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Executive Summary
Regulatory decisions and scientific statements regard-

ing the management of Attention Deficit and Hyperactivity
Disorder (ADHD) raise questions about the safety of med-
ications and the appropriate pretreatment evaluation to
determine suitability for treatment with medication. This is
particularly true in the setting of known structural or func-
tional heart disease. The present paper reviews the avail-
able data, including peer reviewed literature, data from the
United States Food and Drug Administration website on
reported adverse reactions in children using stimulant
medication, and Health Canada data on the same
problem. A consensus-based guideline on appropriate
assessment is provided, based on input from members of
the Canadian Pediatric Society, Canadian Cardiovascular
Society and the Canadian Academy of Child and
Adolescent Psychiatry with specific expertise and knowl-
edge in the areas of both ADHD and pediatric cardiology.
The present statement advocates a thorough history and
physical examination before starting stimulant medica-
tions, with an emphasis on the identification of risk factors
for sudden death, but does not routinely recommend elec-
trocardiographic screening or cardiac subspecialist consul-
tation unless indicated by history or physical examination
findings. A checklist for identification of children who are
potentially at risk of sudden death (independent of ADHD
or medications used to treat it) is provided. Although rec-
ommendations are based on the best evidence currently
available, the committee fur ther agrees that more
research on this subject is necessary in order to optimize
the approach to this common clinical scenario.

Introduction and Background
Pharmacologic treatment with stimulant medications

has been shown to improve symptoms associated with
Attention Deficit and Hyperactivity Disorder (ADHD) and is
part of the American Academy of Pediatrics treatment rec-
ommendations for children with this disorder (Goldman,
L. S., Genel, M., Bezman, R. J., & Slanetz, P. J., 1998;
American Academy of Pediatrics, Subcommittee of
Attention-Deficit/Hyperactivity Disorder and Committee on
Quality Improvement, 2001). However, recent regulatory
decisions regarding ADHD drug licensing and labeling
(Health Canada, 2006; U.S. Food and Drug
Administration, Drug Safety and Risk Management
Advisory Committee, 2006), along with a recent American
Heart Association statement (Vetter, V. L., Elia, J.,
Erickson, C., et al., 2008), its correction and a response
(clarification) by the American Academy of Pediatrics
(Perrin, J. M., Friedman, R. A., & Knilans, T. K., 2008;
American Academy of Pediatrics/American Hear t
Association, 2008), have raised questions about ADHD
evaluation and therapy among Canadian practitioners.
Current Canadian practice in the area of ADHD drug treat-
ment and cardiovascular screening is mixed, with little
agreement on the appropriate evaluation of children
before starting ADHD medication (Conway, J., Wong, K.
K., O’Connell, C., & Warren, A. E., 2008). Opinion is even
more divergent regarding the safety of treatment of chil-
dren with repaired or palliated Congenital Heart Disease
(CHD) taking ADHD medications (Conway et al., 2008).

To provide guidance and clarity for Canadian physi-
cians caring for children with ADHD, the Canadian



Cardiovascular Society, Canadian Pediatric Society and
the Canadian Academy of Child and Adolescent Psychiatry
developed the present joint position statement. The
statement provides consensus-based recommendations
on the assessment of cardiovascular risk in children with
ADHD being considered for stimulant treatment. It does
not address the diagnosis of ADHD, nor does it consider
the therapeutic benefits of stimulant treatment. Similarly,
it does not address the relative merits or risks of one
medication over another in this patient population.
Likewise, nonstimulant medications used in the treat-
ment of ADHD, including atomoxetine, antidepressants
and alpha agonists, are not specifically reviewed.

Methods
Relevant literature was sought using PubMed

searches utilizing the MeSH headings “death, sudden” OR
“death, sudden, cardiac” AND “attention deficit disorder
with hyperactivity” using the limits “human”, and “English”
(final search occurred on February 26, 2009).
Bibliographies of all retrieved papers were fur ther
reviewed for relevant papers that may have been missed
in the initial search. Titles and abstracts were reviewed for
relevance and papers that the writing group decided were
pertinent were included in the review. The existing consen-
sus statement on this topic from the American Heart
Association (Vetter et al., 2008) and its subsequent clari-
fications (American Academy of Pediatrics/American Heart
Association 2008), including the response of the American
Academy of Pediatrics (Perrin et al., 2008) were reviewed,
as were bibliographies from these documents. Experts in
the field of sudden death (pediatric electrophysiologists)
and ADHD (developmental and community pediatricians
and child and adolescent psychiatrists) were consulted
through solicited input and opinion. Finally, primary data
sources utilized by regulatory agencies were reviewed.
Three authors (Drs AE Warren, S Bélanger and R Hamilton)
summarized all selected papers and the final document
was reviewed, modified and ultimately approved by the
members of each organization’s writing group.
Recommendation grades and levels of evidence are listed
in Appendix 1.

Burden of Illness in Children and Youth with untreated
ADHD

In assessing the use of any medication, physicians
must weigh the risks of the disease itself against the
risks of the treatment. ADHD is the most common behav-
ioral disorder in children affecting 3%-7% of school-aged
children (Goldman et al., 1998). ADHD affects multiple
facets of a patient’s life. Many children with ADHD
present with school difficulties (Barkley, R. A., 1998) and
have lower self-esteem than non-ADHD children
(Slomkowski, C., Klein, R. G., & Mannuzza, S., 1995).
Family stress, psychiatric comorbidities, poor social skills
or social isolation and poor sibling or peer relationships

are challenges facing these children and adolescents
(Brown, R. T, & Pacini, J. N., 1989; Stein, M. A.,
Szumowski, E., Blondis, T. A., & Roizen, N. J., 1995).

Adolescents with ADHD are at higher risk for school
failure, poor social relationships, motor vehicle collisions,
delinquency and poor vocational outcomes, and are more
likely to experiment with tobacco, alcohol, drugs, and sex
(Greenhill, L. L., 1998). In adolescents, having ADHD may
be associated with double the risk for psychoactive sub-
stance abuse (Biederman, J., Wilens, T., Mick, E.,
Spencer, T., & Faraone, V., 1999).

In addition, adolescents and young adults with ADHD
are more likely than control subjects to be cited for
speeding and other traffic violations (Barkley, R. A.,
Murphy, K. R, & Kwasnik, D., 1996).

ADHD in Children with Heart Disease
Heart disease in children can take many forms, but

in North America, structural forms of CHD predominate.
Because mortality rates have improved in this group of
children, attention has turned to assessing neurodevelop-
mental outcomes in these patients. Increasingly, the liter-
ature shows that children with repaired CHD are at
increased risk of also having ADHD (Shillingford, A. J.,
Glanzman, M. M., Ittenbach, R. F., Clancy, R. R., Gaynor,
J. W., & Wernovsky, G., 2008; Hovels-Gurich, H. H.,
Konrad, K., Skorzenski, D., et al., 2006). Shillingford et
al. (2006) found that parents of up to 30% of school-age
survivors of cardiac surgery reported clinically significant
scores on the ADHD Rating Scale-IV, a standardized
instrument for quantification of ADHD symptoms. Hovels-
Gurich et al. (2006) described decreased attention in
association with cyanotic heart disease. It is unknown
whether observations by both groups are related to surgi-
cal or perioperative factors, coexistent genetic conditions,
or environmental influences. Unfortunately, no studies on
the risks and benefits of treating these children with stim-
ulant medications have been published.

Arrhythmic heart disease in children includes rhythm
disorders such as long and short QT syndrome, arrhyth-
mogenic right ventricular cardiomyopathy, Brugada syn-
drome, and Wolff-Parkinson-White syndrome. Cardiomyo-
pathies, most commonly hypertrophic or dilated, also
occur. All of these conditions are intrinsically associated
with varying risks of sudden death, even without stimu-
lant medications. It is unknown whether these children
have an increased rate of ADHD in comparison with the
general population. The risks of stimulant use in this
population are likewise unknown.

Sudden Death in Children and Youth
In contrast to adults, sudden death occurs only rarely

in the pediatric population (Wren, C., O’Sullivan, J. J., &
Wright, C., 2000; Berger, S., Utech, L., & Hazinski, M. F.,
2004). Although no estimates of the sudden death rate in
Canadian children have been published, rates range from
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1.3 to 8.5 per 100,000 patient-years in other countries
(Wren et al., 2000; Berger et al., 2004; Cohen, A., Jhung,
M., & Budnitz, D., 2006; Neuspiel, D. R., & Kuller, L. H.,
1985). In Italy, the incidence of sudden death in individu-
als younger than 35 years of age is 0.8 per 100,000
persons per year (Corrado, D., Basso, C., Schiavon, M., &
Thiene, G., 1998). In Berger’s review of multiple series
the median sudden death rates in children is 1.2 to 1.3
per 100,000 patient-years (Berger, S., Kugler, J. D.,
Thomas, J. A., & Friedberg, D. Z., 2004).

Autopsies of young persons with no previously diag-
nosed heart disease who died suddenly have often
revealed heritable cardiac conditions (hypertrophic car-
diomyopathy, long QT syndrome, arrhythmogenic right
ventricular cardiomyopathy, catecholaminergic polymor-
phic ventricular tachycardia, or Brugada Syndrome) or
subclinical structural conditions (coronary artery anom-
alies) (Bar-Cohen, Y., & Silka, M. J., 2008). A pre-existing
history of cardiac symptoms (syncope, palpitations) or a
positive family history for sudden death is often identified
in these patients, although frequently misinterpreted
(Wisten, A., & Messner, T., 2005).

Sudden Death in Children with Heart Disease
Among young persons with known structural CHD,

sudden death is associated with specific conditions,
notably tetralogy of Fallot and d-transposition of the great
arteries, particularly after the Mustard or Senning proce-
dures (Silka, M., Hardy, B., Menashe, V., & Morris, C.,
1998). The rate of sudden death in children with CHD
varies significantly, depending on the nature of the under-
lying disease (Silka et al., 1998). Silka et al (1998) found
an overall sudden death rate of 0.9 per 1000 patient-
years (90 per 100,000 patient-years) among patients with
selected forms of CHD who had undergone surgical
repair. In another study, Nieminen et al. (2007) found that
22% of CHD-related late deaths after cardiac surgery
were sudden, with 73 of 88 sudden deaths presumed
secondary to arrhythmias. Of the 6024 patients who sur-
vived their first operation, the overall sudden arrhythmic
death rate in this series was 1.2%. In Canada, Sanatani
et al. (2006) found a sudden and unexpected death fre-
quency of 10 patients per year (0.14% of “patient encoun-
ters”) over an 8 year period when all postoperative
patients followed by a pediatric cardiology service in
Ontario were included. Dancea et al. (2002) found that
36% of structural heart disease was undetected before
death in cases of sudden unexpected infant death in
Quebec. Only 13% of non-structural heart disease (such
as myocarditis or primary endocardial fibroelastosis) was
detected before death.

Sudden Unexpected Death in Children with ADHD 
In children with ADHD, the risk of death from all

causes is estimated at 58.4 per 100,000 patient-years
(Winterstein, G., Gerhard, T., Shuster, J., Johnson, M.,

Zito, J. M., & Saidi, A., 2007). Regulatory agencies
(United States Food and Drug Administration [FDA] and
Health Canada) identified 25 sudden deaths in individuals
prescribed ADHD medications from Adverse Event
Reporting System data, resulting in the current concern
over a possible association (Perrin et al., 2008; Gelperin,
K., Benoit, S., & Pamer, C., 2006; Racoosin, J., 2006).
However, when the number of patient-years of prescribed
medication is incorporated into the evaluation, the fre-
quency of reported sudden deaths per year of ADHD
therapy with methylphenidate, atomoxetine or ampheta-
mines among children is 0.2 to 0.5 per 100,000 patient-
years (Racoosin, 2006). While it is recognized that
adverse events are frequently under-reported in general,
the sudden death of a young individual on medication
therapy is likely to be better reported. Thus, using the
best available data, it is likely that the risk for sudden
death of children on ADHD medications is similar to that
of children in the general population. For the reported
cases, the frequency of structural heart disease, prior
syncope, positive family history of sudden death or condi-
tions potentially associated with sudden death, and asso-
ciation with exercise were similar to that reported for
sudden death in the general pediatric population.

A case control study by Gould et al (2009) examined
the frequency of stimulant use (as determined from a com-
bination of sources) among those who died suddenly and
unexpectedly (SUD group) compared with those who died
in motor vehicle collisions. Although it was subject to sig-
nificant potential recall bias, this study found that the OR
for stimulant use in the SUD group was 7.4 (95% CI 1.4 to
74.9). The wide CI reflects the rarity of sudden death in
those on stimulant medication, with just 10 cases and 2
controls among 564 matched pairs reported to be taking
methylphenidate. In sensitivity analyses, these findings
did not reach statistical significance when parental reports
of stimulant use were excluded. An FDA response to this
study (2009) pointed out other limitations that make these
findings difficult to interpret. The limitations include possi-
ble reporting biases, other recall biases and the low
overall frequency of stimulant use in both groups. As a
consequence, the FDA suggested no change in the general
approach to ADHD patient care. However, as clinicians it
is important to recognize that exceedingly rare but real
risks cannot yet be excluded, and should be balanced
against the risks associated with failing to treat children
with ADHD and that future research will likely continue to
shape our understanding of these risks.

Potential Approaches to the Problem
Given the clear need to provide guidance for

Canadian physicians caring for children with ADHD and
persistent uncertainty regarding this issue within the
Canadian medical community, the committee considered
a number of potential approaches to this problem. These
are outlined below.
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History and Physical Assessment:
The use of a structured cardiovascular risk-screening

tool in the assessment of children with ADHD has not been
tested. However, focused history and physical assessment
forms have been recommended to screen for cardiac
disease at other times (Campbell, R. M., & Berger, S.,
2006). Positive responses on a cardiac functional enquiry
including a history of decreased exercise tolerance in com-
parison with other children or extreme shortness of breath
with exercise; questions specifically about fainting or palpi-
tations with exercise or with startle or fright; and a detailed
family history looking for a history of sudden or unexpected
death in the family, particularly in individuals younger than
35 years of age (including unexplained motor vehicle acci-
dents, drownings and sudden infant death syndrome
cases); are at least theoretically useful in identifying chil-
dren who are potentially at risk of sudden death, but have
not been prospectively evaluated for efficacy. Abnormal
findings on cardiovascular examination such as the pres-
ence of a pathologic-sounding murmur, or absent or
delayed femoral pulses should prompt further evaluation
before starting on ADHD medications, as they should for

any child. The presence of a known or confirmed functional
murmur should not preclude the use of ADHD medications
in children who are otherwise well.

In an effort to provide a screening tool that practition-
ers can use to screen for cardiac disease, the committee
proposes the following checklist provided in Table 1. This
table is not intended to be specific for ADHD patients.
However, a positive response on any of these items
should prompt further investigation or review by a special-
ist in pediatric cardiology. The absence of any positive
response should likewise not be interpreted as a guaran-
tee of “safety” when using ADHD medications.

Electrocardiogram assessment:
There are currently no data on the frequency with

which a pretreatment electrocardiogram (ECG) in the
ADHD population would identify an individual at risk for
sudden death. ECG screening has been evaluated as a
method to prevent sudden cardiac death in athletes in the
United States, with an estimated cost of US $44,000 per
year of life saved (Fuller, C., 2000). Japan has performed
school-based ECG screening of all children, with an esti-
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Table 1. Screening Tool for Identification of Potential Cardiac Risk Factors for Sudden Death in Children Starting
Stimulant Medication
Answering “yes” to any of these questions should prompt further investigation or review by a specialist in pediatric
cardiology

Item Yes No
History
Shortness of breath with exercise (more than other children of the same age) in the absence 
of an alternate explanation (e.g. asthma, sedentary lifestyle, obesity)
Poor exercise tolerance (in comparison with other children) in the absence of an alternate 
explanation (e.g. asthma, sedentary lifestyle, obesity)
Fainting or seizures with exercise, startle or fright
Palpitations brought on by exercise
Family history of sudden or unexplained death including sudden infant death syndrome, unexplained 
drowning or unexplained motor vehicle accidents (in first or second degree relatives)
Personal or family history (in first or second degree relatives) of non-ischemic heart disease 
such as:

Long QT syndrome or other familial arrhythmias
Wolff-Parkinson-White syndrome
Cardiomyopathy
Heart Transplant
Pulmonary Hypertension
Unexplained motor vehicle collisions or drowning
Implantable defibrillator

Physical Examination
Hypertension
Organic (not functional) murmur present
Sternotomy incision
Other abnormal cardiac findings
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mated cost of US $8,800 per year of life saved (Tanaka,
Y., Yoshinaga, M., Anan, R., et al., 2006). In Italy, ECG
screening of all athletes has been mandated for more
than 30 years and is considered to have reduced the inci-
dence of sudden cardiac death in that population by 89%
(Corrado, D., Basso, C., Pavei, A., Michieli, P., Schiavon,
& M., Thiene, G., 2006). The applicability of the Italian
data to other populations has been questioned (Frohna,
J. G., 2007). Frohna (2007) points to the observational
nature of the study, the lack of evaluation of the incre-
mental value of ECG (over history and physical alone),
and a higher than usual initial sudden death rate in Italy,
among other limitations, as potential reasons to be cau-
tious. Canadian healthcare jurisdictions do not currently
organize or fund ECG screening for athletes or other
groups. Consequently, in the absence of any published
studies of ECG screening in the ADHD population, there
is no current indication to perform an ECG in a child
before or during ADHD therapy when history, family
history and physical examination are normal and remain
so. Moreover, in the absence of high quality evidence to
guide clinicians in the appropriate management of many
of the asymptomatic ECG findings that may be discov-
ered, screening in this population may lead to inappropri-
ate discontinuation of helpful treatment and may do more
harm than good.

Subspecialty consultation:
For the typical ADHD patient with no known heart

disease or risk factors for sudden death, the risk of med-
ication is likely to be no higher than that for the general
childhood population. Therefore, ADHD medication should
be initiated at the recommendation of the physician diag-
nosing and following the patient for the ADHD, and not a
cardiologist.

For patients with known congenital heart disease or
arrhythmias, certain disorders are known to be associ-
ated with an increased risk of sudden death. Such
patients should already be under the care of a cardiolo-
gist. Because there is no compelling evidence that ADHD
medications raise the risk of sudden death even further,
initiation of ADHD medication should be primarily at the
recommendation of an ADHD specialist, although discus-
sion of treatment choices with the responsible cardiolo-
gist is appropriate. In some cases, the cardiologist may
recommend fur ther investigation before beginning
therapy, or specialized surveillance on an ongoing basis.
These recommendations should be individualized for the
selected therapy and underlying condition.

For patients with newly identified risk factors for coex-
istent cardiac disease, as per the proposed checklist, con-
sultation with a heart specialist should be sought, regard-
less of whether ADHD medication will be prescribed. This
would also be true in the non-ADHD patient. There is cur-
rently no evidence to support routine consultation with a
cardiologist before the start of ADHD medication.

Conclusions and Recommendations:
For each conclusion and recommendation, the level

of recommendation and strength of evidence are provided
in parentheses following the statement.

• Analysis of patient-year exposure data for children on
ADHD medications suggests that the rate of sudden
death is similar to the general population. Possible
under-reporting, a report of increased odds of stimu-
lant use in patients with sudden death compared with
motor vehicle deaths, and rare deaths with the initia-
tion of medication remain reasons for continued
research in this area (class IIa, level C).

• CHD patients frequently have ADHD, and can poten-
tially benefit from ADHD therapies, including appropri-
ately prescribed medication (class IIa, level C).

• Patients with ADHD, like all pediatric patients, should
undergo a careful history and physical examination
that includes personal and family history details that
may identify those at risk of sudden cardiac death.
This should be performed by their primary care physi-
cian (class IIa, level C).

• Routine ECG assessment of ADHD patients before
starting medication is not supported by evidence and
is not recommended (class IIa, level C).

• For ADHD patients without known heart disease, the
physician managing the ADHD is the appropriate indi-
vidual to evaluate benefit and risk and make recom-
mendations for medication therapy (class IIa, level C).

• For ADHD patients with known heart disease who are
followed by a cardiologist, the physician with expertise
in ADHD likely remains the appropriate individual to
evaluate benefit and risk and make recommendation
for medication therapy, because there is little evidence
that taking medication further increases the risk of
sudden death. Discussion of treatment options with
the cardiologist is appropriate, with ultimate treatment
decisions being made by consensus. ‘In-person’ clini-
cal review by the cardiologist specifically for ADHD risk
assessment before starting treatment is generally
unnecessary (class IIa, level C).

• For ADHD patients with suspected heart disease or
identified risk factors for sudden death, assessment
by a cardiologist is recommended. This would also be
the case for a non-ADHD patient (class IIa, level C).

• The above points are based on the consensus of a
combined group of practitioners from across Canada
with expertise in sudden death, general pediatric cardi-
ology, and the care of children and youth with ADHD.
Further research is necessary before recommenda-
tions satisfying higher level of evidence criteria can be
made. (class IIa, level C).

Disclaimer: This article has been jointly prepared by members
of the Canadian Cardiovascular Society, the Canadian Paediatric
Society, and the Canadian Academy of Child and Adolescent
Psychiatry. It is being published simultaneously in the journals
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Appendix 1 – Recommendation Grades and Level of Evidence

Recommendation Grade 

Class I: Evidence and/or general agreement that a given diagnostic procedure/treatment is beneficial, useful and
effective.

Class II: Conflicting evidence and/or a divergence of opinion about the usefulness/efficacy of the treatment
Class IIa: Weight of evidence in favour
Class IIb: Usefulness/efficacy less well established
Class III: Evidence that the treatment is not useful and in some cases may be harmful

Level of Evidence
Level A: Data derived from multiple randomized clinical trials (RCT) or meta-analysis
Level B: Data derived from a single RCT or large non-randomized studies
Level C: Consensus of opinion by experts and/or small studies, retrospective studies, registries

of all three societies to facilitate dissemination of the informa-
tion to the Canadian medical community. Though the content of
each article is identical, the author list varies. This reflects the
cooperative nature of the statement, and the joint involvement
of all of the writing groups and their respective chairs, in the
preparation, revision and approval process of the document.
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