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Editorial

Perioperative Medicine: A New
Opportunity for General Internists and
a New Feature for the Journal
By James D. Douketis

Published: October 28, 2019. DOI: 10.22374/ cjgim.v14i4.403
The skills and mindset of general internists in Canada are adaptable to
a broad range of clinical domains, especially situations that combine
many organ-based specialties. The assessment and management of
patients in a perioperative setting are ideally suited to the diverse
clinical skills and holistic approach that is integral to the ethos of
general internal medicine.
Perioperative medicine has traditionally been part of the clinical
practice for many general internists, whether in pre-operative risk
assessment clinics or the management of patients with postoperative
medical consequences, typically cardiorespiratory, infectious, or
medication-related. Using different parlance, the internist’s role in
the perioperative milieu has been to “clear the patient for surgery”
and to deal with “putting out fires.”
In the past one or two decades, the landscape of “perioperative
medicine” has changed substantially. First, there is an increased
emphasis on preparing the patient for surgery to mitigate against
the risk for complications, particularly stroke, acute coronary
syndrome, respiratory insufficiency, and venous thromboembolism
to name a few conditions to prevent. This aspect of care has become
challenging in an era where patients having surgery, typically, are
older, take more medications, and have more comorbidities while,
at the same time, the expectation is that patients will leave the
“safe confines” of the hospital often within 12 hours after surgery.
Second, although perioperative medicine has been a long-neglected
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area of clinical research, this aspect has also changed dramatically.
Recent clinical trials have informed perioperative best practices
on the use of beta-blockers, anticoagulants, antiplatelet drugs, and
prohemostatic agents. Third, in recognition of the importance of
perioperative clinical management and research, new societies and
collaborations have formed to promote and elevate the practice of
perioperative medicine. Abroad, there are annual scientific meetings
of the Preoperative Association in the U.K. (www.pre-op.org) and
the Society of Perioperative Assessment and Quality Improvement
(www.spaqi.org) in the U.S. Closer to home, the annual Perioperative
Care Congress (www.perioperativecongress.org) in Canada offers a
state-of-the-art review of perioperative clinical practice and research,
with its next gathering November 1–3, 2019. At my institution, the
newly-minted Division of Perioperative Medicine, the first of its
kind worldwide, will provide a foundation for clinical care, training,
and research in this field.
The landmark VISION Study is a clarion call to improve
perioperative care as the rate of major postoperative complications
remains high (>20%). General internists are well-positioned to
play a major role in overhauling perioperative care and leading
the research needed to inform best practices. To capitalize on
this potential and interest, the Journal is starting a new feature
on Perioperative Medicine, which will address many of the issues
relating to the assessment, management, and research directions
of this burgeoning field. Please consider contributing to this new
section of the Canadian Journal of General Internal Medicine – your
Journal – and encourage your colleagues to do the same!
James Douketis MD
Editor-in-Chief
Canadian Journal of General Internal Medicine
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Editorial

Médecine périopératoire : Une nouvelle
opportunité pour les internistes
généralistes et une nouvelle rubrique
pour la revue
By James D. Douketis

Published: October 28, 2019. DOI: 10.22374/ cjgim.v14i4.404
Les compétences et l’état d’esprit des internistes généralistes au
Canada s’adaptent à un large éventail de domaines cliniques, en
particulier les situations qui combinent de nombreuses spécialités
à base d’organes. L’évaluation et la prise en charge des patients dans
un cadre périopératoire sont parfaitement adaptées aux diverses
compétences cliniques et à l’approche holistique qui font partie
intégrante de la philosophie de la médecine interne générale.
La médecine périopératoire fait traditionnellement partie de la
pratique clinique de nombreux internistes généralistes, que ce soit
dans les cliniques d’évaluation des risques préopératoires ou dans
la prise en charge des patients ayant des conséquences médicales
postopératoires, généralement cardiorespiratoires, infectieuses
ou liées aux médicaments. Dans le milieu périopératoire, le rôle
de l’interniste dans le milieu périopératoire a été de “ préparer le
patient à la chirurgie “ et d’” éteindre les feux “.
Au cours des une ou deux dernières décennies, le paysage de la
“médecine périopératoire” a considérablement changé. Tout d’abord,
on met de plus en plus l’accent sur la préparation du patient à la
chirurgie afin d’atténuer le risque de complications, en particulier
les accidents vasculaires cérébraux, le syndrome coronarien aigu,
l’insuffisance respiratoire et la thromboembolie veineuse, pour ne
nommer que quelques conditions à prévenir. Cet aspect des soins
est devenu un défi à une époque où les patients qui subissent une
intervention chirurgicale sont généralement plus âgés, prennent plus
de médicaments et ont plus de comorbidités, tout en s’attendant à
ce que les patients quittent les “ confins sûrs “ de l’hôpital souvent
dans les 12 heures suivant l’intervention. Deuxièmement, bien
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que la médecine périopératoire soit un domaine de recherche
clinique longtemps négligé, cet aspect a également changé de façon
spectaculaire. Des essais cliniques récents ont éclairé les meilleures
pratiques périopératoires sur l’utilisation des bêta-bloquants, des
anticoagulants, des antiplaquettaires et des agents prohémostatiques.
Troisièmement, en reconnaissance de l’importance de la gestion et
de la recherche cliniques périopératoires, de nouvelles sociétés et
collaborations se sont formées pour promouvoir et élever la pratique
de la médecine périopératoire. À l’étranger, il y a des réunions
scientifiques annuelles de la Preoperative Association au RoyaumeUni (www.pre-op.org) et de la Society of Perioperative Assessment
and Quality Improvement (www.spaqi.org) aux États-Unis. Plus
près de chez nous, le Congrès annuel sur les soins périopératoires
(www.perioperativecongress.org) au Canada offre un examen de
pointe de la pratique clinique et de la recherche périopératoires, qui
se tiendra du 1er au 3 novembre 2019. Dans mon établissement, la
nouvelle division de médecine périopératoire, la première du genre
au monde, servira de base aux soins cliniques, à la formation et à
la recherche dans ce domaine.
L’étude historique VISION est un appel à l’amélioration des soins
périopératoires car le taux de complications postopératoires majeures
reste élevé (>20%). Les internistes généralistes sont bien placés pour
jouer un rôle majeur dans la révision des soins périopératoires et
pour diriger la recherche nécessaire à l’élaboration de pratiques
exemplaires. Pour tirer parti de ce potentiel et de cet intérêt, la
Revue entreprend un nouveau volet sur la médecine périopératoire,
qui abordera bon nombre des questions liées à l’évaluation, à la
gestion et aux orientations de la recherche dans ce domaine en
pleine expansion. Veuillez envisager de contribuer à cette nouvelle
section du Journal canadien de médecine interne générale - votre
Journal - et encourager vos collègues à faire de même !
James Douketis MD
Rédacteur en chef
Revue canadienne de médecine interne
générale
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Canada’s New Healthy Eating Strategy:
Implications for Healthcare Professionals
and a Call to Action
Simon L. Bacon, Norm R.C. Campbell, Kim D. Raine, Ross Tsuyuki, Nadia A. Khan, Manuel Arango, Janusz Kaczorowski
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Abstract
Nearly two-thirds of all deaths worldwide are from non-communicable chronic diseases, with
a similar proportion in Canada. According to the Global Burden of Disease Study, unhealthy
eating is the leading risk for death and the second leading risk for disability in Canada. It is
clear that to adequately address this major health issue, we need a comprehensive approach that
includes strong governmental policy. In 2016 the Canadian government released its Healthy
Eating Strategy, for which updating Canada’s Food Guide was a key element. The Government
has proposed to release the guiding principles and policy statements documents in early 2019,
followed by the healthy eating plans later in 2019. Much of this work aligns with many policies
that have been developed and adopted by the Canadian health and scientific organizations
that are members of the Canadian Hypertension Advisory Committee. As such, the current
editorial is a call to action for the healthcare and scientific community, both individuals and
organizations, to ensure they have policies consistent with and supportive of those that have
been developed through the Hypertension Advisory Committee collaboration, and to actively
participate in providing input and feedback on the Healthy Eating Strategy through the Health
Canada Stakeholder Registry.

Resume
Près des deux tiers de tous les décès dans le monde sont attribuables à des maladies chroniques
non transmissibles, dont une proportion semblable au Canada. Selon l’Étude mondiale sur le
6
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fardeau de la maladie, une mauvaise alimentation est le principal risque de décès et le deuxième
risque d’invalidité au Canada. Il est clair que pour s’attaquer adéquatement à cet important
problème de santé, nous avons besoin d’une approche globale qui comprend une politique
gouvernementale solide. En 2016, le gouvernement canadien a publié sa Stratégie en matière
de saine alimentation, dont la mise à jour du Guide alimentaire canadien était un élément clé.
Le gouvernement a proposé de publier les principes directeurs et les énoncés de politique au
début de 2019, puis les plans de saine alimentation plus tard en 2019. Une grande partie de ce
travail s’harmonise avec un certain nombre de politiques qui ont été élaborées et adoptées par les
organismes scientifiques et de santé canadiens qui sont membres du Comité consultatif canadien
sur l’hypertension artérielle. À ce titre, l’éditorial actuel est un appel à l’action à l’intention de
la communauté scientifique et du milieu de la santé, tant les particuliers que les organisations,
pour s’assurer qu’ils disposent de politiques conformes à celles qui ont été élaborées dans le
cadre du comité consultatif sur l’hypertension et qui les appuient, et pour participer activement
à la formulation de commentaires et de suggestions sur la stratégie sur la saine alimentation au
moyen du Registre des intervenants de Santé Canada.

The Impact of Unhealthy Diets on Canadians
The World Health Organisation (WHO) estimates that 63% of
deaths worldwide result from non-communicable chronic diseases
(NCDs), such as cardiovascular disease, cancer, diabetes, and
obesity.1–3 It is estimated that NCDs cost Canada $190 billion/yr,4
a financial burden which continues to grow as NCD morbidity,
comorbidity, and mortality is increasing.5 Superimposed on these
changes has been an escalation in the absolute numbers of people
with hypertension,6,7 dyslipidemia,8 and diabetes,9 all of which
also significantly contribute to mortality and morbidity.7,8,10
Unhealthy eating is the leading risk for death and the second
leading risk for disability in Canada. According to the Global
Burden of Disease Study, dietary risks are estimated to have killed
approximately 48,000 Canadians and resulted in over 800,000
years of disability in 2016.11 The economic burden of unhealthy
eating in Canada is high, accounting for an estimated $13.8 billion/
year.12 Key drivers of this unhealthy eating pattern in Canadians
are increased consumption of processed foods high in calories,
salt, sugar, and saturated fat and a lack of whole grains, nuts,
seeds, legumes, fruits and vegetables.13,14 For example, 75% of
Canadians surpass the recommended dietary salt intake and over
half of Canadians are consuming diets above the recommended
sugar and saturated fat levels.13

The Role of Policy In Diet
Historically, limited access to food has been a major challenge
facing humans.15,16 However, the Second Agricultural Revolution
around the 18th century was seen as a major shift in food
production leading to the Industrial Revolution, and a rapid
expansion in food availability.17 Since that time there has been a
concerted effort by governments to develop policies to increase
the production and distribution of low cost and more durable
Canadian Journal of General Internal Medicine
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food that is free from infectious pathogens and detrimental
toxins, with a specific emphasis on food security and economics.18
Examples of government policies include: varied subsidy programs;
healthy eating advertising campaigns; assessment of food for
bacteria or toxins; food labeling; and nutritional assistance to
low-income citizens.19
Individual dietary eating patterns are influenced by a
series of complex elements.20 However, to date, most Canadian
government policies around the impacts of diet on NCDs have
generally been based on education and target personal choice.18
Unfortunately, there are many factors at the sociocultural,
community environment, and corporate commercial level
that work together to directly impact an individual’s capacity
to purchase, prepare, and consume foods.21–24 All of these
factors can be strongly influenced by government policy and /
or regulation. For example, Mozaffarian et al. highlighted ways
in which governments can positively shape the dietary patterns
of their citizens.18 These are wide-ranging strategies which are
based on current behavioural and policy science and a growing
evidence base for their effectiveness. Taken together, it is clear that
government policy is a key driver for significantly impacting the
major role diet plays in the health of Canadians.25 Furthermore,
many Canadian health and scientific organizations already have
supported a broad range of policy statements supporting healthy
public food policy.26,27

Canada’s New Healthy Eating Strategy
In October 2016, the Government of Canada, through Health
Canada, released its new Healthy Eating Strategy,28 the vision
for which is: “Make the healthier choice the easier choice for
all Canadians.” As highlighted above, several synergistic policy
strategies can be leveraged to improve the diet of Canadians
Volume 14, Issue 4, 2019
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and “no single intervention can tackle the complexities of the
current food system.”18,25 As such, it is unsurprising that many
internationally recommended food policies have been included
in the Healthy Eating Strategy. Specifically, the strategy targets
providing better nutrition information, improved food quality,
protecting vulnerable populations, and improving food access
and availability. The cornerstone initiatives of this strategy are:
• Revision of Canada’s Food Guide
• Improved food label information and front-of-package
labelling
• Reducing sodium in food
• Eliminating industrial trans fats
• Running a campaign to reduce sugary drinks consumption
• Restricting marketing of unhealthy foods and beverages to
children
• Expanding and updating Nutrition North Canada
Of these initiatives, the revision and reconceptualization of the
Food Guide is a cornerstone element, providing the evidencebased context for the rest of the strategy and having the greatest
impact on the day-to-day activities of health care professionals.

Canada’s New Food Guide
Today, we have unprecedented access to information. The majority
of Canadians obtain various healthcare and related information
from the internet.29 This phenomenon, coupled with the surge
in usage of social media,30 has created a nutrition information
environment that is strewn with contradictory messages and
potential erroneous, misleading, or harmful advice.31,32 In this
context, it is unsurprising that the majority of people felt that the
current Canadian Food Guide, which was originally developed
in 1992 and updated in 2007, needed not only to be updated for
content, but also usability.33
To achieve its goal of developing a new Food Guide,34 the
Canadian government has a multiphase approach planned:
Assessing current evidence to update dietary guidance policy;
Provision of simplified resources (including visuals, tips, and
messages); and Launching an integrated, mobile-first online
solution. The Government has proposed that the Dietary
Guidance Policy be further broken down with staged releases
of the guiding principles and policy statements (with plans to
be released in early 2019) and healthy eating plans (planned
release later in 2019).
From the information that the Government has released
to date,34 the 2019 Food Guide appears to be built around key
guiding principles that then guide recommendations and policy,
rather than being a predominantly prescriptive food guide
like the previous version. For example, one proposed guiding
8
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principle is “Processed or prepared foods and beverages high
in sodium, sugars or saturated fat undermine healthy eating.”
The recommendations that follow this principle could include:
limiting consumption of processed or prepared foods high
in sodium, sugars, or saturated fat; and avoiding processed
or prepared beverages high in sugars. In theory, these would
then lead to federal policy change around the use of trans-fats
in industrially produced foods and could lead to federal or
provincial taxation of sugary drinks.
It is also envisaged that these guiding principles will also be
the pillars for the development of healthy eating plans. Given
the diversity of the Canadian population, it is clear that a static
document that provides rudimentary guidelines on food groups
is probably going to be inadequate to service the majority of
Canadians. As such, the proposed healthy eating plans will provide
information about potential eating patterns based on contextual
considerations of an individual, such as sociodemographic data. It
is anticipated that these will also incorporate up-to-date statistical
data from ongoing food surveillance surveys, like Canadian
Community Health Survey, and evolving nutritional science
data, such as systematic reviews of macro and micronutrient
food intake and NCD risk. If achieved, these healthy eating
plans will provide tailored information which is up-to-date and
context specific to any Canadian.
To ensure that the core tenants of the new Food Guide
reach as many people as possible Health Canada has indicated
it is also developing a series of tools that will hopefully improve
the effectiveness of the guide. A series of visual aids around key
messaging and actionable tips, including simplified information
and promoting food skills are planned to be disseminated through
various media such as videos and social media. However, the
critical driver of these efforts will be the development of an
interactive web-based application. It is anticipated that this
mobile interface will provide customised usable information that
will enhance the Food Guide experience for both the general
population and health care professionals.

The Role of Health Care Professionals in the New
Healthy Eating Strategy and Food Guide
Moving forward there are 3 key areas where health care professionals
will be critical for the success of the Healthy Eating Strategy
and Food Guide: consultation, implementation, and holding
government to account.

Consultation
Transparency in the food guideline development is a driving
tenant in the new strategy. There was criticism of previous
Food Guides that there were too many vested interests being
represented, such as the food industry.35,36 The hallmarks of the
Canadian Journal of General Internal Medicine
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current process include extensive consultation with healthcare
professionals, academic, patient, community, and health care
groups (with all meetings and correspondence on healthy
eating being published on a website: https://www.canada.ca/en/
services/health/campaigns/vision-healthy-canada/healthy-eating/
meetings-correspondence.html). Industry has not participated
in the process. Moving forward it is expected that this will
continue. It is intended that there will be continual consultation
with key academic and clinical experts on the content of the
Dietary Guidance Policy, as well as, user-driven changes made
to the web-based application and tools to enhance accessibility
and usability.
Health Canada has facilitated this process by setting up a
Stakeholder Registry (https://www.canada.ca/en/health-canada/
corporate/about-health-canada/public-engagement/stakeholderregistry.html) where anyone can sign up to participate in the
consultation process. As clinicians and academics, we have an
opportunity to ensure that all aspects of the Healthy Eating
Strategy stay current, meaningful, and accessible.

Implementation
Ultimately, the success of the Healthy Eating Strategy will be
measured by the way it has impacted the dietary habits of
Canadians, and thus made meaningful improvements in the
long-term health of the nation. Though the Government will
undoubtedly undertake a variety of campaigns to raise awareness
of the various elements and tools of the Healthy Eating Strategy
and Food Guide, health care professionals will play a significant
role in implementing these at the individual level and through
our organizations at a population level.
It is hoped that the tools that will be developed, especially
around the Food Guide, will be pertinent for both patients and
healthcare professionals. Further, making healthcare professionals
aware of these tools and how best to optimally implement
them will be important. Identifying the key drivers of why and
how healthcare professionals would want to incorporate these
into their practice will be critical in empowering patients in
their behaviour change efforts. Examples of where healthcare
practitioners can work to enhance implementation include:
utilising the personalisation feature for the Food Guide could
lead to better tailoring of meals for patients with complex
NCDs; developing local healthy food procurement policies37;
enhancing the education of healthcare providers through
reforming pre- and post-certification curriculum; and working
to incorporate dietary quality and food security assessment into
standard electronic health records. Developing local, provincial,
and national quality measures of implementation can provide
an appropriate framework to engage the community and track
success.38
Canadian Journal of General Internal Medicine
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Accountability
As intimated above, the first step of accountability is to be able
to systematically monitor any implemented changes so that they
can be evaluated for progress and potential readjustment. This
means that systems need to be developed that can be leveraged
to hold the federal government accountable. Individuals, as well
as health institutions, societies, and associations, need to ensure
that the Healthy Eating Strategy is translated into meaningful
action by the federal government.
Given the decentralized healthcare structure in Canada,
pushing to provide a coherent and interconnected extension to
the Healthy Eating Strategy across all levels of governance (i.e.,
the local healthcare environment, city and borough levels, and
provincially), as well as a system for monitoring its implementation,
is also important. Having a coordinated strategy across different
ministries and governmental bodies would provide the optimal
scenario to impact the health of Canadians.
One final aspect of accountability which needs to be addressed
is that of conflicts of interest. There is clear evidence in the US
that industry, through its lobbyists, can have undue influence
on policy.39,40 Whilst Health Canada has done an unprecedented
job of developing the Healthy Eating Strategy independently
from industry, we all must be cognizant of our own biases and
conflicts. This is especially true as we work to develop more
comprehensive implementation and surveillance plans.

Conclusion
There is clear evidence that dietary factors are the greatest
modifiable risk factor for NCDs. Past successes in tackling
national behavioural issues, such as tobacco use, have relied
on a multipronged approach, meaning that we as healthcare
professionals need to be actively involved in all aspects to
ensure that there is a major culture change around diet and a
subsequent improvement in health. Historically, Canada’s Food
Guide has provided a more limited role than one would hope
in impacting the dietary patterns of Canadians. Through the
Healthy Eating Strategy, Health Canada has developed a platform
which has the potential to lay the foundations for meaningful
change in improving diet. The proposed new Food Guide has
been developed through extensive consultation, a process that
is expected to continue to ensure its relevancy and has been
structured to provide customizable information for the majority
of Canadians. However, it is important to remember that it is
difficult for many Canadians to eat healthily in their current food
environment. As highlighted in the recent Calgary Statement
on policies for nutrition and health (see Appendix 141) “There
is a need to create food environments through public policies
that support Canadians in maintaining healthy diets where they
live, learn, work, and play.” As such, the Healthy Eating Strategy
Volume 14, Issue 4, 2019
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can be seen as a starting point for the continued development of
policies which emphasize the best interests of Canadians, rather
than those of industry or certain agricultural sectors.
Canadian healthcare professionals and academics have a
key role to play in the implementation of the policies and tools
from the Healthy Eating Strategy, the Food Guide, ensuring
accountability at all levels, and the evolution of the philosophies
which underpin the Healthy Eating Strategy through the continual
development of appropriate policies. If we can meaningfully
improve the Canadian diet, we will be able to reap significant
health, economic, and societal benefits. In 2011, Canadian
healthcare and scientific organizations developed a Framework
for the prevention and control of hypertension.26,27 Given 80% of
hypertension is associated with unhealthy diets, the Framework
highlighted the central role of unhealthy diets and emphasized
the need to create healthy eating environments through health
food polices. It is notable that the Canadian healthcare and
scientific organizations give the highest priority to efforts to
implement healthy food policies in the Framework.26 Furthermore,
since the development of the framework, Canadian health and
scientific organizations of the Canadian Hypertension Advisory
Committee, have created consensus policy statements on:
restrictions of marketing unhealthy food to children; healthy food
procurement; research monitoring and evaluation on Canada’s
food supply and food policies; defining healthy foods; taxation
on unhealthy food and subsides on healthy food; reducing
financial conflicts of interest with the food sector; a fact sheet
and call to action on dietary sodium; and a fact sheet and call
to action on unhealthy eating.42,43 All of these would seem to
align with the main tenants of the Healthy Eating Strategy and
provide a pathway to translate policy to action.

Call to Action
We call on the whole Canadian healthcare and scientific
community, both individuals and organizations, to ensure they
have policies consistent with and supportive of those in the Calgary
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Statement41 and Call for Action to Implement a Healthy Food
Policy Agenda,25 including all the related policy statements,42,43
and advocate to all levels of government to rapidly implement
such policies. For example, Canadian healthcare and scientific
organizations can actively encourage their membership to consider
signing the Calgary Statement Petition (at https://www.change.
org/p/enact-food-policies-to-curb-chronic-disease-and-healthinequity-for-all-canadians) and join other healthy food policy
advocacy efforts. Furthermore, we encourage the community
to actively participate in providing input and feedback on the
Healthy Eating Strategy through the Health Canada Stakeholder
Registry (https://www.canada.ca/en/health-canada/corporate/
about-health-canada/public-engagement/stakeholder-registry.
html). This could be the most important thing we do for our
patients and our society.

Organizations Involved in and Journals that
are Publishing this Call to Action
This editorial was generated from members of the Canadian
Hypertension Advisory Committee, which is a coalition of
Canadian health and scientific organizations (See Appendix 2 for
specific organizations which have contributed to statements from
the committee) and was sent for review from all participating
member organizations. The authors of this editorial represent
the following organizations that participate in the Canadian
Hypertension Advisory Committee: Canadian Association of
Cardiovascular Prevention and Rehabilitation; Hypertension
Canada; Canadian Pharmacists Association; and the Heart and
Stroke Foundation of Canada, though these organizations have
not directly endorsed this specific editorial. To ensure that this
call (or elements of it) has as wide an impact as possible it is
being simultaneously published in the following journals and
newsletters: Canadian Pharmacists Journal; Canadian Journal
of Diabetes; Canadian Journal of General Internal Medicine;
Canadian Family Physician; Health and Fitness Journal of Canada;
Canadian Nurse; and CV Edge.
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Appendix 1. Calgary Statement on Policies
for Nutrition and Health
https://www.change.org/p/enact-food-policies-to-curb-chronicdisease-and-health-inequity-for-all-canadians
Unhealthy dietary patterns are a leading risk factor for death
and disability in Canada. Best available evidence supports a diet
rich in whole, unprocessed vegetables, fruits, whole grains, and
protein foods, with an emphasis on protein foods that are plantbased such as nuts, seeds and legumes, and moderate amounts
of animal-based protein sources such as fish, poultry, meats and
low-fat dairy products. Processed foods high in sodium, sugar
and saturated and trans fats should be avoided. Canada’s new
Food Guide should provide a foundation for healthy eating.
However, it is difficult for many Canadians to eat healthy within
the current food environment. There is a need to create food
environments through public policies that support Canadians
in maintaining healthy diets where they live, learn, work, and
play. Such policies must include those that ensure:
• nutritious foods and beverages are accessible and affordable
to all Canadians, including those who are socioeconomically
disadvantaged and those who live in remote and/or northern
communities;
• dietary inequities decline over time;
• children are protected from the marketing of unhealthy foods
and beverages;
• children have access to nutritious foods and beverages where
they learn and play;
• processed foods and beverages high in sodium, sugar, and
saturated fats have front-of-package warning labels;
• public funds are not spent on unhealthy foods and beverages;
• the health and societal costs associated with unhealthy foods
and beverages are recovered through taxation of unhealthy
foods;
• all foods, including those obtained in restaurants, are labeled
so it is easy to understand if they are healthy or unhealthy;
• ongoing monitoring and evaluation of the quality of
Canadians’ dietary intakes and the food supply; and
• the influence of the food industry on government healthy
food policies is minimized.
Policies should promote the intake of healthy, whole foods while
acknowledging the many interlinked factors that shape Canadians’
dietary patterns. The Calgary Statement calls on all Canadians,
and specifically those in government and non-governmental
organizations, to prioritize the implementation of policies and
programs that enable all Canadians to maintain a healthy diet
throughout the entire course of their lives.
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Appendix 2. Organizations That Have Endorsed
At Least One Canadian Hypertension Advisory
Committee Position Statement Or Call To Action
Alberta Policy Coalition for Chronic Disease Prevention*
Alberta Public Health Association
Canadian Association of Cardiovascular Prevention and
Rehabilitation*
Canadian Association of Paediatric Nephrologists*
Canadian Cardiovascular Society
Canadian Council of Cardiovascular Nurses*
Canadian Dental Association
Canadian Medical Association*
Canadian Nurses Association*
Canadian Pharmacists Association*
Canadian Public Health Association
Canadian Society of Internal Medicine*
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Canadian Society of Nephrology*
Canadian Stroke Network*
Childhood Obesity Foundation
College of Family Physicians of Canada*
Diabetes Canada*
Dietitians of Canada*
Food Secure Canada*
Heart and Stroke Foundation of Canada*
Hypertension Canada*
Kidney Foundation of Canada
Public Health Physicians of Canada
Quebec Coalition on Weight-Related Problems (Weight Coalition)
*Organisations that specifically endorsed the Call for Action to Implement a Healthy Food
Policy Agenda25
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Abstract
In the following review article, we present arguments for and against the use of postoperative
troponin surveillance and preoperative natriuretic peptide testing. This article covers the
evidence that informed the CCS 2016 perioperative guidelines and research published
since. This review is based on the debate held at the Canadian Society of Internal
Medicine/ American College of Physicians Rocky Mountain Chapter Annual Meeting
(CSIM/ACP RM) held in October 2018 in Banff, Alberta.

Resume
Dans l’article de synthèse qui suit, nous présentons des arguments pour et contre l’utilisation
de la surveillance postopératoire de la troponine et des tests préopératoires de peptides
natriurétiques. Cet article porte sur les données probantes qui ont éclairé les lignes directrices
périopératoires de la SCC 2016 et les recherches publiées depuis lors. Cet examen est fondé sur
le débat qui a eu lieu à l’assemblée annuelle de la section des Rocheuses de la Société canadienne
de médecine interne et de l’American College of Physicians (CSIM/ACP RM) tenue en octobre
2018 à Banff, en Alberta.
A total of 1,500,000 inpatient surgeries are performed in Canada
each year.1,2 In the 30-days following surgery, 5% of patients
will have a myocardial infarction, 1% will have a stroke, and
1–2% will die.3–6 Many of these patients will require
readmission to hospital.7 Cardiovascular complications are
therefore a leading cause of postoperative morbidity, mortality,
and healthcare expenditures.
The goal of perioperative medicine is to identify patients at
high risk of postoperative complications and to mitigate this risk
by optimizing medical and surgical care, monitoring patients
postoperatively, and managing complications. While previous
perioperative guidelines from the American Heart Association
(AHA) emphasized functional assessment and pharmacologic
stress testing to estimate the postoperative risk of myocardial
infarction (MI) and death,8 recent guidelines from the Canadian
Cardiovascular Society (CCS) instead emphasize the role of
cardiac biomarkers for risk stratification.9 However, a poll of
Canadian Society of Internal Medicine Annual Meeting attendees
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Volume 14, Issue 4, 2019

CJGIM_4_2019_172948.indd 14

suggests that uptake of these recommendations has been limited
(Figures 1 and Figure 2).
In the following review article, we present arguments for
and against the use of postoperative troponin surveillance and
preoperative natriuretic peptide testing. This article covers the
evidence that informed the CCS 2016 perioperative guidelines
and research published since then. This review is based on the
debate held at the Canadian Society of Internal Medicine/American
College of Physicians Rocky Mountain Chapter Annual Meeting
(CSIM/ACP RM) held in October 2018 in Banff, Alberta.

Point: Internists Should Order Postoperative
Troponins
The CCS recommends obtaining daily troponin measurement for
48–72 hours after surgery in patients whose risk of cardiovascular
death or non-fatal MI is greater than 5% (Figure 3).9 This is
recommended because the majority of postoperative myocardial
Canadian Journal of General Internal Medicine
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A

B

Figure 1. Survey responses from the audience at the Canadian Society of Internal Medicine plenary debate on perioperative cardiac
biomarker screening. (A). You are asked to see an 81-year-old woman with high blood pressure after surgery for a hip fracture. Her blood
pressure is 160/90. Would you order postoperative troponins? (B) You are asked to see an 80-year-old female before elective hip
arthroplasty for arthritis. Her only past medical history is hypertension. Would you order a preoperative BNP or NT-proBNP level?

Figure 3. Canadian Cardiovascular Society guidelines algorithm for perioperative cardiac risk assessment.
*CVD = cardiovascular disease; including coronary artery disease, cerebrovascular disease, peripheral arterial disease, congestive heart failure, pulmonary hypertension or severe obstructive
intracardiac abnormality (for example, severe aortic or mitral stenosis).
**RCRI = revised cardiac risk index; one point for each of high-risk surgery (intraperitoneal, intrathoracic, or suprainguinal vascular surgery), coronary artery disease, congestive heart failure,
cerebrovascular disease, diabetes mellitus on insulin therapy, serum creatinine greater than 177 umol/L.
***NP = brain natriuretic peptide, referring to N-terminal pro B-type natriuretic peptide (NT-proBNP) or brain natriuretic peptide (BNP)

infarctions are asymptomatic.4 Moreover, postoperative troponin
surveillance identifies patients with myocardial injury after
non-cardiac surgery (MINS), who are at increased risk of
postoperative complications and death.3,5 These patients have
an elevated troponin resulting from myocardial injury, and
Canadian Journal of General Internal Medicine
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most will not have ischemic symptoms or electrocardiogram
changes. Identifying patients with MINS is important because
enhanced post-operative care, ASA, and statins improve survival
in this group.4,10 Dabigatran therapy may also improve vascular
outcomes in patients with MINS.11
Volume 14, Issue 4, 2019
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Elevated Troponins Identify High-Risk Patients
Multiple cohort studies have found that MINS occurs in 8–18%
of patients who undergo non-cardiac surgery.4,5,12 Nearly one
in ten patients with a postoperative high-sensitivity troponin
greater than 65 ng/L (normal < 14 ng/L) will die within 30-days
of surgery compared to less than one percent of patients with
normal troponin levels.12 Increased 30-day mortality is also
seen with elevations in 4th generation troponin T; the mortality
rate for patients with a level between 0.03–0.30 ng/mL is 9%
compared to 1% for patients with a troponin T < 0.01 ng/mL.3
This increased risk of death extends to a full year after surgery;
the one-year mortality rate after MINS is 22.5% compared to 9.5%
for high-risk patients without MINS.12 These studies demonstrate
a dose-response relationship between postoperative troponin
elevation and 30-day mortality; the higher the peak postoperative
troponin value, the greater the patient’s risk of death.4,5

Most Patients with MINS are Asymptomatic
Despite the poor prognosis associated with MINS, the majority
of patients with MINS are asymptomatic. The VISION cohort
study included approximately 40,000 patients undergoing noncardiac surgery and found that approximately 90% of patients
who met diagnostic criteria for MINS did not experience
ischemic symptoms.5 Similarly, a cohort study of 2,018 highrisk surgical patients identified that over 80% of patients who
had a postoperative myocardial injury were asymptomatic.12
The MANAGE trial enrolled 1,754 patients with MINS and
found that 90% had no symptoms.11 In this study, 20% of
patients met the universal definition for MI, of whom 46%
were asymptomatic.11 The lack of symptoms in patients with
MINS may be due to distracting surgical pain,
postoperative delirium, the use of analgesic medications, or
under recognition of atypical ischemic symptoms such as
nausea. Without postoperative troponin surveillance, these
high-risk patients would not be identified.

Medical Therapy Improves Outcomes in MINS
Identifying patients with postoperative myocardial injury is
important because multiple interventions improve outcomes
for these patients (Table 1). Post-hoc analysis of the POISE trial
demonstrated that patients with postoperative MI who were
prescribed ASA had significantly lower 30-day mortality (aOR
0.54, 95% CI 0.29–0.99).4 The reduction in 30-day mortality
was even greater in patients who were prescribed a statin (aOR
0.26, 95% CI 0.13–0.54). These results suggest a role for vascular
protection in patients with MINS, and serve as a basis for the
CCS recommendations to initiate ASA and statin therapy in
this group.
Many patients who experience MINS are not on cardioprotective
medications at the time of surgery. A case-control study of 667
16
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vascular surgery patients with MINS found that about 20%
were not on antiplatelet therapy and over 40% were not taking a
statin.10 In this study, patients who had their cardiac medications
intensified after a MINS event had fewer major adverse cardiac
events than those who did not. Though these data are from
observational studies, they suggest that vascular risk reduction
strategies improve postoperative outcomes. More recently, a
placebo-controlled, randomized trial of 1,454 patients found
that patients who received dabigatran had fewer vascular events
without an increase in bleeding events.11
There is also evidence for enhancing other aspects of
postoperative medical care in high-risk patients. A singlecentre study evaluated the impact of a bundled intervention on
postoperative complications.13 The bundle included intensive
postoperative vital sign monitoring, strict glycemic control
and volume management, avoidance of hypoxia and anemia,
early resumption of antiplatelet therapy, and universal venous
thromboembolism prophylaxis. The investigators reported that
MINS events decreased by more than half (3.9% from 8.9%),
major adverse cardiac events decreased four-fold (8.1% to 1.9%)
and 1-year mortality rates improved significantly (8.3% to 4.4%)
following the implementation of the bundle. This study reinforces
that high-risk patients benefit from additional nursing and
physician attention and emphasizes the role in postoperative
troponin surveillance for identifying these individuals.

Counterpoint: Internists Should not Routinely
Measure Postoperative Troponins
The controversy surrounding postoperative troponin surveillance
is reflected in the conflicting recommendations of the major
cardiovascular societies. In contrast to the CCS, the AHA
and the European Society of Cardiology (ESC) provide weak
recommendations for postoperative troponin monitoring and
in high-risk patients.8,14 Limitations of postoperative troponin
surveillance include the non-specific risk associated with a
postoperative troponin elevation, lack of consensus definition of
postoperative myocardial injury, limited evidence for managing
the postoperative myocardial injury, and the costs associated
with postoperative troponin surveillance.

Elevated Postoperative Troponins are a NonSpecific Marker of Risk
Postoperative myocardial injury arises from the complex interplay
of patient, surgical, and anesthetic risk factors.15 Patient-specific
risk factors include prior stroke, peripheral arterial disease,
coronary artery disease, congestive heart failure, diabetes, and
hypertension.16 Intraoperatively and postoperatively, myocardial
injury may be precipitated by hypotension,17 hypoxemia,18,19 bleeding,
20
and myocardial ischemia.21–23 While earlier studies suggested
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Table 1. Studies Evaluating Interventions for Postoperative Myocardial Injury or Infarction

Study

Design

Population
(sample size)

Intervention

Outcome

Relative effect
(95% CI)

Ausset et al. (2010)13

Pretest-posttest

Orthopedic surgery
(n=328)

Postoperative care
bundle

Major adverse
cardiac events

HR 4.5
(1.1–17.4)*

Devereaux et al.
(2011)4

Prospective Cohort

Mixed non-cardiac
(n=8351)

ASA

30-day mortality

aOR 0.54
(0.29–0.99)

Statins

aOR 0.26 (0.13–0.54)

Fourcrier et al.
(2014)10

Case-control

Vascular surgery
(n=667)

Cardiovascular
medication
intensification

1-year cardiac events

HR 2.80
(1.05–24.2)**

Devereaux et al.
(2018)11

Randomized controlled
trial

Mixed non-cardiac
(n=1754)

Dabigatran

Major vascular
complications

HR 0.72 (0.55–0.93)

*Pre-intervention vs. post-intervention; **Patients without cardiac medication intensifications vs. those with medication intensification.

that plaque rupture is common in postoperative MI,21,22 a recent
prospective cohort study using optical coherence tomography
suggests plaque rupture is rare in this setting.23 Myocardial injury
can also be precipitated by non-ischemic etiologies, including
sepsis, pulmonary embolus, and tachyarrhythmia.5
The complex pathophysiology of postoperative myocardial
injury suggests that patients with elevated postoperative troponins
are at risk of a broad range of complications. This is supported
by the findings of the VISION cohort study, which reported that
vascular and non-vascular death occurs with similar frequency
among patients with elevated postoperative troponins.3 Thus,
while increased postoperative troponins are associated with
an increased risk of death, they provide little insight into the
mechanism of myocardial injury, the specific complications
that a patient is at an increased risk of, and which risk reduction
strategies to employ.

Lack of Consensus Definition of Myocardial Injury
Several definitions of postoperative myocardial injury have
been proposed (Table 2). Differences between these definitions
complicate the interpretation of postoperative troponin levels.
First, each of these definitions was derived using a
different troponin assay. The validity of MINS diagnostic
criteria, when applied to troponin assays not evaluated in the
original studies, has not been established. Second, the
relevance of preoperative troponin values varies between
definitions of postoperative myocardial injury. The MINS
definitions derived from the VISION cohort study is based
on postoperative troponin values only.3,5 In a more recent study,
postoperative myocardial injury was defined as an elevated
postoperative troponin in comparison
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CJGIM_4_2019_172948.indd 17

to preoperative measurements.12 More than half of the patients
in this study had an elevated preoperative troponin level.
These data suggest that many postoperative myocardial
injuries diagnosed using postoperative TROPONIN values
may only have elevated troponin that existed prior to
surgery, not due to surgery. These patients likely have a worse
prognosis irrespective of whether they have surgery or not.
Finally, the prognostic implications vary substantially
between these different criteria (Table 2). While the negative
predictive values are similar for all three definitions of
myocardial injury, the positive predictive values range from
4–10%.11,16
The lack of consensus definition for postoperative myocardial
injury has implications for patients, healthcare providers, and
healthcare institutions. Patients cared for at centres where hs-TnT
assays are used are more likely to be diagnosed with MINS than
patients admitted to institutions where less sensitive assays are
being used. These patients are also more likely to be exposed to
additional testing and treatments, many of which are of unproven
benefit. Given that the incidence of postoperative myocardial
injury varies two-fold depending on the criteria used,11,16 it
can be anticipated that the workload of clinicians providing
postoperative medical care will vary drastically, as will the costs
incurred by healthcare institutions.

Optimal Management of Post-operative Myocardial
Injury is Unclear
Observational studies suggest that ASA and statins improve
outcomes in patients with MINS.4 However, these studies have
significant limitations. First, while post-hoc analysis of the
POISE trial data shows that ASA and statin use is associated with
decreased mortality in patients with postoperative myocardial
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Table 2. Diagnostic Criteria for Myocardial Injury

Author (Year)

Troponin Assay

MINS definition

Incidence

PPV

NPV

Botto et al.
(2014)16

Troponin T
(4th generation)

Peak postoperative troponin ≥ 0.03 µg/L judged due to
myocardial ischemia

8.0%

9.8 %

98.9 %

Devereaux et al.
(2017)5

hs-Troponin T

Elevated postoperative troponin (20–65 ng/L with
a change of 5 ng/L or ≥65) judged as resulting from
myocardial ischemia

17.9%

4.1%

99.4%

Puelacher et al.
(2018)12

hs-Troponin T

Increase in troponin of ≥14 ng/L above preoperative
measurement

16.0%

9.8%

98.4%

MINS = myocardial injury after non-cardiac surgery; NPV = negative predictive value; PPV = pulse pressure variation.

infarction,4 the generalizability of these findings to the broader
MINS population remains unknown. Second, the magnitude of
the benefit of statins for treating postoperative MI observed in
the POISE trial exceeds that seen in the landmark trials for acute
coronary syndrome,24,25 which brings the external validity of the
POISE findings into question. Third, rates of preoperative use
of ASA, statins, and angiotensin-converting enzyme inhibitors
blockers were low in the cohort study of vascular surgery patients,10
despite these medications being indicated in this population
for the prevention of cardiovascular events.26 The benefits
seen with medication intensification may, therefore, reflect the
appropriate use of secondary prevention for peripheral arterial
disease rather than their impact on postoperative MI. Finally,
both studies had observational designs and should, therefore, be
considered hypothesis-generating but not definitive evidence.
More recently, the MANAGE trial evaluated dabigatran in
patients with MINS.11 Dabigatran 110 mg twice daily was associated
with a significant reduction in the composite primary outcome
of major vascular complications (vascular mortality, non-fatal
MI, non-hemorrhagic stroke, peripheral arterial thrombosis,
amputation, and symptomatic venous thromboembolism) and
was non-inferior to placebo for the composite primary safety
outcome of life-threatening, major, and critical organ bleeding.
However, recruitment was slower than anticipated, and as a
result, the study investigators had to reduce their sample size
and expand their composite primary outcome. This suggests
that dabigatran is unacceptable to many patients and healthcare
providers for the treatment of MINS. Forty-six percent of patients
prematurely discontinued the drug and the median duration of
use was only 40 days. The safety of dabigatran in this setting,
therefore, remains uncertain. In terms of effectiveness, the
only component of the composite primary outcome that was
significantly reduced was non-hemorrhagic stroke. Given these
limitations, additional research is needed before dabigatran or
18
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other direct oral anticoagulants can be routinely used for the
treatment of postoperative myocardial injury.
The availability of effective treatment has been argued to be
the most important criteria for evaluating screening programs.27
As discussed above, studies evaluating interventions in MINS
had significant methodological limitations. For this reason,
troponin surveillance is not justified in most patients undergoing
non-cardiac surgery.

Postoperative Troponin Surveillance is Costly
At face value, post-operative troponin surveillance appears to
be a low-cost intervention. The cost of troponin monitoring is
approximately 4–7 dollars per test or 9–20 dollars for three days
of testing.28 However, the downstream costs are substantial. A
recent prospective cohort study of higher-risk surgical patients
routinely measured troponins postoperatively.12 Sixteen percent
of patients fulfilled the definition of postoperative myocardial
injury, of which 52% went on to have a cardiology consultation,
22% had an echocardiogram, and 8% had an angiogram
performed. Additional costs include medications used for the
treatment of MINS and patient follow-up. Thus, postoperative
troponin monitoring results in substantial downstream resource
use, which in turn may increase healthcare expenditures and
decrease access to these resources for non-surgical patients.

Point: Internists Should use Natriuretic Peptide
Testing for Perioperative Cardiac Risk Assessment
Several prospective cohort studies and meta-analyses demonstrated
an association between preoperative natriuretic peptide levels (NP)
levels and postoperative cardiac complications.29,30 These findings
led the CCS to make a strong recommendation for preoperative
testing of N-terminal B-type natriuretic peptide (NT-proBNP)
or brain natriuretic peptide (BNP) levels in patients with risk
factors for cardiovascular complications (i.e. ≥65 years of age, ≥45
Canadian Journal of General Internal Medicine

11/8/19 12:17 PM

Ruzycki et al.
years of age with significant cardiovascular disease, or a Revised
Cardiac Risk Index ≥1).9 In contrast, the AHA recommends using
clinical risk indices and functional assessment for predicting
patients’ risk of postoperative cardiovascular complications, with
adjunct cardiac testing in certain circumstances.8 Natriuretic
peptide (referring to either NT-proBNP or BNP) testing offers
important advantages over this approach; it improves clinical
risk prediction compared with functional assessment and is less
expensive than pharmacologic stress testing.

Functional Assessment Cannot Identify High-Risk
Patients
The AHA perioperative guidelines recommended using subjective
functional assessment to assess patients’ risk of perioperative
cardiovascular complications.8 Patients who, by history, were
able to exert four metabolic equivalents (METs) were deemed to
be at low risk of postoperative death or MI and did not require
further testing. This recommendation was based on the results
of a prospective cohort study demonstrating that poor exercise
tolerance is associated with an increased risk of myocardial ischemia
and a non-significant trend towards an increased risk of total
cardiovascular events.31 However, recent evidence suggests that
functional capacity, though intuitively important, is ineffective for
risk-stratification. The METS study included 1,401 patients with
cardiovascular risk factors and compared subjective functional
assessment with cardiopulmonary exercise testing (CPET) for
predicting postoperative death or complications.32 Subjective
functional assessment had a sensitivity of 19.2% and a specificity
of 94.7% to identify patients with an exercise capacity less than
4 METs when measured by CPET. Importantly, regardless of
the method used, exercise capacity did not correlate with any
post-operative outcome, including 30-day death or MI.

Pharmacologic Stress Testing Can Cause Harm in
Low-Risk Patients
The AHA guidelines recommend pharmacologic stress testing
for patients with poor functional capacity in whom testing
would alter management.8 In support of this recommendation,
metanalyses of studies evaluating preoperative myocardial
perfusion imaging demonstrated that large areas of inducible
myocardial ischemia are associated with increased risk of
postoperative cardiac complications.2,33 These results should
be interpreted with caution as the majority of the included
studies were retrospective in nature and many were at risk of
ascertainment bias. More recently, a Canadian cohort study of
more than 271,000 patients found that patients who underwent
pharmacologic stress testing had lower postoperative mortality
compared to patients who underwent no testing.34 However,
subgroup analysis suggested that in low-risk patients (RCRI
Canadian Journal of General Internal Medicine
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0), pharmacologic stress testing was associated with increased
mortality (hazard ratio 1.35, 95% CI 1.05–1.74), indicating
that careful selection of patients who would benefit is critical.34
Despite this, rates of low-value preoperative pharmacologic testing
are known to be very high; a review of 501 preoperative stress
tests found that two-thirds were not appropriate and 74% were
performed in low-risk patients.35 Further analysis suggests that
the reduced mortality seen with pharmacologic stress testing
was not driven by revascularization, but may have been
attributable to increased postoperative monitoring and
pharmacologic management of known cardiovascular
disease risk factors.34 Importantly, the number needed to
treat for pharmacologic stress testing to avoid one death was
221, and one-third of the MIs and deaths in the study
occurred in patients who had a normal preoperative stress
test.32 For these reasons, preoperative pharmacologic stress
testing is not appropriate for the majority of patients
undergoing non-cardiac surgery.

Natriuretic Peptide Testing Enhances Preoperative
Cardiac Risk Assessment
Unlike self-reported exercise tolerance, preoperative NP levels
predicted postoperative cardiac complications in multiple
prospective cohort studies. A systematic review and metaanalysis determined that an elevated preoperative NP level had
an adjusted OR of 19.3 (95% CI 8.5–43.7) for 30-day cardiac
complications.30 Subsequently, an individual patient-level
meta-analysis of 18 prospective cohort studies, which included
2,179 patients undergoing a variety of surgeries, reported that
patients with an elevated preoperative NP level (NT-proBNP
≥ 300 ng/L or BNP ≥ 92) had a 21.8% risk of MI and death at
30-days compared with a 4.9% risk in patients with NP levels
below these thresholds.36 Based on these analyses, the CCS
guidelines recommend obtaining preoperative NP measurements
in patients with a baseline risk > 5% for postoperative death or
non-fatal MI to enhance risk assessment. The results of the METS
trial also confirmed the prognostic value of preoperative NP
measurements. An elevated preoperative NP level was associated
with an increased risk of death or MINS at 30-days (aOR 1.78,
95% CI 1.21–2.62) and death at one-year postoperatively (aOR
2.91, 95% CI 1.54–5.49).32

Counterpoint: Internists Should Not Use NP Levels
for Preoperative for Cardiac Risk Assessment
Preoperative assessment using NP measurement is controversial
(see Figure 1). In contrast to the CCS, the ESC provided a weak
recommendation for preoperative NP measurement in highrisk patients and the AHA did not provide a recommendation
addressing preoperative NP measurement.8,14 Natriuretic peptide
levels should not be measured preoperatively given the modest
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incremental prediction provided by NP levels, the uncertain
impact of NP testing on clinical outcomes, and practical barriers
to implementing preoperative NP testing in clinical practice.

Prediction Provided by NP Levels is Modest
The prognostic value of preoperative NP levels has been
evaluated in several small, prospective cohort studies. A
systematic review and meta-analysis identified 9 studies that
evaluated the predictive performance of preoperative NP levels
in 3,281 patients.30 The results of the study suggested a strong
association between preoperative NP levels and postoperative
cardiovascular complications (aOR 19.3, 95% CI 8.5–43.7).
However, the pooled outcome data used in this metanalysis
was based on study-specific NP thresholds. This would have
overestimated the association between preoperative NP levels
and postoperative cardiovascular complications.37
A subsequent individual patient metanalysis of 2,179
patients undergoing non-cardiac surgery applied a single
BNP and NT-proBNP threshold across the entire dataset. The
association between preoperative NP level and postoperative
cardiovascular complications was less compelling in this study
(aOR 3.40, 95% CI 1.81–3.96). Moreover, NP levels provided
only fair discrimination for this outcome (AUC 0.71 for BNP;
0.69 for NT-proBNP).30 The authors also assessed the net
reclassification for a model that included baseline variables
(age, surgery type, surgery urgency, RCRI score) and NP levels
compared with a model that included baseline variables alone.
After accounting for patients who were incorrectly reclassified,
the model that incorporated NP levels correctly reclassified only
16% of patients into a higher or lower risk category. Moreover,
the majority of patients who were correctly reclassified had
their risk-adjusted by a single 5% risk category. This suggests
that the additional prediction provided by preoperative NP
levels is modest at best.
The recent METS study also evaluated the association
between preoperative NT-proBNP levels and postoperative
cardiovascular complications.32 Preoperative NT-proBNP levels
did not predict the primary outcome of death or MI at 30-days
after surgery (aOR 1.88, 95% CI 0.89–3.96), which brings into
question the utility of preoperative NP levels for predicting
short-term cardiovascular complications. However, preoperative
NT-proBNP levels were associated with one-year mortality, as
discussed earlier in this review.

conducting prospective validation studies, assessing incremental
prediction, evaluating clinical utility, assessing impact on clinical
outcomes, and establishing cost-effectiveness.38 Studies to date
have prospectively validated preoperative NP testing for cardiac
risk assessment and demonstrated incremental improvement
in prediction compared with clinical risk factors.30,36 However,
no studies have evaluated the impact of preoperative NP testing
on care delivery or patient outcomes. These studies should be
performed before widely implementing preoperative NP testing.

Practical Barriers to Preoperative BNP Testing are
Substantial
Implementing preoperative NP testing into preoperative risk
assessment poses substantial challenges for both healthcare
institutions and front-line providers. First, many healthcare
providers do not have access to NP testing. A poll of CSIM annual
meeting attendees revealed that 40% did not have access to these
laboratory tests at their institution (Figure 4). Point of care testing
is a reasonable alternative in these settings, but will nevertheless
require institutions to purchase the necessary equipment and
reagents. Second, the optimal timing of preoperative NP testing
has not been established and has varied in prospective studies
conducted to date.30 Third, studies to date have not evaluated
how obesity and renal failure impact the prognostic performance
of preoperative NP levels. Fourth, a clinical risk calculator that
incorporates both clinical risk factors (e.g. age, surgery type,
RCRI score, etc.) and NP levels are yet to be developed for
clinical use. This is necessary as the prediction provided by
preoperative NP levels is incremental to that provided by clinical
risk factors and indices.

The Impact of BNP Testing on Patient Outcomes is
Uncertain
The AHA recommends a 6-step process for evaluating novel
biomarkers, which includes performing proof of concept studies,
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Figure 4. Survey responses for audience members at the Canadian Society of Internal
Medicine annual meeting plenary debate on perioperative cardiac biomarker
surveillance for the question; Do you have same-day access to natriuretic peptide
testing at your centre?
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Conclusion
Cardiac biomarkers show promise for enhancing perioperative
cardiac risk assessment. Preoperative NP levels provide incremental
prediction for postoperative cardiovascular complications while
postoperative troponin surveillance facilitates early identification
of patients with postoperative myocardial injury. There is potential
to improve outcomes in these patients by initiating cardioprotective
medications and enhancing postoperative medical care. However,
the incremental risk prediction provided by NP testing is modest
and most evidence for treating postoperative myocardial injury
is from observational studies. It is also unknown whether the
implementation of preoperative NP testing and postoperative
troponin testing will improve clinical outcomes. We recommend
that general internists and institutions take into consideration
local availability of NP testing, capacity for postoperative medical
follow-up, and patients’ preferences when utilizing these novel
perioperative risk assessment modalities.
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ABSTRACT
2019 marks the centenary of the death of William Osler, a Canadian by birth and internationally
regarded as a leading physician of his time. His work, in Canada, the US, and the UK and
eloquent writings spread his knowledge, thinking and way of practicing and teaching medicine.
He advocated for the patient, rather than the disease, as the focus of medical practice, and his
writings demonstrate his concerns for matching practice to the patient’s circumstances and
expectations, honing the physician´s clinical skills, and using the best scientific evidence available
at the moment.
Osler’s approach is regarded by many as the beginning of modern medicine and has some
interesting coincidental and intentional connections with evidence-based medicine (EBM) of
current times. By coincidence, Osler was raised in Dundas, now part of Hamilton, Ontario, the
eventual home of David Sackett, a Canadian by choice, who led the current era of EBM. Both
began their academic careers at Canadian universities and ended their careers as professors at
the University of Oxford. By intention, EBM emphasizes a critical mind, appraisal, and use of the
scientific literature, and incorporation of the patient’s circumstances and preferences in reaching
clinical decisions. The clinical epidemiologic science that underpins EBM is quite different from
the observational pathophysiologic reasoning of Osler, and Osler may or may not have approved.
In any event, many of his writings hold true for current medical practice.

Resume
2019 marque le centenaire de la mort de William Osler, un Canadien de naissance et considéré
à l’échelle internationale comme l’un des principaux médecins de son époque. Son travail, au
Canada, aux États-Unis et au Royaume-Uni, et ses écrits éloquents diffusent ses connaissances,
sa pensée et sa façon de pratiquer et d’enseigner la médecine. Ses écrits démontrent son souci
d’adapter la pratique à la situation et aux attentes du patient, d’affiner les compétences cliniques
du site physician´s et d’utiliser les meilleures preuves scientifiques disponibles à l’heure actuelle.
L’approche d’Osler est considérée par beaucoup comme le début de la médecine moderne
et a des liens intéressants de coïncidence et d’intention avec la médecine fondée sur des preuves
(EBM) des temps actuels. Par coïncidence, Osler a grandi à Dundas, qui fait maintenant partie
de Hamilton, en Ontario, où David Sackett, un Canadien de son choix, a vécu à l’époque actuelle
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de la MFP. Tous deux ont commencé leur carrière universitaire dans des universités canadiennes
et ont terminé leur carrière comme professeurs à l’Université d’Oxford. Par intention, la MFP
met l’accent sur l’esprit critique, l’évaluation et l’utilisation de la documentation scientifique et
l’intégration de la situation et des préférences du patient dans la prise de décisions cliniques.
La science épidémiologique clinique qui sous-tend la MFP est très différente du raisonnement
pathophysiologique d’observation d’Osler, et Osler peut ou non avoir été approuvé. Quoi qu’il
en soit, bon nombre de ses écrits s’appliquent à la pratique médicale actuelle.
Keywords evidence-based medicine, health, patients, medicine, William Osler, history of medicine
William Osler (Figure 1) was an outstanding physician, known
for many virtues that deserve to be remembered along with the
pioneers of integrating scientific observations into medical practice,
such as James Lind (1716–1794), Pierre-Charles-Alexandre Louis
(1787–1872), and Ignaz Semmelweis (1818–1865),1 and, more
recently, the evolution to evidence-based medicine (EBM).2
Many of his published works were exceptional in his time and
his aphorisms still have relevance and inspirational importance
for the present.3
This paper is a tribute to William Osler for his influence on
medical training and practice including precedents for evidencebased medicine.

William Osler’s Biographical Sketch
William Osler was born on 12 July 1849, in a parsonage at
Bond Head, Tecumseh County of Upper Canada, now in the
province of Ontario. His English-born father, Featherstone
Osler, was invited to serve as a science officer for Charles

Darwin, but he left the navy to become an Anglican minister
and immigrated to Canada as a circuit-rider clergyman. Osler
was raised in the town of Dundas, now part of Hamilton,
Ontario, and educated at the Trinity College School, Weston,
Ontario, and after, at Trinity College, Toronto, in preparation
for a career as a minister. In 1868, Osler developed an interest
in medicine and entered the Toronto School of Medicine.
Later, Osler left this medical school for McGill University in
Montreal, and in 1872, he received the MD/CM degree from
its Faculty of Medicine. During the following two years, he
visited medical centers in Europe. This trip forged his
outlook, influenced by the European general and medical
culture mainly in England, Berlin and Vienna, under the
leadership of German-speaking countries in both scientific
and clinical medicine.3 Osler only profited indirectly from the
French School of Clinical Anatomy, whose golden age
preceded, with Laennec and his many heirs, and exerted a
deep influence on medical research until the turn of the
twentieth century.4 In his learning-teaching process, Osler
analyzed diseases in patients by correlating clinical
observations, pathological changes, biopsies, and, when
treatment failed, autopsies.
Table 1. Osler’s Aphorisms on the Importance of Expectations of Patients
Listen to your patient, he is telling you the diagnosis.
In what may be called the natural method of teaching, the student begins
with the patient, continues with the patient, and ends his studies with
the patient, using books and lectures as tools, as means to an end.
To study the phenomena of disease without books is to sail an uncharted
sea, while to study books without patients is not to go to sea at all.
Care more particularly for the individual patient than for the special
features of the disease.

Figure 1. William Osler. Source: https://hslmcmaster.libguides.com/hhm/
osler
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Do not rashly use every new product of which the peripatetic siren sings.
Consider what surprising reactions may occur in the laboratory from
the careless mixing of un-known substances. Be as considerate of your
patient and yourself as you are of the test-tube.
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Before going to London to continue his study travel, he came
back to his family home in 1872 to practice in the Hamilton
Hospital. This peripatetic pathway persisted through his career.
Osler was at various times Professor in four different universities
in three countries. In 1884, he moved from McGill to the
University of Pennsylvania, in Philadelphia. In 1889, Osler
left Philadelphia to become one of the founding members
of the Johns Hopkins Hospital in Baltimore, Maryland. In
1905, Osler accepted the appointment as Regius Professor of
Medicine at Oxford. In 1919, depressed and weakened over
the World War I death of his second son, Edward Revere Osler
(1895–1917) two years earlier, Osler fell ill and died of influenza
pneumonia on December 29, 1919, one hundred years ago3,5.

Osler’s Way
Osler shared several characteristics of successful entrepreneur
educators: constructive skeptics, and well-traveled popularizers
of ideas and concepts for improving medical practice.6–8 He
praised the value of leading a light-hearted, jaunty, breezy, life full
of jokes and laughter: “Nothing will sustain you more potently
than the power to recognize in your humdrum routine, the true
poetry of life – the poetry of the commonplace, of the ordinary
person, of the plain, toil worn, with their loves and their joys,
their sorrows and griefs.” As mentioned by Bliss,3 Osler did
not consider himself either a scientist or a medical specialist,
but mainly a general physician concerned about learning the
natural history of the disease, teaching about the disease, and
undertaking what he could to treat it.
Osler cited medical literature as the source of best evidence,
and critically appraised research. This approach is the sine qua
non of EBM. But the use of the medical literature may suffer
from errors in methods and guidelines. Osler’s skepticism
addresses these concerns as remembered by Becker9: “Osler’s
methods follow the lead of modern basic science researchers and
developers of technologies who first eliminate errors to allow
experiments to proceed and machines to operate safely. Osler
accepted Hippocratic medicine as scientific because it draws in
this way on methods that can ensure the validity of inquiry and
derivatively provide ongoing confirmations and refinements
of best evidence from laboratory and clinical studies.” Indeed,
Osler embraced scientific skepticism: “One special advantage
of the skeptical attitude of mind is that a man is never vexed to
find that after all, he has been in the wrong.”
Osler was a prolific author and gifted public speaker with a
clear, coherent style. Osler’s most famous work, The Principles
and Practice of Medicine (1892), became a prominent textbook
of medicine and went into multiple editions and six translations
until the 1930s. As mentioned by Naylor,10 the first edition of
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this book had a transformative influence on medical education
and ultimately clinical practice. Naylor10 claims that it is a huge
overview, full of clinical narrative, fascinating autopsy series
many by Osler himself, and interesting physical signs that are
infrequently perceived today.

EBM and the Triad Followed by Osler

According to Sackett et al.2 the key components to EBM are three:
1. consideration of the patient’s circumstances and expectations
(wishes); 2, physician´s clinical skills, and 3. decision-making
based on the best evidence available. These same concepts are
voiced by William Osler in his aphorisms.6–8
Osler insisted that students learn from seeing and talking
to patients. He was known for taking steps necessary to meet
the needs of each patient. In activities, Osler defined the scope
of Hippocratic humanism. In this way, Osler made clinical
judgments on individual patients, and as a result may not have
been over-enthusiastic about the results of clinical trials conducted
on tens or thousands of patients, as remarked by Bálint et al.11
This assessment may be wrong, given Osler’s understanding
of probabilities: it is far riskier to extrapolate to individual
patients from basic science gleanings rather than sound clinical
trials, and Osler would certainly have seen this. Unfortunately,
the methodology for, and evidence from, sound studies of the
cause, course, prediction, diagnosis, prevention, and treatment
of disease were simply not available in Osler’s time.
Osler reduced the number of didactic lectures for students,
worked with pupils and patients on the wards and introduced
the clinical clerkship to promote learning about medicine by
treating patients, that is, learning by doing.3 Consequently, he
facilitated individual clinical expertise, that is, the skills and
decision-making ability that clinicians obtain through experience
and training. Increased expertise is revealed in many ways,
but particularly in better diagnosis and in the more attentive
identification of individual patients’ difficulties, truths, and
predilections in making decisions about their care. He wrote
of efficacy “the greatest difficulty of life is to make knowledge
effective” and of evidence “our work is an incessant collection
of evidence, weighing of evidence and judging of evidence,” as
quoted by Ryan.12
Ryan12 considered Osler to also be one of the fathers of
postgraduate medicine. For example, Osler regularly met with
allied military medical staff in London during World War I,
recognizing the necessity of these doctors having continuing
professional education and so he worked with colleagues to
provide a program of updates on current medical and surgical
practices. He based the program according to the prevalence
of the disorders likely to be encountered, infectious mostly,
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Table 2. Osler’s Aphorisms on the Importance of Physician´s Experience
It is only by a persistent intelligent study of disease upon a methodical
plan of examination that a man gradually learns to correlate his daily
lessons with the facts of his previous experience and of that of his
fellows, and so acquires clinical wisdom.
The important thing is to make the lesson of each case tell on your
education. The value of experience is not in seeing much, but in seeing
wisely.
The art of the practice of medicine is to be learned only by experience;
‘tis not an inheritance; it cannot be revealed. Learn to see, learn to hear,
learn to feel, learn to smell, and know that by practice alone can you
become expert.
The whole art of medicine is in observation… but to educate the eye
to see, the ear to hear and the finger to feel takes time, and to make a
beginning, to start a man on the right path is all that you can do.
Get the patient in a good light. Use your five senses. We miss more by not
seeing than we do by not knowing. Always examine the back. Observe,
record, tabulate, communicate.

Table 3. Osler’s Aphorisms that Emphasized the Importance of Best Evidence
We only can instill principles, put the student in the right path, give him
methods, teach him how to study, and early to discern between essentials
and non-essentials.
Lack of systematic personal training in the methods of the recognition
of disease leads to the misapplication of remedies, to long courses of
treatment when treatment is useless, and so directly to that lack of
confidence in our methods which is apt to place us in the eyes of the
public on a level with empirics and quacks.
If you have the good fortune to command a large clinic, remember that
one of your chief duties is the tabulation and analysis of the carefully
recorded experience.
Errors in judgment must occur in the practice of an art that consists
largely in balancing probabilities.
Medicine is a science of uncertainty and an art of probability.

including pneumonia, typhoid fever, and syphilis, also selected
because they would potentially span several medical disciplines.3
Osler famously said “The practice of medicine is an art based
on science” using critical appraisal techniques applicable to the
bedside. Osler was not a scientist himself but firmly believed that
medicine should rest on science.3 He didn’t accept his clinical
diagnoses as final without confirming them through biopsies
or autopsies.
Osler understood that probability is particularly important
in medicine, as is now well described and central to EBM. For
26
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instance, Osler’s diagnostic reasoning deals with probability,
informing patients in order of likelihood what might become
of them, ordered from higher to lower chance.3
Several of Osler’s writings address the characteristics of
science and the uncertainty of clinical practice. Osler’s methods
advocated interventions against uncertainty as a core activity for
medicine. “Take as little as possible on trust.” The risks of being
wrong cannot be separated from the acquisition and application
of knowledge. “Start out with the conviction that absolute truth is
hard to reach in matters relating to our fellow creatures, healthy
or diseased, that slips in observation are inevitable even with
the best-trained faculties, that errors in judgement must occur
in the practice of an art which consists largely in balancing
probabilities.” “The best doctor, like the successful general, is
the one who makes the fewest mistakes.”
Bálint et al.11 and Hogan13 remind us that Osler indeed had
at his time few medicines in number to choose, but an excess of
untried and useless remedies. Consequently, Osler considered
it to be important to have a “firm faith in a few good, well tried
drugs, little or none in the great mass of medicines in any and
every malady.” Recent Canadian studies as quoted by Hogan,
have shown an alarming degree of overprescribing by Canadian
physicians. Osler’s advice on proof of efficacy before the use of
medicine remains pertinent today.
To help choose the best evidence at his time, Osler, according
to Linzer,14 formed probably the first organized medical journal
club in 1875 at McGill University for the purchase and distribution
of periodicals to those who could not afford to subscribe as
an individual. He later brought this practice to John Hopkins
University in 1889, where he established the Book and Journal
Club. Its members met to discuss the newest printed medical
research and commend new books for the library.

The Revolutionary Canadian Medical Crib
Many coincidences in lifestyle, personality and place can be found
in Osler’s life and that of the leading founder of the modern
EBM, David Sackett. Sackett described in his farewell interview15
accomplishments that gave him pride: his successful, brilliant
pupils; his ability to translate, demystify, explain, promote, and
popularize research methods for answering clinically relevant
questions; his “positive skepticism” that eventually replaced
sufficient clinical evidence and proper medical education by
sounder more reliable approaches. He also mentioned his preference
for loyalty to individual people rather than to institutions. Osler
shared several of Sackett´s characteristics - both were constructive
skeptics, avid mentors, and well-traveled popularizers of ideas
and concepts for improving medical practice. Both were known
for a sense of humour. Osler praised leading a light-hearted life
full of jokes, Sackett had a similar joie de vivre.
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Regarding the similarities between Osler and Sackett, their
achievements were perhaps facilitated by “Canadian culture,”
which Sackett claimed was “more integrated” than that in the
United States.15 Although Osler practiced long before EBM was
developed, his general approach was similar and appears to have
infused in EBM, augmented by better use of better evidence for
clinical decisions.

Conclusion
In conclusion, this paper is a tribute to William Osler, an
influential Canadian, marking 100 years since his death. Osler
left worthy legacies as a leading physician, acclaimed educator,
and champion for harnessing science in medical decision
making, presaging and blazing a trail towards the current era
of evidence-based medicine.
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A Patient with An Acute Febrile Illness, Bilateral
Pulmonary Infiltrates, Neurologic Symptoms,
and a Corpus Callosal Lesion
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A 45-year-old healthy male presented with sudden onset confusion,
slurred speech, and abnormal gait, preceded by 3 days of fever,
malaise, and non-productive cough. He had recently traveled
to a rural community. Physical examination was notable for
a temperature of 40.4°C, oxygen saturation of 91% on room
air, diffuse bilateral inspiratory crackles on chest auscultation,
disorientation to date with some short-term memory impairment,
marked dysarthria, upper and lower extremity dysmetria, and
truncal ataxia with a wide, ataxic gait. Initial biochemistry was
notable for a mild leukocytosis, sodium of 128 mmol/L, and
C-reactive protein of 419.3 mg/L. Chest radiography demonstrated
bilateral, multilobar, dense airspace consolidation (Figure 1).
The patient was admitted to hospital and magnetic resonance
imaging (MRI) with gadolinium enhancement of the brain
was performed due to his neurologic symptoms. This revealed
a well-circumscribed, ovoid focus of restricted diffusion and
faint T2 signal hyperintensity in the splenium of the corpus
callosum without any other intracranial abnormality (Figure 2).
Urinary antigen testing was positive for Legionella pneumophila
serotype 1, while other infectious investigations were negative.
He was treated with levofloxacin 750 mg orally daily to complete
a 2-week course. His respiratory and neurologic status gradually
improved, and he was discharged after 8 days in the hospital.
Legionnaires’ disease is a clinical syndrome of atypical
pneumonia with systemic manifestations caused by Legionella
infection.1 While respiratory symptoms are a known feature of
the syndrome, the neurologic sequelae are often overlooked
by clinicians or cause confusion with alternative diagnoses.2
Increased use of MRI has led to the identification of certain
28
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signs, such as lesions in the corpus callosum, that may suggest
Legionnaires’ disease, although thus far these have been limited
to several case reports.3 Urine antigen testing may be used to
confirm infection with Legionella pneumophila serotype 14 ;
however, in patients with severe pneumonia, clinicians
should still consider the presence of other pathogens before
narrowing therapy. Current guidelines for the management of
community-acquired pneumonia recommend testing for
Legionella infection in certain patients

Figure 1. Posteroanterior chest radiograph showing bilateral, multilobar, dense
airspace consolidation.
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Legionella infection in certain patients with communityacquired pneumonia, such as those with severe disease,
failure of outpatient therapy, or recent travel.4 The preferred
treatments are levofloxacin or azithromycin, with duration
depending on the severity of presentation.1,4 In conclusion, a
patient presenting with an acute febrile illness, bilateral
pulmonary infiltrates, and neurologic symptoms should be
investigated for Legionnaires’ disease.
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Figure 2. Brain magnetic resonance imaging showing a faint T2 hyperintensity
in the splenium of the corpus callosum (arrow).

Canadian Journal of General Internal Medicine

CJGIM_4_2019_172948.indd 29

1. Cunha BA, Burillo A, Bouza E. Legionnaires’ disease. Lancet
2016;387:376–85.
2. Morgan JC, Cavaliere R, Juel VC. Reversible corpus callosum lesion in
legionnaires’ disease. J Neurol Neurosurg Psychiatr 2004;75:651–4.
3. Tomizawa Y, Hoshino Y, Sasaki F, et al. Diagnostic utility of splenial lesions
in a case of Legionnaires’ disease due to Legionella pneumophila serogroup 2.
Intern Med 2015;54:3079–82.
4. Mandell LA, Wunderink RG, Anzueto A, et al. Infectious Diseases Society
of America/American Thoracic Society consensus guidelines on the
management of community-acquired pneumonia in adults. Clin Infect Dis
2007;44 Suppl 2:S27–72.

Volume 14, Issue 4, 2019

29

11/8/19 12:17 PM

Clinical Images
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A 65-year-old woman presented with one week of progressive
right flank pain radiating to the epigastrium, pneumaturia,
and vomiting. Medical history included recurrent urinary tract
infections and type 2 diabetes mellitus with hemoglobin
A1c of 9.9%. An exam revealed suprapubic tenderness
with blood pressure 95/60 mm Hg and temperature 38.5°C.
Laboratory investigations revealed leukocytes of 17 (normal
4.3–10.8) × 109/L. Creatinine was 91 (baseline 70) μmol/L,
AST 552 (normal 10–40) U/L and ALT 334 (normal 7–56)
U/L. Extended electrolytes revealed serum phosphate 0.35

(normal 1.0 to 1.5) mmol/L and magnesium 0.51(normal 0.65
to 1.05) mmol/L with a lactic acid of 4.2 mmol/L. Computed
tomography (CT) revealed emphysematous pyelitis in the right
kidney with query parenchymal involvement (Figure 1). Urine
culture developed Escherichia coli with negative blood culture.
She was managed with crystalloid resuscitation, electrolyte
repletion, and antibiotics. Vitals stabilized and lactic acid
decreased to 1.9 mmol/L within 24 hours. Repeat CT revealed
an obstructive calculus (Figure 2), with nephrostomy tube
placed on day six.

Figure 1. (A) Coronal and (B) Transverse views of the patient’s abdomen and pelvis by computed tomography (CT) on presentation revealing emphysematous
pyelitis, with possible parenchymal involvement. CT revealed gas in right upstream upper pole calyces extending to right ureter and bladder.
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Figure 2. (A) Coronal and (B) Transverse views of the patient’s abdomen and pelvis by computed tomography (CT) on day 5 of admission indicating improvement
of air and fluid within the obstructed upper pole of the right kidney. There is some loss of cortex in the upper pole of the right kidney and a 1.5 × 1 cm calculus
obstructing the right upper pole calyceal system.

Emphysematous infections are often associated with diabetes mellitus and can rapidly progress to sepsis, precipitated
by glucose-fermenting organisms such as Escherichia coli and
Klebsiella.1 Clinically, emphysematous pyelitis and the more
fulminant emphysematous pyelonephritis (EPN)— characterized
by intraparenchymal involvement— are critical to distinguish by
CT to guide early management. Emphysematous pyelitis may be
managed with antibiotics alone and is associated with a mortality
rate of 20%, whereas EPN carries a mortality of 50%, typically
requiring surgical drainage or nephrectomy.1,2
This case presented a diagnostic challenge in distinguishing
emphysematous pyelitis from EPN with CT. In consultation with
urology, we elected to conservatively manage the patient given
rapid clinical stabilization. Minimally invasive modalities may be
successful in the management of emphysematous pyelitis where
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EPN is difficult to exclude by radiologic study, with surgical
intervention reserved for unresponsive cases.
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Abstract
Lymphomatoid papulosis is an indolent cutaneous lymphoproliferative disorder that presents
as recurrent self-resolving papulonodular skin lesions. Currently, there are no known causes for
lymphomatoid papulosis and definitive diagnosis is only made histologically. A 64-year-old man
presented with a 6-week history of bilateral leg pains, low-grade fevers, and a widespread eruption
of painless erythematic papules. Despite testing positive for syphilis serology, he lacked the typical
clinical history for classic syphilis and therefore, skin biopsies were performed to confirm the
diagnosis. Unexpectedly, the skin biopsies revealed lymphomatoid papulosis which resolved
with antibiotic treatments for syphilis. Considering the synchronous resolution of the patient’s
syphilis infection and his cutaneous lesions, this is the first report of findings to suggest syphilis
as a possible cause for lymphomatoid papulosis. Clinicians should appreciate the possibility of
alternative diagnosis for cutaneous presentations in settings of confirmed syphilis infections.

RESUME
La papulose lympho-matoïde est un trouble lymphoprolifératif cutané indolent qui se présente
sous la forme de lésions cutanées papulonodulaires auto-résolutives récurrentes. Actuellement,
il n’y a pas de causes connues de la papulose lymphomatoïde et le diagnostic définitif n’est posé
que sur le plan histologique. Un homme de 64 ans a présenté une histoire de 6 semaines de
douleurs bilatérales aux jambes, de fièvres de bas grade et d’éruptions généralisées de papules
érythémateuses indolores. Malgré un test sérologique positif pour la syphilis, il n’avait pas les
antécédents cliniques typiques de la syphilis classique et des biopsies cutanées ont donc été
effectuées pour confirmer le diagnostic. De façon inattendue, les biopsies cutanées ont révélé
une papulose lymphomatoïde qui s’est résorbée grâce à des traitements antibiotiques contre la
syphilis. Compte tenu de la résolution synchrone de l’infection syphilitique du patient et de
ses lésions cutanées, il s’agit du premier rapport de résultats suggérant que la syphilis est une
cause possible de papulose lymphomatoïde. Les cliniciens devraient apprécier la possibilité d’un
diagnostic alternatif pour les présentations cutanées dans les contextes d’infections syphilitiques
confirmées.
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Clinical Image
A 64-year-old man was admitted to our institution with the
progressive eruption of widespread rashes in the context of
lancinating leg pains, recurrent fevers, and subacute development
of asymptomatic lung opacities noted on recent CT chest.
Examination revealed the presence of diffuse, non-pruritic,
painless erythematic papules most predominantly concentrated
in the chest, trunk, and lower limbs with no mucosal involvement
(Figur 1). Following an initial infectious workup, the patient
was found with positive Treponema pallidum serology and was
started on penicillin G treatment. Due to inconsistencies in the
patient’s reported history, skin biopsies were obtained to confirm
a diagnosis of secondary syphilis. Surprisingly, the biopsy results
showed lymphomatoid papulosis (LyP); a rare form of primary
cutaneous lymphoproliferative disorder. In consideration of
recent pulmonary infiltrates and the absence of neurosyphilis,
this is most likely an atypical presentation of secondary syphilis
given the alternative cutaneous findings.1 Nevertheless, the
patient saw a regression of his syphilis infection as well as LyP
lesions with antibiotic treatment.
LyP is a chronic benign lymphoproliferative disorder that is
characterized by recurrent eruptions of erythematic papulonodular
lesions.2 The etiology of LyP is currently unknown and the genetic
abnormalities behind LyP’s immunophenotypic features appear
to be complex with a high degree of variation among individual
cases2. Despite being long hailed as the “great imitator” due
to its lengthened clinical course and variable presentations,

syphilis is rarely considered as an etiology for the development
of lymphoproliferative disorders. Connections between syphilis
and lymphoproliferative disorders may have been overlooked by
the urge to attribute abnormalities—clinically or histologically—
as manifestations of syphilis given its protean nature. Given
the regression of LyP with syphilis treatment, syphilis should
be considered as a risk factor for the development of chronic
cutaneous lymphoproliferative disorders.
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Figure 1. Clinical photographs of the patient’s initial presentation: A. Diffuse erythematic
papular lesions are most notably seen over the patient’s chest. B. Lesions were also
identified to a lesser extent on the patient’s extremities.
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Abstract
We present here the case of an 81-year-old female with a history of giant cell arteritis whose
presenting complaint was nonspecific lower abdominal pain. Her symptoms had been previously
unresponsive to antibiotics for presumed diverticulitis, as well as escalating doses of empiric
steroids for possible vasculitis. She underwent a computed tomography angiogram, which
revealed massive and widespread arterial and venous thromboses. No clear explanation for
her hypercoagulable state was found after initial investigations. In the hospital her hemoglobin
climbed, peaking at 170 g/L, with an associated neutrophilia, and a myeloproliferative neoplasm
(MPN) was considered. Bone marrow biopsy was consistent with an MPN and the patient was
JAK2 positive, leading to a diagnosis of polycythemia vera (PV). We review the differential
diagnosis of concomitant arterial and venous thromboembolic events, as well as a discussion
of thrombotic events in PV.

RESUME
Nous présentons ici le cas d’une femme de 81 ans ayant des antécédents d’artérite à cellules géantes
dont la plainte présentée était une douleur non spécifique au bas-ventre. Ses symptômes étaient
auparavant insensibles aux antibiotiques pour une diverticulite présumée, ainsi qu’à des doses
croissantes de stéroïdes empiriques pour une vascularite possible. Elle a subi un angiogramme
par tomodensitométrie qui a révélé des thromboses artérielles et veineuses massives et étendues.
Aucune explication claire de son état d’hypercoagulation n’a été trouvée après les premières
investigations. À l’hôpital, son taux d’hémoglobine a grimpé, culminant à 170 g/L, avec une
neutrophilie associée, et un néoplasme myéloprolifératif (NPP) a été envisagé. La biopsie de
la moelle osseuse correspondait à un NPP et le patient était positif à JAK2, ce qui a mené à un
diagnostic de polycythémie vera (PV). Nous passons en revue le diagnostic différentiel des
événements thromboemboliques artériels et veineux concomitants, ainsi qu’une discussion sur
les événements thrombotiques dans le PV.
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Case Presentation
An 81-year-old woman was transferred to our tertiary care
center for further work up of abdominal pain of unknown
origin. The patient had a history of hypertension, type 2 diabetes,
hypothyroidism, remote transient ischemic attack (TIA), and
chronic kidney disease (baseline creatinine of 125 μmol/L).
She was followed by a nephrologist who had arranged a renal
biopsy in the preceding year to investigate a gradual decline
in her renal function. The biopsy had revealed “thrombotic
microangiopathy,” which at the time had been attributed to
hypertensive nephropathy. Ten years previously, because of
temporal headaches and constitutional symptoms, she had been
diagnosed with giant cell arteritis (GCA) and treated successfully
with steroids. No biopsy was done at that time. She remained
well and off steroids for many years.
Six months before admission, she noted symptoms of
fatigue, loss of appetite and parietal headache. A temporal artery
biopsy was performed and was negative. Steroids were initiated
empirically for a supposed relapse of GCA, with a subsequent
taper. Despite treatment, her symptoms did not improve, and
her C-reactive protein level continued to climb to a value of 72
mg/L (baseline value 3 mg/L).
One month before admission, the patient developed nausea,
vomiting, weight loss and left lower quadrant crampy abdominal
pain. Her abdominal symptoms worsened despite several rounds
of outpatient antibiotics for presumed diverticulitis. Flexible
sigmoidoscopy was negative for colitis. Her prednisone dose was
increased from 20 mg to 50 mg daily due to concern that the
underlying cause of her abdominal pain was vasculitis, but again
no clinical improvement was seen. Given her lack of response,
she was admitted to the referring hospital for further work up.
Exam at that time was significant only for diffuse abdominal
tenderness. Routine blood work revealed hemoglobin of 148 g/L,
hematocrit 0.44, platelets 171 × 109/L, and leukocytosis (24 ×
109/L) with a persistent neutrophilia (16.6 × 109/L), presumed
secondary to steroids and/or possible infection. An abdominal
non-contrast computed tomography (CT) scan was performed,
with contrast being avoided given concerns over her renal function
(creatinine of 132 μmol/L). CT did not reveal the cause of her
ongoing abdominal pain, therefore she was referred to our centre.
Upon transfer, she underwent a CT angiogram, which revealed
extensive intra-abdominal arterial and venous thromboses. These
included a 6 cm clot in the mid-aorta, as well as clots in the celiac
axis, hepatic artery, splenic artery, superior mesenteric artery,
bilateral iliac arteries, and extensive bilateral pulmonary emboli
(Figure 1). Heparin was initiated. She was not a candidate for
thrombolysis or surgical thrombectomy given the timeline of her
symptoms. An echocardiogram did not reveal a cardioembolic
source. Further imaging of her chest and head and evaluation of
Canadian Journal of General Internal Medicine

CJGIM_4_2019_172948.indd 35

tumour markers (CEA, CA 19-9 and CA125) were negative for
signs of an underlying solid malignancy. Lupus anticoagulant,
anticardiolipin and beta-2 glycoprotein I antibodies were negative.
Heparin-induced thrombocytopenia (HIT) assay was negative.
A peripheral smear revealed microcytic and hypochromic red
cells, platelets with occasional large hypogranular forms, marked
leftward shift and no circulating blasts. Fibrinogen was 4.9 g/L,
with no other signs of disseminated intravascular coagulation
(DIC). Protein electrophoresis showed a normal pattern.
Serial hemoglobin levels following her admission to the
hospital subsequently began rising and peaked at 170 g/L. Given
the elevated hemoglobin level, persistent neutrophilia, and absence
of other thrombotic diseases found, a myeloproliferative neoplasm
(MPN) was considered. A bone marrow biopsy showed features
consistent with a diagnosis of polycythemia vera (PV) including
panmyelosis and megakaryocytic clustering with occasional
large hyperlobated forms. Serum erythropoietin level was 8.8
mU/mL (normal range 3.3–16.6 mU/mL). Ultimately, she was
found to be positive for the JAK2 mutation, and fluorescence
in situ hybridization (FISH) analysis did not reveal a BCR/ABL
fusion gene. PV was diagnosed. The patient underwent several
phlebotomies in hospital and was initiated on hydroxyurea 500
mg twice a day, given her age over 60 years and the occurrence
of a major thrombotic event, classifying her as high risk for
further thrombotic complications1. Hemoglobin fell to 127 g/L,
hematocrit 0.48, and white blood cell 15.7 × 109/L with treatment.
She was eventually transitioned to warfarin from heparin. She
was not treated with aspirin as she had a previous allergy and
was unwilling to undergo desensitization. Symptomatically she
was doing well before discharge with follow-up imaging of her
clot burden planned as an outpatient.

Discussion
Hypercoagulable states should be suspected in patients with
synchronous venous and arterial clots, thrombosis at a young
age or those that occur in unusual locations, such as involving
the mesenteric vasculature. There is a relatively limited
differential diagnosis of patients presenting with both arterial
and venous thromboembolic events (Table 1). These include
HIT, antiphospholipid antibody syndrome (APS), paroxysmal
nocturnal hemoglobinuria (PNH), and MPNs. In addition,
hyperviscosity states as well as prothrombotic states (as seen
in thrombotic thrombocytopenic purpura (TTP)/hemolytic
uremic syndrome (HUS) and DIC) can lead to both venous and
arterial microthrombi. Lastly, Trousseau’s syndrome (unexplained
thrombotic events that precede or accompany the diagnosis of
an occult malignancy) is predominantly characterized by venous
thromboembolic events, but arterial thrombosis secondary to
the underlying hypercoagulable state have been reported. In
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general, venous thrombosis is more common than arterial events
in all of the above disease states, and interventions are usually
aimed at treating the underlying etiology. The presence of a
large mural thrombus of the aorta is an impressive feature of this
case and a relatively rare finding in the absence of aneurysm or
atherosclerosis. Underlying pathologies associated with aortic
mural thrombus include the above mentioned hypercoagulable
states and have also been found to be associated with aortitis
secondary to vasculitis2.
PV is a clonal hematopoietic stem cell disease under the
broader classification of MPNs3. The diagnostic criteria include
hemoglobin greater than 165 g/L in men or 160 g/L in women,
hematocrit greater than 49% in men or 48% in women, or
increased red cell mass (25% above mean normal predicted
value). Bone marrow biopsy typically shows hypercellularity for
age with trilineage growth (panmyelosis) including prominent
erythroid, granulocytic, and megakaryocytic proliferation with
pleomorphic, mature megakaryocytes. The JAK2 (V617F) gene
mutation is seen in approximately 96% of patients, with the JAK2
exon 12 mutation only seen in 4% of patients.4 The occurrence
of thrombotic complications is a significant feature of MPNs,
and is often the initial event leading to diagnosis. The annual
incidence of thromboembolic events in MPNs ranges from 1–10%,
depending on the type of MPN, with approximately two-thirds
of events being arterial and the remaining one-third venous.5 A
large epidemiological study found that baseline leukocytosis was
an independent risk factor specifically for arterial thrombosis6.
In one large retrospective study of 1213 patients, 41% of patients
with PV had a thrombotic event with a median follow up of 6.1

years, with 64% of vascular events occurring at presentation or
before diagnosis. Interestingly, the majority of the thrombotic
events occurred in the 2 years preceding diagnosis,7 making it
important to consider underlying MPNs in patients presenting
with arterial thromboses, such as in this case. During follow
up, the incidence of thrombosis was 3.4% per year with an
overall mortality of 2.9 per 100 patient-years.7 Despite ongoing
investigations into newer treatment options, there remains no
cure for PV, with management aimed at risk reduction of lifethreatening thrombotic events.
Treatment of PV includes phlebotomy, with a hematocrit
target of less than 45%, as well as once-daily aspirin.1 Patients
with high risk factors for further thrombotic complications (age
> 60 years, history of thrombosis) are initiated on cytoreductive
therapy with hydroxyurea. Systemic anticoagulation is added
in patients with a history of venous thrombosis. While low
molecular weight heparin is superior to vitamin K antagonists in
malignancy-associated venous thrombosis,8 it remains unclear
if these benefits extend to patients with MPNs. Therefore,
systemic anticoagulation with vitamin K antagonists is generally
recommended in these patients, as there are no trials to date
assessing the efficacy of direct oral anticoagulants in patients
with MPNs. Twice daily aspirin can be considered in patients
with a history of arterial thrombosis according to some experts,
however, this is not widespread practice as of yet.1 Hematology
consultation should be considered in these patients for longterm
management.
In summary, we present a case of PV presenting with extensive
arterial and venous thrombosis before significant increases in

Figure 1. Computed tomography angiogram, showing extensive intra-abdominal
arterial and venous thromboses, including a 6 cm clot in the mid-aorta (star), as well
as the hepatic artery, splenic artery with splenic infarction (<), bilateral iliac arteries,
and extensive bilateral pulmonary emboli (*).
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Table 1. Differential Diagnosis of Both Arterial and Venous Thrombosis and Suggested Investigations

Differential Diagnosis

Diagnostic Approaches

Heparin-induced thrombocytopenia (HIT)

Heparin-PF4 antibody enzyme-linked immunosorbent assay (ELISA)

Antiphospholipid antibody syndrome (APS)

Lupus anticoagulant
Anticardiolipin antibodies (IgM and IgG)
Beta-2 glycoprotein I antibodies (IgM and IgG)

Myeloproliferative neoplasms (MPNs)

Complete blood count with differential
Serum erythropoietin
JAK2, CALR, MPL mutations
BCR/ABL fluorescence in situ hybridization (FISH)
Bone marrow biopsy

Paroxysmal nocturnal hemoglobinuria (PNH)

Flow cytometry for CD55 and CD59
Complement lysis sensitivity test

Thrombotic thrombocytopenic purpura (TTP)/hemolytic uremic
syndrome (HUS)

Complete blood count with peripheral smear (schistocytes)
Lactate dehydrogenase (LDH)
Unconjugated bilirubin
Haptoglobin
Urinalysis
ADAMTS13 level and inhibitor (IgG)

Disseminated intravascular coagulopathy (DIC)

Prothrombin time (PT)
Partial thromboplastin time (PTT)
Fibrinogen
Complete blood count with peripheral smear
D-dimer

Waldenstrom’s Macroglobulinemia

Serum protein electrophoresis (IgM)
Bone marrow biopsy or aspiration (MYD88 mutation)
CT scan (lymphadenopathy)

Sickle cell disease

Complete blood count with peripheral smear
Hemoglobin electrophoresis

Cryoglobulinemia

Serum cryoglobulins

Dysfibrinogenemia

Thrombin time
Reptilase time
Fibrinogen clotting activity-antigen ratio

Trousseau’s syndrome

Age-appropriate malignancy screening
Consider computed tomography of chest, abdomen and pelvis
Consider endoscopy

hemoglobin levels. This case highlights the pitfalls of anchoring
bias, with both continuation of treatment for presumed vasculitis
despite no improvement with steroids, and treatment for
diverticulitis despite no correlation on imaging and the potential
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morbidity associated with performing a sigmoidoscopy in this
setting. Also, the decision to avoid contrast in a patient with a
GFR < 45 mL/min led to a delay in diagnosis.9 In the case of our
patient, the benefit outweighed the risks as her diagnosis was
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unrecognized until a CT angiogram was performed showing
widespread thromboses. In retrospect, her symptoms of a vasculitis
‘relapse’ were likely related to her underlying PV. Besides, the
previous history of TIA and thrombotic microangiopathy seen
on renal biopsy may very well have been early sequelae of her
underlying hypercoagulable state. In this clinical setting, in the
absence of other causes of both arterial and venous thrombosis,
a diagnosis of MPN must be considered, especially given the
relative ease and availability of testing for genetic mutations
such as JAK2.
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Abstract
Varicella zoster virus (VZV) primary infection causes chickenpox, often in young children, and
is characterized by vesicular lesions on the face, limbs, and trunk. In immunocompetent hosts,
the infection is usually mild and self-limited. Following infection, the virus remains dormant
in the dorsal root ganglia but can reactivate, replicate and cause herpes zoster (shingles), This
report describes a case of reactivation VZV meningitis without any viral exanthema in a young
healthy male.

Résumé
L’infection primaire par le virus varicelle-zona (VZV) cause la varicelle, souvent chez les jeunes
enfants, et se caractérise par des lésions vésiculaires au visage, aux membres et au tronc. Chez les
hôtes immunocompétents, l’infection est généralement légère et auto-limitée. Après l’infection, le
virus reste dormant dans les ganglions rachidiens, mais il peut se réactiver, se répliquer et causer
le zona (zona). Ce rapport décrit un cas de réactivation de la méningite à VZV sans exanthème
viral chez un jeune homme sain.

Varicella zoster virus (VZV) primary infection causes chickenpox,
often in young children, and is characterized by vesicular lesions
on the face, limbs, and trunk. In immunocompetent hosts, the
infection is usually mild and self-limited. Following infection, the
virus remains dormant in the dorsal root ganglia but can reactivate,
replicate and cause herpes zoster (shingles), a painful vesicular
eruption in a single dermatomal distribution.1,2 Although herpes
zoster typically presents with this characteristic rash, there are
reports of zoster sine herpete herpes zoster without the presence
of a rash but with pain.1 Neurologic complications, including
meningitis, encephalitis or myelitis can occur with acute infection
or reactivation of VZV, but is uncommon in immunocompetent
Canadian Journal of General Internal Medicine
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hosts, and even more rare without an exanthema.3 This report
describes a case of reactivation VZV meningitis without any
viral exanthema in a young healthy male.

Case Report
A 19-year-old male attended the Emergency Department with a
6-day history of fever, worsening headache and neck stiffness. The
headache increased with head movement and was unresponsive
to analgesics. There was no preceding viral illness and he had
no sick contacts. In the 2 days before presentation, he developed
night sweats, myalgias and nausea, and vomiting. There was
no rash, vision changes, focal neurological deficits, confusion
Volume 14, Issue 4, 2019
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or personality changes. While camping one week before the
onset of headaches he had suffered multiple mosquito bites,
but no tick bites. There was no history of oral or genital herpes
simplex virus (HSV) lesions. He was in a stable, monogamous,
heterosexual relationship for the past three years.
The patient reported that he did have chickenpox as a child.
There was no medical or surgical history and all his vaccinations
were up to date. He took no medications, smoked a half package
of cigarettes daily for the past two years and consumed 4 to 6
alcoholic beverages weekly. There was no history of recreational
drug use.
On examination, he was alert and oriented with normal vital
signs and was afebrile. His neck was stiff and jolt accentuation
was positive. Kernig’s and Brudzinksi’s signs were negative.
There were no focal neurological abnormalities or skin rash.
The remainder of the examination was unremarkable.
His laboratory data showed: white blood cell count
(WBC) 9.2 with a normal differential cell count. A venous gas,
electrolytes, renal and liver tests, chest radiography and noncontrast computed tomography of the brain were all normal.
Plasma serology for syphilis and HIV was negative. A lumbar
puncture was performed and the cerebrovascular fluid results
are shown in Table 1.
The patient was treated with intravenous (IV) acyclovir
and discharged 3 days later when his symptoms resolved. The
Table 1. Cerebrovascular Fluid Results

CSF

Result

White Blood Cell Count

836 (0–5 × 106/L) 95%
lymphocytes

Red Blood Cell Count

30 (0–5 × 106/L)

Xanthochromia

Absent

Colour & Clarity

Clear & Colourless

Glucose

3.2mmol/L (2.2–3.9)

Protein

0.90 g/L (less than 0.45)

Gram Stain & Culture

Negative

PCR for West Nile, Enterovirus and
Herpes Simplex Virus I and II

Negative

PCR for Herpes Varicella Zoster
Virus

Positive

CFS = cerebrovascular fluid; PCR = polymerase chain reaction.

IV acyclovir was continued for a total of 14 days. The patient
returned completely to his usual state of health.

Discussion
VZV is a member of the herpes-virus family. The virus is
transmitted through respiratory droplets or direct contact
with fluid from vesicular skin lesions. Chickenpox results
from a primary VZV infection and is characterized by a typical
vesicular rash that starts on the trunk and spreads to the face
and extremities. After inoculation, the virus remains dormant
in the sensory dorsal root ganglion and may reactivate to cause
herpes zoster (shingles): a painful vesicular unilateral rash with
a dermatomal distribution.
VZV infection will result in at least one complication in
approximately 12% of individuals.4 Herpes zoster (shingles)
is the most common complication of VZV reactivation and
the most common complication of shingles is post-herpetic
neuralgia (PHN); a severe neuropathic pain persisting for
more than 4 months after the acute rash.5 Secondary bacterial
infections are not uncommon. More rarely infection with VZV
may cause vasculitis. Ischemic and hemorrhagic strokes, due to
viral infection in cerebral arteries, are described.6 Neurologic
complications including meningitis, encephalitis, transverse
myelitis and Guillian-Barre syndrome are very rare but have
been reported.1,6
Central nervous system (CNS) infection complicating shingles
with a rash in young immunocompetent adults is recognized
but unusual. Even rarer are CNS infections with VZV in young
immunocompetent patients without a rash.7 This report describes
a case of VZV meningitis in a young healthy man without any
rash. The clinical presentation and physical exam findings were
consistent with meningitis but not encephalitis. The cerebral spinal
fluid (CSF) findings of increased protein and white blood cell
counts with lymphocytic predominance supported a diagnosis
of viral meningitis (Table 2). VZV polymerase chain reaction
(PCR) was positive confirming VZV meningitis.
VZV meningitis and encephalitis more commonly occur
in immunocompromised hosts but are increasingly recognized
in immunocompetent hosts. This may reflect the newly easily
available, broad-spectrum PCR testing that allows for diagnostic
confirmation rather than a true change in incidence. Although
uncommon, especially in the absence of the typical shingles
rash, VZV must be considered in the differential diagnosis for
clinically suspected CNS infections. Complete CSF fluid analysis,
including PCR testing, is paramount to confirm the diagnosis.
Empiric therapy with broad-spectrum antibiotics and
acyclovir at doses suitable for meningitis is recommended for
(continued )
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Table 2. The Cerebral Spinal Fluid (CSF) Findings Supporting a Diagnosis of Viral Meningitis

Characteristic

Meningitis

Encephalitis

Inflammation

Inflammation of the meninges

Inflammation of the brain parenchyma

Clinical Features

Fever
Headache
Vomiting
Photophobia
Irritability
Confusion
Nuchal rigidity
Opisthotonus
Purpuric non-blanching rash

Seizures
Confusion
Attention deficits
Altered judgment
Motor or sensory deficits
Behaviour or personality changes
Speech disorders
Movement disorders

Clinical Sequelae

Hearing loss
Recurrent seizures
Problems with memory and concentration
Problems with coordination, balance, movement, behaviour
Vision loss
Loss of limbs
Bone + joint problems
Kidney problems
Learning difficulties
Cerebral palsy
Endotoxin shock
DIC

Persistent fatigue
Weakness
Problems with balance, co-ordination and movement
Physical and motor difficulties
Paralysis
Memory problems
Hearing or vision defects
Personality and behavioural changes
Problems with attention, concentrating, planning and problem
solving
Swallowing problems
Aphasia speech and language problems
Intellectual disability
Coma
Difficulty breathing
Death

Viral: Enteroviruses, HSV, mumps
Most common
Milder illness – usually self limiting

Viral: Enteroviruses, HSV, VZV, mumps, arboviruses, rabies

Aetiology
Cause

Bacteria: Neisseria meningitides, Streptococcus pneumonia
Less common
Severe illness
Spread to CNS

Haematogenous

From sites of primary infection

Adjacent focus of infection
Via bony defect or head injury from nasopharynx

Reactivation

Direct implantation via trauma, neurosurgery or other
neurological procedures
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Table 2. The Cerebral Spinal Fluid (CSF) Findings Supporting a Diagnosis of Viral Meningitis (continued )
Lumbar Puncture Profile
White Blood Cells Bacterial: Raised polymophonucleuocytes – neutrophils
(>2000/mm3)

Raised neutrophils early and later raised lymphocytes
(<250/mm3)

Viral: Raised lymphocytes
Protein Level

Bacterial: Very elevated (>200 mg/dL)

Elevated (<150 mg/dL)

Viral: Elevated
Glucose

Bacterial: Low (<60% of blood glucose)

Normal (>50% blood glucose)

Viral: Normal (>50% blood glucose)
Gluckman S. Viral encephalitis in adults. In: Hirsh M, Mitty J, editors. UpToDate. [Internet]. UpToDate Inc; 2018. [updated 2017 Oct 15; cited 2018 Dec 22]. Available from: https://www
.uptodate.com/contents/viral-encephalitis-in-adults

suspected CNS infections. The delay between hospital admission
and acyclovir treatment initiation in viral meningitis beyond
two days is a poor prognostic factor and is associated with an
increased risk of neurologic sequelae.10 CSF test results will direct
subsequent therapy. Antibiotic therapy should be discontinued
when bacterial CNS infection has been excluded. VZV meningitis,
presenting with or without a preceding rash in immunocompetent
hosts is usually benign and self-limited, with recovery in 1 to 2
weeks.3 There is controversy over the need for treatment with
acyclovir for VZV meningitis in the absence of encephalitis.
The Infectious Disease Society of America 2008 clinical practice
guidelines recommend treatment of VZV encephalitis with
acyclovir based on low-grade evidence.
After consultation with infectious disease specialists and
the patient, a joint clinical decision to treat with acyclovir was
agreed upon to prevent short- and long-term complications
including subtle cognitive impairment, seizures, cerebritis, and
a CNS vasculopathy.
The Canadian immunization schedule includes a 2-dose
varicella vaccine, which is over 98% effective in preventing VZV
infection. Since its’ introduction to the national immunization
program in the early 2000s, the incidence of childhood varicella
infection, and subsequent VZV related hospitalizations has
decreased.9 The vaccine is an important public health initiative
as it prevents acute chickenpox infection and its complications.
The vaccine program reduces hospitalizations, outbreak-related
costs and societal costs (missed school and workdays).
There are two vaccines available to prevent herpes zoster,
a live vaccine (Zostavax) and a recombinant vaccine (RZV
Shingrix). The recombinant vaccine is the preferred vaccine and
is recommended for Canadian adults over 50 years old. It may
be given to immunosuppressed individuals and has a proven
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70% reduction of incidence of herpes zoster and post-herpetic
neuralgia.10
This case of a young healthy male, without viral exanthema,
who had confirmed VZV meningitis is extremely rare with only
a few cases reported in the literature.7 The case emphasizes the
importance of testing the CSF broadly for pathogens, including
broad-spectrum PCR, in suspected meningitis/encephalitis.
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Abstract
An 89-year-old man with multiple comorbidities presented to the emergency department with
diffuse abdominal pain and dyspnea. He was found to have a severe anion-gap metabolic
acidosis with the normal osmolar gap. An initial panel of investigations for common causes of
anion-gap metabolic acidosis was unremarkable. Further history revealed long-term daily
acetaminophen use. A presumptive diagnosis of 5-oxoprolinemia secondary to chronic
acetaminophen use was made. Despite supportive care, the patient did not survive. There is
emerging literature on elevated anion gap metabolic acidosis induced by the accumulation of
5-oxoproline, an intermediate organic acid in the gamma-glutamyl cycle. A quantitative
profile of urinary organic acids to measure 5-oxoproline is valuable in confirming the
diagnosis. Treatment is largely supportive, consisting of cessation of acetaminophen, alkali
therapy, and N-acetylcysteine. Clinicians should consider 5-oxoprolemia in patients who
present with an otherwise unexplained anion gap metabolic acidosis and a history of chronic
acetaminophen use.

RESUME
Un homme de 89 ans souffrant de comorbidités multiples s’est présenté à l’urgence avec douleur
abdominale diffuse et dyspnée. On a découvert qu’il souffrait d’une acidose métabolique grave à
anions nuls avec un écart osmolaire normal. Un premier groupe d’études sur les causes courantes
d’acidose métabolique à intervalle anionique n’a pas été remarquable. D’autres antécédents ont
révélé une utilisation quotidienne à long terme de l’acétaminophène. Un diagnostic présumé
de 5-oxoprolinémie secondaire à l’utilisation chronique d’acétaminophène a été posé. Malgré
des soins de soutien, le patient n’a pas survécu. Il existe une littérature émergente sur l’acidose
métabolique à intervalle anionique élevé induite par l’accumulation de 5-oxoproline, un acide
organique intermédiaire dans le cycle gamma-glutamyle. Un profil quantitatif d’acides organiques
urinaires pour mesurer la 5-oxoproline est utile pour confirmer le diagnostic. Le traitement est
largement favorable, consistant en l’arrêt de l’acétaminophène, un traitement alcalin et de la
N-acétylcystéine. Les cliniciens devraient envisager l’administration de 5-oxoprolemia chez les
patients qui présentent une acidose métabolique par gap anionique autrement inexpliquée et
des antécédents d’utilisation chronique d’acétaminophène.
Canadian Journal of General Internal Medicine

CJGIM_4_2019_172948.indd 43

Volume 14, Issue 4, 2019

43

11/8/19 12:18 PM

Case Study

Case
An 89-year-old man with multiple medical comorbidities was
admitted through the emergency department for a 1-day history
of diffuse abdominal pain, nausea, and non-bloody emesis. He
also reported constipation and was unable to tolerate oral intake.
He had developed resting dyspnea in the preceding week and
noted marked weakness. A review of systems was otherwise
non-contributory. In light of the anion gap metabolic acidosis,
a detailed history of ingestions was taken, and there was no
history of toxic alcohol use in any form.
His medical history was significant for heart failure with
preserved ejection fraction, atrial fibrillation, tricuspid regurgitation,
chronic obstructive pulmonary disease requiring supplemental
home oxygen, pulmonary hypertension, obstructive sleep apnea,
stage IA lung cancer treated with radiation, bladder cancer
treated with endoscopic resection, monoclonal gammopathy
of undetermined significance, stage III chronic kidney disease,
cirrhosis secondary to non-alcoholic steatohepatitis, esophagitis
with prior upper gastrointestinal hemorrhage, choledocholithasis,
multiple small bowel obstructions, inguinal hernia, gout, and
heparin-induced thrombocytopenia. He was an ex-smoker with
a 50 pack-year smoking history. He did not consume ethanol,
nor did he use illicit drugs or herbal supplements. He was taking
acetaminophen for osteoarthritis-related pain.
His prescribed medications were apixaban, furosemide,
rosuvastatin, indacaterol-glycopyrronium, salbutamol, ipratropium
bromide, ferrous fumarate, pantoprazole, allopurinol, and
pregabalin. Inquiry into the use of non-prescription medications
revealed a daily total over-the-counter acetaminophen intake of
4875 mg. This dosing regimen had not been prescribed based
on his previous medical records.
On bedside assessment, he was positioned upright in
respiratory distress. His blood pressure was 98/61 mm Hg, pulse
119 beats per minute, temperature 35.2°C, respiratory rate 20
breaths per minute, and oxygen saturation 97 percent while
supplemented with 5 L/min of oxygen by nasal cannula. His level
of consciousness was normal with no focal neurological deficits.
His abdominal examination revealed faint bowel sounds, and
his abdomen was soft and diffusely tender to palpation. There
was no guarding, rebound tenderness, or hepatosplenomegaly.
Cardiovascular examination revealed warm and well-perfused
extremities. His jugular venous pressure was at the sternal angle.
He had mild pedal edema bilaterally. Heart sounds were normal,
with no murmurs or extra sounds. His respiratory exam revealed
increased work of breathing without wheeze. There were mild
crackles over the left lung base.
Initial bloodwork is summarized in Table 1. Most notable
was a profound metabolic acidosis with an elevated anion gap
in addition to an acute kidney injury. His acetaminophen level
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was 357 mcg/mL (normal <200mcg/mL). His INR was elevated
at 2.17. Chest radiograph demonstrated a new hazy opacity
in the left lower lobe. Given the marked abdominal pain and
increased venous lactate, computed tomography angiography
of the abdomen was performed, which did not show a bowel
obstruction or evidence of mesenteric ischemia.
This patient presented with a HAGMA and a normal osmolar
gap in the context of shock and acute kidney injury. In light of
the patient’s significant comorbidities, several etiologies could
have caused his HAGMA. Although his initial hemodynamic
parameters and hazy opacity on chest imaging were suggestive of
sepsis secondary to pneumonia, his serum lactate was only mildly
elevated (2.3 mM). Chronic malnutrition raised the possibility
of starvation ketosis, however, the mild increase in ketones (1.5
mM) in conjunction with the lack of reported acute decline in
caloric intake on history made this less likely. We believed that
his acute-on-chronic renal impairment was likely insufficient
to fully explain his initial anion gap of 28. The presence of an
elevated serum acetaminophen level without a history of an acute
overdose thus raised the possibility of acetaminophen contributing
to the HAGMA. In light of his chronic acetaminophen overuse
and marked acidosis, a presumptive diagnosis of toxicity from
the accumulation of 5-oxoproline was thus made and targeted
management was instituted.
His initial management focused on volume resuscitation
treatment of the acidosis. Isotonic fluids were rapidly administered,
followed by sodium bicarbonate boluses and then a continuous
infusion. N-acetylcysteine was also administered to treat
possible delayed acetaminophen toxicity. Given the possibility
of 5-oxoproline toxicity, a urine organic acid assay was sent.
Broad-spectrum antibiotics were administered for a possible
respiratory source of sepsis.
Following discussion with the patient and family, escalation
of care was ultimately declined. Nephrology consultation was
obtained, and since hemodialysis was not within his goals of
care, conservative measures were continued. He was admitted
to the general medical ward and exhibited minimal clinical
improvement. His anion gap was virtually unchanged after more
than 12 hours of sodium bicarbonate infusion, and his acidemia
was refractory to treatment. He developed oliguric renal failure,
pulmonary edema, and cardiogenic shock with worsening
mental status. Palliative care measures were instituted, and he
died less than 24 hours following admission. The results of his
urine organic assay returned two weeks later, the report stating
that “acetaminophen metabolites [were] present,” suggesting
acetaminophen’s role in this patient’s HAGMA. Quantification
of organic acids was not available.
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Discussion
Metabolic acidosis is a common, potentially serious, acid-base
disturbance that requires prompt diagnosis and treatment of
the underlying cause. An anion gap, defined as [Na+] − ([Cl-]
+ [HCO3–]), can be further classified into normal anion gap
and high anion gap metabolic acidosis (HAGMA). Causes of
a HAGMA have been classically organized into lactic acidosis,
ketoacidosis (e.g., starvation, diabetic ketoacidosis), metabolites
generated by toxic ingestions (e.g., ethylene glycol, methanol,
salicylates), and severe chronic kidney disease. In one study of
hospitalized patients with increased serum anion gaps, nearly one
third were not accounted for by ketones or lactate, highlighting
the need for consideration of other unidentified organic anions
in the serum.1
HAGMA due to accumulation of serum 5-oxoproline
(pyrogluatamic acid) is an infrequently considered phenomenon
that develops in patients with a history of chronic or subacute
acetaminophen use, often at therapeutic doses.2 Including
our case, reports of confirmed and/or presumed diagnoses
of 5-oxoprolinemia acidosis total at least 60 patients in the
literature.3–10 A lack of clinician awareness and difficulty accessing
a timely diagnostic assay are postulated to be the main factors
contributing to its underreporting.6
5-oxoproline is an endogenous organic acid that is an
intermediate in the gamma-glutamyl cycle, an ATP-dependent
six-enzyme process that transports amino acids across cell
membranes.3 This cycle produces glutathione, an antioxidant
amino acid that inactivates free radicals and aids in endogenous
toxin excretion.7 Through negative feedback, glutathione
ultimately acts on the gamma-glutamylcysteine synthetase to
inhibit its production.11
Acetaminophen’s toxicity is well-studied in the acute setting.
The buildup of the metabolite N-acetyl-p-benzoquinone imine
(NAPQI) irreversibly binds with glutathione to form a non-toxic
conjugate, resulting in depletion of hepatic glutathione reserves.12
Most often, a concomitant HAGMA is attributed to renal failure
and lactate accumulation, but in cases where the anion gap
remains unaccounted for, use of chronic acetaminophen has
been implicated.13 With chronic use, the depletion of glutathione
results in the accumulation of 5-oxoproline, an organic acid that
dissociates and contributes to acidosis.14
A variety of factors may predispose patients with chronic
acetaminophen ingestion to develop toxicity from 5-oxoproline.
Most cases in the literature describe patients taking therapeutic
doses of acetaminophen, and it is, therefore, the emergence
of acute intercurrent illness that often increases a patient’s
susceptibility to 5-oxoprolinemia.8 Malnutrition, pregnancy,
and strict vegan diets can lead to deficiency in glycine that can
exacerbate the depletion of hepatic glutathione and shift the
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gamma-glutamyl cycle towards the generation of 5-oxoproline.11
Alcohol use disorder, liver disease, and states associated with
high oxidative stress (e.g., sepsis) may also lead to deficiencies
in hepatic glutathione.14 Furthermore since 5-oxoproline is
renally excreted, renal insufficiency has been identified as a
comorbidity which causes patients to be particularly susceptible
to 5-oxoprolinemia and subsequent acidosis.11 Clinically, patients
with 5-oxoprolinemia present with a constellation of symptoms,
notably altered mental status, nausea, vomiting, abdominal pain,
dyspnea, and malaise.8,11,15
As in this case, confirmatory testing is rarely available at
the point of care, and the diagnosis is made presumptively,
based on the patient’s history and risk factors. This requires the
clinician to be aware of the entity and the settings in which it
usually occurs. Unlike this case, serum acetaminophen levels
are often within the therapeutic range.11 Liver enzymes and
function tests are often normal.16–18 The gold standard test, a
urine organic acid profile, is often not easily available, and the
result may not be available in a timely fashion.3 In our case, we
ordered a urine organic acid assay and then consulted the Clinical
Biochemistry service to assist in the interpretation of the result.
The assay methodology was based on putative identification
of the potential compounds based on a given library and of a
qualitative nature, similar to previously reported cases.18 Serum
testing and quantitative urine testing for 5-oxoproline was not
available in our centre. These analyses are completed typically
via gas chromatography.8
When all major causes of anion gap metabolic acidosis
have been excluded and the clinical suspicion is high for
chronic acetaminophen use, urine and plasma samples should
be collected and empiric therapy initiated. Acetaminophencontaining medications should be stopped. Correction of the
underlying acidosis with sodium bicarbonate and management
of electrolyte derangements is also recommended.3 Due to its
favourable safety profile and theoretical therapeutic role in repleting
hepatic glutathione stores, administration of N-acetylcysteine
is recommended, despite the lack of evidence for its use in this
setting.8,19 Hemodialysis has also been shown to accelerate the
clearance of the accumulated 5-oxoproline and resolve severe
acidemia.20
Full recovery has been reported in patients who cease
acetaminophen use, with normalization of the urine organic acid
profile and without any apparent short- or long-term sequelae.2,8
Once clinical recovery and certain predisposing conditions
(e.g., malnutrition, sepsis) are corrected, patients have been
demonstrated to safely tolerate resumption of acetaminophen
therapy at therapeutic doses.8 Nonetheless, as in our case,
deaths have been reported from episodes of refractory acidosis
associated with 5-oxoprolinuria.8,18
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Table 1. Laboratory Data of Patient

Parameter

Reference Range

Patient Result

Hematology
Hemoglobin (male, g/L)

130–170

107

White blood cell count (×109/L)

4–10

13.8

Platelet count (×109/L)

130–400

95

INR
PT (s)

0.8–1.2
11–14

2.17
25.9

Serum Chemistry
Sodium (mM)

135–145

138

Potassium (mM)

3.5–5.0

3.8

Chloride (mM)

98–106

104

Bicarbonate (mM)

24–30

6

Creatinine (male, mM)

70–120

353

Anion gap (mM)

3–11

28

Albumin (g/L)

35–50

32

Glucose (mM)

3.3–5.8

3.3

Total calcium (mM)

2.18–2.58

2.37

Magnesium (mM)

0.75–0.95

1.05

Phosphate (mM)

0.8–1.5

2.36

Urea (mM)

2.5–7.1

26

Total bilirubin (mM)

<26

8

Lipase (U/L)

<160

21

Alkaline phosphatase (U/L)

38–126

245

Alanine aminotransferase (U/L)

17–63

9

Aspartate aminotransferase (U/L)

18–40

28

Lactate (mM)

1–1.8

2.3

Osmolality (mmol/kg)

280–300

330

Osmolar gap

<10

11

Troponin (ng/L)

<14

228
(continued )
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Table 1. Laboratory Data of Patient (continued )

Parameter

Reference range

Patient result

Ketones (mM)

<0.6

1.5

HbA1c (%)

<0.065

0.062

pH

7.32–7.42

6.95

pCO2 (mmHg)

41–51

33

pO2 (mmHg)

25–40

46

HCO3 (mM)

22–26

<8

<200

357

Venous Blood Gas

Special Tests
Acetaminophen level (mcg/mL)

Not detected

Salicylates, ethanol, methanol,isopropanol,
acetone
Barbiturates, benzodiazepines, gammahydroxybutyric acid, ibuprofen, tricyclic
antidepressants

Not detected

Broad-spectrum urine drug screen

No substances detected

Peripheral blood cultures (×3)

No growth detected.

Urine Tests
Urinalysis

No ketones/glucose/nitrites.
Large amounts of blood, 1.0 protein, + leukocytes.

Urine cultures

No growth detected.

Creatinine (uM)

4294

Albumin (mg/L)

<24

334.3

Urine albumin/creatinine

<1.9

78

Organic acid urine screen

Acetaminophen metabolites presented. Isolated elevation of adipic acid which may result from diet.
The remainder of urine organic acids appears normal.

This case raises important implications for clinical practice,
research, and medical education. It is important to advocate for
patient awareness of acetaminophen dosing limits, but even
this might not prevent the onset of 5-oxoprolemia since toxicity
from acetaminophen is not always present. Over-the-counter
combination products are commonly not recognized to contain
acetaminophen, with nearly half of adults studied demonstrating
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they would inadvertently overdose in acetaminophen when
using multiple acetaminophen-containing medications.21 Patient
education on the adverse effects of chronic acetaminophen
ingestion should be reinforced. Additionally, it is believed that
many cases of toxicity from 5-oxoprolinemia go undiagnosed. The
importance of obtaining accurate medication history, including
specific questioning about non-prescription drug use, is paramount.
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Table 2. Mnemonic for the Differential Diagnosis of Anion-Gap Metabolic
Acidosis for The 21st Century – GOLD MARK
Glycols

Ethylene and propylene

Oxoproline

5-oxoproline (pyroglutamic acid)

L-lactate

Seen in hypoxia, ischemia, trauma

D–lactate

Occurs in the setting of short bowel syndrome often
post-bariatric surgery, where there is fermentation of
excess carbohydrates

Methanol

And other toxins (ethanol, toluene, paraldehyde)

Aspirin

And other salicylates

Renal failure
Ketoacidosis

Seen in diabetic ketoacidosis, inadequate oral intake

From Mehta et al.22

There is a growing body of literature of case reports and case
series examining 5-oxoprolinemia. Better characterization of the
clinical manifestations and predisposing risk factors to toxicity
from chronic acetaminophen use on a larger scale through
ongoing reporting of cases of 5-oxoprolinemia will enable better
evaluation of its incidence and disease course.
There is an opportunity to improve recognition of this
disease through interventions with medical students and
resident trainees. With the advent of enhanced laboratory
abilities to detect organic acids and their precursors and
the changing prevalence of HAGMA causes (e.g., rarity of
iron and isoniazid poisoning), Mehta et al. proposed a
contemporary mnemonic to inform the differential diagnosis
of an anion gap metabolic acidosis entitled GOLD MARK
(Table 2).22 Mnemonics serve as a valuable organizational
framework for retention and recall of information,
particularly for trainees who are in the process of developing
their clinical practices.23 For those clinicians given to using
mnemonics, we recommend this mnemonic to be adopted into
the medical education curriculum to align trainees’ diagnostic
processes with today’s most commonly encountered causes of
HAGMA.
In conclusions, clinicians should consider 5-oxoprolemia
on the differential in patients who present with an unexplained
anion gap metabolic acidosis and history of subacute to chronic
acetaminophen use, particularly when risk factors such as
malnutrition, renal insufficiency, and sepsis are present. Treatment
consists of cessation of acetaminophen-containing medications,
correction of the underlying metabolic derangements, glutathione
repletion with N-acetylcysteine, and supportive care. Increased
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access to timely diagnostic tests for elevations in 5-oxoproline
will help ensure that cases do not go unrecognized. Increased
reporting will enable better evaluation of its incidence and disease
course. Finally, a further systematic study of therapeutic strategies
for acetaminophen-induced 5-oxoprolinemia is required.
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Is your
banking
program
exclusive to
physicians?
Ours is.
Together, we speak your language. We’re able to match
specialized advice with financial solutions tailored to
the unique needs of physicians. Together, we’re committed
to Canada’s physicians like never before.
Learn more about how we can help you at
md.ca/healthcareplus

Committed to physicians.
MD Financial Management (MD Financial) provides financial products and services, the MD Family of Funds and investment counselling services through
the MD Group of Companies. For a detailed list of the companies, visit md.ca. All banking and credit products and services available through the Scotiabank
Healthcare+ Physician Banking Program are offered by The Bank of Nova Scotia (Scotiabank). Credit and lending products are subject to credit approval by
Scotiabank. ®Registered trademark of The Bank of Nova Scotia, used under licence.

