SUDDEN CARDIAC DEATH IN THE YOUNG

In September 2000 two pupils were absent from school attending a  routine cardiological follow up.  A few years ago their father, aged 29, collapsed and died during a soccer match.  The cause of death was hypertrophic cardiomyopathy. Their mother enquired whether Millfield and the School Medical Officer (SMO) were “up to speed” with this condition? 

I was aware of the tragedy of sudden cardiac death in teenagers and the significance of a positive family history - and the need to thoroughly investigate any cardiac symptoms.  I was also aware that an increasing number of American Universities and  UK Olympic, National and elite sports organisations were screening their squads for cardiac abnormalities.

CARDIAC RISK IN THE YOUNG  (CRY)
I contacted CRY (Cardiac Risk in the Young) a charitable organisation linked with St. George’s Hospital in London.  Their informative booklet encouraged me to consider ECG testing.  CRY is a self-supporting charity campaigning to introduce ECG testing into the community for the young athletic population.  The Charity includes parents whose children have suffered exercise related sudden cardiac death (SCD) or have cardiac abnormalities disqualifying them from various sports and understandably they are keen to raise awareness of cardiac risk in the young.

CRY strictly adheres to clinical procedures developed with the approval of Professor Bill McKenna, Professor of Cardiac Medicine at St. George’s Hospital.  All ECGs are interpreted by Dr Sanjay Sharma, a Consultant Cardiologist linked to CRY and recently appointed Consultant Cardiologist at Lewisham University Hospital.

I researched the subject further and also consulted our local Cardiologist; he sent me some literature but was sceptical of the value of routine asymptomatic ECG screening.  However, he did confess he would do ECGs on his sporting children! 

I discussed ECG testing with the Heads of School and Sports and the School Nursing Sisters and circulated a preparatory letter to all sports masters in charge of individual sports (Appendix 1). 

After further discussion, CRY agreed an ECG testing programme at Millfield.

 ORGANISATION

Three A4 sheets, compiled by CRY, containing information about ECG testing, consent form, training programme questionnaire, family history and a check list of possible exercise related cardiac symptoms (Appendix 2) were sent to seven hundred and fifty 5th and 6th year pupils - boarding and day - male and female - with the end of term letter.

It was agreed that the £25 cost of the ECG would be debited from the school bill.  Any necessary follow up of a cardiac abnormality - ECHO, exercise stress testing etc - if organised by CRY in London was undertaken at no extra cost.

The Deputy Headmaster enclosed a note stating,  “The School Medical Officer has enclosed information for all pupils in the 5th year, Lower and Upper Sixth.  This voluntary scheme has our full endorsement.   Although it is primarily aimed at our young sportsmen and women it will, I am sure, be of interest to a much wider group.  If the scheme runs well this year we will offer it to 5th year and new Lower 6th year pupils on an annual basis.”

Most completed forms arrived on time by post.  However, there was a last minute rush by parental e-mail, fax or telephone and also pupil request.   Many pupils knew nothing about the testing - parents living abroad, pupils had not returned home for the short three week break etc., etc. 

All late entries, having sought parental support, were allowed  to participate.

PROCEDURE OF ECG TESTING
The CRY mobile van arrived the day before testing with two MAC 1200  ECGs, two CRY representatives and a St. George’s Hospital accredited ECG technician.  CRY were specific about the ECG machine to be used and stressed the importance of a skilled ECG technician who could immediately interpret and repeat any inadequate or suspect tracings.

The CRY mobile screening van has attended many sites around the UK testing, amongst others, 400 top UK tennis players, 80 elite cyclists, the Olympic pentathlon team and various junior elite squads.  

ECG testing took place on May 9th and 10th at the Millfield Medical Centre.  Three rooms were set aside - a waiting room, a consulting room and an ECG room.

Pupils arrived at a set time. Their completed questionnaire was scrutinised and checked by a CRY representative with particular emphasis on their exercise symptoms and family history.  

ECGs were performed in an adjacent room.  A single CRY accredited ECG technician averaged six ECGs every 45 minutes on the first day - two ECG technicians averaged ten ECGs every 45 mins the following day. 

Pupils understood that ECG results would not  be immediately available on the day but would be returned to London for specialist Consultant interpretation. 

Four weeks later CRY circulated results to both pupils and General Practitioner.   Pupils were encouraged to inform their parents of normal results. 

I personally saw those pupils needing follow up and discussed the contents of their letter.  I obtained pupil consent to speak to their parents and advised them to contact CRY for more information because I had no further details other than the need for further investigation.

RESULTS OF SPORTS RELATED QUESTIONNAIRE 

120 pupils (16% of 750) volunteered for ECG testing - 80 male, 40 female.

Pupils completed a questionnaire (Appendix 2) detailing name, sex, date of birth, height and weight.  They completed a family history profile and a checklist of possible exercise related symptoms.  They also summarised their training programme - the number of sessions and total hours per week in both their major and minor sports.

There were two family history questions:  


a)  Is there a history of heart disease in your family?


b)  Has there been unexplained death or deaths due to heart disease in young 

family members? 

Forty eight (40%) pupils answered “Yes”.  Nine (8%) were either not sure or did not supply details.  (Appendix 3).

Pupils were asked:  Do you experience chest pain, heaviness or tightness - during exercise, following exercise or unrelated to exercise?

Thirty eight (33%) pupils answered “Yes”.

Related problems - dizziness, palpitations, faintness, heavy pulse, breathlessness - and various other minor symptoms were reported in sixty-one (50%) pupils.

These are surprisingly high figures and, if related to exercise, are an indication for ECG testing.  However, I question the relevance, with regard to SCD in the young, of symptoms unrelated to exercise when we know the trigger is exercise.

Similarly, the relevance of such an open ended question as  “Is there a history of heart disease in your family?” - because the probability of heart disease amongst four grandparents in their late sixties or early seventies is high?

These high positive responses are, therefore, likely to be overstated.

RESULTS OF ECG TESTING
One hundred and fifteen of a total of one hundred and twenty ECGs were normal.

Five pupils required follow up testing in London:

Responses to Symptom Questionnaire:

	Sex
	Age
	Sport
	Chest Pain
	Related Problems
	Family History

	F
	17
	Swimming
	þ
	Breathless
	þ

	M
	18
	Cross Country
	þ
	Palpitations
	ý

	M
	16
	Cycling/Canoeing
	ý
	ý
	þ

	F
	15
	Netball
	þ
	Various
	þ

	M
	18
	Horseriding
	þ
	Dizzy/fainting
	þ


Results of Follow-up Investigations:

	Sex
	Age
	Sport
	ECG Changes
	ECHO
	Ex. ECG

	F
	17
	Swimming
	Minor T wave

inversion in leads V1-4
	Normal
	

	M
	18
	Cross Country
	Voltage criteria of LVH - tall T waves and minor T wave inversion
	Dilated ventricles with good systolic function
	

	M
	16
	Cycling

Canoeing
	Voltage criteria of LVH and left

atrial enlargement
	Dilated ventricles and 12mm left ventricular wall thickness
	

	F
	15
	Netball
	Slightly prolonged QT interval
	Normal
	14 minutes of Bruce protocol without ECG changes

	M
	18
	Horseriding
	Voltage criteria for LVH and T wave inversion in aVL
	Normal
	


Summary of ECHOs and Exercise ECG testing:

	Sex
	Age
	Sport
	Results

	F
	17
	Swimming
	Most probable that long years of heart training were responsible for these changes rather than pathology.  She was strongly reassured

	M
	18
	Cross Country
	Changes almost certainly physiological as a result of prolonged intensive endurance training.   He was strongly reassured.

	M
	16
	Cycling/Canoeing
	Strongly reassured that changes reflect intensive training rather than any form of cardiomyopathy.

	F
	15
	Netball
	Borderline prolonged QT interval thought to represent normal variation.   She was strongly reassured but to be seen again with development of palpitations or syncope.

	M
	18
	Horseriding
	Normal sized left ventricle and good systolic function.   No evidence of LVH.  He was strongly reassured.


Strong reassurance, following normal examination and investigation is very important.  A Consultant Cardiologist not experienced in assessing young athletic “hearts” may be more likely to prevaricate and thereby leave the pupil anxious, worried and fearful for the future. 

DISCUSSION

Many articles have been written on sudden cardiac death in the young.  There are various definitions and the incidence differs according to researcher and country of origin.

In the United Kingdom it is difficult to draw firm conclusions because the national incidence and frequency of individual causes of SCD is unclear.  It will not be known until there is centralised data collection, specialised examination of  SCD post-mortem hearts and retrospective and prospective studies.  The dilemma is that such studies are only valid if SCD is thought to be sufficiently common;  if not, then further investigation is debateable.

So what is the role of the School Medical Officer in the identification of pupils with potentially significant cardiac abnormalities?  What do we know?  What are the positives?

The positives are that we do know the risk factors which help to categorise the young into high and low risk.  

We know that the majority of deaths occur during or immediately after strenuous physical activity, suggesting that exercise is a strong trigger for cardiac arrhythmias in athletes harbouring potentially lethal cardiac conditions (7). 

We know that questionnaire screening will disclose a family history of heart disease and we know that 80% of non-traumatic cardiac sudden deaths in the young are attributed to inherited or congenital disorders. 

We know that questionnaire screening will reveal symptoms of cardiovascular disease.  

We know that SCD occurs five times more frequently in males (13) and that HCM is more common in blacks than whites and ARVC more common in Italians.

We know that a physical examination will detect high blood pressure, cardiac valvular abnormalities, HCM with obstruction (20-25% of cases) and Marfans syndrome with or without cardiovascular involvement.

We know that an ECG is abnormal but not diagnostic in almost all cases of HCM and 90% of ARVC.  It also detects WPW and long QT syndrome, but not coronary artery disease or coronary artery anomalies.

We  know that an ECHO will detect all HCM, Marfans syndrome, mitral valve prolapse and a large proportion of ARVC and coronary artery anomalies.

THE ROLE OF THE SCHOOL MEDICAL OFFICER
The role of the School Medical Officer is primarily to be alert to the significance of  a cardiac family history and cardiac symptoms and the detection of cardiac abnormalities on examination.  It is also to educate and raise awareness in “the school” - particularly among pupils, nursing staff and sports staff.

First, the school entry medical questionnaire enquiring specifically about heart disease in the family (Appendix 2)

a) Is there a history of  premature (less than 55 years) heart disease in your family?

b) 
Has there been unexplained death or deaths due to heart disease in 

young family members?

Ideally, this questionnaire should be checked before the pupil arrives at school - indeed an early medical examination may be indicated?

Second, the school medical examination (equivalent to a pre-participatory sports health screen) rechecking with the pupil about a history of premature heart disease or unexplained young deaths in the family.  Enquire in competitive sportspersons about possible cardiac symptoms.


a)  
Have you ever fainted during or following exercise? 


b)  
Do you experience dizzy turns during or following exercise?


c) 
Do you experience chest pain, heaviness or tightness during or  


following exercise?


d) 
Do you experience palpitations?

e) 
Do you feel you get more breathless or more easily tired than your team mates?


f) 
Do you feel your health limits you in your sporting activities?  A lot?  A 

little?  Not limited at all?

A school medical examination template may be a useful aide-memoire?

Physical examination should involve thorough cardiovascular examination with particular reference to cardiac murmurs and  blood pressure.  Musculoskeletal and ocular features suggestive of Marfans syndrome need further investigation.  Positive symptoms in the physical examination at Padua (6) included delayed/diminished femoral artery pulses, mid or 

end systolic clicks, a second heart sound that was single or widely split and fixed with respiration, marked heart murmurs, irregular heart rhythm and blood pressure greater than 145/90 on more than one reading.

Third and finally, through making the school more aware - bringing them “up to speed”!  

The sports staff should be aware that any of the above cardiac symptoms require referral to the Medical Centre.  
The School Nurses - day and night - should be alert to these symptoms and ensure that the pupil sees the SMO.  Many athletes at risk may not present warning signs - but some may - and greater awareness should improve identification of those at risk of SCD.

Finally, a poster in the Medical Centre waiting room listing the above symptoms and encouraging pupils to attend if symptomatic

CONCLUSION OF MILLFIELD SCHOOL STUDY
The ECG testing programme was a positive exercise producing pupil satisfaction, parent gratitude and a greater awareness within the school.  All 120 ECGs were normal.  

Many of the Millfield pupils required ECG testing on the basis of their responses to the family history and symptom questionnaire.  40% of pupils reported heart disease in the family and 33% chest pain, heaviness or tightness;  50% mentioned related symptoms. As discussed earlier, these percentage responses are higher than expected.  Notwithstanding that, positive responses to the appropriate questions are an indication for ECG testing.










Millfield has a reputation for sporting achievement.  A significant number of the school population push their bodies - and hearts - to the extreme.  It is not unreasonable to offer information so that they can consent to additional testing if that is their wish.  The opportunity for ECG testing is available, the decision is theirs and this pilot study like all voluntary schemes will continue for as long as there is sufficient interest.  

THANKS

I should like to record my sincere thanks to CRY for their encouragement, support and total professionalism throughout the ECG testing programme.  Without their help it would not have been possible to carry out this study.

SUMMARY

This paper describes the introduction, organisation and results of voluntary ECG testing of 120 post-pubertal pupils.  Five pupils needed further evaluation with ECHO and one with exercise stress testing.  All 120  hearts were normal.  

The incidence and causes of SCD in the young and the recommended SMO role are mentioned.  Three research papers are included followed by identification of those at high risk. 

This paper concludes that schools and SMOs should be “up to speed” with SCD in the young.  ECG testing of the young elite athlete within Millfield is a pilot study and time will tell whether or not it will be worthwhile!
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APPENDIX ONE

MILLFIELD MEDICAL CENTRE
27th March 2001
TO  STAFF I/C SPORTS
In the Summer term the Medical Centre will be starting routine ECG testing for all 5th and 6th year pupils who wish to participate.

An ECG will show most heart abnormalities.   ECG testing will identify undiagnosed potentially life-threatening disorders which may lead to Sudden Death Syndrome.

ECGs are mandatory for Italian sportspersons prior to sports club involvement - and indeed have significantly reduced deaths in one of the most common disorders.  American colleges and a number of elite UK National squads and Clubs are also tested or screened for undiagnosed heart abnormalities.  I believe Millfield may be the first school.

The reason for this letter is to inform you of the proposal, to seek your support and to encourage your squads to participate.

CRY (Cardiac Risk in the Young) is linked with St. George`s Hospital, London and will be organising the testing.  Any abnormalities will be further investigated at St George`s at no extra cost.

Letters will be sent to all 5th and 6th year pupils - day and boarding.  Those accepting will be ECG`d on May 9th,10th and 11th.

Please be aware that symptoms of excessive breathlessness, chest pain, palpitations, fainting, blackouts and dizziness on exercise may be indicators of heart abnormality and should be referred to me.

This is essentially a pilot study because the “jury is still out” regarding the cost  benefits of mass testing in presumed healthy teenagers.  However, 1% of teenage ECGs do show an abnormality - and one preventable teenage death makes the screening worthwhile.

Please contact  me if you wish any further information -  Millfield Medical Centre or Glastonbury Surgery  01458 833666.






Yours sincerely,

	1.   Do you experience chest pain, heaviness

      or tightness?
	During Exercise

Yes / No

Following Exercise

Yes/ No

Unrelated to Exercise

Yes / No
	     )    38 pupils       33%

     )

                 


	2.   Is there a history of heart disease in your        family?
	Yes /No
	     ) 

     )

       )       48 pupils      40%

	3.   Has there been unexplained death or 

      deaths due to heart disease in young

      family members?
	Yes /No
	       )
      )


	4.  Have you ever fainted?
	During Exercise

Yes / No

Following Exercise

Yes / No

Unrelated to Exercise

Yes / No
	     )

     )

                  

	5.   Do you experience dizzy turns?   
	During Exercise

Yes / No

Following Exercise

Yes / No

Unrelated to Exercise

Yes / No
	     )        

     )

           61 pupils        50%

	6.   Do you experience palpitations

      (i.e. Heavy, rapid or irregular heartbeat)?
	Yes / No
	       )

      )

	 7.   Do you feel that you get more breathless

       or more easily tired that your team                  mates?
	Yes /No
	      )

      )
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