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ABSTRACT
Objective: To determine the level of knowledge
concerning Sudden Unexpected Death in the Young
(SUDY) among Canadian medical students and recent
graduates (≤5 years after graduating).
Design: A cross-sectional study was conducted by
distributing a standardised, multiple choice, online
questionnaire which assessed basic knowledge of SUDY.
Setting: Canadian medical schools and residency
training programmes.
Participants: 614 Canadian medical students (in either
their penultimate or final year) and recent graduates
(≤5 years after graduating) completed an anonymous
online questionnaire.
Primary and secondary outcome measures: The
level of knowledge regarding molecular aetiology, clinical
presentation, pharmacological management and modes
of inheritance of six of the commonest conditions
causing SUDY, including hypertrophic cardiomyopathy
(HCM), arrhythmogenic right ventricular cardiomyopathy
(ARVC), Brugada syndrome, catecholaminergic
polymorphic ventricular tachycardia (CPVT), long QT
syndrome (LQT) and Wolff-Parkinson White syndrome
(WPW), were compared between medical students and
recent graduates. Questions were broken down into basic
knowledge and advanced categories and analysed as a
secondary outcome measure.
Results: Of 614 responses, approximately two-thirds
were answered by recent graduates, who generally scored
10% higher on all subject categories than medical
students. Overall, questions regarding HCM were best
answered (40%), followed by WPW syndrome (32%),
CPVT (30%), ARVC (23%), Brugada syndrome (21%) and
LQT syndrome (17%). Questions categorised as basic
knowledge were answered 30% and 39% correctly in
medical student and recent graduate groups, respectively,
and those in the advanced category were answered 20%
and 25% correctly.
Conclusions: Survey respondents fared poorly when
answering questions regarding SUDY, which may be a
reflection of inadequate medical education regarding these
disorders. Standardised teaching regarding SUDY needs to
occupy a stronger focus in Canadian medical curricula in
order to prevent more unnecessary deaths by these
syndromes in the future.

INTRODUCTION
The sudden death of a young person is a
rare and tragic event, which has a significant
impact on a family and the community.
Arrhythmic aetiologies play a considerable
role in sudden cardiac death in all age
groups, with it occupying a greater propor-
tion of paediatric deaths due to the rise of
coronary artery disease in older age
cohorts.1 2 These arrhythmic aetiologies can
be broken down into structural or primary

ARTICLE SUMMARY

Article focus
▪ Arrhythmic aetiologies play a significant role in

sudden death in individuals under 35, and a
majority of these disorders are inherited in an
autosomal-dominant fashion.

▪ Despite the high degree of heritability that these
disorders exhibit, first and second-degree rela-
tives of Sudden Unexpected Death in the Young
(SUDY) victims are generally under-referred for
cardiological screening, putting them at risk of
death from the same disorder.

▪ We set out to determine the current level of
knowledge regarding SUDY disorders among
Canadian final-year medical students and recent
graduates (≤5 years after graduating).

Key message
▪ Canadian medical students and recent graduates

fared poorly when answering questions regard-
ing SUDY, which illustrates a need for more edu-
cation and awareness regarding these disorders.

Strengths and limitations of this study
▪ The number of responses collected for this

survey was high, and respondents were well dis-
tributed according to geographical location as
well as years of study.

▪ Voluntary surveys always employ a degree of
response bias, where those who answer may be
more knowledgeable, or more interested in the
topics discussed, than the general population.
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electrical heart disease, and form a phenomenon known
as Sudden Unexpected Death in the Young (SUDY).3

Structural heart disease in the context of SUDY refers
to cardiomyopathies, which include hypertrophic cardio-
myopathy (HCM) and arrhythmogenic right ventricular
cardiomyopathy (ARVC).4 Primary electrical disease
refers to ion channelopathies such as long QT syn-
drome, Brugada syndrome and catecholaminergic poly-
morphic ventricular tachycardia (CPVT), as well as
other rare conditions such as short QT syndrome.4 5

Aetiologies of these diseases can be linked to genetic
mutations in proteins that control either the contractile
or electrical activity of the heart and many of these
mutations display monogenic inheritance patterns, with
first-degree relatives inheriting the same disorders as fre-
quently as 25–50%.1 5–11

Conditions associated with SUDY are becoming
increasingly recognised as knowledge of these disorders
advances. Ion channelopathies are now known to
account for almost 20% of sudden infant death syn-
drome fatalities.12–15 Many of these conditions cannot
be readily diagnosed upon autopsy or even clinical
evaluation.3 16 Therefore, when someone dies suddenly
from unexplained causes, usually SUDY or idiopathic
ventricular fibrillation are suspected.17

Due to the high degree of heritability of these disor-
ders, it is imperative that family members of SUDY
victims be properly assessed.18–22 Systematic review of
individuals experiencing cardiac arrest and their first-
degree relatives has been shown to identify a cause in as
many as 44%.6 2 23–28 Often, a general practitioner func-
tions as the first point of contact for individuals with a
family history of sudden unexplained death, and fulfils
the important role of generating referrals to specialists.29

In addition, the highly publicised nature of SUDY makes
general practitioners important players in the education
of families and communities.30 Despite this, a general
lack of referrals has been well documented.31 A possible
cause for this disparity is a knowledge gap among
medical professionals concerning inherited arrhythmia
substrates, presumably stemming from a deficit in the
education that medical students receive throughout
their training.
A lack of consensus about minimum acceptable stan-

dards in cardiology principles and skills for students and
doctors has been an ongoing debate, particularly with
regard to ECG interpretation and lead placement.32 33

This is well demonstrated in a study by Hill et al,34 which
recited a detection rate of only 70% when paediatric
electrophysiologists were presented with pathological
preparticipation screening ECGs. Similarly, other studies
evaluating correct lead placement among healthcare
professionals have shown a disappointing degree of dis-
parity, with cardiologists often faring the poorest.35 36

Therefore, it seems that education in cardiology con-
cepts is variable, and inadequate in some cases. To the
best of our knowledge, no studies have been conducted
to determine the level of proficiency of graduating

medical students in answering questions regarding
SUDY conditions.
In order to gain a better understanding of the current

level of knowledge of Canadian medical students and
recent graduates, a standardised, online survey was dis-
tributed in which students from all 14 Canadian medical
schools participated. The survey tested basic knowledge
and understanding of six arrhythmia substrates that are
commonly involved in SUDY, including ARVC, Brugada
syndrome, CPVT, HCM, long QT syndrome and
Wolff-Parkinson-White (WPW) syndrome.

METHODS
A questionnaire was designed to test basic knowledge
concepts about cardiac disorders that are commonly
associated with SUDY. The survey was designed using sur-
veymonkey.com (SurveyMonkey, LLC, Palo Alto,
California, USA) and was distributed to any Canadian
medical student in their penultimate or final year, or
within 5 years after graduating. Respondents who did
not meet any of these criteria were immediately
excluded. To distribute the surveys, undergraduate and
postgraduate medical offices from 14 Canadian medical
schools were contacted and asked to distribute the link
to the online questionnaire to their students. Reminder
emails were then sent again 5 months later to recruit
non-respondents. Students were informed at the begin-
ning of the survey that their participation was voluntary
and anonymous.
Demographic information was collected from each

respondent, which included their intended or current
specialty, which university they were enrolled in or had
graduated from, and, where applicable, under which
university they were completing their residency training.
The survey consisted of a total of 31 questions.

Questions were designed with the help of an electro-
physiologist, and standardisation was sought by distribut-
ing it to three experts in the field of electrophysiology,
two of whom scored 100% and one who answered one
question incorrectly (which was regarding the increased
incidence of ARVC in Newfoundland, Canada, and can
be explained by the fact that this respondent was edu-
cated and currently practices in the USA). Questions
can be broken down into eight categories: general con-
cepts, ARVC, Brugada syndrome, CPVT, HCM, long QT
syndrome, WPW and genetic principles. For each cat-
egory, between three and five multiple choice questions
were asked, which aimed to assess general knowledge
about the underlying molecular aetiology of each dis-
order, the clinical presentation, pharmacological man-
agement and basic knowledge (which tested well-known
facts about the disorder where applicable, such as where
the disorder was most prevalent, or dynamic manoeuvres
that would assist in diagnosis). General questions aimed
to assess basic knowledge about the causes of SUDY, and
included questions such as whether the disorders men-
tioned would be identifiable upon autopsy. Finally,
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genetic principles focused on the commonest modes of
inheritance of each of the six disorders tested.
The use of multiple choice and true/false questions

was based largely on logistical factors, recognising that to
analyse over 600 short-answer or long-answer questions
objectively would have been challenging. In addition,
the vast majority of written examinations in Canadian
medical schools are in multiple-choice format. For
example, the Medical Council of Canada Qualifying
Examinations, which are required from all graduating
Canadian medical students and residents in order to
obtain licensure, is written entirely in multiple-choice
format.37

All the questions were also divided into two categories:
basic knowledge, which were felt to be clinically relevant
questions which tested the basic knowledge of SUDY dis-
orders that present relatively commonly, and advanced
questions, which we did not expect the majority to
answer correctly, but were designed to assess the level of
knowledge among medical students and recent gradu-
ates. (The basic knowledge questions are marked with
an asterisk in online supplementary appendix 1.)
Where data were missing, it was still included in the

calculation of results. For example, incomplete
responses were still used in the denominator to calculate
average scores. In addition, since it was impossible to
discern at which point in the survey some respondents
had dropped out, they were also kept in the analysis.
This was justified in light of the fact that medical stu-
dents are generally well aware that incomplete answers
will be marked as incorrect.
Approval from the University of British Columbia’s

Behavioural Research Ethics Board and Children’s and
Women’s Health Centre of British Columbia’s Research
Review Committee was obtained prior to beginning the
study.

DATA ANALYSIS
The proportion of correct answers for each question was
compared between the medical student and recent
graduate groups, and these results are presented in the
survey questions document (see online supplementary
appendix 1). For further analysis, all the questions were
broken down into two sets of categories, one which was
based on the cardiac disease, the second based on the
type of question asked (such as general knowledge, aeti-
ology, clinical presentation, treatment or inheritance
mode).The proportion of correct answers for each ques-
tion were then compared and plotted as frequency
charts for each category (see figures 1 and 2).

RESULTS
Between September 2011 and March 2012, 748 respon-
dents began the survey. In total 134 were immediately
excluded because they were not in their penultimate or
final year of medical school, were not within 5 years of
graduating, or they did not attend a Canadian medical

school. Of the remaining 614 respondents, 468 finished
the survey (ie pressed the ‘finish’ button at the end of
the last page), and an average of 335 respondents
answered each question, resulting in a completion rate
of 54% (335/614).

Demographics of respondents
Despite the fact that not all Canadian medical schools
agreed to distribute the survey to their students, all 14

Figure 2 Proportion of questions answered correctly by

medical students and recent graduates according to topic

category. Pharm, pharmacological.

Figure 1 Proportion of questions answered correctly by

medical students and recent graduates (≤5 years after

graduating) according to syndrome. ARVC, arrhythmogenic

right ventricular cardiomyopathy; Brugada, Brugada

syndrome; CPVT, catecholaminergic polymorphic ventricular

tachycardia; HCM, hypertrophic cardiomyopathy; Long QT,

long QT syndrome; WPW, Wolff-Parkinson-White syndrome.
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Canadian medical schools were represented in the study,
as Canadian postgraduate students often complete their
residency training through a university other than from
which they graduated.
Of the 614 respondents, 398 were recent graduates

(making up 65% of the sample) and 216 were medical
students (35% of the sample). These numbers were
employed as the denominators for all calculations.
When asked which specialty they would like to pursue

or were in the process of pursuing, respondents most
commonly answered family medicine/general practice
(31/27% for medical students/recent graduates, respect-
ively), paediatrics (9/10%) and internal medicine (14/
8%). Cardiology ranked tenth with 1/2% of students
choosing this as their specialty of choice.

Knowledge of arrhythmia substrates
On average, recent graduates (having graduated
≤5 years ago) fared better on all survey topics than
medical students, by generally answering between 5%
and 15% more accurately on all subject categories (see
figures 1 and 2).
When knowledge regarding the six specific disorders

was tested, questions regarding HCM were best answered
(with an average of 35% of questions answered correctly
by medical student respondents and 45% by recent grad-
uates), followed by WPW, CPVT, ARVC, Brugada syn-
drome and finally, long QT syndrome, the latter topic
being answered correctly 18% of the time by both
student populations (see figure 1). Questions regarding
molecular aetiology and pharmacological treatment
were answered less accurately than general questions or
those concerning clinical presentation/diagnosis (with
an average difference of 10%, see figure 2).

Basic knowledge questions
Of the medical student and recent graduate groups,
30% and 39% of the questions categorised as basic
knowledge were answered correctly, respectively.
Forty-two per cent and 48% correctly answered that
HCM is the most common cause of sudden cardiac
death in athletes ≤35 years old. Between 10% and 45%
of medical students and 50–60% of recent graduates cor-
rectly answered that HCM and myocardial infarction
would have positive findings on autopsy, and that LQT,
Brugada syndrome and CPVT would not. Thirty-three
per cent and 42% of respondents correctly identified
that the accessory pathway in WPW connects the atrium
to the ventricle. Less than 17% of medical students, and
under 26% of recent graduates, correctly identified the
most common modes of inheritance (autosomal domin-
ant) of LQT, Brugada syndrome, CPVT, HCM and
ARVC. Forty-two per cent and 53% correctly identified
the inheritance rate of an autosomal-dominant disease.
Thirty per cent and 38% of both groups correctly identi-
fied the difference between penetrance and expressivity.

Advanced questions
On average, 20% and 25% of medical students and
recent graduates, respectively, answered these questions
correctly. Fourteen per cent and 19% correctly identi-
fied the upper limit of a normal corrected QT interval
in men and women, and 12% and 14% of respondents
in both groups correctly identified the calculation used
to correct the QT interval. Thirty-eight per cent and
43% of respondents from both respective groups cor-
rectly answered that rapid access to defibrillation was the
most effective life-saving measure during a cardiac
arrest. Ten per cent and 14% correctly identified sleep
to be the most likely time for a patient with Brugada syn-
drome to experience sudden cardiac death.
Many questions in this category asked the molecular

mechanism of the disorders tested, which were generally
answered correctly by under a quarter of respondents.
For example, 11% and 13% of respondents in both
groups correctly identified desmosomes to be abnormal
in ARVC, 16% and 25% correctly identified an abnor-
mality in calcium conduction to be the underlying aeti-
ology in CPVT. Another theme in this category asked
about methods as well as signs used to diagnose these
conditions, or the pharmacological management of
them. For example, 28% and 41% of respondents cor-
rectly identified bidirectional ventricular tachycardia
during and exercise stress test to be diagnostic of CPVT.
Twenty-two per cent and 29% of respondents correctly
identified verapamil to be contraindicated in patients
with WPW, and 16% and 22% correctly answered
sodium channel blockers to be contraindicated in
Brugada syndrome. Twenty-four per cent and 30% cor-
rectly answered an ECG to be the most reliable diagnos-
tic test for Brugada syndrome.

DISCUSSION
The explosion of knowledge in the field of medicine in
the last two decades has overwhelmed the scope of what
can be covered in medical training. However, some edu-
cation on SUDY is likely to save lives. It is clear that
Canadian medical students do not receive enough edu-
cation regarding these conditions, with medical students
answering an average of 25% of questions correctly, fol-
lowed by 34% of recent graduates (having graduated
≤5 years ago). Although it is encouraging that recent
graduates answered more accurately on all topic categor-
ies, the overall level of knowledge is still quite low.
Many of the questions in this survey are difficult. The

question set was divided into basic knowledge and
advanced categories, the former of which we felt the
majority (at least 50%) should be able to answer and
concerned basic electrophysiology concepts as well as
conditions which present more frequently relative to
some of the other SUDY disorders. The questions cate-
gorised as advanced were designed to better determine
the knowledge level among current graduates.
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What we were surprised to discover was that still only
30% and 39% of questions in the basic knowledge cat-
egory were answered correctly by the medical student
and recent graduate groups, respectively. These results
are concerning and cause us to speculate that in some
cases, current graduating medical students have not
even heard of some of these conditions. Although
proper pharmacological management of Brugada syn-
drome may not be imperative for a general practitioner
to properly refer a relative of a SUDY victim for screen-
ing, the recognition of the existence of these disorders,
combined with an appreciation for their high rates of
heritability, certainly are. What this survey clearly
demonstrates is a concerning lack of knowledge regard-
ing these disorders altogether.
Electrophysiology has historically been a topic for resi-

dents and fellows seeking specialised training in cardi-
ology. The Canadian medical curriculum is not
standardised nationally, although qualifications for licen-
sure later are.38 Therefore, although it is difficult to pin-
point how much education Canadian medical students
receive or should be receiving on the topic, what this
survey demonstrates is that it is arguably not enough.
A concerning result of this study is the lack of knowl-

edge regarding the commonest modes of inheritance
of SUDY disorders. Long QT syndrome, Brugada syn-
drome, CPVT, HCM and ARVC most commonly demon-
strate autosomal-dominant inheritance patterns.3 11 14

Additionally, the bulk of these disorders, particularly the
channelopathies, are not diagnosable upon autopsy.39

Therefore, a patient who presents with a positive family
history of a first or second-degree relative who died sud-
denly of an unknown cause should immediately alert the
physician to the possibility of a silent arrhythmia.
Furthermore, many patients with these disorders display
sentinel symptoms, particularly syncope, awarding the
physician yet another chance to diagnose the disorder
early.16 24

A majority (approximately 30%) of respondents in
this survey stated family medicine/general practice to be
their intended or designated specialty. Family physicians
generally function as the first respondent for any
medical issue, and they also generate the bulk of refer-
rals to specialists.29 Therefore, a good knowledge base,
combined with a high degree of suspicion for arrhyth-
mia disorders, is imperative in order to make these diag-
noses in time.
Diagnosis of these disorders is generally difficult.40

Many of them are silent on an ECG, and require echo-
cardiography, exercise-stress testing, pharmacological
testing, or in some cases, genetic testing, to properly
diagnose them.41–44 This speaks to the need for referral
to specialised heritable arrhythmia clinics that are
expert in diagnosing and treating these disorders.
Treatment is generally straight-forward, and requires
pharmacological therapy, or in more severe cases, trans-
catheter ablation or insertion of an implantable
cardioverter-defibrillator.45–47 Those who are managed

correctly go on to lead productive lives, and are gener-
ally unhindered in their activities of daily living.48

Study limitations
A study such as this one, which involves administering a
voluntary survey, inherently suffers from limitations.
Although it was impossible to discern a response rate
(because we were unable to determine exactly how
many surveys were distributed), we can assume it to be
relatively low (about 20% if it follows trends similar to
other surveys distributed to the medical community.)
Because the survey was voluntary, we were unable to
practice random sampling. We can therefore presume
that the results suffer from a level of voluntary response
bias, where those who participated were likely more
knowledgeable or at least more interested in the topics
discussed, than non-respondents.
In addition, the survey was not administered to a test

group in order to develop reliability and validity of the
questions before distributing it to the sample population.

CONCLUSION
The current knowledge of SUDY among Canadian
medical students and recent graduates is poor, which
may be a reflection of current medical education in this
field. Increased awareness and education regarding
SUDY are important in order to prevent further deaths
by these treatable disorders in the future.
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