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Fabrice Muamba 

 Retired English “soccer” player 

 Played for Arsenal, Birmingham City, Bolton Wanders 

 March 17th, 2012 he collapsed suffering cardiac arrest mid-game 

 Resuscitated for 78 minutes 

 Defibrillated multiples times 

 Spent 1 month in the hospital recovering 

 Diagnosed with HCM and had an ICD implanted  

 Promptly retired 
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Introduction 

 Rare phenomenon, but generates a lot of media attention 

 More common in athletes vs. non-athletes (2.8x increased risk) 

 Athlete= individual engaged in regular physical training and participating in 

official sports competition 

 Ventricular arrhythmia (most classic substrate) 

 Dehydration 

 Hyperpyrexia 

 Electrolyte imbalances 

 Increased platelet aggregation 

 

 



Epidemiology 

 Incidence 2.3-4.4-100,000 (varies a fair bit depending no which paper you 

cite) 

 Males>Females 

 African-American or Black athletes at highest ethnic risk (5.6 per 100,000) 

 Higher death rates from HCM 

 Thought to be more common in high dynamic low isometric sports (i.e. 

football, basketball, soccer) 

 Age >35 = 80% CAD  

 >30% of athletes with SCD had documented symptoms such as chest pain, 

SOB, performance decline, palpitations, pre-syncope, or syncope 

 



Epidemiology 

(NCAA athletes) 







 

1435 patient <35 

Maron, Thompson et al, 

Circulation 2007 



AHA/ACC 14 point checklist for pre-

participation sports screening 

 Personal history: 

 Chest pain/discomfort/tightness/pressure related to exertion 

 Unexplained syncope/near-syncope* 

 *Judged not to be of neurocardiogenic (vasovagal) origin; of particular concern when 
occurring during or after physical exertion.  

 Excessive exertional and unexplained dyspnea/fatigue or palpitations, associated with 
exercise 

 Prior recognition of a heart murmur 

 Elevated systemic blood pressure 

 Prior restriction from participation in sports 

 Prior testing for the heart, ordered by a physician 

 

 AAP checklist also includes: hx of HLP, heart infection, Kawasaki and unexplained seizure 



AHA/ACC 14 point checklist for pre-

participation sports screening 

 Family history: 

 Premature death (sudden and unexpected, or otherwise) before age 50 

attributable to heart disease in ≥1 relative 

 Disability from heart disease in close relative <50 y of age 

 Hypertrophic or dilated cardiomyopathy, long-QT syndrome, or other ion 

channelopathies, Marfan syndrome, or clinically significant arrhythmias; 

specific knowledge of certain cardiac conditions in family members 

 

 AAP additional questions: short QT syndrome, Brugada, CPVT. Heart 

problems, pacemakers or defibrillators. Fainting, unexplained seizures or 

near drowning. 

 



AHA/ACC 14 point checklist for pre-

participation sports screening 

 Physical examination: 

 Heart murmur** 

 **Refers to heart murmurs judged likely to be organic and unlikely to be innocent; 

auscultation should be performed with the patient in both the supine and 

standing positions (or with Valsalva maneuver), specifically to identify murmurs of 

dynamic left ventricular outflow tract  

 Femoral pulses to exclude aortic coarctation 

 Physical stigmata of Marfan syndrome (Ghent nosology) 

 Brachial artery blood pressure (sitting position)*** 

 (***Preferably taken in both arms.) 



Red Flags  

(my personal) 

 Exertional chest pain 

 Chest pain secondary to a racing heart 

 Syncope with exercise or shortly after 

 Family history of SCD/unexplained deaths, cardiomyopathy, early 

pacemaker/ICD‟s, drownings, deafness, aortic dissection/aneurysm 

 Self limiting behavior 

 Decreased exercise tolerance 

 

 



Specific causes of SCD 



Hypertrophic Cardiomyopathy 



Introduction: Hypertrophic 

cardiomyopathy 

 Heart disease caused by any one of several gene mutations coding for the 

sarcomere 

 

 

 

 

 

 Significant diversity in phenotypic expression and clinical course 

 >1400 mutations have been identified 

 



Introduction 

 HCM patients typically develop: 

 LV outflow tract obstruction 

 Diastolic dysfunction 

 Myocardial ischemia 

 Mitral regurgitation 

 Systolic dysfunction (end stage or “burned out”) 

 



Epidemiology 

 Likely an underestimate (clinically silent may be missed) 

 Annual incidence is 0.3-0.5 cases per 100,000 children 

 Prevalence 1:500 in the general population 

 Peak incidence in infants <1 year old 

 Slight male predominance 

 Higher in African American children than White/Hispanic 

 Accounts for 25-40% of all pediatric cardiomyopathies (most common) 

 



Symptoms 

 Presenting symptoms may include: 

 Chest pain 

 Presyncope/syncope 

 Palpitations 

 Nausea/poor appetite 

 Tachypnea 

 Easy fatigability 

 Sudden cardiac arrest 

 Death 

 

Epidemiology of cardiomyopathy - A clinical and genetic study of hypertrophic cardiomyopathy: The 

EPOCH-H study 



Physical exam 

 
 May be normal 

 Murmur 

 LVOT: due to combination of septal hypertrophy and systolic anterior motion of mitral valve 

 Degree of murmur based on amount of time mitral valve is in out 

Tract 

 Harsh ejection murmur usually loudest at apex/LLSB 

 70% of patients will have at least a gradient of 30mmHg   

 May radiate to axilla and base but rarely to neck (like AS) 

 Murmur increases with 

 Valsalva (decreased preload) 

 Standing (decreased preload) 

 Murmur decreases with 

 Handgrip (increased afterload) 

 Squatting (increased afterload and preload) 



Diagnosis  

 Clinical suspicion  

 ECG 

 Echocardiogram 

 Genetic testing 

 Additional testing (may include) 

 Holter: assess for arrhythmias, part of routine surveillance 

 Exercise test: may be used for risk stratification 

 Cardiac MRI: may be helpful if echo diagnosis is undetermined, evaluate for 
fibrosis 

 Catheterization: rarely needed but may help distinguish from restrictive 
cardiomyopathy or constrictive pericarditis 

 



HCM- ECG  

 Most sensitive but not specific 

 One study looked at 2485 patients with HCM and 5% had a normal ECG 

 Findings include: 

 Prominent Q-waves in the inferior (II, III, aVF)and lateral leads (I, aVL, V4-V6) 

 >3mm or >40ms in duration 

 Enlarged P-waves in lead II suggesting atrial enlargement 

 Byproduct of diastolic dysfunction 

 Left axis deviation (QRS axis <0) 

 Inverted T-waves in lateral leads 

 

 

 

 



Seattle Criteria for HCM 







What about EKG screening for HCM? 

 Not popular in North America due to costs of actual EKG and high false-

positive rate 

 Automated ECG screening has shown some promise (June „17) 

 Study of 128 patients with HCM and 256 controls 

 Electrophysiologist 71% sensitive, 95.7% specific 

 Non-voltage based algorithm 81% sensitive, 91% specific 

 Another study from April of this 2017 looked at ECG-derived 

vectorcardiograophy (QRS-T angles and spatial peaks identified 84% and 

94% patients respectively 

 



Echo 

 LV hypertrophy 

 Unexplained increased wall thickness >15mm (adult criteria) 

 >13mm suspicious 

 Most common area of hypertrophy is basal anterior septum 

 Systolic anterior motion of the mitral valve 

 Combined with interventricular septal hypertrophy leads to outflow tract 

obstruction 

 Not required for diagnosis 

 LVOT obstruction 

 Gradient is dynamic 

 



Genetics 

 Patients found gene+ 30-63% of probands according to the literature (obviously 
we don‟t know all the genes) 

 Study of 84 children gene+ were found in 50% of sporadic and 65% of familial 
cases 

 Conditions associated with HCM 

 Fabry disease- alpha galactosidase A deficiency, x-linked, treated with enzyme 
replacement 

 Noonan syndrome- characterized by dysmorphism, short status and CHD, 20% 
develop HCM 

 Pompe disease- acid maltase deficiency, excess glycogen, AR, poor muscle tone 

 Fatty acid oxidation deficiency- MCAD most common, AR, illness with fasting 

 Mitochondrial- maternal or AR, disturbances of brain and muscle function 



Screening (of 1st degree relatives) 

 All 1st degree relatives should undergo screening with H&P, ECG, 

Echo 

 Some recommend screening at any age, others at age 10 

 Should be screened q12-18 months by echo, and every 5 years 

after 21 

 If proband found to be genetic positive, screen family for gene 

 One study looked at family members who were gene+ phenotype – 

 162 patients, 18% went on to develop phenotype 

 



Arrhythmias 



Arrhythmias 

 May have both atrial and ventricular arrhythmias 

 Incidence appears to be age related 

 Non-sustained VT associated with significant increase risk of SCD (OR 4.4) 

 Duration, frequency and rate not associated 

 SVT observed in up to 40% of patients 

 Atrial fibrillation most common (20-25% of all patients) 

 Bradyarrhythmias are rare (outside of Fabry disease  HCM) 

 Pharmacologic treatment aimed at symptoms/improve functional 

capacity/slow disease progression, not prevention of arrhythmias 

 

 

 

 

 



Sudden Cardiac Death 



Risk factors for Sudden Cardiac Death 

(SCD) if you have HCM 

 1. Family history of SCD 

 2. Syncope (unexplained) 

 3. Non-sustained ventricular tachycardia (NSVT) 

 >3 beats at rate >120 

 4. Massive left ventricular hypertrophy 

 LV wall thickness >30mm (seen in around 10% of HCM patients) 

 5. Abnormal blood pressure response to exercise 

 Failure to increase SBP by at least 20mmHg 

 Or fall >20mmHg from peak exercise BP to ongoing exercise 



# of high-risk factors and SCD 
(368 patients, mean f/u 3.6 years) 





ICD Placement criteria 

>2 high risk factors = 

Can consider for 1 HRF 

Sudden cardiac arrest = 

End-stage HCM (LVEF<50%)=  

LV apical aneurysm = 



Treatment (medical therapy) 

 No RCTs 

 Goal: Treat sx, if no sx, probably don‟t need to treat 

 Commonly used drugs  

 Beta blockers (BB): metoprolol, nadolol, atenolol, propranolol 

 Calcium channel blockers (CCB)- usually verapamil (non-dihyropyridine) 

 Disopyramide 

 Ranolazine 

 Judicious use of diuretics 

 

 

 



Septal myectomy 

 Involves direct removal of septal muscle 

 May address abnormal mitral valve leaflets at the same time 

 Complications 

 Excess septal tissue removal  VSD (2%) 

 LBBB or CHB (<5%) 

 Perioperative mortality: 1-2%, 30d (3%) 

 Long term mortality: 1337 patients from Mayo who underwent septal myectomy had 
survival rates of 98%/96%/83% at 1/5/10 years 

 Long term outcomes: 338 patients from Toronto 

 72% of those had NYHA class III/IV  83% NYHA I/II 

 98% had no resting LVOTO 

 Lower rate of appropriate ICD discharges 

 

 



Alcohol ablation 

 Creates localized infarction in basal 

septum 

 Does not offer ability to address mitral 

valve 

 Performed through perforator coronary 

artery  

 



Vs. 

(Septal myectomy)                                    (Alcohol ablation) 

 

 No RCT‟s, data based on separate observational studies 

 No difference in long-term mortality 

 No difference in rates of aborted sudden cardiac death 

 Need for pacemaker much higher in alcohol ablation group 

 



Sports 



Sports restrictions 







Coronary Artery 

 Normal anatomy 

 



Coronary Artery Anomalies 



Coronary Artery Anomalies 



Coronary Artery Anomalies 

 2nd most common cause of SCD in the young athlete 

 Occurs in ~0.6% of births (not all are pathologic) 

 Most common LMCA from the right 

Sinus of Valsalva (pictured previously) 

 LMCA and LAD arising from RCA are dangerous 

 Exercise increases blood flow through aorta 

And pulmonary artery causing compression 

 Most common pathologic finding LMCA from  

the right Sinus of Valsalva (pictured previously) 

 

 

 

 



Coronary Artery Anomaly 

 Presenting signs: angina, syncope, SCD 

 Diagnosis:  

 Echocardiogram- easy to perform, can be difficult to visualize  

 CT scan- excellent views, quick, radiation, heart rate dependent 

 cMRI- decent views, no radiation, longer (sedation?) 

 Angiography- excellent views, invasive, radiation 



Myocarditis 



Myocarditis 

 Inflammation of the myocardium 

 Children more often acute, adults more often chronic 

 Etiology: infection (viral), toxic, autoimmune (more often adults) 

 Viral- enterovirus, adenovirus, parvo, EBV, CMV, HHV-6 

 Bimodal distribution (like HCM) with infants and adolescence 

 Incidence <1 per 100,000 children 

 Arrhythmias may occur in up to 45%= SVT, VT, heart block 

 

 



Myocarditis: Clinical Manifestations 

 Chest pain (45 percent) 

 Respiratory distress (28 percent) 

 Gastrointestinal symptoms (27 percent) 

 Hepatomegaly (27 percent) 

 Gallop rhythm (20 percent) 

 Poor perfusion/diminished extremity pulses (16 percent) 

 Viral prodrome (41 percent) 

 Fever, myalgia, malaise 

 



Myocarditis 

 Physical Exam: tachypnea, rales, gallop rhythm, possible MR or TR if 

ventricle is dilated  

 EKG: ST segment changes, T-wave inversion, abnormal axis, chamber 

enlargement, decreased voltages 

 Echo: LV dysfunction, abnormal chamber shape, mitral regurgitation 

 cMRI: may show inflammation 



Myocarditis 

Sports restrictions = 6 months after onset of 

disease 



Covid 19 in pediatrics 

 Covid 19 wide degree of sx (most asx or mildly ill) 

 Most common sx: fever and cough 

 May also in clude SOB, myalgia, rhinorrhea, headache, N/V, abd pain, diarrhea, 

sore throat, fatigue and the infamous loss of smell or taste 

 Labs may include leukopenia, lympocytopenia, elevated procalcitonin or 

CRP 

 



Multi-inflammatory syndrome 

 Similar features to Kawasaki and Toxic Shock Syndrome (TSS) 

 Rare complication, usually in older children and adolescents (previously 
healthy) 

 More common in Black and Hispanic Children 

 Similar features to Macrophage Activation Syndrome and presumed to be 
2ndary to cytokine storm 

 Positive serology but negative PCR in most cases (thus likely after acute infxn) 

 Sx: Fevers, GI sx, rash, conjunctivitis for 3-5 days, then potential shock and multi-

organ involvement 

 Labs: lymphocytopenia, elevated CSR/ESR/d-dimer, elevated cardiac markers 
(troponin, BNP) 



Copyrights apply 



MIS-C vs. Kawasaki   

 MIS-C tends to be in older children , Kawasaki traditionally ~6 months- 5 

years of age 

 More common in Black and Hispanic population 

 Presents with GI sx and cardiovascular involvement 

 MIS-C > Kawasaki for inflammatory markers 

 Most children fully recover (8 death reports out of 363 cases) 



Covid 19 & myocarditis 

 Clark et al looked at 22 collegiate athletes retrospectively with cardiac MRI 

 Median time from infection to study was 52 days, mean age 20.2 years 

 Most athletes had mild sx (77%), remainder were asymptomatic 

 None had abnormal troponin, EK or LVEF <50% 

 1 patient was found to have LGE (sign of myocarditis) 



Returning to Sports after Covid-19 





Elite Athletes 





Arrhythmogenic Right Ventricular 

Cardiomyopathy (ARVC/ARVD) 



Arrhythmogenic Right Ventricular 

Cardiomyopathy 

 Prevalence of 1/2000-5000 (very common in Northern Italy) 

 Gene mutation in desmosomal proteins 

 Focal myocarditis  fibrofatty replacement (substrate for arrhythmia)  RV 

dilation, dysfunction, and aneurysm 

 5x risk of SCD during exercise 

 



Arrhythmogenic Right Ventricular 

Cardiomyopathy (ARVC/ARVD) 

 Symptoms: 

 Palpitations – 67% 

 Syncope – 32% 

 Atypical chest pain – 27% 

 Dyspnea – 11% 

 RV failure – 6% 

 



Arrhythmogenic Right Ventricular 

Cardiomyopathy 

 Dx: EKG, Echo, cardiac MRI, arrhythmia 

 EKG: Inverted T-waves in V1-3, Epsilon wave 

 Echo: Regional akinesia, dyskinesia, or aneurysm 

 MRI: see above (better imaging modality) 

 Arrhythmia: Ventricular tachycardia of left bundle branch morphology with 

superior axis 





Electrical Conditions 

 



Long QT syndrome 





Wolff-Parkinson White 







Brugada  

 Presenting Sx: SCA, syncope 

 Can predispose to VT/VF 

 Fever may exacerbate sx 

 No clear association with SCD 

and exercise though has been  

Suggested. Restricted if phenotype 

Positive  

 

 

 



Screening 



Outcomes of Cardiac Screening in 

Adolescent Soccer Players (NEJM) 
Malhotra A, Dhutia H, Finocchiaro G, Gati S, Beasley I, Clift P, Cowie C, Kenny A, Mayet J, Oxborough D, Patel K, Pieles G, Rakhit 
D, Ramsdale D, Shapiro L, Somauroo J, Stuart G, Varnava A, Walsh J, Yousef Z, Tome M, Papadakis M, Sharma S.  

 Study took from place from 1996-2016 looking at 11,168 adolescent football 

(soccer) players 

 Mean age 16.4 +/- 1.2 (95% male) 

 Health questionnaire, physical examination, EKG, echo 

 42 adolescents (0.4%) found to have cardiac d/o‟s associated with sudden 

death 

 225 athletes (2%) congenital or valvular abnormalities were identified 

 23 total deaths, 8 were cardiac related (7/8 cardiomyopathy) 

 6/8 had normal screening, mean time of death after screening ~7 years 

 



EKG Screening 



EKG Screening 

 AHA/ACC: H&P 

 

 

 

 ESC/FIFA/NCAA/IOC: H&P + EKG 



EKG screening 

 Trends in sudden cardiovascular death in young competitive athletes after 

implementation of a preparticipation screening program. 

  Corrado D., Basso C., Pavei A., Michieli P., Schiavon M., Thiene G. (2006)  

 Looked at athletes age 12-35 from 1979 to 2004 

 Annual incidence of sudden cardiac death decreased by 89% in the EKG 

screened population 

 2% of screened athletes were disqualified 

 Risk reduction was thought to be secondary to finding cardiomyopathies 

 

  







 



EKG screening 

 

 
 Inter-Rater Reliability and Downstream Financial Implications of 

Electrocardiography Screening in Young Athletes  
Harshil Dhutia, Aneil Malhotra, Tee Joo Yeo, Irina Chis Ster, Vincent Gabus, Alexandros Steriotis, Helder Dores, Greg Mellor, Carmen García-Corrales, Bode 
Ensam, Viknesh Jayalapan, Vivienne Anne Ezzat, Gherardo Finocchiaro, Sabiha Gati, Michael Papadakis, Maria Tome-Esteban, Sanjay Sharma (2017). 

 There is only moderate interobserver reliability for ECG interpretation even among 
cardiologists with experience in the cardiovascular evaluation of young athletes. 

 Modification of ECG interpretation criteria improves reliability among inexperienced 
cardiologists. 

 The decision to propose secondary investigations after ECG interpretation varies 
among inexperienced and experienced cardiologists, respectively, with significant 
downstream financial implications. 

 The findings of this study highlight that formal training and development of 
standardized diagnostic pathways are essential to support cardiologists involved in 
cardiovascular screening of young athletes. 

 



EKG Screening  

 Cardiac screening to prevent sudden death in young athletes. 

 Schmehil C, Malhotra D, Patel DR (2017) 

 Limitations to current AHA guidelines 

 25% of population has 1/14 points on AHA checklist 

 6% had abnormal criteria based on Seattle criteria, 8% Stanford criteria, 26% ESC 
criteria 

 None of recent study of 1596 patients were found to have a condition 
excluding them from sports 

 If SCD is the presenting sx, checklist doesn‟t work 

 Meta-anaylsis of AHA guidelines found 20% sensitivity and 94% specificity 

 Estimated EKG screening would cost $2.5-3.5 Billion and 2 lives saved per 1,000 
athletes  

 





Want to save lives? 
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Contact Information 

 If you have any questions about my talk or a patient, please don‟t hesitate 

to email/call/text 

 

 Email: Jeffrey.MooreMD@promedica.org 

 Office: 419-291-7800 

 Cell: 815-519-4422 
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