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ABSTRACT
Background: Evidence-based campaigns are available to support
appropriate diagnostic testing in cardiology, but medico-legal concerns
can impede implementation.
Methods: We conducted a retrospective descriptive analysis of
medico-legal cases (civil legal, regulatory authority, hospital matters)
involving cardiologists in Canada. For eligibility, cases must have
closed at the Canadian Medical Protective Association between
January 1, 2009 and December 31, 2018. We defined test underuse
and overuse using criticisms in the medico-legal record from peer
experts, regulatory authorities, or hospitals. We used a contributing
factors framework and descriptive statistics for analysis.
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R�ESUM�E
Contexte : Même s’il existe des campagnes fond�ees sur des donn�ees
probantes visant à promouvoir le recours aux tests diagnostiques
appropri�es en cardiologie, il arrive que des pr�eoccupations d’ordre
m�edico-l�egal nuisent à la r�ealisation de ces tests.
M�ethodologie : Nous avons r�ealis�e une analyse descriptive
r�etrospective des affaires m�edico-l�egales (poursuites au civil et
plaintes d�epos�ees auprès d’organismes de r�eglementation et d’hôpi-
taux) touchant des cardiologues au Canada. Ont �et�e retenus pour
l’analyse les dossiers clos à l’Association canadienne de protection
m�edicale entre le 1er janvier 2009 et le 31 d�ecembre 2018. La sous-
utilisation et la surutilisation de tests ont �et�e d�efinies à partir des
The underuse and overuse of screening or diagnostic tests can
pose risks to patient safety. In 1998, an Institute of Medicine
national roundtable acknowledged these risks in the context of
health care quality in the United States. They defined
underuse as the failure to provide care that would have pro-
duced a favourable outcome for a patient, and overuse as care
with the potential for harm that exceeded the possible
benefit.1 Increasingly over time, countries around the world
have acknowledged the importance of physicians reducing
these practices2 and yet, there remains evidence that cardiac
diagnostic tests are being underused3-5 and overused6-8 in
Canada.

The Canadian Cardiovascular Society’s clinical practice
guidelines9 and Choosing Wisely Canada’s clinical
recommendations10 are evidence-based campaigns to support
appropriate screening and diagnostic testing in cardiology, but
there are various reasons they might not be followed when
indicated.11-13 Pitfalls in clinical decision-making, such as
cognitive biases or lack of knowledge, could lead to diagnostic
errors and test underuse.14,15 Conversely, lack of knowledge
or incidental findings might trigger a cardiology workup and
test overuse. The fear of litigation is cited as another reason for
test overuse.12,16-18 In a recent Canadian survey, a sample of
cardiologists and cardiology residents expressed concern that if
they ordered fewer tests, in accordance with Choosing Wisely
Canada’s list of Five Things Physicians and Patients Should
Question for cardiologyda list dedicated to addressing cardiac
diagnostic test overuse (Supplemental Appendix S1)dthey
would increase their medico-legal risk.16 To date, however,
very little information has been published about medico-legal
matters involving cardiologists in Canada.

Medico-legal data can shed light on these issues by
informing cardiologists about the frequency of complaints in
their specialty area and the factors that contribute to a
complaint. With a contextualized understanding of risk, car-
diologists might be able to mitigate some of their medico-legal
concerns. The aim of this study was to understand the
medico-legal issues faced by cardiologists with respect to
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Results: From 2009 to 2018, the Canadian Medical Protective Asso-
ciation closed 60,598 cases with 368 (0.6%) involving a cardiologist.
Within those cases, there was no criticism of cardiac diagnostic test
overuse and 15 cases (4.1%) with criticism of underuse (tests not or-
dered, not expedited, delayed). In 12 of 15 cases of underuse (80.0%),
the patient experienced severe harm or death. Of 8 civil legal cases, 6
were decided in favour of the plaintiff (75.0%) and 2 were dismissed
by consent before proceeding to trial (25.0%). Decisions on regulatory
authority matters did not favour the cardiologist (7 of 7 cases). In all
cases of underuse, there was need for focused testing to investigate
new or worsening symptoms. The most common contributing factors
included clinical decision-making, situational awareness, and
communication with teams and patients.
Conclusions: Medico-legal cases involving cardiologists and the over-
use or underuse of cardiac diagnostic tests were extremely rare in
Canada, despite the potential for harm. The criticisms of cardiac
diagnostic test underuse related to issues with diagnosing symptom-
atic patients.

critiques formul�ees dans les dossiers m�edico-l�egaux par des pairs
sp�ecialistes, des organismes de r�eglementation ou des hôpitaux.
L’analyse reposait sur un cadre d�ecrivant les facteurs contributifs et
sur un modèle de statistique descriptive.
R�esultats : De 2009 à 2018, l’Association canadienne de protection
m�edicale a clos 60 598 dossiers; de ce nombre, 368 (0,6 %) dossiers
visaient un cardiologue. Parmi ces dossiers, aucun ne concernait la
surutilisation de tests visant à diagnostiquer un trouble cardiaque, et
15 (4,1 %) concernaient la sous-utilisation de tels tests (test non
demand�e, non acc�el�er�e ou report�e). Dans 12 (80 %) des 15 cas de
sous-utilisation, le patient a subi un tort grave ou est d�ec�ed�e. Sur les
huit poursuites au civil, six (75 %) ont �et�e jug�ees en faveur du
demandeur, et deux (25 %) ont �et�e rejet�ees d’un commun accord entre
les parties avant le d�ebut du procès. Toutes les d�ecisions relatives à
des questions relevant des organismes de r�eglementation, au nombre
de sept, ont �et�e en d�efaveur du cardiologue. Dans tous les cas de sous-
utilisation, le patient avait besoin de subir des tests cibl�es afin
d’�evaluer l’apparition ou l’aggravation de symptômes. Les facteurs
contributifs les plus fr�equents comprenaient la prise de d�ecisions
cliniques, la connaissance de la situation et la communication avec les
�equipes et les patients.
Conclusions : Les affaires m�edico-l�egales touchant des cardiologues
et la surutilisation ou la sous-utilisation de tests de diagnostic car-
diaque �etaient extrêmement rares au Canada, malgr�e les pr�ejudices
qui peuvent en d�ecouler. Les critiques relatives à la sous-utilisation des
tests de diagnostic cardiaque concernaient toutes des problèmes li�es à
l’investigation diagnostique chez des patients pr�esentant des
symptômes.
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cardiac diagnostic testing. Our specific objectives were: (1) to
measure the frequency of medico-legal cases involving cardi-
ologists in Canada that related to the underuse or overuse of
cardiac diagnostic tests; and (2) to identify the contributing
factors in these cases.
Methods
We conducted a retrospective descriptive analysis of closed

medico-legal cases. The Canadian ethics review panel of the
Advarra (formerly Chesapeake) institutional review board,
based in Aurora, Ontario and comprised of Canadian mem-
bers, reviewed and approved the study in compliance with
Canada’s Tri-Council policy statement on the ethical conduct
for research involving humans. This review body was chosen
because the principal investigator (L.A.C.) and other staff
conducting the research (H.K.N., E.M.W., J.J.) were full-
time employees of the Canadian Medical Protective Associa-
tion (CMPA) and the CMPA funded the research in full.

Data repository and medico-legal coding

The CMPA is a national, not for profit mutual defense
organization for physicians, and a provider of medico-legal
and patient safety education. The CMPA currently main-
tains a national repository of coded medico-legal data, which
was the basis for our study. The CMPA secures the confi-
dentiality of medico-legal data through measures such as
encryption, firewalls, limited file access, and researcher
confidentiality agreements. Data shared for research purposes
is deidentified and anonymized. Each medico-legal matter, or
“case,” in the repository represents a complaint against a
physician in Canada in the form of a civil legal action or
complaint to a regulatory authority (college) or hospital. All
cases are brought forward voluntarily to the CMPA by phy-
sicians seeking medico-legal advice and/or support. As of
December 31, 2018, the CMPA had 99,708 physician
members (estimated as > 95% of Canadian physicians) of
whom 1793 self-identified as cardiologists when obtaining
membership with the CMPA.

For each case involving a patient, a nurse-analyst reviewed
the medico-legal record and then coded clinical details and
factors that might have contributed to each case. These
methods were described previously.19 Analysts used the Ca-
nadian Classification of Health Interventions20 to code in-
terventions (defined in Supplemental Table S1). They coded
patient harm using a classification system on the basis of the
American Society for Healthcare Risk Management’s
“Healthcare Associated Preventable Harm Classification”21

(Supplemental Table S2). Additionally, analysts used an in-
house coding framework19 to assign patient safety indicators
and contributing factor codes (provider, team, system) on the
basis of peer expert, college, or hospital criticisms (defined in
Supplemental Table S1) in the medico-legal case. Analysts
conducted quality assurance reviews of their coding, elec-
tronically and in a group format, on a weekly basis to reduce
misclassification.

Eligibility

For inclusion in our study, cases must have involved a
physician named in the medico-legal matter who self-reported
cardiology as their specialty when obtaining membership with
the CMPA. Additionally, cases must have closed (defined in
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Supplemental Table S1) by the CMPA between January 1,
2009 and December 31, 2018 inclusive. The 10-year interval
reflected relatively recent medicine while providing a reason-
able number of cases for analysis. We included civil legal,
college, and hospital cases, and all clinical settings in and out
of hospital. We excluded class actions/global settlements and
cases involving pregnant patients (because patient to case ra-
tios were > 1), legal actions that were threatened but not
pursued, and duplicate cases. When there were duplicate
cases, we included only the most serious case type (in order of
decreasing severity: legal then college then hospital).

Subgroups

For the purpose of this study, we did not appraise diag-
nostic test underuse or overuse in each case. Rather, we
appraised the criticisms and complaints of underuse and
overuse as documented in the medico-legal record. There-
fore, our definition of test underuse was the failure to
perform a cardiac screening or diagnostic test when it was
clinically indicated, according to peer expert, college, or
hospital criticisms in the medico-legal record (the
Supplemental Methods S1 lists the cardiac tests in our
medico-legal cases). Our definition of test overuse was per-
forming a cardiac screening or diagnostic test that was not
clinically indicated, or did not provide clinically relevant
diagnostic information, according to peer expert, college, or
hospital criticisms in the medico-legal record. Discordant
patient complaints were cases in which a patient or family
complained of cardiac test underuse or overuse, but there was
no criticism of this by peer experts, colleges, or hospitals;
these complaints were of secondary interest. Supplemental
Figure S1 shows our classification scheme. To identify
these 3 subgroups, we applied the extraction methodology
described in Supplemental Methods S2.

Variables

We extracted the following variables from the CMPA re-
pository: date and province for underuse or overuse; medico-
legal case characteristics; patient sex and age; patient harm
(Supplemental Table S2); clinical setting; number of physi-
cians named per case; type of cardiac tests; and contributing
factors. A nurse-researcher (E.M.W.) identified cardiac risk
factors, cardiac conditions, and clinical outcomes by manual
review of medical analyst summaries. The same nurse-
researcher also derived the variables described in
Supplemental Methods S3.

Data analysis

We calculated frequencies and proportions to describe
case characteristics, patients, physicians, and diagnostic
tests. To summarize contributing factor themes, we used
frequencies and a spectrum display. For context, we also
determined the total number of CMPA members who self-
identified as a cardiologist when obtaining membership, as
well as the number of cases that closed during the study
period. For discordant patient complaints, we determined
only the frequency, date, and province of underuse or
overuse. We used the CMPA’s in-house data analysis tool
and SAS statistical software utility, version 9.422 for statis-
tical analyses.
Results
From 2009 to 2018, the CMPA closed 60,598 medico-

legal cases and of those, 368 (0.6%) involved a cardiologist.
The cardiologists in these cases practiced in 9 Canadian
provinces, with the highest proportion (196 cases; 53.3%) in
Ontario. Overall, there were 31 cases involving cardiologists
and the underuse or overuse of cardiac diagnostic tests (8.4%
of 368 cardiologist cases): 0 cases with criticism of test over-
use, 15 cases with criticism of test underuse, and 16 discor-
dant patient complaints. We describe these cases in the
following sections.

Of 368 cardiologist cases, we found no criticisms of cardiac
diagnostic test overuse by peer experts, colleges, or hospitals.
There were, however, 15 cases with criticisms of diagnostic
test underuse (4.1%). These criticisms related to diagnostic
tests such as echocardiograms, coronary angiograms, and stress
tests performed between 1994 and 2016 that involved car-
diologists in 3 Canadian provinces, mostly in Ontario (11 of
15; 73.3%). When there was criticism of diagnostic test
underuse, the case types were civil legal cases or college mat-
ters (8 and 7 cases, respectively). Civil legal cases were usually
decided in favour of the plaintiff (6 of 8; 75.0%); others were
dismissed by consent before proceeding to trial (2 of 8;
25.0%). There were no college matters decided in favour of
the cardiologist (7 of 7 unfavourable).

Across 15 cases with criticism of diagnostic test underuse,
patients were typically older (45 years or older) and had car-
diac risk factors: 14 patients had at least 1 documented cardiac
risk factor, 5 had a documented valve disorder, and 3 un-
derwent a cardiac procedure in the previous 3 months. Most
patients (12 of 15) died or experienced severe harm (Table 1).

The most common clinical location for cardiac diagnostic
test underuse was a cardiologist’s office (6 of 15); most patient
encounters were in a large population region of Canada (12 of
15; Table 2). Approximately one-half of the 17 physicians
involved (52.9%) were 15-29 years post graduation from a
medical degree (Table 2). Comparatively, as of February 2020
at the CMPA, 40.9% of all cardiologist members were 15-29
years post graduation (22.1% were < 15 years and 36.7%
were 30 years or more post graduation, respectively).

Of 15 cases with criticism of cardiac diagnostic test
underuse, 7 involved delayed tests or tests not expedited, and
8 involved tests not ordered. These diagnostic tests were
usually noninvasive, such as echocardiography (Table 3). In all
15 cases, there was a need for focused diagnostic testing to
investigate new or worsening symptoms. Documented phys-
ical exam findings were cited as a clinical indication for cardiac
diagnostic testing in 9 cases. No case involved the underuse of
cardiac screening or preoperative tests.

The factors most frequently associated with cardiac
diagnostic test underuse were a cardiologist’s inadequate
clinical decision-making and lost situational awareness
(Figure 1A). As an example of the latter, patients in 3 cases
presented repeatedly with similar or worsening health con-
cerns. In 1 case, patient factors might have contributed to
diagnostic test underuse because the patient had atypical
symptoms. In 6 of 15 cases (40.0%), criticisms of physicians
were compounded with criticisms of communication or
health care systems (eg, in 4 cases [26.7%], the lack of re-
sources or inadequate office systems was noted in the
medico-legal record). Figure 1B provides the specific



Table 2. Health care locations and physicians named in medico-legal
cases with criticism of cardiac diagnostic test underuse*; CMPA closed
cases, 2009-2018 (n ¼ 15 cases)

Characteristic n (%)

Clinical location
Doctor’s office 6 (40.0)
Emergency department 4 (26.7)
Other hospital location 5 (33.3)

Geographic locationy

Large population region 12 (80.0)
Medium or small population region 3 (20.0)

Number of physicians per case
1 13 (86.7)
> 1 2 (13.3)

Physician years since graduation, n ¼
17 physiciansz

< 15 4 (23.5)
15-29 9 (52.9)
30 or more 4 (23.5)

CMPA, Canadian Medical Protective Association.
* Criticisms by peer experts or colleges in the medico-legal case.
yGeographic locations in which there was test underuse by a cardiologist;

locations were classified using Statistics Canada definitions for small, medium,
and large population regions.31

zRefers to graduation with a medical degree by 17 physicians who were
named and responsible in 15 medico-legal cases. Percent values are for n ¼ 17
physicians.

Table 1. Patient characteristics in medico-legal cases involving
cardiologists and criticisms of cardiac diagnostic test underuse,*
CMPA closed cases, 2009-2018 (n ¼ 15 patients)

Characteristic n (%)

Self-reported sex
Male 10 (66.7)
Female 5 (33.3)

Age, years
0-18 0 (0)
19-44 3 (20.0)
45-64 6 (40.0)
65 or older 6 (40.0)

Cardiac risk factorsy

Hypertension 6 (40.0)
Diabetes mellitus 5 (33.3)
Coronary artery diseasez 4 (26.7)
Smoking 4 (26.7)
Hyperlipidemia 2 (13.3)
Family history of heart disease 1 (6.7)
Obesity 1 (6.7)
None 1 (6.7)

Other cardiac conditions
Heart valve disorderx 5 (33.3)
Atrial fibrillation 0 (0)
Heart failure 0 (0)
Peripheral vascular disease 0 (0)
None 10 (66.7)

Patient harmk

Death 11 (73.3)
Severe 1 (6.7)
Moderate 1 (6.7)
Mild 1 (6.7)
Asymptomatic 1 (6.7)

Patient clinical outcome
Cause of death, n ¼ 11

Unknown cause 5 (33.3)
Aortic dissection 3 (20.0)
Arrhythmia 1 (6.7)
Cardiac tamponade 1 (6.7)
Severe aortic stenosis 1 (6.7)

Discharge diagnosis, survivors n ¼ 4
Arrhythmia 1 (6.7)
Thrombosed cardiac stent 1 (6.7)
Myocardial infarction 1 (6.7)
Vascular injury 1 (6.7)

CMPA, Canadian Medical Protective Association.
* Criticisms by peer experts or colleges in the medico-legal case.
y Fourteen of 15 patients had at least 1 cardiac risk factor (listed above, not

including age) documented in the medico-legal record; 7 patients had > 1 of
these risk factors (not including age).

z Inferred on the basis of a history of myocardial infarction or previous
coronary artery bypass grafting documented in the medico-legal record.

xBicuspid valve, aortic stenosis, mechanical valve, mitral regurgitation.
kOn the basis of the CMPA’s classification of patient harm detailed in

Supplemental Table S2.
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criticisms of care. Other criticisms of cardiologists con-
cerned documentation in the medical record, the informed
consent process, advice given to the patient for symptom
management, and procedural technique.

We also identified 16 discordant patient complaints (4.3%
of 368 cardiologist cases); that is, cases in which a patient or
family complained of diagnostic test underuse or overuse, but
there was no criticism of this by peer experts, colleges, or
hospitals. Most discordant complaints (15 of 16) related to
underuse whereas 1 related to overuse. These complaints
concerned cardiac diagnostic tests performed between 1999
and 2017 and involved cardiologists in 4 Canadian provinces,
mostly in Ontario (11 of 16; 68.8%).
Discussion
In this study, we aimed to understand the medico-legal

issues faced by cardiologists with respect to diagnostic
testing. In the past 10 years, medico-legal cases associated with
cardiac diagnostic testing were rare for the cardiologists in our
data set; we identified this issue or allegation in 31 of 368
eligible closed cases at the CMPA (8.4%). Although 15 cases
included criticism of diagnostic test underuse by peer experts
or colleges, these cases were also rare (4.1%), and all featured
the need for focused diagnostic testing in patients with new or
worsening symptoms. Often, the criticisms in these cases
coincided with other criticisms related to situational aware-
ness, communication, or health care systems. In contrast,
Choosing Wisely Canada’s list of Five Things Physicians and
Patients Should Question aims to reduce low-value cardiac
diagnostic testing in specific subgroups of asymptomatic pa-
tients.10 The findings of our study were therefore unrelated to
Choosing Wisely Canada recommendations. Moreover, across
10 years of medico-legal data, we found no peer expert criti-
cisms of cardiac diagnostic test overuse despite high testing
volumes. For example, there were more than 530,000 coro-
nary angiograms performed in the province of Ontario alone
over 10 recent years (Supplemental Fig. S2).

There are several possible reasons we did not detect cardiac
diagnostic test overuse, including detection bias and reporting
bias. It might be that peer experts and colleges did not
comment on the appropriateness of diagnostic testing unless it
related causally to the harm. It might also be that patients did
not complain unless they viewed diagnostic testing as the
proximal cause of their experience; for instance, the medico-



Table 3. Underused cardiac diagnostic tests* in medico-legal cases
involving cardiologists, CMPA closed cases, 2009-2018 (n ¼15 cases)

Type of test n (%)y

Echocardiography 7 (46.7)
Coronary angiography 3 (20.0)
Computed tomography imaging of the

chest/abdomen
2 (13.3)

Holter monitor 2 (13.3)
Exercise stress test 1 (6.7)
Chest x-ray 1 (6.7)
Electrocardiogram 1 (6.7)
Myocardial perfusion imaging 1 (6.7)
Pharmacologic stress test 1 (6.7)

CMPA, Canadian Medical Protective Association.
* Tests that should have been done according to peer expert or college

criticisms in the medico-legal case. In 14 cases, the indication for testing was
to investigate conditions in patients with new or worsening symptoms. In 1
case (echocardiography), the indication was to routinely monitor the patient’s
condition and later, to investigate new symptoms.

y Frequencies do not add up to the number of cases (n ¼ 15) because
some criticisms identified the need for more than 1 type of test or more than 1
option for testing.
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legal literature describes (invasive) cardiac catheterizations that
were not indicated or contraindicated as a source of medico-
legal complaints.23 Our extraction methodology might have
also contributed to our findings. Although we extracted cases
of cardiac diagnostic test underuse using contributing factor
codes, we extracted cases of overuse using codes and a word
search, which might have missed cases. It is also possible that
our findings under-represent certain case types in the CMPA
data repository. Although physician members report the a
large proportion of civil legal cases to the CMPA, they report a
smaller but not quantifiable percentage of all college and
hospital complaints in Canada. Clearly, the nature of our data
restricted us from addressing all consequences of test overuse,
such as the burden on patients who receive a false positive test
result, and the resource burden on health care systems.

Importantly, our findings do not diminish the problem of
overuse in health care,2 nor do they reflect an absence of
cardiac diagnostic test overuse. From April 1, 2008 to March
31, 2018, coronary angiograms were performed with
increasing frequency in Ontario (23.0% higher in 2017-2018
than in 2008-2009; Supplemental Fig. S2). Although an aging
population and rising cardiac morbidity rates likely contrib-
uted to this increase,24 research suggests that a variety of
cardiac diagnostic tests are being overused,6-8 and those tests,
in turn, might have led to referrals. In the example provided
(Supplemental Fig. S2), approximately 42% of the coronary
angiograms in Ontario were ordered by noncardiologists.
Depending on the nature of the referral and accompanying
testing, cardiologists might have believed they were obligated
to respond and possibly ordered further, invasive testing for
which they questioned the clinical indication. The inherent
nature of our medico-legal data did not allow us to capture
these complexities in test-ordering.

Still, our study provides important insights into cardiac
diagnostic test underuse in the context of diagnostic error in
patients with symptoms. Medico-legal studies in the United
States have shown diagnostic error to be a leading complaint
against cardiologists.25-27 They have also identified specific
cardiac tests misinterpreted by cardiologists28 or not
performed in a timely manner,23,29 and cardiac conditions
that were misdiagnosed.25,28,29 In a contributing factors
analysis, Oetgen et al. noted “communication between pro-
viders” as the top medical issue for paid claims involving
cardiologists, followed by “problem with history or examina-
tion,” and “premature discharge,”25 which we also identified,
albeit among a small sample of cases. Most cases of underuse
in our study (73.3%) were in Ontario, Canada’s most
populous province, likely reflecting the high number of car-
diologists practicing there. These findings suggest an oppor-
tunity for medical education for cardiologists on mitigating
the risks of diagnostic error.

There were important limitations of our study, described
previously19 and in the preceding paragraphs. A key distinc-
tion, because of the nature of our data, was our inability to
study the full complexity of decision-making around test-
ordering; rather, we focused on medico-legal criticisms of
care. Our data were also limited for estimating the frequency
of patient safety incidents in Canada. Medico-legal cases
represent a small proportion of patient safety incidents overall
because many factors influence a patient and/or family deci-
sion to file a complaint, and physicians report voluntarily to
the CMPA. It is also possible, because of our inclusion
criteria, that we excluded cases involving physicians who
practiced cardiology but did not report it as their specialty
with the CMPA. Furthermore, our closed case analysis might
not completely reflect the most current issues facing cardiol-
ogists because of the lag time between a patient encounter and
a medico-legal case closure. Because data were not collected
for research purposes, the clinical information was also
limited. Additionally, the retrospective, descriptive nature of
our study meant that we could not show causation between
the physician, patient, or test characteristics and medico-legal
riskdonly associations. As in other medico-legal studies, our
contributing factors analysis was prone to hindsight and
outcome bias.30 Finally, our definitions of test underuse and
overuse might not be generalizable to other studies because
they reflect the individual and context-specific opinions of
peer experts, colleges, and hospitals, respectively.

In conclusion, using a physician-focused, national re-
pository of medico-legal casesdthe largest of its kind in the
worlddwe found no cases of cardiac diagnostic test overuse.
This finding, however, does not diminish the problem of
overuse in health care,2 nor does it suggest that overuse is less
common or less risky than underuse. Rather it suggests an
extremely low medico-legal risk from diagnostic test overuse
by cardiologists in Canada. Although there were criticisms of
cardiac diagnostic test underuse by peer experts and colleges,
these criticisms were also extremely rare, and the clinical
scenarios were unrelated to Choosing Wisely Canada recom-
mendations on when not to test. Instead, the cases highlighted
issues with diagnosing symptomatic patients. Overall, test-
ordering did not appear to be a major driver of medico-legal
complaints. Still, our findings might not fully address cardi-
ologists’ medico-legal concerns about evidence-based cam-
paigns to promote appropriate diagnostic testing. Future
studies that aim to understand the relationships between
cardiac diagnostic test-ordering, Choosing Wisely Canada
recommendations, patient harm, and “near misses” for a
medico-legal complaint, in a broader sample of physicians,
would complement our findings.



Figure 1. (A) Common criticisms associated with cardiac diagnostic test underuse by cardiologists, according to peer experts or colleges in 15
medico-legal cases; Canadian Medical Protective Association (CMPA) closed cases, 2009-2018. Dots represent the presence of criticism in the
medico-legal case. Infrequent criticisms (not shown) concerned a patient transfer and a procedure violation, respectively (physician factors). All
cases involved a patient safety incident32 defined in Supplemental Table S2. (B) Specific factors in (A) that might have contributed to cardiac
diagnostic test underuse by cardiologists, according to peer experts or colleges in 15 medico-legal cases; CMPA closed cases, 2009-2018. CT,
computed tomography imaging.
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partners is intended or should be inferred.

References

1. Chassin MR, Galvin RW. The urgent need to improve health care
quality: Institute of Medicine National Roundtable on Health Care
Quality. JAMA 1998;280:1000-6.

2. Born KB, Levinson W. Choosing Wisely campaigns globally: a shared
approach to tackling the problem of overuse in healthcare. J Gen Fam
Med 2019;20:9-12.

3. Cohen D, Manuel DG, Sanmartin C. Do rural patients in Canada un-
derutilize preventive care for myocardial infarction? J Rural Health
2016;32:345-52.

4. Edwards JD, Kapral MK, Fang J, et al. Underutilization of ambulatory
ECG monitoring after stroke and transient ischemic attack: missed op-
portunities for atrial fibrillation detection. Stroke 2016;47:1982-9.

5. O’Neill DE, Southern DA, Norris CM, et al. Acute coronary syndrome
patients admitted to a cardiology vs non-cardiology service: variations in
treatment and outcome. BMC Health Serv Res 2017;17:354.

6. Bhatia RS, Bouck Z, Ivers NM, et al. Electrocardiograms in low-risk
patients undergoing an annual health examination. JAMA Intern Med
2017;177:1326-33.

7. Canadian Institute for Health Information. Unnecessary Care in Canada.
Ottawa, Ontario: Canadian Institute for Health Information, 2017.

8. McAlister FA, Lin M, Bakal J, Dean S. Frequency of low value care in
Alberta, Canada: a retrospective cohort study. BMJ Qual Saf 2017;27:
340-6.

9. Canadian Cardiovascular Society. Guidelines and Position Statements
Library. Available at: https://www.ccs.ca/en/guidelines/guidelines-library.
Accessed August 23, 2019.

10. Choosing Wisely Canada. Cardiology: Five Things Physicians and Pa-
tients Should Question: Choosing Wisely Canada. Available at: https://
choosingwiselycanada.org/cardiology. Accessed November 15, 2020.

11. Atkinson P, Lang E, Mackenzie M, et al. CJEM Debate Series:
#ChoosingWisely - The Choosing Wisely campaign will not impact
physician behaviour and choices. CJEM 2018;20:170-5.

12. Embrett M, Randall GE. Physician perspectives on Choosing Wisely
Canada as an approach to reduce unnecessary medical care: a qualitative
study. Health Res Policy Syst 2018;16:95.

13. McDonnell LA, Turek M, Coutinho T, et al. Women’s heart health:
knowledge, beliefs, and practices of Canadian physicians. J Womens
Health 2018;27:72-82.
14. Cabana MD, Rand CS, Powe NR, et al. Why don’t physicians follow
clinical practice guidelines? A framework for improvement. JAMA
1999;282:1458-65.

15. Heart & Stroke. Ms. Understood: Women’s Hearts Are Victims of a
System That Is Ill-Equipped to Diagnose, Treat and Support Them
Available at: https://www.heartandstroke.ca/-/media/pdf-files/canada/
2018-heart-month/hs_2018-heart-report_en.ashx?rev¼71bed5e2bcf148
b4a0bf5082e50de6c6. Accessed August 23, 2019.

16. Chan AY, Yu EH, Ross HJ, et al. Choosing Wisely Canada campaign: do
cardiologists choose wisely? Can J Cardiol 2015;31:S50-1.

17. Kini V, Weiner RB, McCarthy FH, Wiegers SE, Kirkpatrick JN. Asso-
ciation of liability concerns with decisions to order echocardiography and
cardiac stress tests with imaging. J Am Soc Echocardiogr 2016;29:
1155-1160.e1151.

18. Kline KP, Shaw L, Beyth RJ, et al. Perceptions of patients and providers
on myocardial perfusion imaging for asymptomatic patients, choosing
wisely, and professional liability. BMC Health Serv Res 2017;17:553.

19. McCleery A, Devenny K, Ogilby C, et al. Using medicolegal data to
support safe medical care: a contributing factor coding framework.
J Healthc Risk Manag 2019;38:11-8.

20. Canadian Institute for Health Information. Canadian Classification of
Health Interventions (CCI), Version 2015. Ottawa, ON: CIHI; 2015.
Available at: secure.cihi.ca/estore/productSeries.htm?pc=PCC1860.
Accessed February 22, 2021.

21. Hoppes M, Mitchell J. Serious safety events: a focus on harm classifi-
cation: deviation in care as link, Getting to Zero White Paper Series.
Chicago, Illinois: American Society for Healthcare Risk Management,
2014.

22. SAS Institute Inc. SAS Enterprise Guide software. Cary, North Carolina:
SAS Institute Inc, 2013.

23. Kim C, Vidovich MI. Medicolegal characteristics of cardiac catheteriza-
tion litigation in the United States, 1985 to 2009. Am J Cardiol
2013;112:1662-6.

24. Lang JJ, Alam S, Cahill LE, et al. Global burden of disease study trends
for Canada from 1990 to 2016. CMAJ 2018;190:E1296-304.

25. Oetgen WJ, Parikh PD, Cacchione JG, et al. Characteristics of medical
professional liability claims in patients with cardiovascular diseases. Am J
Cardiol 2010;105:745-52.

26. Schaffer AC, Jena AB, Seabury SA, et al. Rates and characteristics of paid
malpractice claims among US Physicians by specialty, 1992-2014. JAMA
Intern Med 2017;177:710-8.

27. Wang F, Krishnan SK. Medical malpractice claims within cardiology
from 2006 to 2015. Am J Cardiol 2019;123:164-8.

28. Mangalmurti S, Seabury SA, Chandra A, et al. Medical professional li-
ability risk among US cardiologists. Am Heart J 2014;167:690-6.

29. Dudzinski DM, Mangalmurti SS, Oetgen WJ. Characterization of
medical professional liability risks associated with transesophageal echo-
cardiography. J Am Soc Echocardiogr 2019;32:359-64.

30. Hugh TB, Tracy GD. Hindsight bias in medicolegal expert reports. Med
J Aust 2002;176:277-8.

31. Statistics Canada. Population Centre and Rural Area Classification 2016.
Available at: https://www.statcan.gc.ca/eng/subjects/standard/pcrac/
2016/introduction. Accessed January 7, 2020.

http://refhub.elsevier.com/S2589-790X(20)30206-7/sref1
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref1
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref1
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref2
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref2
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref2
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref3
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref3
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref3
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref4
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref4
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref4
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref5
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref5
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref5
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref6
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref6
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref6
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref7
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref7
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref8
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref8
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref8
https://www.ccs.ca/en/guidelines/guidelines-library
https://choosingwiselycanada.org/cardiology
https://choosingwiselycanada.org/cardiology
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref11
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref11
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref11
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref12
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref12
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref12
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref13
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref13
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref13
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref14
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref14
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref14
https://www.heartandstroke.ca/-/media/pdf-files/canada/2018-heart-month/hs_2018-heart-report_en.ashx?rev=71bed5e2bcf148b4a0bf5082e50de6c6
https://www.heartandstroke.ca/-/media/pdf-files/canada/2018-heart-month/hs_2018-heart-report_en.ashx?rev=71bed5e2bcf148b4a0bf5082e50de6c6
https://www.heartandstroke.ca/-/media/pdf-files/canada/2018-heart-month/hs_2018-heart-report_en.ashx?rev=71bed5e2bcf148b4a0bf5082e50de6c6
https://www.heartandstroke.ca/-/media/pdf-files/canada/2018-heart-month/hs_2018-heart-report_en.ashx?rev=71bed5e2bcf148b4a0bf5082e50de6c6
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref16
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref16
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref17
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref17
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref17
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref17
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref18
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref18
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref18
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref19
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref19
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref19
http://secure.cihi.ca/estore/productSeries.htm?pc=PCC1860
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref21
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref21
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref21
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref21
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref22
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref22
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref23
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref23
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref23
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref24
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref24
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref25
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref25
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref25
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref26
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref26
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref26
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref27
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref27
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref28
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref28
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref29
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref29
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref29
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref30
http://refhub.elsevier.com/S2589-790X(20)30206-7/sref30
https://www.statcan.gc.ca/eng/subjects/standard/pcrac/2016/introduction
https://www.statcan.gc.ca/eng/subjects/standard/pcrac/2016/introduction


Calder et al. 441
Cardiac Diagnostic Tests in Medico-Legal Cases
32. World Health Organization. More than Words: Conceptual Framework
for the International Classification for Patient Safety Version 1.1. Final
Technical Report January 2009. Available at: http://www.who.int/
patientsafety/taxonomy/icps_full_report.pdf. Accessed December 11,
2019.
Supplementary Material
To access the supplementary material accompanying this

article, visit CJC Open at https://www.cjcopen.ca/ and at
https://doi.org/10.1016/j.cjco.2020.11.018.

http://www.who.int/patientsafety/taxonomy/icps_full_report.pdf
http://www.who.int/patientsafety/taxonomy/icps_full_report.pdf
https://www.cjcopen.ca/
https://doi.org/10.1016/j.cjco.2020.11.018

	Medico-Legal Cases Involving Cardiologists and Cardiac Test Underuse or Overuse
	Methods
	Data repository and medico-legal coding
	Eligibility
	Subgroups
	Variables
	Data analysis

	Results
	Discussion
	Acknowledgements
	Funding Sources
	Disclosures
	References
	Supplementary Material


