Early repolarization syndrome: a cause of
sudden cardiac death. World J Cardiol 7(8):466-475

Casado Arroyo R, Sieira J, Kubala M, Latcu DG, Maeda S, Brugada P (2018)
Electrophysiological basis for early repolarization syndrome. Front Cardio-
vasc Med 5:161

Patrick Zakka MMR, MD, FACC. Early repolarization syndrome. https://
www.acc.org/latest-in-cardiology/articles/2016/05/16/14/51/early-repol
arization-syndrome. Published 16 May 2016. Accessed 27 Mar 2022
Nishiga M, Wang DW, Han'Y, Lewis DB, Wu JC (2020) COVID-19 and car-
diovascular disease: from basic mechanisms to clinical perspectives. Nat
Rev Cardiol 17(9):543-558. https://doi.org/10.1038/541569-020-0413-9
Tan Z, Huang S, Mei K et al (2022) The prevalence and associated death of
ventricular arrhythmia and sudden cardiac death in hospitalized patients
with COVID-19: a systematic review and meta-analysis. Front Cardiovasc
Med 8:795750. https://doi.org/10.3389/fcvm.2021.795750. Published
2022 Jan 21

Dougles RJ (2011) Sudden cardiac death following blunt chest trauma:
commotio cordis. World J Emerg Med 2(3):234-236. https://doi.org/10.
5847/wjem.j.1920-8642.2011.03.015

Yow AG, Rajasurya V, Sharma S (2022) Sudden cardiac death. StatPearls.
StatPearls Publishing Copyright © 2022, StatPearls Publishing LLC,, Treas-
ure Island (FL)

Emery MS, Kovacs RJ (2018) Sudden cardiac death in athletes. JACC Heart
Fail 6(1):30-40

Yousuf O, Chrispin J, Tomaselli GF, Berger RD (2015) Clinical management
and prevention of sudden cardiac death. Circ Res 116(12):2020-2040
Farzam K, Rajasurya V, Ahmad T (2022) Sudden death in athletes. Stat-
Pearls. StatPearls Publishing Copyright © 2022, StatPearls Publishing LLC,,
Treasure Island (FL)

Zipes DP, Wellens HJJ (1998) Sudden cardiac death. Circulation
98(21):2334-2351

Connolly SJ, Hallstrom AP, Cappato R et al (2000) Meta-analysis of the
implantable cardioverter defibrillator secondary prevention trials. Eur
Heart J 21(24):2071-2078

Ommen SR, Mital S, Burke MA et al (2020) 2020 AHA/ACC guideline for
the diagnosis and treatment of patients with hypertrophic cardiomyo-
pathy: a report of the American College of Cardiology/American Heart
Association Joint Committee on Clinical Practice Guidelines [published
correction appears in Circulation. 2020 Dec 22;142(25):e633]. Circulation
142(25):e558-e631. https://doi.org/10.1161/CIR.0000000000000937
Lebowitz S, Kowalewski M, Raffa GM et al (2022) Review of contemporary
invasive treatment approaches and critical appraisal of guidelines on
hypertrophic obstructive cardiomyopathy: state-of-the-art review. J Clin Med
11(12):3405. https://doi.org/10.3390/jcm11123405. Published 2022 Jun 14

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 8 of 8

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://doi.org/10.1161/CIRCEP.111.962019
https://doi.org/10.7759/cureus.8331
https://www.ncbi.nlm.nih.gov/books/NBK1289/
https://www.ncbi.nlm.nih.gov/books/NBK1289/
https://www.acc.org/latest-in-cardiology/articles/2016/05/16/14/51/early-repolarization-syndrome
https://www.acc.org/latest-in-cardiology/articles/2016/05/16/14/51/early-repolarization-syndrome
https://www.acc.org/latest-in-cardiology/articles/2016/05/16/14/51/early-repolarization-syndrome
https://doi.org/10.1038/s41569-020-0413-9
https://doi.org/10.3389/fcvm.2021.795750
https://doi.org/10.5847/wjem.j.1920-8642.2011.03.015
https://doi.org/10.5847/wjem.j.1920-8642.2011.03.015
https://doi.org/10.1161/CIR.0000000000000937
https://doi.org/10.3390/jcm11123405

	Sudden cardiac death in the adolescent population: a narrative review
	Abstract 
	Background 
	Main body 
	Conclusions 

	Background
	Main text
	Pathophysiology of sudden cardiac death
	Coronary artery disease (CAD)
	Cardiomyopathies
	Coronary artery anomalies (CAA)
	Inherited arrhythmia syndromes
	COVID-19-associated myocarditis and its role in SCD
	Commotio cordis

	Clinical symptoms and treatment
	Pharmacological treatment
	Percutaneous treatment


	Conclusions
	Acknowledgements
	References


