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Letter from the EditorsThe McGill Journal of Medicine Marks 25 Years inPrint: Our Past, Our Present, and Our Future
It is with great pleasure that we write to you as The McGill Journal of Medicine marks its 25th year in operation.
The journal has catalogued a quarter-century of student thought, work, and success. However, the first student-run
medical journal at McGill University – The McGill Medical Journal – predated our current one, running for a half-
century from 1931 – 1981. The medical student body at McGill University has been engaged in communicating
scientific progress to the student, medical, and lay public for a total of 75 years. With this celebratory issue, we honor
the hard work and dedication of generations of students and alumni whose shoulders we stand on today, and whose
names decorate the cover of this volume.
Our Past

In our 2004 issue, Editors-in-Chief Kathy Han and Christopher Labos paid homage to The McGill Medical Journal.
(1) It was founded by Clement Gray, James Gray, and Colin MacLeod in 1931, making it among the oldest student-run
medical journals in the world along with the University of TorontoMedical Journal (founded in 1923). Clement, James,
and Colin would go on to graduate with the Class of 1932 the subsequent year.

Colin MacLeod himself is likely to have been among McGill Medicine’s most historically influential alumni. He
published a seminal paper in the Journal of Experimental Medicine in 1944 that was the first to propose that DNA
(not protein) was the material responsible for inheritance along with co-authors Oswald Avery and Maclyn McCarty.
(2) In Nature volume 421, which celebrated the 50th anniversary of Watson and Crick’s discovery of the DNA double
helix, a Nature editor opined “. . . the fact that McCarty, Avery and MacLeod were not awarded the Nobel prize is an
oversight that, to this day, still puzzles.” (3) As for James and Clement Gray, wewere unable to determine what became
of them after they left The McGill Medical Journal and McGill.

Jonathan Lim founded The McGill Journal of Medicine in 1994, 13 years after the original journal had shut down
in 1981, and the following year its first issue was released. (4) Lim elaborated on the founding of our editorial board
and the realization of the journal as: “an international forum for the advancement of medical science by students.” The
journal’s mandate was, “to provide student authors with opportunities to voice their contributions to medicine.” This
objective remains core to the journal’s mission today. In this issue, Jonathan Lim has contributed the Letter from our
Founder celebrating our 25th anniversary in operation.

The journal was widely recognized shortly after it was re-established, receiving letters of support from the likes
of David Hubel (Nobel Laureate), (5) Jean Chrétien (Former Prime Minister of Canada), (6) Peter McL. Black (Harvard
Professor of Neurosurgery), (7) and John van de Leuv (American College of Emergency Physicians), (8) in addition to
favourable reviews by John Last (Editor, Annals RCPSC), (9) Robert Schwartz (NEJM), (10) Gale Starich and Joan Zenan
(JAMA). (11) In the latter review, Starich and Zenan wrote, “MJM may prove to be an important forum for those who
will be the leaders in medical science during the 21st century.” Certainly, many of our past student contributors have
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gone on to make significant contributions to medical science throughout their careers. In Where are they now? we
explore the careers and past publications of three of our alumni, Jonathan Lim, Caralee Caplan-Shaw, and Neil Gold-
enberg.
Our Present

Today, The McGill Journal of Medicine has been reimagined as an open-access, peer-reviewed medical journal
that exists primarily online at our website (mjm.mcgill.ca). While the original publication was structured as a two-
issue periodical, we now publish on a rolling basis as our online presence allows us to be increasingly flexible for
authors. In keeping with its original mandate, the work of running the journal is mediated entirely by medical and
graduate students. Original articles are peer-reviewed by third-party scientists, and all material submitted to the
journal is copy-edited by members of our editorial board. Without these hard-working individuals, the journal could
not continue to exist.

Our hardworking staff have had a historic year. Building on the success of previous Editors-in-ChiefMilani Sivapra-
gasam and Nicholas DiStasio, we have contributed to disseminating more than 20 original written works, not to
mention publishing conference abstracts from graduate departments at McGill and refreshing a number of article cat-
egories for our upcoming volume. We are looking forward to continuing that momentum into 2021 with increasing
contributions from across the Faculty ofMedicine and Health Science’s six founding schools –Medicine and Dentistry,
Nursing, Physical and Occupational Therapy, Communication Sciences and Disorders, Population and Global Health,
and of course, the Biomedical Sciences.

The reality that the journal has now been in operation for 25 years is astounding and speaks to the importance of
our mandate. Certainly, we editors have greatly enjoyed the privilege of providing a supportive platform from which
our student body may launch its research and impart its views. If nothing else, this year’s body of work is a window
into the aspirations of a group that is fully engaged in the labour of progress. It will be of no surprise to see our
contributors achieve much of it across their various disciplines in the years ahead.

In light of reaching the 25-year mile marker, we at the journal have also been thinking about our own progress. We
are recognisant of the fact that a powerful social undercurrent is currently in the process of changing the very fabric
of our society. We see this as an opportunity to re-evaluate the importance of voices that promote the thoughts and
attitudes of McGill’s medical student body. We know that the diversity of opinions, essays, and ideas that move us to
institute positive change will be just as important in the future as the medical discoveries we are making today. McGill
students will inherit many positions of influence as the torch is passed down to our generation, and our thoughts on
how the social issues of our time impact both medicine and science deserve a legitimate and public platform.

Our alliances with the Post Graduate Student Society and the diverse graduate departments at McGill allow us
to take advantage of the significant depth of expertise across the humanities. Therefore, we have created a separate
editorial workflow for medical humanities articles submitted to the journal, and we have staffed it with individuals
having expertise and interests aligned with our goal of moving into the medical humanities. It is our sincere hope
that this structural change within the journal will allow us to grow into a platform that students can use to explore
the myriad ways in which society and medicine are evolving together. Furthermore, we hope that it will increase our
organizational ties with eminent thinkers from humanities disciplines across the university.
Our Future

The world of medical publishing is not the same today as it was when the journal was re-established in 1995.Then,
online databases and search engines had only just taken their first steps toward becoming the superlative mechanism
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for organizing the world’s information. In the age of Google, it hardly even seems possible that a small print media
outlet, one like the journal in 1995, could exist for longer than 25 days, let alone 25 years. Certainly, the open-access,
online journal we have today is the result of a selective pressure that has now forced nearly every industry online. In
our opinion, we must continue to adapt in order to ensure the journal’s ongoing success.

What can we do to make sure The MJM thrives for the next 25 years, and how can we better serve McGill
University’s medical and graduate students? We believe both the journal and the students of McGill University would
be best served by a high quality, student-run, open-access, peer-reviewedmedical journal that has the ability to attract
serious readers and contributors globally. Our founder wrote in the journal’s inaugural issue that, “scientific inquiry
lies at the heart of medical progress,” and that belief continues to be a pillar of our organization today.

However, that goal can only be accomplished if the journal is indexed with popular medical journal databases
such as MedLine and Pubmed. Although the original version of the journal was indexed with early versions of these
databases, we have long since been outpaced by larger, more profitable organizations. Indexing will require meeting
the challenge of modernizing our handling of publication data, our website, and reimagining our scope such that it
aligns with the requirements of modern databases. In the meantime, we are happy to report that we have modernized
our metadata handling such that our authors are listed and searchable on Google Scholar. Our indexing project will be
the greatest challenge that the journal has yet faced as an organization, and one that our team is continually working
toward.
Final Remarks

We are looking forward to a number of exciting opportunities and projects in the coming year that will strengthen
our position in both scientific and humanities publishing. As the three of us officially announce another year leading
the journal, we remind you that we will continue to collaborate to expand the journal’s influence at McGill, while
advocating on behalf of students both at McGill and elsewhere. We are incredibly proud of the work done by our
team and we urge you to read their names on the masthead at the beginning of this issue. Without them, the MJM
would not continue to exist, nor would it continue to thrive. They are the heart and soul of this operation.

Beyond that, we would like to express our sincere thanks to the Dean of Medicine Dr. David Eidelman, and our
Board of Directors including faculty representatives from McGill University’s Faculty of Medicine, Post-Graduate Stu-
dent’s Society, and Office of Communications, including Dr. Terry Hebert, Dr. David Ragsdale, Dr. Alina Diaconescu,
Diana Colby, and Jason Clement. Their support means that we can continue to provide this unique platform for pro-
viding early career development opportunities for students. Furthermore, we thank Dr. Jonathan Lim, Dr. Caralee
Caplan-Shaw, andDr. Neil Goldenberg for their formative contributions to the journal aswell as their help in producing
this issue.

With that, we are tremendously excited to present this issue to you, 25 years in the making.

Sincerely,
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Special Letter from the FounderFrom Reality to Legacy: Quarter CenturyPerspective after Founding the MJM
I feel a mixture of pride, surprise, and delight that the MJM is not just alive and kicking, but thriving after all these years since I
founded the journal 25 years ago. This 25th anniversary edition provides a surreal opportunity to reflect on the formative role
the MJM played in impacting my own career path in medicine and beyond.

As MJM’s Editor-in-Chief from 1994 to 1995, I enjoyed reviewing content, copy-editing, and publishing the journal. But
the aspects I was truly passionate about were formulating the vision and plan, building and rallying the team around a common
purpose, raising the resources, and pulling it all together to achieve the launch of a high quality product in timely fashion. As a
first-year medical student, I did not know what this “process” was at the time. What I did know was that whatever I decided to
do in the future, I wanted it to play some role in my future profession.

After graduating from theMcGill Faculty of Medicine, I went straight into general surgery residency training at the New York
Hospital-Cornell Medical Center and Memorial Sloan Kettering Cancer Center. After my second year of residency, I conducted
cancer research and attended graduate school at Harvard. This was where I learned that the process I found so energizing from
launching the MJM was called “entrepreneurship.” This newfound realization that I was an entrepreneur at heart, seeded by
my earlier experience at MJM, sparked a series of events that helped launch my career as a biotechnology serial entrepreneur
and investor. During the past two decades, I have had the privilege of serving as CEO of four companies that have collectively
delivered seven approved therapeutic products for adult and pediatric indications in oncology, immunology, and drug delivery,
benefitting thousands of patients globally.

The latest evolution of my profession is as a “venturepreneur,” in which I seek to found, fund, and lead mission-driven for-
profit and non-profit ventures dedicated to revitalizing people, planet, and perspective at City Hill and ARCH Venture. Looking
back, I am immensely grateful for how my McGill medical education and MJM experience played pivotal roles in my early profes-
sional formation and subsequently led to such a fulfilling career journey.

I would like to take this opportunity to recognize, congratulate, and thank the successive generations of medical and science
students atMcGill who have helped build theMJM intowhat it is today – “an international, peer-reviewed publication. . . particularly
sympathetic to contributions from students who are just beginning their careers in the medical and scientific fields.”

As someone who was just beginning my career in the medical and scientific fields at the time, I can verify that the MJM’s
mission was accomplished in terms of impacting my own professional choices and trajectory. Achievement of this quarter century
milestone reflects the diligent team effort of thousands of students over the years, bolstered by the strong support of faculty
members, to establish such a solid foundation for the journal. As the MJM continues to build upon this impressive legacy, I
sincerely hope that future generations of students entering the medical and scientific fields will be similarly impacted, and that
society will be all the better for it.
Happy 25th anniversary, MJM!

Jonathan E. Lim, MSc, M.D., C.M. (1997)
Founding Editor
McGill Journal of Medicine
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WHERE ARETHEY NOW?
TheMJMhas been built by student contributors over the last 25 years and continues to succeed because
it offers students a steppingstone to careers in research and medicine. In this section, we have repub-
lished two original articles from the inaugural 1995 volume and included a commentary that highlights
the incredible career paths of their authors. If anything, The Journal has produced incredible alumni,
and the Class of 1995 is no exception: Jonathan Lim – now a successful biotechnology venturepreneur,
Caralee Caplan-Shaw – a physician scientist at the forefront of pulmonary critical care, and Neil Gold-
enberg – a world leading pediatric thromboembolism expert. Read the commentaries at the beginning
of each of their articles to find out: where are they now?
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DR . J ONATHAN L IM is a physician-turned-venturepreneur at City
Hill and ARCH Venture who founds, funds and leads mission-driven for-
profit and non-profit ventures dedicated to revitalizing people, planet and
perspective. Dr. Lim serves as Chairman, CEO and Co-Founder of Erasca;
Chairman and Co-Founder of Boundless Bio; and Board Director ofMaze
Therapeutics. He is an advisor to non-profit organizations such as Stan-
ford, UC San Diego, Scripps Research and UrbanLife. From 2003 to 2018,
Dr. Lim was a leader and founding investor of four biotech companies
that have collectively delivered seven approved therapeutic products for
adult and pediatric indications in oncology, immunology and drug deliv-
ery, benefitting thousands of patients globally. This article was originally
published in the first issue of The McGill Journal of Medicine about the
journal’s inception at McGill University.

1 | THE NOTION
It began simply as an idea with promise. While search-
ing for a project to pursue during the summer after my
first year ofmedical school atMcGill University, I was im-
pressed by thewealth of opportunities available tomedi-
cal students interested in research. At McGill, there was
also a forum called "Student Research Day," an annual
scientific meeting allowing medical students to show-
case their work by presenting their results to the local
healthcare community. The projects presented were of
high caliber, and certainly would have been of interest
to a wider audience. I was struck by the thought that
a medical journal presenting solely student work would

have provided the means for recognizing this work on a
larger scale.

Since students may already submit their work to ex-
isting professional medical periodicals for publication,
is there a need for a new journal that promotes solely
student contributions to medical science? My answer
is an emphatic "yes." I am convinced that students can
make noteworthy contributions to medical knowledge
through their participation in research activities. A sin-
gle publication presenting work exclusively by students
would serve notice that they can make a difference in
the research community.

A student journal may also encourage individuals
who are relatively new to research to submit their work
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9 Lim
for publication for the first time, a process that might
serve as an important stepping stone and incentive for
further research endeavors. For aspiring student au-
thors, the rewards of seeing one’s name in print are ap-
parent, but the process of conducting research, analyz-
ing data, and preparing a manuscript for publication are
the truly enriching aspects of the experience. A new
journal focusing primarily on student authorship may
also provide them with increased opportunities to re-
ceive the public recognition they deserve for pursuing
independent work (1). For the student editors and publi-
cations staff, there would be additional educational ben-
efits associated with the production of the journal.

According to a study by Taylor, it was estimated that
approximately 42 hours per week are required for sec-
ond year medical students at the University of Southern
California to complete the assigned readings (2). Keep-
ing pace not only with the demanding workload of the
medical curriculum but also with the continuously ex-
panding literature would be a task of Herculean propor-
tions for potential authors and editors alike.

However, scientific inquiry lies at the heart of medi-
cal progress. We students in the health sciences have a
vested interest in medical research pursuits, the reduc-
tionist or microscopic approaches to solving problems
in medicine. One day, the mantle of responsibility will
be placed on our collective shoulders to find cures for
illnesses such as AIDS, cancer, Alzheimer’s, and other
chronic conditions that defy straightforward treatments.
As the physicians and scientists of tomorrow, we have
an obligation to remain on the forefront of current re-
search efforts.

It is equally important for us to remain active in health
policy, disease prevention and control, and other macro-
scopic approaches to current medical problems. The en-
vironment of uncertainty surrounding universal health-
care coverage in the United States, increasing restric-
tions on manpower mobility in Canada, and otherimpor-
tant issues that impact the future ofmedicine are of vital
concern to students everywhere. We cannot afford to
simply learn or practice medicine in an intellectual vac-
uum.

A journal would facilitate discussions regarding im-

portantmedical issues and nurture student participation
in both micro- and macroscopic endeavors that could
potentially lead to beneficial outcomes in the medical
community. For these reasons, I was inspired by the idea
of starting a new student medical journal. Ideas inspire
people to move in surprising new directions. Without
knowing it, my colleagues and I were about to enrich our
medical studies by embarking on the exciting enterprise
of creating a new journal from scratch.

2 | THE FOUNDATION
InMay 1994, I submitted a proposal elaborating the idea
of a new medical journal for students to the Deans at
theMcGill Faculty of Medicine. They officially approved
our organization approximately two weeks later. Thus
was born the McGill Journal of Medicine (MJM), a new
student medical journal.

TheMJM is an independent organization run entirely
by students at McGill University. Since the first general
meeting inwhich 17 people inmy class attended, our ed-
itorial board has grown to include the 52 students listed
in the masthead on the inside front cover of this journal.
These include first- and second-year medical students
in the Faculty of Medicine, first-year students pursuing
M.B.A. degrees in the Faculty of Management, and un-
dergraduate and graduate students in the Faculties of
Arts and Sciences.

We students run the entire spectrum of editorial pro-
duction, from evaluating and reviewing the scientific
content of manuscript submissions, to copy-editing and
typesetting the final papers. On the business side, we
sell advertising space and subscriptions, seek financial
support in the form of donations and grants, market
the journal to expand the readership and sponsorship
base, solicit manuscripts, and distribute final copies of
the journal to medical libraries, institutions, and individ-
ual subscribers. All of these phases of production have
provided our staffwith an incredible learning experience
regarding the mechanisms of journal production.

As a resolute editorial board, we presented the con-
cept of a medical journal for students to individuals and
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organizations in the McGill and local communities. The
McGill Computer Store, the first financial Founder of the
McGill Journal of Medicine, donated a complete pack-
age of computer hardware and software sufficient for
our graphics, design, and layout needs. Our other finan-
cial Founder, the Bank of Nova Scotia, along with the
other companies, organizations, and individuals recog-
nized in the Acknowledgements section of this journal,
collectively contributed nearly $30,000 towards the suc-
cessful establishment of the MJM.

The realization of a project of this magnitude less
than one year after its inception reflects how responsive
people have been to the mere idea of this publication.
The students who have submitted articles for publica-
tion and have participated in the production of the jour-
nal, the faculty members who have volunteered their
time to serve as referees for manuscript submissions,
and the numerous individuals and organizations in the
McGill and local communities who have made material
and monetary donations all have contributed solely on
the basis of an idea with promise. We had nothing tangi-
ble to offer them, just an idealistic concept; but this was
enough to convince each and every one of them that
their support for theMJMwould beworthwhile. We are
grateful for their generosity and faith in the idea which
made the publication of this premiere issue a reality.

3 | THE REALITY
TheMcGill Journal ofMedicine is an international forum
for the advancement of medical science by students.
Our objective is to provide student authors with oppor-
tunities to voice their contributions to medicine in one
scholarly, biannual publication. Towards this end, we in-
tend to publish original research and review articles rel-
evant to the field of medicine. Our authors will repre-
sent undergraduates in bachelor’s degree programs, and
graduate students in master’s, doctoral, or healthcare
degree programs (medicine, dentistry, nursing, physical
and occupational therapy, etc.).

Our intended readership will include physicians, sci-
entists, residents, and university students in the health

sciences around the world. However, among other med-
ical scientific publications, the MJM has a unique and
well-defined niche because it provides readers with a
compendium of medical research accomplished exclu-
sively by students, a feature that undoubtedly fills a void
in the current arena of scientific publications.

The MJM intends to play a prominent role in recog-
nizing and disseminating the efforts of students at in-
stitutions around the world who are making important
contributions to medical science. We are grateful to the
students across North America who took the initiative
to submit their work for consideration in this premiere
issue. The content of the final manuscripts accepted
for publication reflects the broad scope of the MJM,
ranging from original research articles related to clinical
medicine, to articles that explore specific issues in basic
science. We encourage the submission of review arti-
cles and letters because they promote the discussion of
relevant issues in medicine. For the premiere issue, we
are honored to have received a letter of support from
one of our distinguished alumni of the McGill Faculty
of Medicine, Dr. David Hubel, who received the Nobel
Prize in Medicine in 1981.

There are two other features of the MJM that en-
hance its content. "Crossroads," a section of the journal
highlighting the interplay between medicine and the hu-
manities, presents articles that relate medicine to fields
such as ethics, history, philosophy, and health policy.
The other section, "MJM Focus," explores the scientific,
clinical, and pathological features of a medical specialty
of interest. In this issue, we focus on the medical sub-
specialty of "Allergy and Immunology" by presenting an
invited basic science review (BSR) article written by a
member of the McGill faculty, and a clinicopathologi-
cal correlation (CPC) written by a resident at the Mon-
treal General Hospital. The rationale behind this pre-
sentation is that the BSR hopefully will give readers a
review of the background information necessary to un-
derstand the scientific principles underlying the clinical
and pathological features of the condition described in
the CPC. These sections are particularly relevant for a
student audience, but will be interesting features for our
readers who are established health science profession-
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als. We intend to explore other medical specialties of
interest in future issues of the journal, and may include
profiles of the medical specialties that encounter and
treat patients with similar cases to the ones presented
in the CPCs.

4 | THE FUTURE
It is my pleasure to present to you, on behalf of the ed-
itorial board, this premiere issue of the McGill Journal
of Medicine (MJM). We hope you will share our enthusi-
asm for this new publication, whether you are a student
reader interested in seeing what your colleagues around
the world are contributing to medical science, or are
an established physician, scientist, or other practicing
member of the health sciences community interested in
seeing what kind of work is being accomplished by the
young physicians and scientists of tomorrow. Some of
our future initiatives will be submitting the MJM for in-
dexing in reference indices, producing the journal in

electronic format, and adding to the "MJMFocus" the
profiles of relevantmedical specialties and the residency
programs that offer them.

We invite all potential authors to submit manuscripts
of original, review, or Crossroads articles, and encour-
age readers to voice any thoughts concerning current
medical issues of interest. Please keep usinformed of
our progress with your feedback - this is, after all, your
forum. With your continuing support and participation,
our editorial board is committed to producing a quality
publication. This journal began simply as an idea with
promise. It is now the reality you hold in your hands.
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DR . C A R A L E E C A P L AN SHAW was a regular contributor to the
journal during her tenure with McGill’s undergraduate medicine program
from 1994-1998. After graduating from McGill, she spent a year as the
inaugural editorial fellow at the Canadian Medical Association Journal
and then completed her residency in internal medicine and fellowship in
pulmonary and critical care medicine at Columbia University’s New York-
Presbyterian Hospital. She spent the next 2 years caring for patients with
tuberculosis in the busy clinics of the Miami-Dade County Health De-
partment. In 2007, she joined the faculty of the Division of Pulmonary,
Critical Care and Sleep Medicine at NYU as a pulmonologist at Bellevue,
the oldest public hospital in the United States. There, she began treat-
ing patients in the World Trade Center Environmental Health Center, an
integrated medical and mental health program for community survivors
of the September 11th attack. Her research on the long-term respira-
tory effects of this unprecedented environmental disaster informs clini-
cal management of this unique population. In recent years, as director of
the storied Bellevue Chest Service and the Bellevue Hospital Tuberculo-
sis Program, her mission is to provide the best evidence-based, patient-
centered care to these vulnerable patients and work toward eradicating
TB through creative use of technology, education, and preventive treat-
ment.

On the occasion of the first publication of the McGill
Journal of Medicine, it seems particularly appropriate to
look back into the medical past, into the early days of
medical theory and practice, and into the texts that gave
birth to the modern medical journal as we know it. Al-
though the development of modern Western medicine

is most often believed to have begun with Hippocrates
ca. 400B.C., Egyptian scribes compiled papyri filledwith
practical remedies at least 900 years earlier. Through-
out most of medical history, however, medical writing
remained something less than methodical, describing ill-
nesses, procedures, and "cures" according to the dic-
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tates of medical experience, with little concern for care-
fully designed controls and conclusive statistical anal-
ysis. But in the 19th century, a Hungarian trainee in
a Viennese hospital produced a piece of medical writ-
ing that, in many ways, might be read as a harbinger
of the modern medical journal. Although not the first
of its kind, Ignaz Semmelweis’s The Etiology, Concept
and Prophylaxis of Childbed Fever is an inspiring piece
of medical research andwriting, a celebration of intellec-
tual discovery and the dissemination of medical knowl-
edge for the public good.

In his work at the maternity hospital, Semmelweis
noted the high death rate of women during childbirth.
Historians report that Semmelweis’s research into the
causes of childbed fever was sparked by his hearing
"the too-frequent ringing of a little bell as the priest
came to give last rites to a dying mother." (1) Semmel-
weis noticed further that the rate of death was higher
among women who actually delivered in the hospital
than among those who had given birth at home with
the help of a midwife or en route to the hospital. The
finding seemed paradoxical, because women who gave
birth outside the hospital were often met with inconve-
niences and dangers unknown to the patients of the ma-
ternity clinic:

being delivered by a midwife, then imme-
diately having to arise, walk down many
flights of stairs to the waiting carriage,
travel in all weather conditions and over
horribly rough pavement to the maternity
hospital, and there having to climb up an-
other flight of stairs. For those who really
gave birth on the street, the conditions
would have been even more difficult. (2)

Furthermore, Semmelweis observed that women
who delivered prematurely also became ill less fre-
quently. Similarly, no pattern or cause could be estab-
lished from the positions of the women’s beds in the
clinic: sometimes one diseased individual would be sur-
rounded by healthy patients; at other times, an entire
row of patients would become ill. Nor could the disease

be attributed to chilling when all the women along the
northwall became ill, since the illness occurred just as of-
ten along the south wall and often spread to other sides
ofthe room.

Combining faithful observation with thoughtful anal-
ysis, Semmelweis provides even themodern reader with
a dazzling example of the scientific method at work. Af-
ter having culled his information, he asks himself certain
crucial questions:

What protected those who delivered
outside the clinic from these destructive
unknown endemic influences,

if they were indeed endemic, and

How could these events be explained,
given that the same patterns did not ap-
pear in the second clinic where one en-
countered the disease only sporadically?
(3)

These questions became Semmelweis’s springboards
for further research and observation. Additional stud-
ies revealed that women who delivered prematurely or
on the street virtually never became ill: based on this
observation, Semmelweis was able to rule out endemic
causes. With the knowledge that deaths by childbed
fever occurred less frequently at a second clinic, Sem-
melweis determined to discontinue deliveries from the
supine position in favor of the lateral at his clinic, "so
that everything would be exactly as in the second clinic."
(4) Firmly within the tradition of modern scientific analy-
sis and writing, Semmelweis establishes a controlled en-
vironment within which to conduct his research.

Semmelweis’s text extends, however, beyond the lim-
its of pure science to provide a window into the so-
ciohistorical context relevant to the study. He begins,
therefore, by revealing an important social policy affect-
ing child-bearing practices of the time: when women ar-
rived at the maternity hospital after having given birth
in the street, admission to the clinic and the foundling
home were provided free of charge. Alluding to an im-
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portant sociological problem, Semmelweis explains that
women often claimed, falsely, that the birth of their chil-
dren had occurred unexpectedly on the way to the hos-
pital in order to receive free care. Thus, Semmelweis
draws the important distinction between the two types
of "street births", births that actually occurred in the
street, often under unfavorable conditions, and those
that occurred, safely and hygienically, in the home. Both
groups ofmothers showed a lower death rate than those
who delivered in the hospital, suggesting that the illness
was somehow linked to the hospital itself. Thus, Sem-
melweis’s awareness of social circumstances was instru-
mental to his eventual unraveling of the childbed-fever
mystery.

More significant even than the awareness of social is-
sues, however, was a different and more general kind of
awareness. Frustrated by his inability to find the cause
of the high occurrence of childbed fever in the clinic, and
saddened by the loss of so many mothers, Semmelweis
writes,

Everything was in question; everything
seemed inexplicable; everything was
doubtful. Only the large number of deaths
was an unquestionable reality. (5)

Thus, on March 2, 1847, Semmelweis departed for
Venice with the hope that "the Venetian art treasures
would revive [his] mind and spirits." (6) Knowing that
he, in his depressed state, would be useless to both his
research and his patients, Semmelweis maintained the
balance and moderation recommended by Hippocrates
and followed Hippocrates’s early admonition that "the
physician should be instructed in all subjects" (7), includ-
ing the arts. The wisdom of Semmelweis’s decision is
then borne out by the "rejuvenated vigor" (8) with which
he returns to his work and the rapid conclusion of the
childbed fever story later in March.

With eyes and ears open to any new clues, Sem-
melweis soon discovered that Kolletschka, Professor of
Forensic Medicine, had been pricked with a knife used
during an autopsy. The professor contracted lymphan-
gitis and phlebitis in the upper extremity, developed a

metastasis in one eye, and eventually died of bilateral
pleurisy, pericarditis, peritonitis, and meningitis. Sem-
melweis describes his unexpected discovery asa kind of
revelation:

I could see clearly that the disease from
which Kolletschka died was identical to
that from which so many hundred mater-
nity patients had also died. (9)

Autopsies confirmed Semmelweis’s suspicion that
the women and their newborns had died of the same
disease that had killed the professor. Further analysis re-
vealed that introduction of cadaverous particles into the
vascular system had caused Kolletschka’s death. The Vi-
ennese medical school’s emphasis on anatomical study
encouraged exploration of cadavers by professors and
students: apparently, soap and water were not suffi-
cient to remove the cadaverous particles from the hands
of these individuals, resulting in the infection of those
women with whom they came into contact during ex-
amination and delivery.

But Semmelweis’s work does not end here. Upon dis-
covery of the cause of the deaths, Semmelweis imme-
diately replaced the soap-and-water wash with chlorina
liquida, which destroyed the cadaverous particles adher-
ing to the hands of the doctors. Soon, in an attempt to
keep medical costs down, Semmelweis helped to estab-
lish a less expensive but highly effective chlorinated lime
as the new standard. Semmelweis reports the favorable
quantitative effects of the new protocol:

In May 1847, during the second half of
which chlorine washings were first intro-
duced, 36 patients died–this was 12.24
percent of 294 deliveries. In the remain-
ing seven months of 1847, the mortality
rate was below that of the patients in the
second clinic. (10)

Semmelweis continued, throughout his life, to cru-
sade against the careless actions of European obstetri-
cians.
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Thus, Semmelweis’s illuminating text contains all the

essential features–data, discussion, and conclusion–of
modern medical journal writing, if in a less structured
and scientifically precise form. But its narrative struc-
ture and personal reflections remind us of that which
modern medical journal writing rarely does: that sci-
entific inquiry is a passionate struggle no less inspiring
than the arts of Venice; that scientific truth is inextrica-
bly bound up with social and economic truth; and that
medical research, particularly in this age of rapidly pro-
liferating ethical dilemmas, can still strive for the phys-
ical health and social good of real and suffering peo-
ple. Hence, Semmelweis’s obscure Etiology, Concept
and Prophylaxis of Childbed Fever is more than a tiny
piece in the puzzle of medical history: it is a reminder of
what medical journalism has been, what it has become,
and what it ought not to lose.
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INTRODUCTION
The process of blood vessel neoformation from pre-
existing microvasculature, known as angiogenesis, has
in recent years become the focus of intense interest in
diverse fields of basic scientific and clinical research. De

novo blood vessel growth appears to play a vital role
in early development, as well as in various physiologi-
cal and pathological settings. Like vasculogenesis (the
development of vascular structures from mesenchymal
tissue), angiogenesis is a fundamental feature of em-
bryonic development and organogenesis, as circulatory
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branching is essential in sustaining newly developing
structures and tissues. In the adult, angiogenesis is phys-
iologically significant in its association with inflamma-
tion, wound healing, and placental formation. The red-
ness associated with the "wheal and flare" inflammatory
reaction is caused by capillary dilation (1) and neogene-
sis (2) at the site of tissue damage. Similarly, in a heal-
ing wound, new blood vessels arise in the developing
replacement tissues as well as in the granulation tissue
near necrotic regions (3). In pregnancy, organogenesis
occurs with the formation of the placenta. The develop-
ing placenta requires dense capillary perfusion, which is
met by rapid angiogenesis.

Angiogenesis also plays a primary role in several
diseases. In addition to tumor growth and metasta-
sis, aberrant regulation of angiogenesis is implicated
in rheumatoid arthritis, in which an autoimmune in-
flammatory reaction directs capillary neogenesis in the
joints. These capillaries may invade and destroy carti-
lage (4,5). Likewise, chronic inflammation is character-
ized by protracted angiogenesis, presumably due to con-
tinual induction of de novo vessel formation (2). In dia-
betic retinopathy, neovascular proliferation andmacular
edema lead to blindness (6). Finally, as de novo capillary
production is thought to be the crucial event in tumor
growth and metastasis (3), it is hoped that research into
the cellular andmolecularmechanisms underlying angio-
genesis will yield effective cancer therapies through the
inhibition and/or disruption of tumor vascularization.

Angiogenesis is both critical to, and significantly par-
allels, tumor metastasis. In metastasis, neoplastic cells
detach from the primary tumor mass and degrade the
basement membrane of an adjacent vessel prior to trav-
eling through the vascular system. They may then ex-
travasate at a subsequent capillary bed, invade and ad-
here to a secondary tissue site, and proliferate to form
a new tumor mass. Angiogenesis shares some of these
features, as revealed by the induction of angiogenesis
by tumors implanted in rabbit corneas and chickchorioal-
lantoic membranes, as well as by early investigations in-
volving endothelial cell cultures (7). Based on observa-
tions in these studies, Judah Folkman, the pioneer of an-
giogenesis research, proposed the following chronology

of events in the neovascularization process (2,4): (i) lo-
cal basement membrane degradation of the parent ves-
sel by endothelial cells (commonly an existing capillary
or post-capillary venule), (ii) locomotion of endothelial
cells away from the parent vessel in the direction of an
angiogenic stimulus, (iii) elongation and alignment of mi-
gratory endothelial cells to form a capillary sprout, (iv)
endothelial cell proliferation in the parent venule and in
the capillary sprout, (v) lumen formation, (vi) anastomo-
sis of two hollow sprouts to form a capillary loop, (vii)
onset of blood flow, and (viii) production of, and peri-
cyte incorporation into, the new basement membrane.

PRINCIPAL METHODS OFINVESTIGATION
Originally, the study of the angiogenic process was
greatly limited by the lack of feasible, biologically rele-
vant in vivo and in vitro models. However, the unveiling
of the fundamental features of the neovascularization
process has led to the refinement of various models and
assays with which to study angiogenesis. These stud-
ies have primarily addressed three central elements of
the angiogenic process: endothelial cell-mediated base-
ment membrane degradation, endothelial cell motility,
and endothelial cell proliferation.

In vitro studies of basement membrane degradation
commonly employ endothelial cells cultured on a sub-
strate designed to simulate the extracellular matrix. The
substrates include gels composed of collagen, fibrin, or
Matrigel, a laminin-rich gel recently developed from re-
constituted basement membrane proteins (8). These in
vitro models of angiogenesis involve endothelial cell at-
tachment to the extracellular matrix, proteolytic inva-
sion of the matrix in response to exogenous angiogenic
inducers, endothelial cell alignment, and formation of
capillary-like tubes. Tumor cell cultures have also been
used as part of in vitro assays of angiogenesis (9).

These models have also been used, often with the
administration of presumed angiogenic modulatory fac-
tors, to study endothelial cell migration and prolifera-
tion. In vivo research on cell migration and prolifera-
tion has utilized the rabbit cornea and chick embryo
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chorioallantoic membranes. In the first model, protein-
polymer pellets implanted into the rabbit cornea serve
as a sustained release system for angiogenic factors; the
degree of neovascularization is subsequently quantified
(4,10). Alternatively, the degree to which angiogenesis
inhibitors (also called "anti-angiogenic" or "angiostatic"
substances) prevent the neovascularization normally in-
duced by a tumor implant can be determined. The vas-
cular chorioallantoicmembrane of the chick embryo pro-
vides amore rapid assay based on a similar methodology
(4,11). In this system, the embryo is incubated without
its shells for several days, after which time tumors or
sustained-release discs are implanted into the chorioal-
lantoic membrane. An additional in vivo system has re-
cently been developed in whichMatrigel, supplemented
with heparin and fibroblast growth factor (FGF), is in-
jected subcutaneously (12). The basement membrane
proteins reconstitute a gel that is intensely vascularized
within a few days, upon which the effects of angiogenic
modulators can be assessed. Lastly, several tumor mod-
els can serve as in vivo assays of angiogenesis. These in-
clude tumors grown through one of several mechanisms:
direct tumor transplantation into animals (4), subcuta-
neous injection of human tumor cell suspensions into
athymicmice (13), and expression of oncogenes in trans-
genic mice (14).

ROLE OF BASEMENT MEMBRANEPROTEOLYSIS
Endothelial cells line the interior of blood vessels and
are ensheathed by a basement membrane, a specialized
form of the extracellular matrix comprised of collagen,
glycoproteins such as fibronectin and laminin, and hep-
aran sulfate proteoglycans. A crucial early step in the
neovascularization process is the dissolution of the base-
ment membrane at the site of endothelial outgrowth
from the parent vessel, which facilitates cell migration
and stromal invasion. The phenomenon of cell invasive-
ness is not unique to angiogenesis, but isalso an essen-
tial component of both tumormetastasis and embryonic
morphogenesis. Examples of the latter include primary
and secondary mesenchymal cell invasion of the blasto-

coel in sea urchin gastrulae, the invasion of somites by
migrating neural crest cells in vertebrate embryos, and
fibroblast invasion of the developing cornea (15).

While the migration of single cells could presum-
ably occur without matrix degradation, endothelial cell
invasion, which involves penetration by multicellular
tubes, cannot. Endothelial cells are normally noninva-
sive in vitro, forming a monolayer on a collagen ma-
trix. In this respect, they differ markedly from other
mesenchyme-derived cells, such as fibroblasts, leuko-
cytes, and smooth muscle cells, that actively move
through collagen substrate (16,17). Investigations of the
cellular and molecular mechanisms responsible for en-
dothelial cell invasion represent a major focus of angio-
genesis research throughout the last decade.

One of the earliest studies of the cellular and molec-
ular mechanisms of angiogenesis addressed the degra-
dation of major basement membrane structural compo-
nents (i.e., collagen types IV and V) by migrating en-
dothelial cells (18). In an in vitro assay, endothelial cells
responded to a chemoattractant located on the oppo-
site side of a filter containing collagen substrate. The
investigators isolated metalloproteinases that degrade
type IV or V collagens from membrane extracts of the
migrating endothelial cells, demonstrating that endothe-
lial cells express cell membrane-associated proteases
specific for basement membrane collagens.

Studies on the effects of corticosteroids on angiogen-
esis have raised important issues regarding the role of
proteolysis. Both cortisone and hydrocortisone, when
administered with heparin or a heparin fragment, inhib-
ited neovascularization in the chick embryo chorioallan-
toic membrane, the rabbit cornea, and selected mouse
tumors (19). By contrast, treatment with heparin alone
promoted tumor angiogenesis, while independent treat-
ment with cortisone elicited little or no effect on an-
giogenesis. Furthermore, the angiostatic action of the
administered corticosteroids was found to be indepen-
dent of their glucocorticoid and mineralocorticoid ac-
tivities (20,21). Steroids whose only observed func-
tion is the inhibition of neovascularization include the
dihydro- and tetrahydrosteroidmetabolites of cortisone,
which may act physiologically to maintain angiosta-



19 Goldenberg
sis (19). Although the mechanism of corticosteroid-
induced inhibition of neovascularization is unknown, it
has been observed that corticosteroid and heparin co-
administration induces basementmembrane dissolution
along capillaries that regress in response to such treat-
ment (22). This seemingly paradoxical finding that base-
ment membrane dissolution may inhibit rather than pro-
mote angiogenesis suggests a complex role for proteoly-
sis in angiogenesis. While specific basement membrane
proteolysis by endothelial cells invading the suben-
dothelial matrix is integral to the expansion of a vascu-
lar network, it is likely that more generalized dissolution
of the basement membrane and extracellular matrix (as
elicited, for example, by corticosteroid and heparin co-
administration) effectively removes the substrate within
which endothelial cells are able to migrate and prolifer-
ate, and thus inhibits angiogenesis.

Because endothelial cells are not usually invasive, the
elaboration of proteases involved in basement mem-
brane degradation is believed to be tightly regulated
(23). Numerous studies have sought to identify factors
capable of inducing endothelial invasion in vitro. An im-
portant early investigation used bovine microvascular
endothelial cells cultured on a collagen gel (24). Treat-
ment of the endothelial cells with the tumor promoter
phorbol myristate acetate (PMA), which dramatically in-
creases capillary endothelial cell production of collage-
nase and plasminogen activator, induced invasive activ-
ity and subsequent capillary-like tube formation. This
effect was prevented by treatment with the metallopro-
teinase inhibitor 1,10- phenanthroline, a finding which
supports the notion that endothelial cell invasiveness
is a metalloproteinasedependent process. It is possible
that PMA mimics the normal effects of angiogenic fac-
tors in vivo.

Pepper et al. modeled angiogenesis in vitro by
wounding a confluent monolayer of bovine microvascu-
lar endothelial cells grown on gelatin substrate and then
overlaying it with a casein-agar mixture containing plas-
minogen (25). Cell migration from the wound edge co-
incided with increased urokinase-type plasminogen ac-
tivator (uPA) cell-surface expression, which returned to
normal levels upon cessation of movement.

Plasminogen activators produced by endothelial cells
convert plasminogen to plasmin, a serine protease ca-
pable of directly degrading extracellular matrix compo-
nents such as laminin and fibronectin. Plasmin may also
act as an activator of the zymogen forms of secreted
collagen-specific proteases, including type IV collage-
nase, which is essential for basement membrane degra-
dation. This study thus substantiates previous findings
implicating plasminogen activator in invasive proteoly-
sis (24). To what extent this wounded monolayer model
relates to angiogenesis during embryonic development
and organogenesis, however, remains in question.

A crucial investigation involving bovine capillary en-
dothelial cell growth on the human amnion basement
membrane provided further insight into the role of
basement membrane invasion during angiogenesis (26).
Treatment of either the basement membrane or the
underlying stromal aspect of the amnion with basic fi-
broblast growth factor (bFGF, also designated FGF-2)
induced endothelial cell invasion in a dose-dependent
manner. Several substances inhibited the invasion pro-
cess, including transforming growth factor-beta (TGF-
ß), inhibitors of plasminogen activators, anti-tissue plas-
minogen activator (tPA) antibody, a metalloproteinase
inhibitor, and antibodies to type IV and interstitial col-
lagenases. The results of this study are significant in
their suggestion that angiogenesis involves degradation
of both the perivascular basement membrane and the
stroma of the tissue to be vascularized. This indicates
that these processes are mediated by both direct and
plasminogen-mediated protease activity.

Another significant discovery regarding the control
of basement membrane proteolysis during angiogene-
sis arose from an in vitro model in which bovine mi-
crovascular endothelial cells cultured on fibrin gels were
treated with various angiogenic factors (27). Prompted
by a seemingly counterintuitive earlier report that the
angiogenesis inducer bFGF stimulates the production
of plasminogen activator inhibitor-1 (PAI-1) by endothe-
lial cells (28), Pepper et al. showed that the angiogenic
agents TGF-ß1 and PMA also induce PAI-1 (27). Inter-
estingly, they observed that TGF-ß1 inhibited lumen for-
mation in tube-like structures that had been induced



Goldenberg 20
by bFGF. Considerable progress toward elucidating the
mechanism for this phenomenon was made by measur-
ing the ratio of uPA:PAI-1mRNA levels as an indicator of
proteolytic balance. In response to bFGF, the balance is
shifted toward enhanced proteolysis; that is, more uPA
is induced than PAI-1. By contrast, TGF-ß1 tilts the bal-
ance toward inhibition of proteolysis through greater in-
duction of PAI-1 than uPA. As shown in Table 1, TGF-
ß also modulates angiogenesis through inhibition of en-
dothelial cell motility and proliferation (29). The cyto-
static effect of TGF-ß1 is likely attributable to the induc-
tion of cell cycle arrest via the inhibition of a number of
steps involved in cyclin-dependent kinase gene (cdk) ac-
tivation, thus preventing the phosphorylation of the Rb
gene in late G1 phase (30). These observed inhibitory ef-
fects of TGF-ß on proteolysis and endothelial cell motil-
ity and proliferation are further complicated by the find-
ing that, in vivo, TGF-ß1 can elicit monocyte-mediated
induction of angiogenesis (31). TGF-ß1 may thus have
two opposing activities in vivo: direct-acting inhibition
and monocyte-mediated induction of angiogenesis.

Matrix metalloproteinase enzymes and their specific
inhibitors from another enzyme-inhibitor system mod-
ulating basement membrane degradation during angio-
genesis. The tissue inhibitors of metalloproteinases
(TIMP-1 and TIMP-2) bind several members of the met-
alloproteinase family, including active interstitial col-
lagenase and latent and active type IV collagenases,
(23,32). The suggestion that TIMPs inhibit the pro-
tease activity of active metalloproteinases and/or pre-
vent stromelysin-mediated activation of latent metallo-
proteinases provided the conceptual basis for further
in vitro investigations of angiogenesis using these in-
hibitors (32). TIMP-1 and general inhibitors of both
serine- and metalloproteinases have demonstrated an-
tiangiogenic activity in the in vitro human amnioticmem-
brane model (25). Furthermore, the balance between
type IV collagenases and TIMPs was recognized as a key
determinant of basement membrane proteolysis during
endothelial tube formation on a collagen substrate (33).

Research on laminin, a major basement membrane
glycoprotein, has revealed an additional layer of com-
plexity in the modulation of basement membrane prote-

olysis during angiogenesis. In vitro studies demonstrate
that laminin, previously known to promote cell migra-
tion by haptotaxis, contains both anangiogenic and an
antiangiogenic peptide unit (34). The angiogenic pep-
tide increases collagenase IV activity and plasminogen
activator activation, and is located on a chain of the
laminin molecule whose expression varies during devel-
opment (8). Therefore, it is possible that laminin plays
a role in the induction of angiogenesis during embry-
onic development and organogenesis, while inhibiting
the process in moremature tissues. Furthermore, future
research may reveal that, in some pathological forms
of angiogenesis, mutations in the genetic regulator(s)
of the embryonically-expressed laminin chain gene pro-
mote the expression of this protein in mature tissues.
A strong analogy is evident between this hypothetical
mechanism underlying certain angiogenic phenomena
and the concept of proto-oncogene activation during tu-
morigenesis.

ENDOTHELIAL CELL MOTILITY ANDPROLIFERATION
A pervasive feature among a number of angiogenic
agents is their ability to stimulate endothelial cells at
three levels: proteolysis, motility, and proliferation (23).
As discussed above, proteolysis of matrix components
by endothelial cells is required for egress from the
parent vessel, as well as for capillary sprout penetra-
tion into, and lateral expansion within, the extracellu-
lar matrix. Motility is involved in both endothelial cell
chemotaxis toward angiogenic stimuli and endothelial
cell alignment to form a capillary sprout. Lastly, endothe-
lial cell proliferation is essential in order to populate the
expanding neovascular network.

Tumors grown in laboratory animals yielded the first
isolated angiogenic factors (4,35). The advent of en-
dothelial cell cultures provided a further impetus for the
isolation of angiogenic factors, particularly endothelial
cell growth factors. With the discovery that many of
these factors bind strongly to heparin, the application
of heparin affinity chromatography facilitated the purifi-
cation of endothelial cell growth factors from a variety
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Factors Origin EC Receptor Signal

Transduction
EC Motility EC

Proliferation
FGF-1,-2 ECM FGF-R,

HSPG-R
TK + +

TGF-alpha diverse cells EGF-R TK unknown +
TGF-beta diverse cells TGF-R Se/ThK - -
VEGF diverse cells VEGF-R (flk-1) TK unknown +
PDGF diverse cells PDGF-R TK + +
PAF diverse cells PAF-R G-protein/PI + no effect
TSP-1 diverse cells,

ECM
- -

Heparin ECM, mast
cells

* unknown - +
NO EC unknown unknown + +
IL-2 macrophages,

T cells
IL-2R TK unknown +

TABLE 1 In vitro endothelial cell responses to putative angiogenic factors EC: endothelial cells; FGF-1,-2: fibroblast
growth factor-1, -2; ECM: extracellular matrix; FGF-R: fibroblast growth factor receptor; HSPG-R: heparan sulfate
proteoglycan receptor; TK: tyrosine kinase; (+): induction; (-): inhibition; TGF-alpha: transforming growth factor-alpha;
EGF-R: epidermal growth factor receptor; Se/ThK: serine/threonine kinase; VEGF: vascular endothelial growth factor;
VEGF-R: vascular endothelial growth factor receptor; PDGF: platelet-derived growth factor; PDGF-R: platelet-derived
growth factor receptor; PAF: platelet-activating factor; PAF-R: platelet-activating factor receptor; PI: phosphoinositide
pathway; TSP-1: thrombospondin-1; (*): no known EC receptor (influence ECs by indirect mechanisms; see text for details);
NO: nitric oxide; IL-2: interleukin-2; IL-2R: interleukin-2 receptor.

of non-neoplastic tissues, including the retina, hypotha-
lamus, brain, and cartilage (4).

Angiogenic factors can be classified according to a
variety of characteristics, including the effect on en-
dothelial cells, the mechanism of action, and the molec-
ular form. Many of the angiogenic agents that induce
endothelial cell motility are believed to be chemotac-
tic factors, while agents that induce proliferation gen-
erally belong to the growth factor family (2). Among the
substances acting principally to induce either endothe-
lial cell motility or proliferation, many target endothelial
cells directly, while others are thought to act indirectly,
their effects mediated by other host cells. Furthermore,
angiogenic agents can exist either in secreted form or, in
the case of such molecules as epidermal growth factor
(EGF) and transforming growth factor-alpha (TGF-a), as
membrane-bound glycoproteins (13). Bound angiogenic
molecules are cleaved from the endothelial cell mem-
brane to yield a soluble mitogen or chemotactic factor.
Table 1 shows the biological activities of the major an-
giogenic factors associated with endothelial cell motility

and proliferation.
Two of the earliest factors isolated were endothe-

lial cell growth factor (ECGF) from the hypothalamus
and fibroblast growth factor (FGF) from the brain; these
molecules are now understood to be structurally related
(2). ECGF, as originally described, is a precursor to what
has become known as acidic fibroblast growth factor
(aFGF, or FGF-1), while the brain-derived FGF has since
been redesignated as basic FGF (bFGF, or FGF-2).

FGFs are highly potent angiogenic factors, and are
commonly used to initiate blood vessel development in
in vitro models in which the effects of subsequently ad-
ministered modulators of angiogenesis are to be stud-
ied. FGF-1 and -2 are bound to low-affinity heparan
sulfate sites in the extracellular matrix, and must be re-
leased by heparitinase or matrix-degrading proteases,
such as plasminogen activator, in order to bind to high-
affinity cellular receptors and thereby exert their biolog-
ical effects (2,36,37). As shown in Table 1, FGFs func-
tion dually as direct-acting endothelial cell mitogens and
chemotactic factors (2).
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Vascular endothelial growth factor (VEGF, also re-

ferred to as vascular permeability factor, or VPF) is
another heparin-binding endothelial cell growth factor
known to possess angiogenic activity in vivo (38,39).
Astructural homolog of platelet-derived growth factor
(PDGF), VEGF was first isolated as a tumor-derived vas-
cular permeability factor, and exists in one of four differ-
ent molecular species arising by alternative mRNA splic-
ing (38). Two of these are soluble proteins, whereas
the other two are bound to cell-surface or basement
membrane proteoglycans containing heparan. As indi-
cated in Table 1, VEGF acts directly on endothelial cells
to induce cell proliferation (38-41) and migration (5,42).
The precise mechanism, although unknown, is thought
to involve tyrosine kinase receptor-mediated activation
of phospholipase C, leading to a transient rise in intra-
cellular calcium concentration (43). Investigations have
shown that VEGF may be induced by hypoxia to pro-
mote angiogenesis in ischemic tissues (40). It is possible
that the lowoxygen tension in embryonic tissues and de-
veloping organs likewise induces VEGF to promote neo-
vascularization of these regions.

Several angiogenic processes are associated with
the menstrual cycle. The extensive neovascularization
that occurs in the periphery of developing ovarian fol-
licles, and the microvascular expansion into neighbor-
ing lutein cells that accompanies the development of
corpora lutea, may both depend on VEGF (44). The
expression of VEGF mRNA by perivascular cells has
been documented in female mice during the neovas-
cularization of ovarian follicles and the corpus luteum,
and during the expansion of the endometrial vascula-
ture (45). Moreover, VEGF can be expressed in numer-
ous steroidogenic and/or steroid-responsive cell types,
including theca, lutein, granulosa, endometrial stroma,
decidua, and adrenal cortical cells; in some cases, VEGF
expression is restricted to a particular phase of the ovar-
ian cycle (46).

In addition to the mitogenic role of VEGF in angio-
genesis, a complementary angiogenic function of this
molecule has recently been proposed that implicates
VEGF in the induction of microvascular hyperperme-
ability. Endothelial permeability results in extravasation

of plasma proteins into the extracellular space. This
leads to the deposition of a fibrin gel that serves as a
provisional matrix fostering the ingrowth of new blood
vessels. In various physiological and pathological pro-
cesses, microvascular hyperpermeability and plasma-
derivedmatrix deposition correlate with the onset of an-
giogenesis (46). It is therefore possible that microvascu-
lar hyperpermeability is a crucial feature of angiogenesis,
and that VEGF, as a unique inducer of vessel permeabil-
ity, may be a ubiquitous player in the neovascularization
process. In this regard, VEGF is thought to interact with
other angiogenic factors, as evidenced by its regulation
tissue factor (TF) expression and its role in mediating, at
least partially, the effects of FGF-2, TGF-*, tumor necro-
sis factor, histamine, and other agents (43,46).

Platelet-derived growth factor (PDGF) may also act
as an endogenous modulator of angiogenesis. The ex-
pression of PDGF mRNA by microvascular endothelial
cells is increased by pro-inflammatory factors such as
TGF-ß and thrombin, and is decreased by agents that
elevate cAMP (47). In conventional two-dimensional
culture, endothelial cells proliferate and express alpha
and beta chains of the PDGF receptor. However, in
three-dimensional culture, capillary-like tube formation
and the corresponding induction of a nonproliferative,
differentiated endothelial cell phenotype is associated
with downregulation of PDGF receptors (48). This is re-
flected in Table 1, which shows that PDGF induces en-
dothelial cell proliferation. As evidenced by the differ-
ential expression of PDGF receptors in the progression
of endothelial cell proliferation to sprout development
and subsequent tube formation, the plasticity of the en-
dothelial cell phenotype is an important feature of the
angiogenic process.

Platelet-activating factor (PAF), a phospholipid me-
diator of inflammation, is produced by stimulated
monocytes/macrophages, neutrophils, basophils, and
platelets, and is also elaborated by cultured endothe-
lial cells after stimulation by a variety inflammatory me-
diators, such as histamine and TNF-* (49). Therefore,
the angiogenic response to histamine and TNF-* may,
at least in part, be mediated by PAF. Additionally, an au-
tocrine mechanism for PAF may be suggested by the ev-
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idence that endothelial cells both produce PAF and ex-
press PAF-specific receptors. At physiological concen-
trations, PAF induces endothelial cell migration, but not
proliferation (50). PAF exhibits a range of other biolog-
ical effects, including the enhancement of vascular per-
meability, which may have implications in angiogenesis
similar to those discussed above for VEGF.

The potential role of tissue factor (TF, also known
as thromboplastin) in angiogenesis was recently stud-
ied by transfecting sarcoma cells with sense and anti-
sense constructs of the TF gene (51). Tumor cells over-
expressing TF established larger and more vascular tu-
mors than both antisense transfectants (which underex-
pressed TF) and untransfected tumor cell controls. The
degree of TF expression by tumor cells was positively
correlated with the endothelial cell mitogenic response.
Furthermore, tumor cell TF expression varied directly
with the transcription of VEGF and inverselywith that of
thrombospondin-2 (TSP-2). TF, the principal molecule
of the extrinsic coagulation pathway, is expressed by a
variety of tumors, and is hypothesized tomediate the en-
hanced procoagulant activity common among cancer pa-
tients (52). However, the proposed induction of angio-
genesis by TF, and its consequent significance in tumor
growth, are most likely independent of its interaction
in the coagulation cascade (51). The extent to which
TF may promote angiogenesis in physiological and non-
neoplastic pathological states is currently unknown.

Thrombospondin-1 (TSP-1) is a perivascular extra-
cellular matrix glycoprotein secreted by platelets, en-
dothelial cells, and a variety of other cells; it stabilizes
platelet aggregates in thrombi and wounds (53,54). Five
unique members of the thrombospondin family have
been identified to date; among them, only TSP-1 and
-2 contain domains likely to influence angiogenesis (54).
Loss of p53 in fibroblasts cultured from patients with Li-
Fraumeni syndrome leads to reduced expression of TSP-
1 and concomitant expression of the angiogenic phe-
notype (55). This is explained by the observation that,
as shown in Table 1, TSP-1 inhibits in vitro endothe-
lial cell migration and proliferation toward angiogenic
agents (56). TSP-1 also inhibits neovascularization in
vivo (54). In a recent study, however, human periph-

eral blood monocytes (which are recognized as proan-
giogenic by the rat cornea assay) were found to pro-
duce TSP-1, an angiogenic inhibitor (57). This paradoxi-
cal finding draws attention to the fact that macrophages
produce both angiogenic and antiangiogenic agents, and
to the likelihood that the net biological effect may re-
flect a balance in the modulators produced. Clearly, it is
difficult to interpret angiogenic responses through the
analysis of only a single angiogenic mediator.

As presented in Table 1, heparin produced by acti-
vated mast cells potentiates angiogenesis by stimulat-
ing endothelial cell locomotion (58). Additional evidence
suggests that heparin induces endothelial cell prolifer-
ation and motility indirectly by increasing the binding
of FGFs to their endothelial receptors, as well as by
protecting FGFs from inactivation (2). Heparan sulfate
proteoglycans are the major glycosaminoglycans on the
surface of endothelial cells and in the subendothelial
basement membrane (59). Through their strong affin-
ity for many endothelial cell growth factors, heparin-like
molecules on the endothelial cell surface may assist in
the angiogenic process by serving to concentrate the
growth factors in the immediate vicinity of the vascular
endothelium (4).

Heparin is prototypical of those angiogenic factors
that act by indirect pathways and thus, despite their in
vivo angiogenic activity, may not demonstrate an effect
on vascular endothelial cells in vitro. Several indirect
pathways are possible. The factors may, for example,
mobilize monocytes and activate them to secrete en-
dothelial cell mitogens and/or chemotactic factors. Al-
ternatively, indirect angiogenic factors may cause the
release of matrix-bound or intracellularly-stored, direct-
acting angiogenic factors.

Nitric oxide (NO), also known as endothelial-derived
relaxation factor (EDRF), has recently been added to the
growing list of angiogenic modulators. In both in vitro
endothelial cell cultures and in vivo in the rat cornea,
capillary endothelial cell migration and proliferation was
induced in a dose-dependent manner by exogenous NO
generators and by endogenous NO production elicited
by substance P (60). As is true for PAF, endothelial cells
both produce and respond to NO.
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A large variety of other angiogenic modulators are

currently undergoing early investigation. For example,
TIMP-1 and -2 have been shown to inhibit tumor in-
vasion and angiogenesis in vitro by inhibiting metallo-
proteinase activity and thereby blocking tumor and en-
dothelial cell motility (61). Quite interestingly, it has
been shown recently that TIMP-2 can inhibit bFGF-
induced endothelial cell proliferation by an as yetun-
defined mechanism that is independent of metallopro-
teinase inhibition (32). Similarly, somatostatin analogs
such as octreotide acetate have been shown to inhibit
angiogenesis in vitro, and although the precise mecha-
nism is unclear, it is thought to involve direct endothelial
cell activation and to be G protein-, calciumand cAMP-
dependent (62,63). In addition, an internal fragment of
prolactin (PRL) potently inhibits angiogenesis modeled
in vitro by bFGF-induced proliferation of cultured en-
dothelial cells (64). Native PRL, however, appears to
have no effect, raising the possibility that some modu-
lators of neovascularization arise by specific proteoly-
sis of circulating, angiogenically-inactive molecules. Re-
combinant ribonuclease (RNase) inhibitor has also been
implicated as a modulator of angiogenesis, inhibiting
the angiogenic response to bFGF in the mouse cornea
(65). Subcutaneous implantation of RNase inhibitor-
releasing disks beneath intradermally-inoculated mam-
mary tumor cells showed significant inhibition of tumor
growth. Furthermore, the novel angiogenesis inhibitor
angiostatin, which is homologous to an internal seg-
ment of plasminogen, appears in the serum in the pres-
ence of a primary tumor and markedly suppresses an-
giogenesis in distant metastases (66). Lastly, numerous
macrophage secretory products, including several men-
tioned previously, have been shown to mediate angio-
genesis (67).

Given the great diversity of angiogenic factors and
their pluralistic modes of action and biological activities,
physiological mechanisms to prevent rampant capillary
neoformation must be equally complex. Indeed, under
most normal conditions, capillary endothelial cells re-
main quiescent. The regulatory mechanisms responsi-
ble for this quiescence plausibly involve both intracel-
lular controls, such as growth factor sequestration, and

extracellular controls, including inhibitors such as TGF-
ß.

CLINICAL APPLICATIONS
Aflurry of activity in the field of angiogenesis research is
currently underway as its expanding clinical contexts are
continuously being discovered. In particular, a potential
role of angiogenic modulation has been suggested in di-
abetic retinopathy, rheumatoid arthritis, cardiovascular
disease, certain vasculopathies, tissue grafting and or-
gan transplantation, and in various solid tumors, such as
Kaposi’s sarcoma. The visionthreatening vascular pro-
liferation in diabetic retinopathy has been postulated
to stem from the stimulation of choroidal endothelial
cells by VEGF and FGF-2 elaborated by retinal pigment
epithelial cells (68). By contrast, the release of angio-
genic inhibitors by retinal pigment epithelial cells has
been proposed as the physiological mechanism under-
lying avascularity in the retina (69).

The administration of the AGM-1470 (TNP-470)
derivative of fumagillin, an angiogenesis inhibitor ob-
tained from Aspergillus fumigatus, has proven effective
in preventing neovascularization of joint synovia in rat
models of rheumatoid arthritis (70). Synovial fluid VEGF
levels have been shown by immunoassay to be signif-
icantly higher in rheumatoid arthritis patients than in
those with other arthritides (5). Immunohistologic stud-
ies have demonstrated p55 and p70 IL-2 receptors in the
vasculature of rheumatoid joints (71), suggesting possi-
ble molecular targets for future therapies.

In another application of angiogenesis research, di-
rect gene transfer of an expression vector for FGF-1
into porcine arteries shows promise for the neovascu-
larization and proposed resolution of early atheroscle-
rotic lesions (72). Other studies have demonstrated that
angiogenic growth factor-laden fibrin glue, implanted
between the aorta and left ventricular myocardium, in-
duced site-directed neovascular development (73). Re-
lated studies have shown enhanced de novo epicardial
small vessel growth in rabbits receiving intrapericardial
infusions of FGF-2, especially in those animals having
left ventricular hypertrophy (74). This provides exciting
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prospects for intervention in cardiac diseases in which
myocardial oxygen supply is compromised and/or de-
mand is increased. It is quite conceivable that the induc-
tion of new collateral vessel formation may delay or halt
the progression of coronary artery disease tomyocardial
infarction, as well as the advancement of ventricular hy-
pertrophy to heart failure.

With respect to vasculopathies, clinical trials are be-
ing performed in the treatment of high-risk heman-
giomasof infancy through long-term daily administra-
tion of inteferon-*-2*, which has anti-angiogenic prop-
erties (75). In addition, in the chronic inflammatory con-
dition of systemic vasculitis, increased levels of angio-
genic haptoglobin in patient sera have been implicated
in the hyperproliferation of vessels, possibly in response
to ischemia of involved tissues (76).

Angiogenic modulation has also been applied to pep-
tic ulcer disease. As a peptic ulcer is essentially a form
of wound, one would expect its healing to depend upon
microvascular ingrowth. Indeed, the induction of angio-
genesis in duodenal ulcer beds via oral administration of
acid-resistant FGF-2 in rats has successfully accelerated
healing of the ulcers, and is currently undergoing Phase
I clinical trials (77,78).

Recent investigation of pancreatic islet iso- and
xenografting in the hamster have demonstrated that en-
dothelial cells of host muscle tissue origin are responsi-
ble for revascularization of the grafts (79). Since graft
endothelial cell-dependent antigen recognition by host
immune cells, a host-versus-graft reaction, is thought to
play an important role inmost graft rejections, this result
prompts the hypothesis that graft survival could be en-
hanced if the selective inhibition of neovascularization
in graft tissue and promotion of angiogenesis in host tis-
sue is achieved.

Perhaps the most important clinical applications to
emerge from angiogenic research lie in cancer therapy.
Phase I trials using carboxy-amino-triazole (CAT), an
anti-angiogenic agent, are in progress for the treatment
of cancer patients with various tumor types (80). A fu-
magillin analog that has demonstrated tumoristatic ac-
tivity against Lewis lung carcinoma and B12 melanoma
is also presently undergoing clinical trials. IFN-*, which

suppresses angiogenesis in vivo, has been approved by
theU.S. Food andDrugAdministration for the treatment
of Kaposi’s sarcoma in AIDS patients (81). Cultured Ka-
posi’s sarcoma cells exhibit PAF production and release,
and possess high-affinity, membrane-associated PAF re-
ceptors (82), providing molecular targets that could be
exploited in alternative therapy of this neoplasm. In ad-
dition, antisense oligonucleotides directed against FGF-
2 mRNA have significantly inhibited proliferation of Ka-
posi’s sarcoma cells derived from AIDS patients and sup-
pressed the demonstrated angiogenic activity of these
cells (83).

Furthermore, angiogenesis is also being used in tu-
mor grading, the density of vascularization positively
correlating with the risk of tumor progression (84). The
use of microvessel quantitation, as well as immunohis-
tochemical staining for endothelial cell markers, in the
pathological evaluation of neoplasms promises to be-
come more prevalent in the future.

CONCLUSION
Advances in the elucidation of angiogenesis in recent
years stem primarily from the investigation of three crit-
ical features of the neovascularization process, namely
endothelial cell proliferation, motility, and basement
membrane proteolysis. Although considerable progress
has been made with respect to the characterization of
angiogenic factors that mediate these processes, much
remains to be discovered concerning angiogenic regula-
tory mechanisms.

In this regard, it appears that the primary difference
between tumor angiogenesis and normal neovascular-
ization lies not in the elaboration of distinct endothelial
cell growth factors, but rather in the modulation of their
expression and activity. Whereas tumors most often ex-
press angiogenic agents continuously, many normal tis-
sues seem to contain endothelial factors that are only
expressed under tight regulation. The diverse activities
and modes of action of the numerous angiogenic modu-
lators greatly complicate our understanding of the regu-
latory mechanisms involved in neovascularization.

In the final analysis, when dealing with such a com-
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plex phenomenon as angiogenesis, the sharp distinc-
tion between angiogenic factors direct versus indirect,
protease-activating versus chemotactic or mitogenic,
and even inducing versus inhibiting is quite likely an
oversimplification. Some angiogenic factors exert both-
direct and indirect effects, while others function dually
as mitogens and activators of proteolysis. Still other an-
giogenic factors act as inducers in some contexts and
inhibitors in others. Further research into angiogenesis
may show that, like tumor cell release of VEGF, the ex-
pression of angiogenic factors responds to signals from
the cellular microenvironment. Future discoveries may
indeed reveal that the temporally coordinated activities
of a number of key angiogenic regulators are responsible
for the predominance of neovascularization during em-
bryogenesis and various physiological and pathological
processes, including tumor metastasis.
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WOMEN I N MED I C I N E is a reflective series celebrating and rec-
ognizing the influential work of female doctors. The McGill Journal of
Medicine collaborated to produce the series, written by female medical
student authors who are members of the McGill Feminism in Medicine
group in the McGill Faculty of Medicine and Health Sciences. This by
women, about women series sought to highlight inspirational stories of
leading female physicians, based on one-on-one interviews between the
authors and their subjects, exploring such topics as medicine, career de-
velopment, gender, and family. The series covers inspirational figures
such as Dr. Lysanne Campeau, Dr. May Cohen, Dr. Louise Pilote, Dr.
Liane Feldman, Dr. Danielle Martin, and Dr. Theresa Tam
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Dr. Caralee Caplan-Shaw, MD
The most important advice I can give to the students
reading this special issue—to the next generation of
medical women—is to remember that there is more than
one path to leadership for women in medicine.

When I graduated from medical school at McGill, I
applied to residency programs in internal medicine but
decided to withdraw from the match in order to spend
a year as the inaugural editorial fellow at the Canadian
Medical Association Journal. I had been an English ma-
jor in college, and at the CMAJ, I found a way to com-
bine my interests in medicine, writing, and public health
by launching the journal’s first public health column.

Later that year, mymedical school study buddy Jason
flew up to Ottawa from New York to pop the question.
Suddenly I was scrambling to reapply to residency pro-
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grams in New York and was fortunate to land a spot at
Columbia. By the time I had completed my residency
and my pulmonary-critical care fellowship, our daugh-
ter Natalie was 15 months old, and I was 3 months preg-
nant with our son Gabriel. I still remember lying on the
floor of our empty apartment, exhausted and nauseated,
after packing up for our move to Miami, where Jason
would start his fellowship in cardiothoracic surgery.

On arrival, I began my job search. I had become the
primary breadwinner overnight, would soon have 2 chil-
dren under 2 with no family around to help, and a hus-
band who was working so hard that he hadn’t found
time to go to the benefits office to sign up for health
insurance. Working nights and weekends was clearly
not an option for me under the circumstances, but I ulti-
mately wanted to build a successful career in academic
medicine.

Rather than join a private practice or an academic
center like most of my co-fellows, I chose to work in the
busy TB clinics of the Miami Dade health department.
Little did I know that my decision would lead me to find
amentor, gain clinical expertise in a disease of great pub-
lic health importance, become an early adopter of tele-
health to care for TB patients across the state, answer
complex TB questions on a regional hotline, and work
on creative projects in physician and patient education.

The journey ultimately led me back to New York City
and Bellevue Hospital, where I care for patients with res-
piratory problems after exposure toWorld Trade Center
dust and fumes, and I have found my calling as Direc-
tor of the Bellevue Chest Service and the Bellevue Hos-
pital TB Program. Here, our youngest was born, and I
have managed—with a village of family and friends—to
balance family life with inpatient and outpatient clinical
care, quality improvement projects, and scientific publi-
cations. Recently, Jason and I were forced to meet the
challenges of being on the front lines of the Covid crisis
as a 2-physician family. And what has become increas-
ingly important tome is helping the youngwomen in our
division navigate life after fellowship.

Sometimes, in medicine as in life, what feels like a
detour can be one of many paths to fulfillment. More
women are rising to leadership positions, but our institu-
tions still have a long way to go. And every woman who
expects more for herself — who takes risks, asks for that
raise or promotion, and follows her own unique path —
lifts not only herself but all the women hoping to rise up
behind her. In this section, find inspiration among the
stories of women who’ve risen to meet the challenges
placed in front of them, whether by life or career, and
found balance and success at the top of their fields.
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AB S T R AC T
Dr. Lysanne Campeau (M.D., C.M., Ph.D., F.R.C.S.C.) is an Assis-

tant Professor of Urology at McGill University’s Jewish General Hospi-
tal. Through her flamboyant career in medicine, her research accomplish-
ments, and her advocacy work for gender equality in medicine, she is
a model of ambition, dedication, and passion. Dr. Campeau completed
medical school as well as her urology residency at McGill University. She
is the first woman to complete her entire residency at McGill University
in this specific field. Dr. Campeau then went on to complete a clinical
fellowship in Female Pelvic Medicine and Reconstructive Surgery at New
York University, as well as a Ph.D. in Physiology and Pharmacology at
Wake Forest Institute for Regenerative Medicine. She then came back
to work as a urologist at the Jewish General Hospital and a clinical re-
searcher at the Lady Davis Institute. Her research interests lie in female
pelvic medicine, voiding dysfunction, and urogenital reconstruction. In
addition to her clinical and academic duties, Dr. Campeau is involved in
teaching urology residents as well as in some volunteer endeavours in the
community. A resilient person, Dr. Campeau builds on her experience of
gender discrimination in medicine to advocate for equality in her field.
She also aims to raise awareness on the topic of incontinence, which is
often taboo among the public. Through awareness campaigns as well
as her innovative research in the field, Dr. Campeau works to develop
new treatments and improve outcomes for patients who suffer from this
condition. Dr. Campeau is a positive leader and role model for aspiring fe-
male physicians to whom she advises to cultivate adaptiveness, integrity,
and honesty in order to navigate the challenging journey that is medicine.

K E YWORD S
Urology, female pelvic medicine, urogenital reconstruction, incontinence,
gender equality, feminism
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Dr. Lysanne Campeau, M.D.C.M.,Ph.D., F.R.C.S.C. Assistant Professorof Urology, McGill University
Very few physicians exemplify the ambition, dedica-
tion, and passion for medicine as well as Dr. Lysanne
Campeau (M.D.C.M., Ph.D., F.R.C.S.C.), an Assistant Pro-
fessor of Urology at McGill University’s Jewish General
Hospital.

Born into a French-speaking family in Montreal’s
West Island, Dr. Campeau showed fascination and cu-
riosity for physiology and biomechanics at a very early
age. “I remember being very young and looking at my
hands, wondering how they could move the way they
did,” she recalls. Her scientificmind and her love of learn-
ing were encouraged by parents, especially given that
they did not instill any stereotypical gender roles on her.
Growing up with two brothers, Dr. Campeau remem-
bers always feeling on equal grounds with them. She
played the same sports as them and never felt any lesser
despite the times. With this unfettered interest, she
was offered a scholarship to the private Collège André-
Grasset where she completed her CEGEP diploma. By
that time, she knew she wanted to pursue a career in a
health-related field.

McGill University was an obvious first choice for
Dr. Campeau when came the time to apply to med-
ical school; the university’s openness to the world as
well as its reputation for excellence greatly appealed
to her. Once in medical school, a classmate suggested
she would enjoy doing an elective in urology, which she
did. At the time, there were no women on staff and a
single female resident, making her a self-dubbed “rare
species.” Her affirmative personality and irreproachable
work ethics were quickly noticed, and she received sup-
port from both residents and staff as she began to get
involved in the field.

After graduating from medical school in 2005, Dr.
Campeau entered her urology residency at McGill. Al-
though she describes it as a very challenging time of her
life involving hard work and long hours, Dr. Campeau
enjoyed residency. She was passionate about the work
and enjoyed the team aspect of surgery. She nonethe-

less faced certain gender-based obstacles during these
years. She remembers having challenging encounters
with more junior residents that did not always accept
being led by a woman. “This was a different time,” she
states, “and these people were a product of their time.
To me, this kind of interaction was not surprising; it was
simply the norm.”

When asked what specific challenges female resi-
dents can expect currently, Dr. Campeau explained that
women have to maintain a certain attitude to succeed
in medicine. In her opinion, being adaptive is key, as
it allows you to approach and interact with a person
in a way that is tailored to this specific relationship dy-
namic. “I don’t interact with male colleagues the same
way I do with other professionals I work with,” she de-
scribes. She also specifies that aside from a few specific
occasions, she mostly felt equal to her male counter-
parts as a resident trainee. Dr. Campeau graduated from
residency in 2010, becoming the first woman to com-
plete her entire urology residency at McGill University.
Having considered gynecology before choosing urology,
Dr. Campeau chose to join these two fields of interest
and went on to complete a fellowship in Female Pelvic
Medicine and Reconstructive Surgery at New York Uni-
versity. With her eye toward academics, she sought op-
portunities to combine research to her clinical fellow-
ship and was soon offered a scholarship to complete her
Ph.D. in Physiology and Pharmacology at the Wake For-
est Institute for Regenerative Medicine. This resulted
in Dr. Campeau obtaining board certification from the
American Board of Urology as well as in her specialty of
Female Pelvic Medicine and Reconstructive Surgery, on
top of her Canadian Royal College Certification in Urol-
ogy.

Her positive experience as a resident at McGill and
the constructive relationships she fostered with her col-
leagues during her residency brought Dr. Campeau back
to Montreal to work at the Jewish General Hospital as a
staff. She also became a clinical researcher at the Lady
Davis Institute, leading innovative research on the top-
ics of female pelvic medicine, voiding dysfunction, and
urogenital reconstruction.

After several yearsworking in this domain, she enjoys
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being able to develop long-term relationships with her
patients. She also appreciates the breadth of practice
that urology offers; she remembers being astonished
as a resident at the variety of different surgeries she
could perform within a single day – from microsurgery
to open abdominal interventions to robotic surgery. She
also values the possibility of offering her patients behav-
ioral, medical, and surgical treatment, with the option
of surgery being used as a last resort when other treat-
ments have failed. This brings her satisfaction in know-
ing she is making a difference for patients who are truly
suffering. “Incontinence is not a sexy subject. It is often
a taboo subject among the public,” says Dr. Campeau.
“But it affects vulnerable individuals whose voices aren’t
necessarily heard, so it’s important to bring this topic
to light.” For this purpose, Dr. Campeau has volun-
teered her time for The Canadian Continence Founda-
tion’s campaign on overactive bladder in collaboration
with Châtelaine, appearing in a promotional video(1) en-
couraging people to seek treatment for this condition.

When asked if she considers herself a feminist, Dr.
Campeau answers affirmatively without hesitation. She
notices that people often misunderstand the term, in-
terpreting it as women being superior to men, when in
truth it refers to gender equality. In her opinion, because
there remains a considerable amount of inequities and
discrimination towards women in the society we live in,
being a feminist and speaking out on these issues is cru-
cial. She adds that her husband and her sometimes re-
flect on this together as well when thinking of their two
daughters and how they will move through the world.
Dr. Campeau engages in feminist advocacy in her work
as Assistant Professor of Urology and site director for
residency training at the Jewish General Hospital. As
the coordinator of the residents’ monthly journal club,
she includes an article pertaining to gender disparities
within the medical field almost every month. Whether it
be in the vocabulary used by staff to evaluate residents
or the words used when writing a research proposal,
she explains that there still exists a noticeable difference
in the way men and women are portrayed and portray
themselves in medicine. She once had a research men-
tor tell her she didn’t brag about herself enough when

writing her research proposals. “Now I try to think, ‘how
would I write about the importance of my research to
convince the research panel, if I were a man?’”

Dr. Campeau also recalls moments in her career
when she experienced these disparities. There were
times when she was mistaken for a nurse, or had a pa-
tient address her male junior resident when she was
the chief resident who performed the patient’s surgery.
She also feels that as a female physician, she is held to
a higher standard when it comes to appearing profes-
sionally dressed, for example. She reiterates, however,
that people holding these admittedly outdated beliefs
are products of their generation. Dr. Campeau’s impres-
sive career and countless academic and clinical achieve-
ments at a young age are a testament to her ability to
brush off these events, remain focused on her goals, and
devote her energy to providing the best care for all her
patients. “I can see that the newer generation of fe-
male residents experiences less and less this pressure
to achieve the double standard, and it’s encouraging,”
she says. After being the only woman on staff in urol-
ogy at the JGH for 5 years, Dr. Campeau was recently
joined by Dr. Mélanie Aubé-Peterkine and is thrilled to
see that women are carving out a place for themselves
in this field. Dr. Campeau is also a member of the So-
ciety for Women in Urology, which provides a space to
discuss and share the realities, challenges, and positive
experiences of being a female physician in the field.

To aspiring female physicians, residents, and stu-
dents, Dr. Campeau advises to remain adaptive in every
situation they encounter, stressing that this is a skill that
is useful during training and in practice afterwards. She
also states the importance of believing in one’s convic-
tions and not letting other people’s opinions push you to
make one decision or another. To her, integrity and hon-
esty remain key qualities that will result in positive out-
comes throughout one’s life. She also explains that one’s
professional reputation begins to shape itself from the
first moments of medical school, thereby highlighting
the importance of maintaining constructive and agree-
able working relationships: “As I was reading books on
childhood education when becoming a new mother, I
came across this Maya Angelou quote: ‘People will for-
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get what you said, people will forget what you did, but
people will never forget how you made them feel.’ I be-
lieve this is true in medicine as well; being the first au-
thor or obtaining a prestigious scholarship are remark-
able achievements we as doctors should strive for, but
not at the cost of doing dishonest things, stepping on
other people, or making others feel bad.”
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AB S T R AC T
Some of the greatest strides seen in Canadian women’s health and in gen-
der equity in medicine can be attributed to Dr. May Cohen: an unyielding
activist who dedicated her life’s work to advocacy. From spearheading
the development of the first Women’s Health Office at McMaster Uni-
versity to serving as President of the Federation of Medical Women in
Canada, her career is a testament to what can be achieved with a strong
social conscience and unwavering determination.
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Dr. May Cohen, aka "The GenderLady"
Some of the greatest strides seen in Canadian women’s
health and in gender equity in medicine can be at-
tributed to Dr. May Cohen: an unyielding activist who
dedicated her life’s work to advocacy. From spearhead-
ing the development of the first Women’s Health Office
at McMaster University to serving as President of the
Federation of Medical Women in Canada, her career is
a testament towhat can be achievedwith a strong social
conscience and unwavering determination.

Even early on in her life, one could see that Dr. May
Cohen had a strong sense of resolve. Born in Montreal
and raised in Toronto, she wanted to become a doctor
from an early age. In one interview, Dr. Cohen recalled
the moment she shared her desire to become a physi-
cian with her eighth grade teacher, who told her that
“women do not become doctors.” (1) Fortunately, she
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didn’t let that dissuade her, and eventually she went on
to attend the University of Toronto’s Medical School as
one of only fourteen women in the class. (1)

Dr. Cohen’s resolve persisted as a young woman pur-
suing medical training before women in medicine were
commonplace. In an interview onWhite Coat, Black Art,
Dr. Cohen was asked what it was like as a medical stu-
dent at a time when women formed merely 10% of the
class. (2) She recalled the first day the dean came in to
welcome the fresh-faced cohort: “He informed us that
we would have to wear a tie and shave everyday. All
we could do as the few women was look at our own
legs.” (2) Similarly, she recalled that her anatomy profes-
sor would always greet the class with “Good morning,
Gentlemen.” On one occasion, she decided to sit in the
front row along with the other women in the class to
make a statement. His greeting, however, remained the
same. At the time, she wasn’t yet sensitized to the dis-
crimination and later stated she was simply happy to be
amongst the chosen ten percent. (2) In 1955, Dr. Co-
hen went on to graduate at the top of her class–a reflec-
tion of the tenacity and perseverance that underlined
the rest of her career and life.

As Dr. Cohen moved into the early part of her ca-
reer, she began to take an interest in social issues that
intersected with women’s health. When Dr. Cohen first
started practicing as a family physician in Toronto, abor-
tion was illegal in Canada. (2) She remembered several
instances where patients came to her seeking abortion
services; fortunately, most of them at the time had the
financial resources to travel to England, where abortion
was legal. One of the most striking moments, however,
was when one of her own patients was admitted to
the emergency department and subsequently died from
the complications of an illegal abortion. (2) For her, the
young woman’s death became symbolic of a larger prob-
lem, as she understood the fundamental connection be-
tween women’s autonomy over their bodies and their
health.

Dr. Cohen took on a more active role in advocating
for women’s medical rights as Canadian political land-
scapes shifted. In 1969, a significant change in the
abortion law was passed under Trudeau’s Liberal gov-

ernment making abortion permissible under certain cir-
cumstances. Under these laws, abortion would be legal
to perform in a hospital if a committee of three physi-
cians determined that continuing the pregnancy would
endanger the mother’s life or health. (3) While this was
certainly a huge step forward, Dr. Cohen quickly real-
ized that loopholes existed within the new law. Firstly,
not every hospital was obliged to have an abortion com-
mittee and secondly, as ‘health’ and ‘life’ were not clearly
defined in the law, it allowed greater room for interpre-
tation resulting in some committees being more restric-
tive than others. (2) At the time the change was highly
contentious, and many pro-choice physicians and abor-
tion providers were targeted in violent hate crimes. (2,3)
Despite the risk to herself, Dr. Cohen joined the abor-
tion decision committee at Branson Hospital in Toronto
and tirelessly fought for access to legal and safe abor-
tion for women across Canada. She strongly believed
that “if someone is forced to carry a pregnancy they
don’t want, that is a risk to their health.” (2) Since those
early days, she has continued to figure prominently in
the medicolegal debate on abortion laws and women’s
right to choose.

In addition to her advocacy work on abortion, Dr. Co-
hen played an active role in promoting an understand-
ing of women’s specific health needs across the country.
‘Year of the Woman’ was declared in 1975 and the gov-
ernment funded several women’s health initiatives. (1)
As part of one project, Dr. Cohen was invited to lead a
workshop on women’s health in Shelburne, Nova Scotia.
While she visited, she was disappointed to realize that
women living in the area did not have access to routine
breast exams or pap smears. “There was no concept of
‘women’s health’ and ‘men’s health’ at the time, and [Dr.
Cohen] believed that if you were a good doctor then
you were a good doctor to both.” (1) Her experience
in Nova Scotia led her to question whether women’s
health needs were being appropriately met elsewhere in
Canada. (2) A few years later, while on sabbatical in Aus-
tralia, Dr. Cohen learned of an ongoing study investigat-
ing women’s specific health needs in each state, which
motivated her to organize a similar effort in Canada.
(1,2) This eventually led to her to co-found theWomen’s
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Health Office at McMaster University in 1991, which
would become the nucleus of the women’s health ini-
tiative in Canada. (1)

The first of its kind in any Canadian medical school,
the Women’s Health Office sought to educate and raise
awareness of diseases that affected women differently,
whether in prevalence, prognosis or therapy. (4) “When I
went to medical school, the medical paradigm was that
of the 70 kg male, who was white,” she mentioned in
one interview. “Everything in terms of dosage of drugs,
in terms of prognosis, was based on that paradigm.” (2)
The Office strived to change this by organizing lectures
on women’s health to all members of the Faculty of
Health Sciences, and by acting as a resource to univer-
sity and community-based groups launching their own
women’s health initiatives. Dr. Cohen’s persistence in
pushing for the inclusion of women’s health in the med-
ical school curriculum eventually led to the creation of
the Women’s Health Inter School Curriculum Commit-
tee, a partnership spanning across five Ontario medical
schools. (4) In establishing institutional recognition of
women’s health issues, Dr. Cohen challenged the male-
centric paradigm in medicine and transformed the edu-
cational landscape for all health students in Canada.

Throughout her career, Dr. Cohen has focused
on promoting an evidence-based understanding of
women’s issues both in health and in healthcare. As a
researcher, Dr. Cohen has promoted women’s health is-
sues in areas such as breast cancer and domestic abuse.
Within healthcare itself, Dr. Cohen has also played an
important role in understanding the factors that have
restricted equal access to the workplace. Issues of gen-
der equality, discrimination, abuse, gender differences
in practice, and the effect of having children on profes-
sional life are all areas in which Dr. Cohen has taken
an active interest. (5,6,7) In her article titled Cracking
the glass ceiling, she states: “We know the difference
that women leaders make in professional education, re-
search and women’s health care. However, we must be
more rigorous in defining and understanding the factors
that influence the impact that women make, including
their leadership style.” (8) By shedding light on such is-
sues, Dr. Cohen has helped pave the way for the many

female physicians who followed after her.
Dr. May Cohen is now retired, but her legacy con-

tinues to impact the medical community. In light of her
longstanding advocacy for gender equality in medicine,
she was inducted to the Canadian Medical Hall of Fame
in 2016. In 2017, she was named an Officer to the Or-
der of Canada for her “exemplary leadership in the es-
tablishment and growth of the field of women’s health
in Canada”. (4) In 2019, the world premiere of “The Gen-
der Lady: The Fabulous May Cohen,” an award-winning
documentary chronicling her inspirational life, aired at
the Toronto Jewish Film Festival. When asked about the
documentary, she said, “I want to send themessage that
physicians have a social responsibility, and that is what
I tried to do during my career in promoting women and
women’s health. These were all issues of social impor-
tance that went beyond what was good for only myself.”
(9) Through the many accomplishments in her life and
career, Dr. May Cohen has certainly exemplified the pur-
suit of social justice, and is a role model for current and
future physicians alike.
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AB S T R AC T
Always driven by a desire to understand, Dr. Louise Pilote (MDCM,

MPH, PhD, FRCPC) can accurately be described as a lifelong learner. As
the formerDirector of theDivision of General InternalMedicine atMcGill
University, this clinician scientist is a Professor of Medicine at McGill and
holds a James McGill chair. Her research interests include cardiovascular
disease, specifically in women, as well as health service outcomes. Pi-
lote’s most recent endeavor focuses on the impact of gender on health
outcomes on a globalized scale. Now a mother of five, Pilote shares her
experience with integrating professional and personal life. She also dis-
cusses the intersection of medicine and feminism, while providing advice
for the next wave of clinician researchers.
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Dr. Louise Pilote, MDCM, MPH, PhD,FRCPC
For many physicians, the pathway towards medicine is
marked by a familial role model or an early childhood
aspiration. Coming from a sizeable family with seventy
first cousins - none of whom were doctors - Dr. Louise
Pilote (MDCM, MPH, PhD, FRCPC) jokes that she ac-
tually decided to become a physician after a year and
a half of medical school. Believe it or not, the cata-
lyst for Pilote’s medical career can be traced back to
a serendipitous bus stop encounter with two medical
students in Sherbrooke. Always interested in both sci-
ence and people, at the time Pilote was a keen CEGEP
student who was applying broadly to journalism, physi-
cal education, nursing, and medicine. While on the bus,
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she sparked up a conversation with the two medical stu-
dents, and in doing so, was encouraged to enter the field
she would grow to greatly impact. There is no denying
that Pilote’s career has been motivated by an intrinsic
pursuit of knowledge - with a Masters of Public Health
from Harvard, PhD in epidemiology from Berkeley, and
post-doctoral fellowships in cardiology, health services
research, and clinical epidemiology – all following her
internal medicine residency at McGill. More recently, Pi-
lote has gained recognition for her pioneering research
on the impact of gender roles in disease, with the global-
ized research project GOING-FWD (Gender Outcomes
INternational Group: to Further Well-being Develop-
ment). If Pilote’s academic and professional career were
not impressive enough, now might be the time to men-
tion that this clinician researcher has five children.

As medical students gain exposure and progress
through their formative clerkship rotations, it is com-
mon to envision various futures. After a summer dis-
section program during her medical education at McGill,
Pilote thought she was destined to become a surgeon.
Following this, she discovered her love of the thought
process inherent to internal medicine and was set to
be an internist. Subsequently during her pediatrics rota-
tion, Pilote’s love for children and thinking amalgamated
so perfectly, that she eventually ranked this specialty
as her first choice. At the time, there was a two-week
period between medical students submitting their rank-
ings for residencies and programs releasing their respec-
tive rankings of students. It was during this period that
Pilote was able to reflect and realize that although she
loved pediatrics, a career treating sick children would be
too emotionally difficult for her. She made the decision
to call the program director of pediatrics and ask him to
rank her last, in the hopes of beginning a residency in
her second choice: internal medicine. According to the
celebrated internist Pilote, she has never regretted her
decision.

During her residency in internal medicine, Pilote
sought out research exploring the intersection of
medicine and society. In doing so, she readily admits
that she would read the abstract, skip the methods sec-
tion, and go straight to the discussion. Pilote, always

motivated by a desire to understand, felt she could not
truly appreciate the study design and statistical meth-
ods of these papers. And thus, she sought out the op-
portunity to expand her knowledge base and began her
Masters of Public Health at Harvard. It was here, during
her formative education in epidemiology, that Pilote’s in-
terest in global health took fruition. This interest was
solidified following her masters, where Pilote spent a
year in Ethiopia during Mengistu’s dictatorship with a
nine o’clock curfew. There, she taught the fundamentals
of public health and epidemiology to local doctors, and
worked together to develop action plans. Wanting to
further develop her own capacity to conduct research,
Pilote’s next stepwas the RobertWood Johnson Clinical
Scholars Program - a post-doctoral fellowship in clinical
epidemiology at Stanford. Here, her broad research en-
deavors included investigating the prevalence of tuber-
culosis infection in the homeless of San Francisco and
comparing cardiology outcomes between Canada and
the United States. Now a bona fide researcher in the
making, Pilote chose to extend her stay in California and
completed a PhD in epidemiology at Berkeley.

Initially, Pilote’s research focused on health service
outcomes, specifically the safety and efficacy of car-
diac procedures and drugs. Roughly two decades ago,
Pilote started wondering whether these types of out-
comes differed for men and women. Around the same
time, research began to emerge demonstrating differ-
ences, such as women receiving less cardiac care, and
Pilote questioned – why? This served as the foundation
for many of Pilote’s research endeavors, which highlight
women and vascular disease throughout the lifespan.
Across Canada, there was a call for proposal to form a
team of researchers focused on sex and gender, which
Pilote gladly answered. One thing led to another, and
the project GENESIS-PRAXY (GENdEr and Sex determI-
nantS of cardiovascular disease: From bench to beyond
- PRemature Acute Coronary SYndrome) emerged. The
term gender became very political, and Pilote recounts
that of all the research she had done in her life, this is
what she became known for. For her, it was like the
community at large was telling her this research was im-
portant, and that it needed to be understood. In terms
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of sex and gender differences, Pilote feels the balance
has been pushed towards precision medicine - with a
harsh focus on genetic and biological factors. In her
opinion, by integrating gender-related factors - like roles,
relations, and institutionalized gender - the pendulum
shifts to incorporate BOTH biology and society in un-
derstanding disease. A true epidemiologist at heart, Pi-
lote further sought to understand the impact of society
itself on disease and disease outcome. This led to glob-
alizing the research, with GOING-FWD. This personal-
ized medicine project is funded by the Canadian Insti-
tutes of Health and Research (CIHR) as well as GENDER-
NET, and includes a network of five countries (Austria,
Canada, Cyprus, Spain, and Sweden). In essence, the
aim of the research is to understand the impact of sex
and gender on health outcomes, within a host of non-
communicable diseases. In doing so, the goal is to per-
sonalize medicine and improve patient outcomes by tai-
loring disease prevention, presentation, severity, and
even response to intervention, based on sex and gen-
der.

Being raised with four brothers, Pilote says she al-
ways knew she wanted to have a big family. In her early
thirties, she and her husband decided to start a family.
Now with five children, the obvious question ensues:
how does a professional woman balance life with a big
family? There’s no magic answer, but Pilote emphasizes,
“you find a way of making it work.” Whether it was nurs-
ing in the shower or presenting at a conference with her
newborn snuggly secured to her chest, Pilote certainly
made it work. She also stresses the importance having a
supportive partner, and having help at home if needed.
For Pilote, “if you don’t have a well-organized situation
at home, as a mother, you worry all day - if it’s well or-
ganized, you leave in the morning [for work] with peace
of mind and you can be present during the day.” Pilote’s
children range in age from 16-23 years old, and it is ob-
vious when she speaks of them that she is a very proud
mother.

When asked her position on the intersection of fem-
inism and science, Pilote replied, “as a feminist, I want
to be a woman who does good science – that’s my way
of living my feminism.” And there is no doubt that Pi-

lote lives her feminism through research, as emphasized
by her involvement in everything from women’s cardio-
vascular health, to GENESIS-PRAXY, to GOING-FWD.
In terms of women’s career paths and development, Pi-
lote acknowledges there are inherent structural issues,
but also stresses the importance of identifying limita-
tions as external versus self-imposed. She elaborates,
“no one has said tome you cannot do this because you’re
a woman, but I have told myself I cannot do this be-
cause I’m a woman.” As the former Director of the Di-
vision of General Internal Medicine at McGill University
and a tenured JamesMcGill Professor of Medicine since
2008, Pilote has certainly held powerful positions. How-
ever, she recognizes she may not have sought certain
leadership positions because of her “traditional” roles
and priorities. She proposes a paradigm shift: it is time
to change leadership models – why should just one
person sit at the helm? Pilote advises that leadership
structures must change to incorporate women and their
many roles, to promote research and career advance-
ment.

With such a diverse background, it comes as no sur-
prise that Pilote aims to inspire the next wave of clini-
cian researchers to keep their minds open to discovery
and creativity. She cautions not to rigidly pick one fo-
cus, as you never know which research endeavor will
take off. As evidenced by Pilote’s own research career,
the community at large often serves to reinforce what is
important, relevant, and needed. For future physicians,
Pilote counsels to “always remember that society gave
you such a privileged opportunity to help, always keep
that in mind”. This statement is currently echoed by Pi-
lote’s own dedication to her field, as she selflessly works
at the frontline of the COVID-19 pandemic.
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Dr. Liane Feldman MDCM, FACS, FRCS has been making waves in

the world of surgery through her accomplishments, innovative research,
and mentorship for over 30 years. From her beginnings in the Cogni-
tive Science department at Brown University to her current position as
Edward W. Archibald Professor, Dr. Feldman discusses her path to be-
coming the first woman Surgeon-In-Chief of the MUHC.

K E YWORD S
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Born and raised inMontreal, Dr. Liane Feldman dreamed
of becoming a physician as far back as she can remem-
ber. Both her father’s career as a psychiatrist, as well as
the extraordinary depiction of wartime doctors on tele-
vision’s M*A*S*H, fueled her journey towards becoming
the McGill University Health Centre’s (MUHC) current
Surgeon-in-Chief. Dr. Feldman is the youngest person,
and the first woman to hold this position at McGill Uni-
versity, making her success both unprecedented and his-
toric.

However, Feldman’s path to surgery was not a
straight arrow. She first pursued an undergraduate de-
gree in Cognitive Science at Brown University, which in-
troduced her to the world of neuroscience and linguis-
tics. Upon entering medical school at McGill University,
she was leaning towards a medical specialty or neurol-
ogy, given her background. As a medical student, Feld-
man loved all the different fields in which she was ro-
tating. However, a spark was lit during her last block of
the curriculum: General Surgery. She felt a connection
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with the hands-on nature of the specialty, the team at-
mosphere, and most importantly, she felt at home in the
operating room (OR).

With mentors in General Surgery, such as Dr. Ger-
ald Fried and Dr. Lawrence Rosenberg, the choice be-
tween internal medicine and surgery was easy–“I liked
the idea of being able to take care of the total aspect
of the patient,” says Feldman. She thrived on treating
the sickest patients and challenged herself to learn how
to handle any situation. In other words, whether it was
managing trauma resuscitations, critically ill patients, or
essentially curing patients of their cancer, the versatility
of the program spoke to Feldman’s personality. “Things
that I found stressful were the sorts of things I wanted
to master,” she says.

She went on to complete her residency in General
Surgery at McGill. The landscape of the program, while
male-dominated at the time of her training, has changed
significantly over the years–there are nowmore women
in the field. Nevertheless, Feldman had a number of fe-
male role models in surgery at McGill, including her pro-
gram director, Dr. Judith Trudel. She saw them balance
important careers and family life, including pregnancy.
In Feldman’s day, leading women challenged the field
to achieve equal representation in medical school, res-
idency classes (even in surgical fields), and amongst pro-
fessors. Today, the focus has shifted to the leadership
positions in our medical institutions. When we look at
these positions, why are women so underrepresented?

Being married to a corporate lawyer broadened Feld-
man’s perspective on this issue, which she views as so-
cietal and not only specific to medicine. Recognizing
the problem is the initial step, but trying to identify the
barriers is another: why is the gender disparity so ap-
parent in positions of power? Feldman replies: “I think
that’s a great question. I think it’s subtle.” Feldman feels
that acknowledging our inherent limitations is essential
to increasing the number of women in leadership posi-
tions. Family life and clinical work will always take prior-
ity, because “they are very in your face,” she says. To be
a competitive contender for leadership positions, much
additional work has to be done such as leading research
programs, being involved in specialty societies, speaking

at conferences and building an international reputation.
Feldman emphasizes that none of this is possible with-
out mentorship and the support from colleagues, family,
and friends, as well as the importance of inspiring role
models.

Feldman is motivated by the increased awareness
around gender equity in medicine, but maintains that it
is not just about women. It is about inviting less tradi-
tional voices, including all underrepresented minorities,
in general, to the conversation. In her opinion, this is the
key to making medicine better: “We want to attract the
best people, we want to keep them engaged, [and] we
want to keep them productive, so that the profession
benefits and our patients benefit; so [that] we innovate
and move forward.”

Innovation cannot occur without research. Dr. Feld-
man is heavily involved in improving patient care, as well
as the quality and efficiency of various surgeries. Her
most recent feat involved designing the “Enhanced Re-
covery After Surgery” program, also known as ERAS, as
part of each patient’s perioperative pathway at MUHC.
This program aims to improve patient outcome by reduc-
ing the post-operative hospital stay, significantlymitigat-
ing complications such as infection. Additional projects
include surgical education in minimally invasive tech-
niques as well as working on various strategies to im-
prove surgeons’ performance in the operating room us-
ing video-based assessments. An ambitious endeavor,
she admits, as surgeons are often trained to adopt tra-
ditional attitudes towards the practice, including their
surgical techniques. In following with her strive for chal-
lenge, she aims, through these projects, for a change in
culture.

Dr. Feldman is thriving in her new position and sees
it as an opportunity to work with every team member
involved in surgical patients’ care including nurses, anes-
thesiologists, as well as administrators. She admits that
her new set of responsibilities can be stressful at times,
but does she enjoy it? “Absolutely!” she says.

The arrival of COVID-19 has added an additional
layer of complexity to her new position. Feldman de-
scribes this period as a true “trial by fire,” but the pan-
demic is a perfect burning platform to expose the “weak
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points” of the healthcare system and force necessary
change. Feldman is convinced that COVID-19 will ulti-
mately make the department and the hospital stronger.
In the General Surgery department, elective surgeries
were cancelled to increase bed availability for COVID
patients. Feldman also participated in COVID-19 ward
duties, and maintains that the Herculean efforts under-
taken by the staff in the face of the pandemic were re-
markable. When it comes to urgent surgeries, her team
formed a committee, including a clinical ethicist, with
the objective of creating protocols to establish OR prior-
ity. Feldman is proud of the team’s ability to provide con-
tinued care to patients requiring immediate attention,
even in the face of an unfortunately ever-lengthening
waitlist.

It was a pleasure and a privilege to chat with Dr. Feld-
man; her immense passion for surgery is palpable. As a
kid, she dreamed of helping people. She mentions that
she occasionally needs to pinch herself tomake sure she

is awake. She recognizes that being a surgeon comes
with many implications for family and lifestyle, in addi-
tion to the added weight of the responsibility of the job.
“Being a surgeon can be devastating sometimes [...] we
feel a great responsibility when complications happen
and things don’t go well.” Despite these challenges, Feld-
man describes that the importance of a surgeon’s impact
on a patient’s life is indisputable and ultimately, she has
no regrets. She encourages young women to pursue
what captivates their imagination and sparks their cu-
riosity to persevere over the long run. As words of wis-
dom, Feldman encourages young women (and anybody,
really) to follow their heart.

As my final question to Dr. Feldman, I asked what
aspect of her career has given her the most sense of
accomplishment: “Mentorship. Teaching generations of
surgeons to become the best they can be is what I’m
most proud of.”
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AB S T R AC T
Dr. Danielle Martin is an Associate Professor at the University of

Toronto and Executive Vice President and Chief Medical Executive at
Women’s College Hospital in Toronto, where she is also a practicing fam-
ily physician. Her career epitomizes an idea that is often discussed in
medical training, but rarely manifests in practice: physicians are both
advocates for individual patients and stewards of public health equity
at a systems level. Dr. Martin has dedicated her career to improving
and strengthening Canada’s universal health care system. She is a public
leader in the ongoing debate about health care privatization and founded
the organization Canadian Doctors for Medicare. Notably, Dr. Martin
spoke about Canadian health care and advocated for single-payer health
care in a widely publicized US Senate hearing led by Senator Bernie
Sanders. She has also published a book titled, Better Now: Six Big Ideas
to Improve Health Care for All Canadians, which breaks down complex
health policy into six actionable steps in order to improve the health
care system for all Canadians. She continuously advocates for public in-
volvement in health policy through research and public outreach and is
a role model for young physicians aspiring to leadership roles in health
and health care policy, while simultaneously pursuing a career in clinical
practice. In fact, doing both provides a unique framework for improving
the individual wellbeing and health of Canadians.Dr. Martin believes that
advocacy is a skill that requires practice and training; she advises young
trainees that the time to start is now.
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Dr. Danielle Martin, MD, MPP, CCFP,FCFP, Associate Professor at theUniversity of Toronto Department ofMedicine and author of the book,“Better Now: Six Big Ideas toImprove Health Care for AllCanadians”
“Being sick is bad enough without worrying about hav-
ing to pay for your care. Medicare is a work in progress,
but it’s a work worthy of our greatest efforts. It repre-
sents a promise to be the kind of country we can be
proud of.” Fulfilling the promise of universal access to
free healthcare services has provided the impetus for Dr.
Danielle Martin’s career as a practicing family physician,
hospital administrator at Toronto’sWomen College Hos-
pital, associate professor at the University of Toronto,
and author of the book Better Now: Six Big Ideas to Im-
prove Health Care for All Canadians.

DrMartin’s life-long commitment to improving health
care for all Canadians was first inspired by her own
family’s experience. Her grandparents arrived in Mon-
treal as new immigrants long before Canada’s creation
of an accessible, single-payer medical system. Soon
after their arrival, the family had to contend with her
grandfather’s illness and eventual death at the age of
fifty-four. Their subsequent journey through a private-
payer health care system created mounting healthcare
bills and crippling debt. Her strong sense of social jus-
tice was further motivated by her upbringing in down-
town Toronto, where she grew up alongside family and
friends from diverse backgrounds.

Dr. Martin was the first person in her family to be-
come a physician – although the decision to pursue
medicine came relatively late in her academic career.
She completed her undergraduate degree in Biochem-
istry at McGill University under the assumption that she
would pursue a career in science. Somewhat ironically,
a decision to join the McGill Debating Union “turned
out to be at least as formative as her formal education.”
Martin says that time spent interacting and socializing
with political science and philosophy students taught
her how to construct and articulate a well-reasoned ar-

gument. These skills would ultimately serve her well in
her role as a major player in the ongoing, national health
care debate on how to reform and improve our existing
single-payer system. Post-degree, Dr Martin’s interest
in policy led her to Ontario, where she eventually found
herself working in health care policy. She learned how
governmental decisions were made and the importance
of physician advocacy in this process. At that point, Mar-
tin realized her passion for health care and systemic im-
provement, and she decided she should pursue a career
in medicine.

Dr. Martin’s advocacywork directed at strengthening
Canada’s single-payer system started early in her career.
After completing her undergraduate medical degree at
Western in London, Ontario, Dr. Martin then returned
to Toronto for her residency at St. Michael’s Hospital
where “inner city medicine and advocacy were core to
the philosophy of the education program.” This philoso-
phy suited her— “I was a system-oriented person before
I was a clinician, and I have always thought about my
clinical work through that lens.” Dr. Martin’s early work
as a clinician in rural and remote communities also pro-
vided important learning opportunities–at that point in
her career, she was speaking out about the promise of
public healthcare and the need to revitalize our system.

These early work experiences prepared DrMartin for
her current roles as both a public health advocate and a
leader at Women’s College Hospital, where she works
as the Executive Vice President and Chief Medical Exec-
utive, as well as an academic family physician. A num-
ber of extraordinary mentors also played a vital role in
getting her to her current position, including her mother
whomodeled a successful life balance of career and fam-
ily. Dr. Martin shares credit with her other mentors
who supported her in establishing the CanadianDoctors
for Medicare (CDM) organization in 2006, encouraged
her to pursue a master’s degree in public policy, and of-
fered Martin her first leadership roles. She appreciates
thatmany of hermentors, whowere leaders themselves,
were able to invest time and create space for her in their
systems. This ability to create “system space” taught Dr.
Martin an invaluable lesson: “systems are critical, but
they are not built for individuals.” Martin believes that
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systems need to be built with flexibility and filled with
adaptable leaders, so that even those who do not fit the
mould can still be successful. This resonates in Martin’s
core philosophy of Canadian health care: “We need to
build a system that is flexible and meets the needs of
all Canadians, regardless of what they can bring to the
table.”

This philosophy on systems thinking certainly came
to the foreground in 2014, when Dr. Martin received a
phone call that would change the course of her career:
US Senator Bernie Sanders found Dr. Martin through
the CDM, which is now a nationwide organization that
advocates for the strengthening and improvement of
universal publicly funded healthcare in Canada. Senator
Sanders asked Dr. Martin to speak at a Senate hearing
about what the American health care system could learn
from other countries about universal health care cover-
age and cost control. The five minutes that Dr. Mar-
tin had to discuss what the US could learn from Canada
landed her on the front pages of Canadian and interna-
tional news and transformed her career such that public
engagement and education became central to her work.

As a result of this US senate hearing, Dr. Martin’s
role became increasingly public facing, eventually cul-
minating with her book, Better Now: Six Big Ideas to Im-
prove Health Care for All Canadians. Better Now was pub-
lished in 2017 asDr. Martin’s response to the lack of real
change taking place in an environment where too much
of the conversation about health system improvement
was happening cyclically and amongst the same people.
The book was written to ignite a passion for change in
the Canadian public, especially amongst those who are
concerned about our healthcare system, but who are
not normally involved in the decision-making process.
Dr. Martin describes her “ideas” as the “greatest hits”
that would have the biggest impact on improving health
care.

Since Better Nowwas published, there has been some
progress towards a better healthcare system. However,
the current COVID-19 pandemic has shone an intense
light on the existing shortfalls of our health and social
services, reinforcing the need for the policies that Dr.
Martin spent her career advocating for. Across the coun-

try, thousands of people have lost jobs and the security,
healthcare and social benefits that accompany them. As
Dr. Martin points out and addresses in her book, the
“CERB (Canada Emergency Response Benefit) that has
been put in place during the pandemic is similar in prin-
ciple to the notion of the Basic Income Guarantee”–a
policy that recognizes the huge role that social and eco-
nomic circumstances play in determining the health of
populations. Indeed, COVID-19 underscores the need
for action to reduce the inequities in our healthcare sys-
tem that predate the pandemic and are only now being
exacerbated. Also, the pandemic will inevitably result
in longer wait times for many elective procedures that
have been cancelled. This highlights another “big idea”
described in Dr. Martin’s book regarding the reorgani-
zation of healthcare delivery to reduce wait times and
improve the quality of care being delivered. As she has
famously said, “Sometimes it’s not actually about the
amount of resources that you have but rather about how
you organize people in order to use your queues most
effectively [. . . ] when you try to address wait times, you
should do it in a way that benefits everyone, not just
people who can afford to pay.”

Dr. Martin acknowledges her many forms of privi-
lege–her status as a white, English-speaking person and
physician–but says she still experienced push-back at
times during her career and felt that her views were
taken less seriously than those of her colleagues as a
result of being a woman, a family doctor, and a public-
facing researcher. She has worked to address this by
being “explicit in her values and the evidence issues she
cares about, relying on those things that are harder for
people to discount.” Dr. Martin recognizes that we still
have a long way to go in order to address equity in lead-
ership in medicine–not just across the gender spectrum
but also in diversity in race, ethnicity, and belief. “Gen-
der equity is important, but it isn’t enough if it isn’t inclu-
sive,” she says and adds that she hopes to see positive
change arise from the work being done across the coun-
try to address anti-Indigenous and anti-Black racism in
medicine and beyond.

Dr. Martin has worked tirelessly to advocate for good
healthcare that is accessible to all, and her career illus-
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trates the necessity of assuming a bifocal lens. To cre-
ate real change in medicine that benefits everyone, one
needs to see patients both as individuals, as well as how
they fit into a larger system working to improve the
health of all people. Dr Martin urges young physicians
aspiring to be policymakers and hoping tomake changes
in our health system that the time is now–“You can be an
advocate now, your voice matters. The sooner you get
on the issues you care about, the more skills you will
amass. Advocacy is a skill set and it requires that you
train just as you do for your clinical work.”
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Canada’s Chief Public Health Officer, Dr. Theresa Tam (BMBS (UK),

FRCPC) attended medical school in the United Kingdom before immi-
grating to Canada where she trained in pediatrics and specialized in in-
fectious disease. She has maintained a ‘pourquoi pas’ attitude through-
out her career that has helped her realize her vocation in public health,
gain experience in the healthcare field—both around the globe and on
Canadian soil—and advance into prominent leadership positions. Today,
as Canada’s Chief Public Health Officer, known colloquially as Canada’s
Top Doctor, Dr. Tam has been thrust into the spotlight as a result of the
COVID-19 pandemic. This article outlines her exciting career trajectory
and explores the challenges she faceswhile informingCanadians of guide-
lines for staying healthy during the pandemic.
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Early life and career
Born in British Hong Kong, Dr. Theresa Tam emigrated
with her parents at a young age to the United King-
dom (UK), where she attended a small all-girls boarding
school. While she was passionate about the humanities,
arts, and science alike, she had a particular affinity for bi-
ology. This was in part because Dr. Tam felt supported
and inspired by her biology teacher, Mrs. Bradley, who
she regards uniquely as “in her own rights and fame, an
expert in ferns.” Dr. Tam was one of the first students
in her school’s history to become a physician. “It was an
unusual choice,” she said, “but I thought [. . . ] why not
have a go?”

Interestingly, Dr. Tam was not always on track to be-
50
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come a high-profile agent of public health; in fact, she
initially hoped to become a general surgeon. As Dr. Tam
explained, students in the UK medical school system at
the time were required to complete a three-year under-
graduate degree combined with research, followed by a
two-year pre-residency internship in a specific field. (1)
Dr. Tam chose to study biochemistry with a research
focus on carcinogenesis. She then opted for general
surgery and internal medicine for her internship. When
her family moved to Alberta, Dr. Tam planned on ap-
plying for a surgery residency, however, she knew ac-
ceptance would be unlikely as a foreign medical gradu-
ate. Instead, she applied for a residency in pediatrics and
considers herself fortunate to have been accepted to at-
tend the University of Alberta. Following her residency,
she completed a fellowship in pediatric infectious dis-
ease at the British Columbia Children’s Hospital—a path
that ultimately changed the course of her career.

Vocational change
Prior to her fellowship, Dr. Tam had little exposure to
public health. In the infectious disease program, her
mentors, who were experts in vaccinology, exposed her
to their work at The Vaccination Evaluation Center and
the many clinical trials in which they were involved. This
piqued her interest such that she recalls she “actually
shifted fromamore research and clinical interest into [...]
public health.” She promptly joined the Canadian Field
Epidemiology program, where one of the first outbreaks
she tackled was a highly virulent strain of influenza.
While she had a hand in treating many subsequent out-
breaks around the globe, she retained a particular affin-
ity for that disease. As Dr. Tam stated, “influenza really
never left my career; it became my favourite virus, as it
were.”

Owing to the strong expertise she had accumulated,
Dr. Tam was able to accept a position at the Public
Health Agency of Canada (PHAC). At the time, she was
already working as an attending pediatric infectious dis-
ease specialist at the Children’s Hospital of Eastern On-
tario. The workload of two full-time jobs was heavy and
unsustainable, and Dr. Tam knew “[she] just couldn’t do

both.” She loved working at the bedside of patients in
the Emergency Department and the Pediatric Intensive
Care Unit, making it difficult to hang up her stethoscope
and leave her clinical duties behind; nevertheless, she
chose to pursue her vocation in public health. Within
the PHAC, Dr. Tam continued to advance into leader-
ship roles, becoming Deputy Chief Public Health Offi-
cer, Assistant Deputy Minister for Infectious Disease
Prevention and Control (2), and in 2017, Chief Public
Health Officer (CPHO), the position which she currently
holds.

Career development
Dr. Tam credits her success partly to her peers who
pushed her out of her comfort zone, while admitting
that “it doesn’t usually take too much convincing, and
I [. . . ] take on the next challenge.” In fact, Dr. Tam ex-
plained that she never aspired to any position, including
her current one. “The bottom line is there was really no
planning,” she explained, “given my career trajectory, I
kind of feel like I was building up to this job.” The ease
with which Dr. Tam accepts new challenges led her to
the trenches of many global health initiatives, including
Polio eradication in Bangladesh. (3) Dr. Tam proudly
stated that she was “the first non-American team mem-
ber of the Stop Transmission of Polio Program” of the
Centers for Disease Control and Prevention. Leading
up to her role as CPHO, she was at the forefront of the
Canadian responses to multiple communicable disease
outbreaks, including H1N1 and SARS, and acted as an
international expert to the World Health Organization.
(2) In 2006, while acting as theDirector of the Immuniza-
tion and Respiratory Infections Division and Co-Chair of
the Pandemic Influenza Committee, she helped update
the Canadian Pandemic Influenza Plan for the Health
Sector. (4) This report was written after the SARS pan-
demic, which hit Toronto in 2003, and has been updated
several times since, now including advice based on the
H1N1 outbreak in 2009. (5)

In addition to protecting Canadians against disease
outbreaks, Dr. Tam has made it her goal to champion
the reduction of health disparities in key populations
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in Canada. She has met Canadians face to face in or-
der to better understand their plights, investigate dispar-
ity in public health outcomes, and gain a more intimate
and informed perspective on the stigmatization and dis-
crimination that exists within Canada. Dr. Tam’s com-
mitment to listening to the public, exemplified through
her discussions with Indigenous communities and peo-
ple suffering from addiction during the opioid crisis, has
allowed her to make informed policy recommendations
to people who have the power to take action and cre-
ate change. She remarked that as CPHO, she has the
“very direct and very frequent opportunity to discuss im-
portant public health issues with the decision-makers of
the country and around the world.” This places her in an
ideal position to incite systemic change.

Fighting for equity
Since she was appointed, Dr. Tam has been striving to
make Canada’s healthcare system more equitable and
inclusive. “When I became the [CPHO],” she reflected,
“my vision was to do whatever I can to champion a
more inclusive society, a more inclusive health system,
be a voice of inclusion. And so, health equity is very
much run through horizontally in everything that I do
[and] gender equity is a part of that whole picture.” In
fact, in her 2019 CPHO Report of the State of Public
Health, titled ‘Addressing Stigma: Towards a More Inclu-
sive Health System,’ (6) Dr. Tam outlined suggestions
for improving gender equity within the healthcare sys-
tem. She stated, “Just like any system, quite frankly,
[there exists] gender stereotyping, inequities at certain
levels of leadership, [and] harassment in different ways.
[. . . ] We have to admit to the fact that there is stigma
and discrimination in the health system.” Recognizing
that medicine used to be quite male dominated, she ex-
plained that things are trending towards equality. Now,
men are outnumbered by women in terms of both med-
ical students and practicing physicians, and we are see-
ing more women in leadership roles. In fact, until very
recently, the health of Canadians was managed at the
federal level by three women: Dr. Tam as the CPHO,
Patty Hajdu as the Minister of Health, and Tina Namies-

niowski as the President of the PHAC (who recently
stepped down in late September, being replaced by Iain
Stewart). (7, 8) When asked if she considers herself a
feminist, Dr. Tam stated she envisions the future of fem-
inism as “really creating the kind of society in the world
where all people have the support or the chance to re-
alize their full potential, which actually is the underlying
objective of health equity.”

Pandemic response
While undoubtedly qualified to be CPHO during a viral
pandemic, Dr. Tam does not take this role lightly. In her
Report on the State of Public Health in Canada in 2019,
(6) Dr. Tam referred to the post-social media world as
“the age of misinformation and disinformation,” which
complicates her role of communicating public health de-
cisions to the public. During the current pandemic, she
states, “it’s quite difficult actually to manage the com-
munications, and people can slice and dice and put their
own perspectives on what you just said, whether it’s
actually in line with your intent.” To combat this, she
has strived to maintain cohesion in the general advice
given to the public despite any jurisdictional differences.
Moreover, Dr. Tam has been criticized for her early re-
sponse to the pandemic, in particular for underestimat-
ing the spread and impact that COVID-19 would have
both nationally and internationally, and for cautioning
the use of masks. She explained that her advice was
evidence-based in the context of rapidly evolving infor-
mation and a paucity of data early on. “It is challeng-
ing trying to communicate the fact that there are things
that we know, things that we don’t know, and the fact
that we may have to change our public health advice at
the time,” Tam explained. She finds herself reflecting on
the decision-making process and wondering, ‘is this the
best way to position something?’, ‘how can I do better in
terms of getting consensus on a certain area?’” While it
may seem to the public like Dr. Tam is holding Canada’s
weight on her shoulders, she is not solely responsible
for decisions made as part of the COVID response. “The
decision-makers are our elected officials,” she explained,
“the people who have the actual public health authority
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to act are at a different level of government.” So, while
Dr. Tam is “an advisor, [. . . ] a champion, a leader, [and]
a convener,” she does not have the final say in COVID-
related decisions.

Despite this sharing of responsibility, Dr. Tam admits
the COVID response has taken its toll on her and on oth-
ers in public health. As her role in this crisis has become
more demanding, she has relied upon a network of fam-
ily, friends, and colleagues. Her parents have remained
healthy and supportive throughout the pandemic, and
her nieces and nephews have continued to inspire her
as they always have. “I am [. . . ] Auntie Theresa to many,”
she said proudly. Dr. Tam recognizes the importance of
balance in her life and as such, she tries to make time
for her hobbies: she enjoys running and fancies herself
“somewhat of an ornithologist.” In light of the second
wave being well under way, maintaining a sense of nor-
malcy remains as important as ever.

We have come to knowDr. Tam as a result of her role
as CPHO during the coronavirus pandemic, but she had
been quietly advocating for improved public health long
before COVID hit. Although she found her vocation rel-
atively late in her career during her fellowship, she has
no regrets, only aspirations. “I really want to finish my
career seeing polio actually eradicated,” she said. When
asked to offer advice to those interested in a career in
public health, Dr. Tam offered the following insight: “it
is very exciting if you like complexity, if you like a job
where the population is your patient. Even though you
can’t see instantaneous outcomes, it’s all worth it in the
end. [...] The future is prevention, and there needs to
be a massive investment in public health, of which the
people who work in public health is the biggest invest-
ment.” Dr. Tam ended the interview by saying “go with
the flow; don’t sweat it too much,” which is advice that
seems to have served her well throughout her career
and will surely continue to do so.
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AB S T R AC T
Transitional care interventions, often led by hospital specialists,

have mixed impact on reducing readmissions. Interventions led by family
physicians may be more promising. The objective of this study was to
evaluate the impact of a family-medicine-based intervention in reducing
the incidence of emergency department (ED) visits, hospital readmissions
and the length of stay (LOS) of older patients. A quasi-experimental pilot-
study was conducted at a Family Medicine Group (FMG) in Montreal.
Thirty-five patients discharged from the FMG-affiliated hospital between
July 2014-2015were compared to 68 historical controls discharged from
the same hospital one year prior. Inclusion criteria were: 65+ years, ros-
tered at FMG, high-risk of readmission; and discharged to home/senior
residence. Patients’ charts were reviewed to determine a composite out-
come of all-cause rates of acute hospital use (ED visit/hospital readmis-
sions) and LOS at 30, 60, 90 and 180-days post-discharge. We found
no statistically significant differences in acute hospital use rates between
groups. LOSwas statistically significantly shorter at 90- and 180-days for
patients compared to controls: Incidence Rate Ratio (95% Confidence In-
terval) at 90-days: 0.66 (0.64-0.69) and at 180-days: 0.49 (0.43-0.55).
Our study provides support to the impact of a family-medicine-based
transitional care intervention in reducing the LOS of vulnerable older pa-
tients readmitted to hospital.
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1 | INTRODUCTION
Older patients transitioning from the hospital to home
are at risk of having complicated care transitions, with
more readmissions, longer stays, and even death (1).
These poor health outcomes result from poor coordina-
tion and communication during these transitions (2, 3).
In response to this situation, transitional care interven-
tions, which are defined as a “set of actions designed to
ensure the coordination and continuity of healthcare as
patients transfer between different locations or differ-
ent levels of care within the same location” have been
implemented (1). These interventions may have a posi-
tive impact on reducing hospital readmissions (4, 5) and
mortality in older patients after hospital discharge (6),
but some interventions have not shown success.

Multiple hypotheses have been suggested in the lit-
erature as to why some transitional care intervention
are more effective than others in reducing readmissions,
mortality and length of stay (LOS) when readmitted.
First, it is not yet known in which settings transitional
care interventions could provide better results (7). In
fact, a systematic review concluded that there is no evi-
dence to support the implementation of hospital-based
transitional care interventions (8). It is possible that
a family medicine-based transitional care intervention
would be more successful to reduce older patients’ ser-
vice use (9). Indeed, a transitional care intervention
based in a primary care team, more specifically led by a
VirtualWard (VW) physician and a VWnurse (acting as a
case-manager) from the primary care teamwhere the ad-
mitted patient is registered, would ensure that the usual
care providers are involved early on and throughout
the transition by improving communication between the
usual family physician and the hospital. Better communi-
cation between the usual family physician and the hospi-
tal could help reduce short-term readmissions (10). The
usual family physician is equipped with longitudinal and
comprehensive understanding of the patients’ needs
and is trained in managing community-based chronic
diseases, offering a significant benefit to the care pro-
vided by an unfamiliar hospital internist. Other com-
ponents for a successful transitional care intervention

to reduce short-term readmissions include a home visit
within three days after discharge (10) and should begin
at the pre-hospital discharge (11).

Therefore, we designed a familymedicine-based tran-
sitional care intervention, in an attempt to increase
and strengthen the engagement of usual care providers
working in the same primary care team. The main ob-
jective of this pilot study was to evaluate the impact of
our familymedicine-based transitional care intervention
(described in the methods below) on ED visits or hospi-
tal readmission rates and LOS of older patients at risk
for readmission. A more detailed description of the fam-
ily medicine-based transitional care intervention is de-
scribed in our companion paper (12). We hypothesized
that patients in the intervention groupwould have fewer
ED visits, fewer hospital readmission rates and shorter
LOS than patients in the control group.

2 | METHODS
2.1 | Design and Setting
A quasi-experimental pilot study with an independent
historical control group was used to determine the im-
pact of the intervention on hospital readmission rates
and LOS.

A participatory approach was used to root the pri-
mary care practice-based study in action and make it
meaningful for clinicians, patients and caregivers (13).
Participatory approach is an approach of conducting re-
search by actively involving all relevant stakeholders, in
this case clinicians, patients and caregivers, throughout
the research project (13). Indeed, patients and care-
givers were involved in the development of the clini-
cal intervention and the care process indicators. This
study was initiated by a family physician and nurse from
the Herzl Family Practice Center, at the Jewish General
Hospital (JGH), in Montreal, Canada. The Herzl Family
Practice Center is a McGill University-affiliated primary
care interdisciplinary team located in Montreal, Quebec.
In addition, the clinic is attached to a hospital where
patients can be hospitalized in a family medicine ward
and cared for by doctors who also work at the primary
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care clinic. This project was a practice-based initiative
(14), in that it was the VW clinicians who contacted
the McGill University researchers to evaluate their tran-
sitional care intervention. Together, clinicians and re-
searchers served on a “steering committee”, who man-
aged the course of the research project, on a weekly ba-
sis throughout the study.

| Intervention
We built upon the VW model (5, 15-17), in which an in-
terdisciplinary team, usually located in a hospital, coor-
dinates care, meets daily, facilitates communication be-
tween the hospital and the usual providers, and offers
a single point of contact for the patients. In contrast
to basing a team within the hospital setting and the in-
tervention at the primary care setting, our design was
expected to strengthen communication with the usual
care providers and their involvement. Furthermore, the
patients’ discharge plan was initiated during hospitaliza-
tion.

The intervention was divided in three clinical mod-
ules to facilitate its potential implementation in other
clinics. Module 1 was composed of the selection pro-
cess and hospital discharge plan. A designated VW
nurse (case manager) from the Herzl Family Practice
Center visited the family medicine ward daily and se-
lected patients based on their LACE index (18), which
identifies patients at risk for readmission or deathwithin
thirty days of discharge. The LACE index was chosen
because it is well used and validated (18) and to be
in line with the other Canadian Virtual Ward interven-
tion, based in hospital (15). The index is based on four
indicators: LOS of the index admission, acuity of the
admission, co-morbidity index, and number of ED vis-
its within the last 6 months. LOS of index admission
was estimated as the discharge plan was prepared. As
per recommended, patients who scored equal or higher
than 10 on the LACE index, indicative of a high risk
of readmission, during their daily visits to the family
medicine ward were approached and the intervention
was explained (18). The VW nurse scheduled follow-up
appointments with the patients’ usual family physicians,

residents, and nurses at theHerzl Family Practice Center
and elaborated the discharge plan. The caregivers, when
available, were involved throughout the period the pa-
tients were admitted into the VW. The discharge plan
occurred while the patients were still hospitalized.

Module 2 was composed of case management. The
VW nurse provided post hospital discharge follow-ups
by phone (the initial follow-upwas donewithin 72 hours
post hospital discharge), assessed the patients and care-
givers’ needs and symptoms, shared educational infor-
mation, reviewed the patients’ medications, and con-
firmed follow-up appointments with patients and care-
givers and the usual family physicians, residents, and
nurses at the Herzl Family Practice Center. The VW
nurse was available to the patients and caregivers by
phone five days a week. The VW nurse also initiated
communication with community services, such as home
care services, and organized home visits by the usual
family physicians, residents, and other health profes-
sionals if needed.

Module 3 was composed of weekly multidisciplinary
rounds. Weekly meetings with the usual family
physician, resident, the VW nurse and VW physician,
social worker, and pharmacist were organized to review
each VW patient’s medical history, medication list, and
medical and social issues. Adjustments in diagnosis
or treatment were made, and patient, caregiver, usual
family physician, community pharmacist, and home
care services were notified. Finally, a discharge plan
from the VWwas organized when the situation became
stable. These three modules are described in our
companion paper (12). The intervention started on July
1st, 2014 with internal funding from the director of the
Herzl Family Practice Clinic.

2.2 | Participants
The VW group consisted of all patients admitted in the
family medicine ward at the JGH, between July 1st,
2014 and June 30th, 2015. Inclusion criteria were: hav-
ing a family physician at theHerzl Family Practice Center,
being 65 years old and over, being at risk for readmission
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(LACE 10), and being discharged to home or senior res-
idence. All patients admitted to the ward who met the
criteria were contacted by the VWnurse and, upon their
consent, were offered to be included in the intervention
group.

A historical control group consisted of all patients dis-
charged from the same ward between July 1st, 2013
and June 30th, 2014. The same inclusion criteria were
used. All patients admitted to the family medicine ward
and satisfying the criteria were included in the control
group except for patients who participated in the inter-
vention group to ensure independent groups. Consent
from the control group was not required.

The study and consent forms were approved by the
Research Ethics Office of the JGH.

| Data Collection and Outcomes
A retrospective chart review of the Electronic Medical
Records (EMR) of patients in VW and historical control
groups was used to measure the primary outcomes: a
composite outcome (ED visits and/or hospital readmis-
sions) and LOS. Both outcomes were measured at 30,
60, 90 and 180 days post discharge. For each patient
readmitted, LOS was calculated as the cumulative num-
ber of days for all hospital readmissions, where an ED
visit counted as one day, and any LOS started the day
of admission to ED and ended the day of hospital dis-
charge.

2.3 | Analysis
Descriptive analyses were performed on patients’ char-
acteristics and study outcomes. Care process descrip-
tions were examined over the length of stay in the VW
program for the intervention group. Unadjusted propor-
tion of patients with at least one readmission and av-
erage LOS were calculated. Poisson regressions, con-
trolling for exposure time, were performed for readmis-
sion at each time point. Given that at least 12 VW pa-
tients (34%) were not readmitted during the study pe-
riod, zero-inflated Poisson regressions, controlling for
exposure time, were performed for LOS at each time

point. We were not able to adjust for age, sex, and
LACE score given the limited sample size. However,
sensitivity analyses were performed adjusting for age,
sex, and LACE scores for each outcome. The care pro-
cesses of the intervention were refined as the study pro-
gressed, therefore the number of care processes per-
formed at the beginning of the intervention were not
fully implemented and this could create a “ramp-up” ef-
fect, whereby the impact of the intervention would be
stronger in patients recruited later on. Therefore, we
verified the potential existence of a ramp-up effect, and
its impact on our results by performing another set of
sensitivity analyses. Ramp-up effect was calculated as
the number of days between the start of the interven-
tion and the patient recruitment in the intervention. Fi-
nally, to evaluate the potential adverse effect of the
intervention on mortality, we performed Kaplan-Meier
survival analyses, using Log rank statistics to compare
the groups on mortality rates at 90 and 180 days. All
analyses were performed with Statistical Package for
the Social Sciences (SPSS; IBM Corp. Released 2010.
IBMSPSS Statistics forWindows, Version 19.0. Armonk,
NY: IBM Corp).

3 | RESULTS
Fifty VW patients and 89 control patients were exam-
ined for eligibility. Of these, 15 VW patients and 21
control patients were excluded due to transfer to long-
term care or rehabilitation services, or refusal. A total of
35 patients in the VW and 68 in the control group were
included in the study (Figure 1).

The demographics for the 35 VW patients and 68
controls are in Table 1. Overall, no clinically meaning-
ful differences at inclusion were observed in terms of
age, sex distribution, LACE score, or discharge destina-
tion. On average, the LOS in the VW intervention group
was 48.1 17.2 days, during which the VW team pro-
vided transitional care as described in the intervention.
The proportion of patients who were contacted by the
VW nurse within 72 hours post discharge was 54.3%;
this proportion climbed to 80% if we considered a 4-day
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timeframe. More details describing the diverse care pro-
cesses provided to the VW group is given in Table 2.

F IGURE 1

VW* (n=35) CON* (n=68)
Age at inclusion, in
years mean (SD)

82.3 (8.5) 83.5 (8.2)
LACE score mean
(SD)

12.6 (2.9) 12.7 (1.9)
L score* 2.9 (1.2) 5.0 (1.3)
A score* 3.0 (0.0) 3.0 (0.4)
C score* 3.2 (1.6) 3.8 (1.4)
E score* 1.4 (1.5) 0.9 (1.2)
Sex (M:F, % of F*) 14:21 (60%) 24:44 (65%)
Discharge
destination
Home n (%) 27 (77%) 57 (84%)
Senior Residence n
(%)

8 (23%) 11 (16%)

TABLE 1 Demographics of the intervention
patients and the historical group patients *VW = Family
medicine-based Virtual Ward intervention; CON =
Historical control patients; L = Length of stay; A = Acuity;
C = Comorbidity; E = Emergency room visit; M = Male; F =
Female

Over the 180-day of follow-up period, readmissions
varied from 23% to 66% in the VW group and from
33% to 60% in the control group. Over the same period,
the LOS decreased from 3.9 at 30 days to 1.3 days at
180 days in the VW group and from 9.1 days at 30 days
to 2.3 days at 180 days in the control group. Change in

Care processes Statistics
Number of days in the VW* mean (SD) 48.1

(17.2)
Number of patients for whom a
med-reconciliation form was completed n(%)

35
(100%)

Number of patients contacted by VW nurse
within 72 hours post discharge n(%)

19
(54.3%))

A score*Number of patients contacted by VW
nurse within 4 days post discharge n(%)

28 (80%)
Number of patients for whom the home-based
services were contacted by VW nurse at least
once n(%)

28 (80%)

Number of contact with the home-based
services per patient mean (SD)

6.5 (4.8)
Number of prescription adjustments made mean
(SD)

2.5 (1.8)
Number of patients with no adjustment n(%) 1 (3%)
Number of patients with 1 adjustment n (%) 11 (31%)
Number of patients with 2 to 8 adjustments n (%) 23 (66%)

TABLE 2 Descriptive statistics on the care
processes given to the patients registered in the family
medicine-based transitional care intervention
VW = Family medicine-based Virtual Ward intervention

ED visits/hospital readmission rates varied from +6% to
-10% between the VW and control group. LOS in the
VW group was 0.4 days to 1 day per 30 days of post
discharge follow-up period shorter than the control
group (Table 3).

After adjusting for exposure time and zero-inflation,
we found no statistically significant differences in
the incidence of readmission rates between VW
and the control at 30 days (Incidence Rate Ratio
[IRR[=0.66, 95% Confidence Interval [95%CI]=0.29-
1.47), 60 days (IRR=0.75, 95%CI=09.40-1.44), 90
days (IRR=0.93, 95%CI=0.52-1.66), and at 180 days
(IRR=1.07, 95%CI=0.65-1.76) (Figure 2). The LOS
was found to be statistically significantly shorter at 90
(IRR=0.66, 95%CI=0.64-0.69) and 180 days (IRR=0.49,
95%CI=0.43-0.55) for VW patients compared to con-
trols. However, no difference in LOS was detected
at 30 days (IRR=1.16, 95%CI=0.95-1.42) and 60 days
(IRR=1.04, 95%CI=0.89-1.23) (Figure 2). Sensitivity
analyses adjusting for age, sex, and LACE found no clin-
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ically meaningful differences in the IRRs (Tables 4 and
5).

30
days

60
days

90
days

180
days

Readmissions, n
(%)

VW* 8
(23%)

12
(35%)

15
(45%)

21
(66%)

CON* 20
(33%)

29
(46%)

30
(48%)

35
(60%)

LOS*, mean
number of days
per 30 days (SD)

VW* 2.9
(9.3)

2.7
(7.2)

1.7
(5.5)

1.3
(6.1)

CON* 4.2
(9.1)

3.4
(7.3)

3.3
(7.0)

2.3
(4.6)

TABLE 3 Unadjusted percentages of living patients
with at least one readmission and average length of
stay *Family medicine based Virtual Ward
intervention;CON = Historical control patients; LOS =
Length of stay

There was no indication of a ramp-up effect on the
rate of readmissions in VW patients at any time point
(data not shown). There were statistically significant
ramp-up effects on the LOS at 30, 90 and 180 days.
The IRR (95% CI) was 0.997 (0.995-0.999) at 30 days,
0.999 (0.997-1.000) at 60 days, 0.997 (0.995-0.998) at
90 days, and 0.998 (0.997-0.999) at 180 days. In other
words, for every additional day since the start of inter-
vention, an additional 0.1% to 0.3% reduction in the LOS
was found. Thiswas deemed as not clinicallymeaningful.
No difference in mortality was observed between the
VW group (3 patients or 8.6%) and the control group (7
patients or 10.3%) at 180 days (Log Rank (Mantel-Cox)
Chi-Square=0.10, df=1, p=0.75).

F IGURE 2

IRR* 95% CI*
min

95% CI*
max

LOS30*
VW* vs CON* 1.20 0.97 1.48
Age 0.99 0.98 1.00
Women vs Men 1.05 0.85 1.30
LACE* score 0.91 0.87 0.96
LOS60*
VW* vs CON* 0.99 0.84 1.17
Age 1.02 1.01 1.03
Women vs Men 1.18 1.00 1.39
LACE* score 0.92 0.88 0.95
LOS90*
VW* vs CON* 0.66 0.57 0.76
Age 1.03 1.02 1.04
Women vs Men 1.31 1.15 1.51
LACE* score 0.98 0.95 1.01
LOS180*
VW* vs CON* 0.49 0.43 0.55
Age 1.01 1.00 1.01
Women vs Men 1.21 1.09 1.35
LACE* score 1.00 0.98 1.03

TABLE 4 Incidence Rate Ratios for all-cause
cumulative Length of stay at 30, 60, 90 and 180 days
adjusting for age, sex and LACE score and controlling
for exposure time.
*VW = Family medicine-based Virtual Ward patients; CON
= Historical control patients; IRR = Incidence Rate Ratios;
CI = Confidence Intervals; min = minimum; max =
maximum; LOS30 = length of stay at 30 days; LACE =
Length of stay (L), Acuity (A), Comorbidity (C), Emergency
room visit (E); LOS60 = length of stay at 60 days; LOS90 =
length of stay at 90 days; LOS180 = length of stay at 180
days.

4 | DISCUSSION
Our family medicine-based VW intervention showed a
statistically significant effect on reducing LOS at 90 90
(IRR=0.66, 95%CI=0.64-0.69) and 180 days (IRR=0.49,
95%CI=0.43-0.55) for older patients at risk of readmis-
sion , but it did not have an effect on the hospital read-
mission rates at any time point.

It is likely that the reduction of cumulative LOS was
due to the hospital staff becoming aware of the VW
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IRR* 95% CI*

min
95% CI*
max

Read30*
VW* vs CON* 0.679 0.303 1.520
Age 1.034 0.987 1.085
Women vs Men 0.990 0.445 2.151
LACE* score 1.077 0.906 1.280
Read60*
VW* vs CON* 0.758 0.397 1.446
Age 0.999 0.963 1.037
Women vs Men 0.971 0.485 1.735
LACE* score 1.101 0.960 1.263
Read90*
VW* vs CON* 0.931 0.519 1.671
Age 1.004 0.970 1.039
Women vs Men 1.004 0.556 1.815
LACE* score 1.038 0.909 1.186
Read180*
VW* vs CON* 1.071 0.647 1.774
Age 1.002 0.972 1.033
Women vs Men 1.056 0.630 1.768
LACE* score 1.051 0.938 1.177

TABLE 5 Sensitivity analyses of Incidence Rate
Ratios for readmission at 30, 60, 90 and 180 days
adjusting for age, sex and LACE score and controlling
for exposure time.
* VW = Family medicine-based Virtual Ward patients;
CON = Historical control patients; IRR = Incidence Rate
Ratios; CI = Confidence Intervals; min = minimum; max =
maximum; Read30 = readmissions at 30 days; LACE =
Length of stay (L), Acuity (A), Comorbidity (C), Emergency
room

team’s presence and the hospital staff’s increasing con-
fidence in the family medicine-based VW ability to en-
sure adequate transitional care, thus discharging pa-
tients sooner. Indeed, the link between the hospital and
the Herzl Family Practice centre, which is based within
the hospital, might have been strong enough to warrant
earlier discharge.

The lack of impact on reducing readmissions rate, ER
visits or hospitalizations, does not seem to be due to a
ramp-up effect as it was clinically non-significant. How-
ever, it could be due to the lack of an integrated health
care network, which has not yet been implemented in
Quebec. Indeed, the link between community services

and the Family Medicine Groups in Quebec is weak (19-
21). Nurses from home care services may not have been
aware of the family medicine-based VW intervention
and sent patients to ED directly, rather than contact-
ing the VW nurse. Unfortunately, we did not assess
whether discharge instructions were followed by home
care services. Similarly, patients may have preferred to
by-pass, or simply forgotten to call the VW nurse when
a new symptom appeared. Reinforcing the link between
Family Medicine Groups, such as the Herzl Family Prac-
tice centre, and home care services in the future of the
VW might help decrease readmissions to hospitals. For
instance, inviting a home care services representative to
the multidisciplinary rounds would be an important step
toward increasing this communication.

Despite promising results, our study has some limita-
tions. First, the small sample size limits the generalizabil-
ity of our results. Indeed, our study was limited by the
one-year internal funding from the director of the clinic
for a VWnurse and the number of patients admitted dur-
ing that period. Our historical control group prevented
us from considering secular trends. Nonetheless, steps
were taken to minimise bias in interpreting our findings
by performing multiple sensitivity analyses. While un-
equal group sizes may have a small effect on the preci-
sion of the estimate within each group, this design was
preferred over equal group sizes as it allowed us to max-
imize the overall sample size and therefore power to de-
tect an effect of the intervention in our study outcomes.
The care process information collected may have bene-
fitted from some additions, such as the assiduity of usual
family physicians tomultidisciplinarymeetings and num-
ber of successful contacts between patients and VW
nurse, irrespective of who initiates the call. Additionally,
chart data might be incomplete, and we might not have
captured readmissions outside of the JGH hospital. This
is not likely in our population, as older patients tend to
go to the same hospital (22) and hospitals reorient pa-
tients when they are already known by another hospi-
tal. Finally, due to the lack of power, we could not fully
explore the effects of age, sex, and LACE score on hos-
pital readmission rates and LOS, despite having found
significant effects of these variables in sensitivity anal-



62 Arsenault-Lapierre et al.
yses. These variables should be considered in a larger
study. Similarly, future studies may benefit into looking
at ED visit and hospitalizations separately.

This participatory research project emerged from clin-
icians who contacted researchers interested in evaluat-
ing a transitional care intervention for older patients.
Together, they developed the research questions and
methods, considering usefulness and feasibility relevant
to the practice. This is important, as practice-based re-
search is thought to bridge the gap between research
and practice, and make healthcare innovations more rel-
evant to clinicians and patients (14). This intervention
should be applied in more family medicine groups, while
allowing adaptations of the intervention to different clin-
ical contexts. The results of this study will be used by
the clinical team to further refine the intervention. The
results are promising and future studies should use a
stronger design, such as a randomised controlled trial,
for greater confidence in the effect of this complex in-
tervention.
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AB S T R AC T
Purpose: Numerous transitional care interventions have been proposed to im-
prove care transitions from hospital to home and reduce avoidable hospital read-
missions among chronically ill older patients. The virtual ward (VW) is an inter-
vention that aims to reduce this risk by providing follow-up care for patients
discharged from the hospital. In 2015, a family medicine-based VW was imple-
mented at the Jewish General Hospital, in Montreal, Canada. This intervention
involves care coordination and follow-up by the multidisciplinary primary health
care team. This study provides a description of the family medicine-based VW
and its implementation to guide health care providers seeking to adapt this in-
tervention to their own setting. Methods: A retrospective qualitative study was
conducted. Data was obtained from semi-structured group interviews with the
VW team and health professionals from two other hospitals, and from informal
discussions with members of the VW team. An inductive narrative approach
was used for data analysis. Results: The design of the family medicine-based
VWwas informed by a systematic review of transitional care interventions. The
team adapted the VW to utilize existing processes and identified three distinct
modules that implementers should consider: discharge planning, case manage-
ment, and weekly multidisciplinary rounds. The following were identified as key
factors in the implementation process: 1) funding, 2) home care, 3) communi-
cation, 4) standardization of protocols, 5) quality improvement, and 6) positive
reception. Conclusions: The family medicine-based VW addresses the care of
frequent health system users and compensates for gaps in communication and
coordination. This research may be useful in informing family medicine-based
VW implementation initiatives by providing contextual detail about the family
medicine-based VW, its implementation process, and factors that facilitated its
implementation in a Montreal hospital.
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1 | INTRODUCTION
It is estimated that approximately 20% of patients dis-
charged from the hospital are readmitted within thirty
days (1). The risk of readmission is increased for older
patients with multiple chronic illness (2-4). A large por-
tion of readmissions may be prevented with improved
communication and continuity of care during the tran-
sition (5). Multiple post-hospitalization transitional care
interventions have been proposed to address these gaps
(6). One transitional care intervention that has been
successful in the United Kingdom and that has recently
been implemented in select hospitals in Canada and the
United States is the virtual ward (VW) (7-10).

The VW provides transitional care to inpatients iden-
tified as being at increased risk of emergency depart-
ment (ED) visits or hospital readmission (11). The VW
builds on the hospital-at-home model (12) by providing
care in the patients’ homes for conditions that would
otherwise require in-patient care. In contrast to hospital-
at-home programs, which are a substitute for hospi-
tal admission, VWs provide a combination of early dis-
charge and transitional care for admitted patients.

A recent systematic review of transitional care inter-
ventions found that the risk of complications and read-
missions was reduced and patient satisfaction was in-
creased when there was greater continuity of care, in-
volvement of multidisciplinary teams, and closer follow-
up (7). Also, further reduction in risk is expected when
the VW is anchored in primary care, since family physi-
cians would be more implicated in discharge and follow-
up (9). It is therefore recommended that transitional
care interventions incorporate the above elements.

The Herzl Family Practice Centre (“the Herzl”), a
Montreal Family Medicine Group (FMG) affiliated with
a large, urban hospital (the Jewish General Hospital –
JGH), developed and piloted a family medicine-based
VW. The family medicine-based VW was implemented
at the JGHwith the aim of reducing the number of avoid-
able readmissions. More specifically, the intervention
was developed to 1) target older, more vulnerable pa-
tients at high risk of ED visit or hospital readmission (9,
13), 2) begin hospital discharge planning while patients

are still in the acute care setting (14), 3) and provide bet-
ter continuity of care by coordinating with the patients’
family physician (9).

VWs are an increasingly popular way of providing
patient-centered follow-up care after hospital discharge
(15). Knowledge about its implementation process and
how VW components may be adapted to different
needs and resource availabilities is expected to help im-
prove the success of implementation initiatives. How-
ever, existing research provides insufficient detail about
the intervention, context, and implementation process
to inform VWs’ transferability to other settings, in Que-
bec and internationally. The objectives of this research
were, therefore, to: 1) provide a description of the JGH
family medicine-based VW, and 2) provide a description
of the processes surrounding its implementation at the
JGH.

2 | METHODS
2.1 | Study Design
This research followed a qualitative descriptive study
design (16). A participatory research approach (17)
was followed, consisting of a collaboration between re-
searchers and clinician stakeholders to generate more
meaningful knowledge and more readily effect change
(17, 18). The research team comprised: the VW physi-
cian, VW nurse case manager, a research coordinator,
and three researchers. All members contributed to
defining the objectives, data collection, data analysis,
and dissemination of results (19).

2.2 | Data Collection
Data collection took place between 2015 and 2017.
Data was obtained from: 1) a group interview (2016)
with members of the JGH VW team; 2) two group inter-
views (2016), each conducted with at least two mem-
bers of the JGH VW as well as members of a differ-
ent hospital (Site 2 and Site 3) with an embedded FMG;
and 3) individual informal interviews with the members
of the JGH VW clinical and administrative staff. The
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participating members of the JGH VW team were: the
VW family physician, the VW nurse manager, the VW
nurse case manager, the VW medical resident, a phar-
macist, a social worker, and an administrative coordina-
tor. Site 2 is another urbanMontreal hospital, and Site 3
is located on an Indigenous reserve, within proximity of
Montreal. The participants from Site 2 were: the Fam-
ily Medicine Unit medical director, the Family Medicine
Unit assistant director, the Family Medicine Unit depart-
ment head, and the head of service nurse clinician as-
sistant. The participants from Site 3 were: the direc-
tor of nursing, the home care nurse manager, and a
family physician. The group interview guide was devel-
oped using the Diffusion of Innovations framework (20)
with additional questions added by the research team
to address conditions of implementation more relevant
to the VW program. The group interviews were audio
recorded and transcribed, and notes were taken by 3
researchers during the discussions. For the informal in-
terviews, notes were taken during the discussions (over
50 hours of research team meetings between 2015 and
2017).

2.3 | Analysis
A narrative approach (21, 22) was used to analyze in-
terview transcripts and meeting notes to develop a de-
scription of the family medicine VW and its implementa-
tion at the JGH. An inductive thematic analysis (23) was
performed to draw out key conditions that facilitated
its implementation. Data were coded, for preliminary
themes pertaining to these facilitating conditions, in par-
allel by two researchers using NVivo (version 12). Dis-
agreements between coders about how data were cat-
egorized were discussed until consensus was reached.
The emergent themes were then discussed, validated,
and interpreted with the research team.

2.4 | Ethics
Ethics approval was obtained from the McGill Univer-
sity Faculty of Medicine Institutional Review Board. All
members of the research team and all participants in the

group interviews provided written consent prior to par-
ticipating.

3 | RESULTS
3.1 | Description of the familymedicine-based virtual ward
Hospitalized patients with an elevated risk of ED visit
or future hospitalization are recruited for admission to
the family medicine-based VW program. The program
combines community-based follow-up care with prin-
ciples of hospital care, which involves an interprofes-
sional team, regular team meetings, and a single point
of contact for patients. It was conceived as an exten-
sion of an existing home care program, to which a nurse
case manager was added. The core VW clinical team
at the Herzl comprised: a VW family physician, a nurse
manager, a VW nurse case manager, a VW nurse prac-
titioner, a VW resident, a social worker, and a pharma-
cist. The entire team participated in weekly multidisci-
plinary rounds and home care planning. The roles of
each VW teammember were clearly defined. The nurse
manager at the Herzl played a key role in establishing
the program, refining protocols, and leading the qual-
ity improvement process. The VW nurse case manager
provided care coordination among the members of the
virtual-ward multidisciplinary team, the patients’ usual
family physicians, home care services from community
health centres (Centre local de services communautaires
- CLSC), and patients/caregivers. She also functioned
as the primary point of contact for the patients and
their family after discharge and monitored the patients’
progress closely, mainly through telephone evaluations.
The VW nurse practitioner conducted physical evalua-
tions and adjusted treatment plans in collaboration with
the VW medical resident and VW family physician. The
pharmacist oversaw medication adjustments and made
recommendations for optimal pharmacological manage-
ment. The social worker played an important role in eval-
uating patients’ social and family environment, ensuring
that patients and caregivers have adequate resources
for home recovery. The VW family physician and/or res-
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ident admitted patients to the VW, reviewed the case,
performed home visits to assess the patient’s recovery,
regularly assessed patients’ needs, provided guidance to
the VW nurse case manager, and adjusted medications
when needed. For instance, if a patient presented signs
of acute heart failure exacerbation, the VW physician
could adjust the medication accordingly and inform the
VW case manager to provide closer follow-up. Finally,
an administrative coordinator provided administrative
support and scheduled appointments.

The family medicine-based VW program comprised
three distinct modules: 1) selection process and dis-
charge planning; 2) case management and close moni-
toring after discharge; and 3) weekly multidisciplinary
rounds.

| Module 1: Selection Process andDischarge planning
The VW nurse case manager conducted daily rounds
of the hospital family medicine units to identify poten-
tial candidates for the program. She evaluated the pa-
tient’s risk of ED visit and readmission using the LACE
index (13), which generated an ED visit and readmis-
sion risk score through a combination of the following
variables: length of stay, acuteness of their condition,
comorbidity, and ED visits in the last 6 months. Eligi-
ble patients satisfied the following criteria: 1) registered
to a family physician practicing in the FMG; 2) planned
for discharge to their home or to a semi-autonomous
residence in the coming days; and 3) achieved a LACE
score of 10 or greater, indicating a high risk of ED visit or
readmission. The most common conditions of patients
admitted to the VW included heart failure, chronic ob-
structive pulmonary disease, gastro-intestinal bleeding,
dementia, and diabetes complications (type 1 or type 2).

Potential candidates were provided with an explana-
tion of the program and consent for admission was ob-
tained. Patients discharged to convalescence or rehabil-
itation, palliative care, residential centres, or long-term
care were not admitted under the program. However,
patients discharged to an interim centre were advised
to contact the VW upon returning home for potential

admission to the program.
Upon discharge of the patient, the VW nurse case

manager also verified the presence of a medication rec-
onciliation, notified the patient’ usual primary care physi-
cian of his/her program enrollment, and verified that
the patient has scheduled follow-up appointments with
his/her usual family physician.

| Module 2: Case management
The second module comprised: the work of the VW
nurse casemanager leading up to and following patients’
discharge from the hospital. The nurse case manager
provided comprehensive discharge planning and coor-
dination, ensuring that adequate community resources
were in place for the patient at discharge and poten-
tial gaps in the transition were eliminated. She pro-
vided direct follow-up with patients/caregivers to pro-
vide greater continuity throughout the transition period,
in addition to typical case management.

After patient discharge, the nurse case manager con-
tinued to provide monitoring, support, and informa-
tion regarding self-care to patients/caregivers, mainly
through regular telephone contacts. More precisely, a
first telephone contact occurred within the first 48 to
72 hours post-discharge to provide a general patient as-
sessment (i.e. symptoms, quality of life, the quality of
healthcare services they receive, etc.). In addition, dis-
charge instructions, future medical appointments, and
treatments were reviewed.

During the first month, the VW nurse case manager
made daily to weekly phone calls to reassess the patient,
adjustmedications as needed, and educate optimalman-
agement of the patient’s condition. These contacts al-
lowed the nurse to identify and manage minor prob-
lems, potentially preventing an ED visit. The VW nurse
case manager kept the VW family physician/resident in-
formed of the patient’s health status and asked for their
input into the patient’s care plan. The patient’s condi-
tion was also regularly discussed during weekly multi-
disciplinary meetings (see below).

Two follow-up, face-to-face visits were sched-
uled with a health care professional (the VW physi-
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cian/resident or the VW nurse case manager), at home
or in clinic, according to the patient’s mobility. The first
of these follow-ups was scheduled within the first 7
days following discharge (a 45 to 60-minute consulta-
tion), and the second about a month after discharge. Ad-
ditional follow-ups were scheduled as needed, depend-
ing on the patient’s condition.

| Module 3: Multidisciplinary rounds
The third module consisted of weekly multidisciplinary
meetings conducted by the VW team to discuss the en-
rolled patients. These meetings involved the VW physi-
cian and resident, the VW nurse case manager, pharma-
cist, social worker, nurse practitioner, and (when pos-
sible, via telephone) the patient’s family physician and
a home care services (CLSC) representative. The team
discussed concerns affecting the patient’s health and
well-being, from the perspective of their respective dis-
ciplines. They discussed changes in diagnosis or treat-
ment, and the VW nurse case manager then notified
the patient/caregiver, the usual family doctor, commu-
nity pharmacy and home care services. After aminimum
of six weeks, if the patient was deemed stable, the team
organized the patient’s discharge to regular care.

3.2 | Implementation Process
The VW team explained that, at the JGH, as with
most hospitals in Quebec, family physicians and primary
health care (PHC) teams are not typically notified when
their patients are hospitalized or discharged, despite of-
ten being able to provide vital input about the patients’
medical histories and appropriate post-discharge care.
Typically, upon discharge, patient care may be trans-
ferred to CLSC home care services, or, in many cases,
patients return home without a clear care plan. Thus,
patients are responsible for reaching out to their fam-
ily physician and transmitting information themselves.
Given this gap in communication, the Herzl sought an in-
tervention to better detect avoidable readmissions and
ED visits, especially among frail, elderly frequent health
system users, and provide proactive follow-up home

care to reduce readmission rates.
The family medicine-based VW was initiated by the

director of the Herzl after learning that the VW model
demonstrated promise in the United Kingdom. The
FMG director asked a family physician and nurse man-
ager if they would champion the adaptation of this pro-
gram to the JGH/Herzl context. In the development
of their program, the Herzl team identified a hospital-
based VW program in Toronto (9) and consulted its
team to better understand how the program was man-
aged and deployed. Unlike the VW implemented in
Toronto (9), however, the director sought to anchor
it in family medicine, to achieve greater involvement
of primary care practitioners. He conceived the fam-
ily medicine-based VW as a way of reducing avoidable
readmissions by establishing a communications network
linking the hospital, patient/caregiver, PHC team, and
CLSC home care services, and by providing timely home-
based follow-up.

Implementation began in 2015 with an examina-
tion of existing interventions, with the support of re-
searchers fromMcGill’s Department of FamilyMedicine;
the research team conducted a systematic review of
transitional care models with the aim of identifying and
understanding key features that render such programs
more effective (6). The systematic review found that
transitional care interventions tended to be more suc-
cessful, in terms of health outcomes and satisfaction,
when there was greater continuity of care and commu-
nication with patients/caregivers, involvement of multi-
disciplinary teams, and closer follow-up.

The Herzl team then examined and documented ex-
isting discharge practices at the JGH. In particular, they
noted that discharge summaries were sent to home care
services at the CLSC, often via fax machine. Rarely was
there a bi-directional exchange between the discharging
ward and home care services; these also included no in-
dication that discharge instructions were followed. Fur-
thermore, CLSC home care services did not systemati-
cally provide the hospital ward nor the family medicine
group written documentation indicating any changes in
the patient’s status, results of examinations, or changes
to their medications.
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Following this examination of existing practices, the

Herzl adapted their existing home care program, which
involved home visits by family physicians and residents,
to provide home care for a small sample of patients
recently discharged from the hospital. The program
was developed in stages: the Herzl team developed
initial clinical protocols, applied them at a small scale,
met regularly to discuss, and refined them with input
from theMcGill University Family Medicine department
researchers. The program was first tested using pa-
tients from the VW family physician’s roster, then ex-
panded to include all Herzl patients. Throughout the
first year since its initial implementation (2015 to 2016),
over one hundred patients were received for care in the
VW. Once processes were sufficiently refined, the ward
could handle a concurrent load of around 20 patients.

3.3 | Facilitating Factors
The following were identified, in group and individual in-
terviews, as key conditions that contributed to the VW’s
successful implementation at the Herzl: 1) funding, 2)
home care, 3) communication, 4) standardization of pro-
tocols, 5) continuous quality improvement, and 6) posi-
tive reception.

| Funding
The FMG director granted initial funding for a full-time
nurse case manager for two years and allocated re-
sources and personnel to pilot the program, given its po-
tential to reduce ED visits. After two years, the regional
health network, recognizing the program’s potential to
reduce healthcare costs, agreed to take over the funding
of the nurse case manager.

| Established home care
The family medicine-based VW was built around an ex-
isting home care program at theHerzl. Prior to the imple-
mentation of the program, the VW physician, the nurse
manager, and VW coordinator conducted a pilot study
examining the discharge process at the JGH to analyze

how patients were being admitted and discharged, as
well as to identify gaps that could be addressed. They
began initially by integrating patients who had been re-
cently discharged from the hospital into their home care
program.

As a home care program was already established, the
VW procedures were built on pre-existing home visit
procedures. The team was already familiar with the
CLSCs of the region. The teammembers had experience
working together, their roles were well-established, and
they had human, material, and financial resources at
their disposal. The establishment of home care pro-
tocols for patients transitioning from hospital to home
care, however, involved significant initial information
gathering as well as gradual development of communi-
cation channels with family physicians and CLSCs; these
served to establish and define the network structure. As
the program evolved, the team members’ roles were ne-
gotiated and refined.

| Communication
Communicationwas considered critical to the program’s
success. The nurse manager’s experience in communi-
cation and program management was considered an im-
portant asset. Implementation of the VW at the Herzl
first involved ensuring that the family medicine unit
administrators allocate the necessary resources. Com-
munication channels and procedures for coordination
with the hospital (e.g. flagging VW patients at the
ED) and CLSCs also needed to be established, as well
as procedures for including CLSCs and family physi-
cians in rounds. In addition, successful implementa-
tion depends on the quality of communication with pa-
tients/caregivers, regarding recruitment and follow-up.

| Standardization of protocols
Throughout the initial examination of the discharge pro-
cess, and throughout the VW program, the team met
regularly, discussed emergent issues, and devised plans
to address them. Over time, increasingly standardized
protocols were developed for identifying and notifying



Gagnon et al. 70
the patient’s family doctor upon ED visit or hospital
admission, identifying eligible patients, ensuring post-
discharge follow-up. Protocols were also developed and
standardized for communicating with family physicians,
home care services, and patients/caregivers.

Protocols first developed on a smaller scale were sub-
sequently expanded, refined, and standardized. For in-
stance, only patients covered by CLSCs nearest to the
hospital were initially targeted. Eventually, after proto-
cols were establishedwith these CLSCs, the program ex-
panded to include patients covered under other CLSCs.

| Continuous quality improvement
The family medicine-based VW team devoted time dur-
ing weekly multidisciplinary meetings to discuss not
only the patients admitted to the VW but also the pro-
cesses relating to the program itself. The VW team also
took part in evaluating the research examining the pro-
gram’s processes and impact on readmission rates and
length of stay (24). This involvement in research pro-
vided additional impetus to reflect on practices, stan-
dardize protocols, and collect indicators. Whenever is-
sues or gaps in care were identified (e.g. establishing
a fixed meeting time with CLSC staff, including family
physicians in rounds), they discussed how these should
be overcome and who should be responsible. These
measures led to the standardization of protocols specifi-
cally adapted to the JGH and the network of CLSCs and
family physicians.

| Positive reception
The program was well-received at the outset by health
care providers and patients/caregivers alike, and this
reception was considered to have greatly facilitated
its support from stakeholders (administrators, clinicians
and patients/caregivers) and uptake at the JGH. The
VW explained that patients and providers at the JGH
value the provision of home care for elderly patients. Pa-
tients and their families relayed to the VW team that
they appreciated receiving close follow-up; they also re-
ported feeling better supported and oriented through-

out the transition period, which patients often consider
complex and confusing otherwise (25). Health care
providers at the JGH reported being pleased that their
more complex patients received closer follow-up bymul-
tidisciplinary teams during this transition. They also re-
ported that the risk of complicationsmay have been sub-
sequently reduced, since these patients occupy a signif-
icant portion of their time and workload. Additionally,
since the Herzl is a teaching unit, this program was ben-
eficial for residents as they learn about the trajectory of
patients from hospital to home and gain a better appre-
ciation of the value of home care and multidisciplinarity.

4 | DISCUSSION
The family medicine-based VW is an innovative transi-
tional care intervention that utilizes the routines, staff,
and resources of an FMG, rather than those of the hospi-
tal. It combines comprehensive discharge planning, case
management, and multidisciplinary follow-up and home
care. This program addresses an important gap identi-
fied by patients who often report a lack of communica-
tion and follow-up following discharge (25). It can also
provide improved quality of life for older patients, who
tend to prefer recovering at home and avoiding visits to
the ED (6). This patient-centered program ensures that
patients and caregivers are well informed, and that close
follow-up is provided, with the aim of reducing avoid-
able ED visits and readmissions. Furthermore, it has the
potential to reduce health system costs by lightening
the ED burden and freeing hospital beds. Six compo-
nents were deemed essential to the success of the pro-
gram’s implementation at the Herzl: 1) funding, 2) home
care, 3) communication, 4) standardization of protocols,
5) continuous quality improvement, and 6) positive re-
ception. The knowledge generated from this research is
expected to help administrators and health professions
successfully implement a similar transitional care inter-
vention in their own settings.

The family medicine-based VW was designed to ad-
dress needs expressed by healthcare providers at the
JGH, some of which are specific to institutional and
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provincial context. It was designed to compensate for
gaps in communication and coordination between the
hospital, family physician, home care services, and the
patient and caregivers. Family physicians in Quebec do
not systematically receive formal notificationwhen their
patients are hospitalized or present to the ER. While
most family physicians in Quebec do not have direct ac-
cess to hospital documentation systems, family physi-
cians at the Herzl have an advantage in that they can
access the JGH clinical information system to view a
patient’s hospitalization record. However, this infor-
mation is currently not routinely transmitted to family
physicians, and hospital staff are unable to access the
Herzl’s electronic medical record. Furthermore, in many
contexts, faxes are still commonly used as the primary
mode of communication for transmitting discharge sum-
maries to CLSC home care services. To overcome these
communication barriers through the family medicine-
based VW, the nurse case manager coordinated directly
with CLSCs to establish a back-and-forth communica-
tion channel, serving as the link between the hospital,
FMG, and CLSCs. Therefore, the VW team needed to
develop clinical and administrative protocols to ensure
communication and continuity of care for patients at
greater risk of ED visits or readmission who were dis-
charged to their homes or to long-term care.

These protocols may not need to be as elaborate
in settings with existing channels of bi-directional com-
munication or interoperable EMRs. Other settings may
not have the same needs, priorities, resources, and pro-
cesses. The transferability of this intervention to other
health care settings, therefore, implies adaptation of its
constituent elements. This program was conceived in
a modular fashion, with flexible components that can
be adopted and adapted as needed in other contexts.
While discharge planning, case management and multi-
disciplinary follow-up are considered key components
of the family medicine-based VW; the ways in which
these might be addressed may differ from context to
context.

4.1 | Trustworthiness
One important consideration regarding the trustworthi-
ness of qualitative research is the credibility of the re-
sults (26, 27). The description of the family medicine-
based VW, its implementation process, and the inter-
pretation of the contextual factors that facilitated this
process were synthesized from conversations involv-
ing members of the VW team. We consider that the
VW descriptions and their interpretation reflect the VW
team’s understanding, since teammembers participated
in all phases of the research process. In addition, the
interview guide was collaboratively developed by re-
searchers and the VW teammembers. The triangulation
of data further contributed to the credibility of the find-
ings. Group interviews were conducted with care teams
from the JGH and two other hospitals (a large urban hos-
pital with an affiliated family medicine unit, similar to
the JGH, and one sub-urban hospital serving an Indige-
nous community). In addition, members of the JGH VW
participated in the interviews with these other hospitals.
This provided points of contrast that enabled a deeper
understanding of the relationship between the JGH VW
and its institutional and provincial contexts.

Another key consideration is the transferability of the
findings to other settings (27). We therefore employed
several measures to support this aim. First, contextual
detail at the provincial and institutional levels was pro-
vided to support readers’ adaptation of the VW to their
own contexts. Second, the program was conceived and
presented in a modular fashion, to support practition-
ers of different contexts devising a tailored approach
according to their priorities, needs, and resources. Fi-
nally, the triangulation of data from interviews with the
VW team and staff from two other hospitals helped en-
sure that our understanding of the program and imple-
mentation process was framed in contrast to different
settings. The findings of this research may not be ex-
haustive, since interviews were conducted with mem-
bers of three healthcare institutions. Interviews with
healthcare providers from other sites may shed more
light on potential challenges or facilitating factors that
were not explored here. However, we expect that the



Gagnon et al. 72
present account of the JGH VW team’s experiences in
implementing this program are pertinent to a variety of
health settings and that sufficient detail was provided to
inform future VW implementation initiatives, in Quebec
and internationally.

4.2 | Future directions
The family medicine-based VW represents an extension
of the home care program at the Herzl clinic and pro-
vides protocols for improved communication between
health care providers at different points of care. At the
JGH, the VW served to lay important ground work for
the development of a virtual hospital-at-home, which
uses telemedicine to connect providerswith patients, fa-
cilitating home-based access to specific treatments (e.g.
intra-venous infusions).

An evaluation of the impact of the family medicine-
based VW on readmission rates suggests that this inter-
vention is associated with a significantly shorter length
of stay for patients readmitted to the hospital, compared
to a control group (24) This program could result in sig-
nificant cost savings for frequent health system users,
with the reduction in readmissions and ED visits that
this program is expected to achieve (28). Comprehen-
sive cost analysis is required to determine the extent of
cost saving by reallocating resources from acute care to
post-discharge home care. While the cost-effectiveness
of VWs are currently unknown (12), the program has the
potential for significant savings, given the costs associ-
ated with even one ED visit (28, 29).

5 | CONCLUSION
This innovative, family medicine-based transitional care
program followed patients in their transition from hos-
pital to home and provided coordinated home care with
the aim of reducing avoidable readmissions and ED vis-
its. It addressed the care of complex patients who are
among the most frequent health system users and com-
pensates for gaps in communication and coordination
between hospitals, family physicians, home care ser-

vices, and patients and caregivers. This intervention
seemed to appeal to patients, health care providers, and
health system administrators alike. This research pro-
vides insight into how the family medicine-based VW
may be adapted to other health care settings.
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AB S T R AC T
Objective: To strengthen knowledge of international medical trainees
on global surgery and advocacy and help develop future generations of
global surgeons, anaesthesiologists, and obstetricians.
Design: Training Global Surgery Advocates (TGSA), a standardized three-
day advocacy workshop developed by the International Student Surgical
Network (InciSioN), was built on traditional didactic lectures, role-play
exercises, small working group activities, and advocacy and diplomacy
training. Assessment was completed using a 5-point Likert scale for 18
components regarding the perceived familiarity, knowledge, and motiva-
tion for global surgery.
Setting: Training was provided in the context of the Pre-General As-
sembly of the International Federation of Medical Students Associations
(IFMSA) at Université Laval, in Québec City, Canada.
Participants: Fourteen medical students from seven high-income coun-
tries and seven low- and middle-income countries participated in the
workshop, from a group of twenty-five chosen applicants selected from
a pool of 52 applicants.
Results: An average increase of 1.73 points across all 18 workshop com-
ponents was observed among participants. After theworkshop, all partic-
ipants agreed or strongly agreed (4.64 average) that they were motivated
to train other medical students in their respective countries to become
global surgery advocates.
Conclusion: TGSA improved participants’ knowledge and advocacy skills
underlying global surgery. A mixed didactic and hands-on workshop ap-
pears to be feasible, enjoyable for participants, and effective in improving
medical students’ involvement in the emerging field of global surgery.
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1 | INTRODUCTION
In 2015, the Lancet Commission on Global Surgery re-
ported that five billion people, or two-thirds of the
world’s population, lack timely access to safe and af-
fordable surgical, obstetric, and anesthesia care when
needed, causing over 17 million preventable deaths ev-
ery year and responsible for one-third of the global
burden of disease (1). Despite the proven cost-
effectiveness of surgical services in low-resource set-
tings, the perceived luxury and difficulties of scaling up
surgical care remain widespread (2).

Interest in global surgery—improving access to safe,
timely, and affordable surgical care in low- and middle-
income countries–has grown exponentially since the
publication of the Lancet Commission onGlobal Surgery,
especially amongst medical trainees. Nevertheless,
availability or access to structured global surgery edu-
cation in undergraduate or medical curricula is limited
(3). Involvement ofmedical students and residents, how-
ever, has been successful in advancing the field of global
surgery. InciSioN, the International Student Surgical
Network, is an international non-profit organization run
by, and for, medical and public health students, resi-
dents, and young physicians passionate to work in and
advocate for global surgery (4). Formally established
in 2016, the network has grown to over 5,000 mem-
bers in over 80 countries and 39 fully established Na-
tional Working Groups in countries across all world re-
gions. These provide members with opportunities to
become involved with research through peer-support
mechanisms, virtual internships to learn from and work
with global surgery experts, distance expert and peer
mentorships, capacity building and soft skill develop-
ment, as well as societal partnerships. Accordingly, In-
ciSioN provides a platform to contribute to the devel-
opment of future generations of global surgeons, anaes-
thesiologists, and obstetricians around the world.

As future physicians in the 21st century, medical
trainees are called to develop not only clinical knowl-
edge and expertise, but also interpersonal skills in order
to meet the needs of a diverse population of patients. In
1990, the Royal College of Physicians and Surgeons of

Canada developed the CanMEDS concept, which high-
lights the importance of the medical professional to de-
velop various “soft skills” including communication, lead-
ership, and most notably, health advocacy (5). The need
for these skills is more pronounced in the global health
and global surgery field, where social, economic, and
cultural differences represent challenges on both the re-
ceiver and the provider’s end of the care continuum.

To strengthen, unify, and escalate InciSioN’s impact
around the world, we have created Training Global
Surgery Advocates (TGSA), a standardized three-day ad-
vocacy workshop. TGSA aims to equip participants
with the essential knowledge of global surgery, universal
health coverage, and health systems, as well as the advo-
cacy and diplomacy skills to integrate this into meaning-
ful communications and campaigns. We report results
of the pilot program of this workshop, partaken by an in-
ternational group of medical students convened in Que-
bec City, Canada.

2 | METHODS
2.1 | Course Design
A three-day workshop was designed by InciSioN using
feedback from InciSioN’s core International Team and
Board of Trustees on the proposed structure and con-
tent. The 27-hour workshop was built on traditional
didactic lectures, role-play exercises, and small work-
ing group activities, as well as advocacy and diplomacy
training in order to provide participants with the nec-
essary knowledge and skills to effectively advocate for
global surgery. One-third of the workshop curriculum
was conducted through lectures serving as an introduc-
tion to global surgery, universal health coverage, health
systems, and their constituents. The knowledge that
participants gained was consequently integrated in ac-
tive learning through advocacy training and peer-to-
peer small working group activities. Participants were
asked to complete both a baseline global surgery “eleva-
tor pitch” on the first day of the workshop, as well as a
prepared “elevator pitch” at the end of the third day to
personally assess progress and receive feedback from
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workshop facilitators and peers. The elevator pitches
served as advocacy and persuasion practice to enable
participants to more succinctly and efficiently deliver
their messages to their intended audience.

2.2 | Participants
A description and in-depth outline of the workshop
was made available to medical students from the In-
ternational Federation of Medical Student Associations
(IFMSA) member organizations, who applied through a
common form. Potential participants were asked to de-
tail their motivation for participating in the TGSA, and
to answer questions pertaining to global surgery. The
quality of their answers, as well as their regional, coun-
try income group, and gender, were taken into account
when selecting participants in order to ensure diversity
and representation. From a pool of 52 applicants, 25 par-
ticipants were selected in the initial round of evaluation,
of which 14 medical students were able to attend from
14 different countries (7 high-income and 7 low- and
middle-income countries, including Haiti, the Nether-
lands, Qatar, Ecuador, Turkey, Taiwan, Jordan, Denmark,
Norway, Japan, Romania, Australia, India, and China).
The remaining students were unable to attend due to
visa issues (9 students) or personal reasons (2 students).

2.3 | Participant Assessment
Aquestionnaire assessing familiaritywithworkshop top-
ics and objectives was filled by participants before the
beginning of the workshop and immediately afterwards
(Appendix 1). Participants were asked to evaluate their
personal motivation for future involvement within the
field of global surgery. Questionnaires were scored us-
ing a 5-point Likert scale (strongly disagree, disagree,
neutral, agree, strongly agree) for the 18 questions. The
results from the pre- and post-workshop surveys were
compared to determine changes for each component.

2.4 | Course Evaluation
The workshop was evaluated by participants with com-
ments at the end of each day. Each participant was
required to give a minimum of one positive and one
constructive comment on their satisfaction on the day’s
events. All comments were compiled and summarized
according to which aspect of the workshop they ad-
dressed.

3 | RESULTS AND DISCUSSION
3.1 | Course Selection
During the three days, participants were exposed to
a variety of topics designed to build a comprehensive
foundation of global surgery and related topics, and
given the opportunity to integrate these into practical in-
terventions through public speaking, pitching, and cam-
paigning (Table 1).

3.2 | Participant’s Assessment
Participants’ Assessment Participants’ self-assessment
of their level of understanding of global surgery revealed
various levels of experience in the field (Table 2). State-
ments pertaining to knowledge of global surgery and ad-
vocacy (statements 1 to 15) before the workshop range
from virtually no experience (1 point, or strongly dis-
agree) to extensive understanding of global surgery (5
points, or strongly agree), though the latter was limited
to one participant. After the workshop, self-assessment
on the same topics showed a notable increase in scores.
In terms of evaluating knowledge (questions 1-15), over-
all, our cohort reported values of 2.28 points before the
workshop and 4.28 points after the workshop, an in-
crease of 2 points. Statements pertaining to motivation
for becoming involved in global surgery (statements 16
to 18) showed high levels of motivation before thework-
shop (4.14 to 4.43 points), which were slightly increased
after the workshop (0.14 to 0.5 point increase).
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Day 1 Day 2 Day 3

Ice Breaker Financial Barriers
and Health
Financing

Rural Health and
Rural Surgery

Introduction to
Universal Health

Coverage
Social

Determinants of
Health and Social

Barriers

Academic Global
Surgery

Introduction to
Health Systems

Soft Skills: Public
Speaking,

Communication,
and Negotiation

Global Surgery in
Medical
Education

Introduction to
Global Surgery

Advocacy Health Systems
Sustainability

Baseline Elevator
Pitch

Global Surgery
Campaign
Creation

The Three Delays
Framework

Final Elevator
Pitch

The Three Delays
Framework

Final Elevator
Pitch

Human
Resources for

Surgery,
Anaesthesia, and

Obstetrics

Debrief and
Closing

TABLE 1 Outline of the TGSA Workshop

3.3 | Course Evaluation
Feedback received through anonymous submissions
from participants are summarized in Table 3. Overall,
positive comments were more numerous than negative
ones, as some participants gave no negative comments
on some days. Many participants re-emphasized their
satisfaction with the content and structure of TGSA,
which allowed them to translate acquired theory into
practical applications, where they were able to receive
feedback and improve over the course of the workshop.

3.4 | Discussion
The Training Global Surgery Advocates workshop was a
first of its kind, with the aim of introducing medical stu-
dents to the basics of global surgery and equipping them
with advocacy and diplomacy skills for future involve-
ment in the field. This pilot study shows that a global

surgery advocacy workshop, built on integration of the-
ory into practice facilitated through discussion, reflec-
tions, and advocacy exercises, has a positive effect on
participants’ confidence regarding the topics of global
surgery and universal health coverage.

Participant assessment shows that, on average, par-
ticipants have increased their understanding across all
topics that were presented within the TGSA and as-
sessed via questionnaires. Our results on the assess-
ment of knowledge of global surgery and advocacy,
scored during pre- and post- workshop assessments,
suggest that participants were generally not introduced
to these topics within their respective medical curricu-
lum, although many originated from countries where
issues presented throughout the workshop were most
prevalent. Participants informally commented on real-
izing the applicability of global surgery in their respec-
tive countries through discussion of challenges present
in their medical systems regarding surgical care. Only
modest improvements in self assessment responses for
motivation in future involvement (questions 16-18) can
be further explained by the high pre-workshop moti-
vation of the majority of participants (average of 4.43,
4.29, and 4.14 pre-workshop scores for local involve-
ment in global surgery, international involvement in
global surgery, and becoming a trainer for TGSA, respec-
tively). Furthermore, an average score increase for all
three of the motivation-related questions implies that
overall, this workshop had a positive impact and encour-
aged future involvement in global surgery. Although
the pilot study involved medical students, there is value
to expanding and adapting future events to other audi-
ences, including but not limited to residents, faculty, and
other health professionals whose clinical duties pertain
to surgery, anaesthesia, and obstetrics.

Short courses in medical education commonly report
the use of numerical scales in questionnaires as a means
to obtain feedback and evaluate participants learning
(6-7). Notably, self-assessment is widely accepted as a
simple but effective measure to assess participants’ un-
derstanding of a topic. Our assessment was based on
the use of the Likert scale as a simple quantitative tool
to evaluate improvement in participants’ perception of
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their understanding of global surgery before and after
the workshop. The Likert scale is a simple instrument
that detects self-reported changes and has been widely
used and validated in clinical settings (9-11). Addition-
ally, in our study, open-ended qualitative feedback was
incorporated to optimize future workshops.

3.5 | Limitations
Within this study, one limitation was the number of par-
ticipants who were unable to attend the workshop due
to visa issues. Fourteenmedical students participated in
the TGSA, although the initial number of accepted par-
ticipants was 25, which creates a sampling bias. This
problem is concerning as creates limitations in represen-
tation from some regions of the world, particularly for
participants from sub-Saharan Africa and is regrettably a
widespread phenomenon for international conferences
andworkshops (12). A potential solution to this problem
would be to establish an e-TGSA, or online version of the
training, which could be conducted as a series of webi-
nars. This method would retain the interactive and par-
ticipative aspect of the TGSA, whilst making the content
accessible to anyone. An online workshop is also attrac-
tive due to its modest cost for both facilitators and par-
ticipants, as it removes the need to physically be present
at a specific location. However, online workshops lack
a face-to-face component, which would thereby limit
the ability of participants to foster relationships with
future colleagues during and between sessions, an as-
pect which was repeatedly highlighted as an important
strength of the workshop. Additionally, the quality of
the training may vary depending on the quality of the in-
ternet connection, and it would be more challenging to
determine whether participants are actively engaged.

Another challenge faced by the TGSA workshop is
the physical and human resources needed to hold it.
This pilot run was designed to allow in-person interac-
tions and feedback, which have limitations as to who
andwhen it can be delivered. A possible future direction
for TGSA would be to re-purpose it as a template work-
shop, which would allow the creation of similar work-
shops that are catered to the needs of the attendees. Al-

ternatively, an online module could be developed based
on the workshops, which would increase accessibility
but limit the in-person interactions of TGSA.

Finally, the self-assessment nature of our evaluation
method is prone to cognitive bias and the Dunning-
Kruger effect, whereas participants could be overesti-
mating their knowledge and skills when answering the
survey questions (13). This could explain why, on an in-
dividual level, some participants have not indicated an
improvement for some topics, as their experience with
the training may have clarified how their knowledge and
competencies compare to other participants.

4 | CONCLUSIONS
Global surgery is a young and rapidly developing field,
hence naturally prone to gaps in understanding feasibil-
ity, cost-effectiveness, and the urgent need of scaling
up surgical systems. InciSioN’s standardized three-day
advocacy workshop, Training Global Surgery Advocates,
aimed to equip participants with the needed knowledge,
as well as advocacy and diplomacy skills to advocate for
global surgery, adaptable in any situation and to any tar-
get audience. This pilot study of TGSA suggests that this
type of workshop is feasible, enjoyable for participants,
and efficient in improving medical students’ knowledge
and involvement in the emerging field of global surgery.
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Statement Pre-assessment average
(Standard deviation)

Post-assessment
average (Standard

deviation)
Average change

(Standard deviation)
1. I have a good understanding of global
surgery.

2.71 (0.91) 4.79 (0.43) +2.14 (0.95)
2. I have a good understanding on how
non-governmental organizations (NGOs)
work for global surgery.

2.36 (0.93) 4.21 (0.70) +1.86 (1.03)

3. I have a good understanding on how
academic centres and universities work for
global surgery.

2.57 (0.94) 4.43 (0.51) +1.86 (0.86)

4. I have a good understanding on how
governments work for global surgery.

2.43 (0.94) 4.07 (0.62) +1.64 (0.84)
5. I have a good understanding on the
different ways a student can get involved in
global surgery.

2.69 (0.63) 4.92 (0.28) +2.21 (0.70)

6. On a scale of 1-5, how well is your
understanding of... [The Lancet Commission
on Global Surgery]

1.92 (0.95) 3.69 (0.63) +1.71 (0.82)

7. On a scale of 1-5, how well is your
understanding of... [UHC2030]

2.54 (1.05) 4.08 (0.76) +1.64 (1.01)
8. On a scale of 1-5, how well is your
understanding of... [Financial Risk Protection]

1.85 (0.69) 3.85 (0.80) +2 (0.78)
9. On a scale of 1-5, how well is your
understanding of... [The Bellwether
Procedures]

1.46 (0.78) 4.54 (0.66) +3 (1.11)

10. On a scale of 1-5, how well is your
understanding of... [InciSioN - International
Student Surgical Network]

2.08 (0.95) 4.46 (0.66) +2.43 (1.16)

11. On a scale of 1-5, how well is your
understanding of... [National Surgical Plans
(NSOAPs)]

2.08 (1.04) 4.31 (0.63) +2.29 (1.20)

12. On a scale of 1-5, how well is your
understanding of... [Catastrophic
Expenditure]

1.62 (0.65) 4.31 (0.75) +2.64 (0.84)

13. On a scale of 1-5, how well is your
understanding of... [Health Systems
Financing]

2.31 (0.75) 3.69 (0.95) +1.5 (1.29)

14. On a scale of 1-5, how well is your
understanding of... [Social Determinants of
Health]

2.5 (1.02) 4.29 (0.91) +1.79 (1.42)

15. On a scale of 1-5, how well is your
understanding of... [Advocacy]

3.07 (1.14) 4.5 (0.94) +1.43 (1.40)
16. I am motivated to get involved in global
surgery locally in my country.

4.43 (0.76) 4.86 (0.36) +0.43 (0.65)
17.I am motivated to get involved in global
surgery on the international level.

4.43 (0.65) 4.57 (0.65) +0.14 (0.77)
18. I want to train other students to become
global surgery advocates.

4.14 (0.53) 4.64 (0.50) +0.5 (0.52)

TABLE 2 Participant’s self-assessment before and after attending the workshop
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Aspect Evaluated Positive Feedback Construtive

Feedback
Content of the
Workshop

1. Variety of topics
2. Pertinent and

enjoyable
exercises,

especially for
advocacy and soft
skills (e.g., elevator

pitch)

1. Depth of some
topics to re-assess
depending on

participants’ level
of knowledge

Structure of the
Workshop

1. Opportunities to
put theory into

practice 2. Balance
between
theoretical

presentations and
practical

workshops

1. Room set-up to
be improved 2.

Time management
(longer duration of
activities, order of
the workshops,
punctuality of
participants)

Social Interaction 1. Ice breaker
activity 2.
Diversity of
participants’
background

1. Lack of group
activities beyond
the workshop

hours

TABLE 3 Course Evaluation by Participants

Appendix A: Pre- andPost-Workshop Survey
Pre- and post-workshop survey statements (rated on a
scale of 1 to 5, 1 being “strongly disagree” to 5 being
“strongly agree”)
1. I have a good understanding of global surgery.
2. I have a good understanding on how non-
governmental organizations (NGOs) work for global
surgery.
3. I have a good understanding on how academic
centres and universities work for global surgery.
4. I have a good understanding on how governments
work for global surgery.
5. I have a good understanding on the different ways a
student can get involved in global surgery.

6. On a scale of 1-5, how well is your understanding
of...

a. The Lancet Commission on Global Surgery
b. UHC2030
c. Financial Risk Protection
d. The Bellwether Procedures
e. InciSioN - International Student Surgical Network
f. National Surgical, Obstetric, and Anaesthesia

Plans (NSOAPs)
g. Catastrophic Expenditure
h. Health Systems Financing
i. Social Determinants of Health
j. Advocacy

7. I am motivated to get involved in global surgery
locally in my country.
8. I am motivated to get involved in global surgery on
the international level.
9. I want to train other students to become global
surgery advocates.
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AB S T R AC T
Down-regulation of the mecA gene is considered as a promising ap-

proach to control over antibiotic resistance inmethicillin resistant Staphy-
lococcus aureus (MRSA). This in vitro study evaluated the ability of synbi-
otics to inhibit the growth of MRSA and modify the expression of mecA.
Moreover, susceptibility testing was performed to investigate synbiotic-
induced changes inMRSA resistance. MRSA isolates were collected from
different clinical specimens and explored for antibiotic susceptibility us-
ing both disk-agar diffusion method as well as polymerase chain reaction
(PCR) for detection of mecA gene. Synbiotics in the form of Kidilactő ,
Vitalactő , and Protexinő sachets were applied to prepare cell-free culture
supernatants. Their antibacterial activity was determined by disk and
well diffusion methods. The impact of synbiotics on the expression of
mecA that denotes penicillin susceptibility was tested by real time PCR.
It was shown that the synbiotics produced components with antimicro-
bial activities against MRSA. The supernatant produced by synbiotics can
afford to confer penicillin susceptibility in the MRSA isolates in a time-
dependent fashion. Two third of susceptible MRSA isolates carried de-
creased levels of mecA expression. In conclusion, synbiotics are effective
for reducingMRSA growth and antibiotic resistance through suppression
of mecA.

K E YWORD S
Methicillin-resistant Staphylococcus aureus (MRSA), probiotics, mecA gene,
synbiotics, antibacterial activity, penicillin susceptibility
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1 | INTRODUCTION
Staphylococcus aureus is considered as a commensal
micro-organism that can cause hospital and community-
acquired infections, namely, skin wound, sepsis, endo-
carditis, and pneumonia (1). Antibiotic therapy appear
frequently ineffective because of emerging antibiotic-
resistant strains, includingmethicillin-resistant S. aureus
(MRSA), which becomes prevalent in hospitals across
the globe (2-5), imposes medical and socio-economic
burden for both patients and health care providers, and
contributes to morbidity and mortality (6). It has been
reported that S. aureus respectively affects 12 million
and 292,000 patients attending outpatient clinics and
hospitals. As many as 126,000 present with MRSA in-
fection each year in the United States (7). More im-
portantly, an approximate of 90,000 Americans is esti-
mated to die owing to hospital-acquired bacterial infec-
tions (8). As documented, the antimicrobial resistance
appears to be a natural biological phenomenon that can
be augmented by various factors, such as human prac-
tices. Indeed, the administration of antimicrobial agents
against any pathogens leads them to either adapt or die
(selective pressure). In so doing, those surviving carry
genes for resistance, which can be transferred upon bac-
terial replication (9). The resistance inMRSA arises from
the expression of Penicillin binding protein (PBP2a) en-
coded by mecA genes (10, 11).

There have been two main microbial approaches
to manage antimicrobial resistance, including
bacteriophage-based therapies as well as micro-
biome restoration. The former strategy deals with
the application of phage or its component proteins
however some have concerns over immunogenicity
and bacterial resistance to bacteriophages (12, 13). The
latter focuses on different mechanisms to decolonize
antibiotic-resistant bacteria. Recent efforts have been
directed towards the positive effects of probiotics
on fecal microbiota (14, 15). Probiotics are beneficial
micro-organisms that its consumption in adequate
amounts promotes human health and affords protection
against a variety of diseases (16). The use of these
bacteria has been observed to ameliorate symptoms

of gastrointestinal infections, prevent the growth of
pathogenic strains, regulate the mucosal physiology
or strengthen the intestinal immunity in hosts (17-20).
Of note, supernatants released by multiple probiotics
display inhibitory activity against different pathogens
(21, 22). Chen et al. found that supernatants secreted
by L. fermentum, B. longum subsp. longum, and B.
animalis subsp. lactis could successfully deactivate
MRSA (23). Of bacterial genera widely utilized in
probiotic preparations, Lactobacillus, Bifidobacterium,
Escherichia, Enterococcus, Bacillus, and Streptococcus
have attracted more attention (24-26). The first
group includes those strains producing lactate and
lactic acid as the main end-product. Lacto-bacillus
rhamnosus GG is a well-known probiotic that has been
extensively investigated hitherto (27, 28). In general,
lactobacilli, bifidobacteria, and lactococci are shown
as safe considering their long history of use in food
processing and dairy production (29). Though a rare
case, no extant evidence has been recorded to date
concerning any high risk of developing bacteremia
or endocarditis following intake of probiotics (30,
31). The mechanisms whereby probiotics carry out
their physiological role are chiefly contingent on the
features, manufacturing, and formulation of the used
strains (32) however the following processes have
been observed to be involved as a result of probiotic
treatment (33): competition for the ability of pathogens
to colonization in the gastrointestinal tract through
limiting their adhesion sites and/or nutrients (34, 35);
biosynthesis of inhibitory metabolites, including organic
acids and bacteriocins that improve peristalsis, inhibit
the growth of pathogens or indirectly exclude them
(36-39); immunomodulatory effects on the host (35, 37,
40-42); and counteraction of bacterial toxins (43).

A body of literature has been conducted on the an-
tagonistic interactions between probiotics and S. au-
reus/MRSA (44-49); for example, Karska-Wysocki et al.
used a commercial probiotic (Bio-K+ő) containing Lac-
tobacillus acidophilus CL1285ő and Lactobacillus casei
LBC80Rő in an in vitro setting to examine its inhibitory
activities of against the growth of standard ATCCMRSA
strain 43300 and human clinical isolates of MRSA by
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means of solid agar diffusion and liquid medium meth-
ods (50). It was indicated that L. acidophilus CL1285ő or
L. casei LBC80ő caused an inhibition of MRSA growth,
but to a different extent, with the former showing a zone
diameter of 1.7-2.9 cm and the latter 1.4-2.9 cm de-
pending on the MRSA clinical isolate. Direct interaction
between Bio-K+ő and MRSA in liquid medium resulted
in the elimination of almost all MRSA cells (99%). The
effects of acidic supernatants of L. acidophilus isolated
from a vinegar were explored against clinical MRSA
samples related to acne pimple with lipolytic activity
(45). It was exhibited that cell-free supernatant notably
impacted MRSA isolates versus control. Subinhibitory
concentrations of acid supernatants appeared very ef-
fective in preventing the lipase release from biofilm
and planktonic cells of MRSA isolates (51). More to
the point, prebiotics are nondigestive food constituents
with selective actions on the growth and/or activity of
one or more bacterial strains in the colon that culmi-
nate in health promoting effects (52, 53). The synergis-
tic administration of probiotics and prebiotics is known
as synbiotics (52). Given several possible combinations,
the use of synbiotics for the regulation of intestinal mi-
crobiota in humans is expected to have promising out-
comes (54). This study was an attempt to investigate
the effect of synbiotics in the formof Kidilactő, Vitalactő,
and Protexinő sachets on the growth of clinical MRSA
isolates and expression of mecA gene.

2 | MATERIALS AND METHODS
2.1 | Samples Collection
MRSA isolates from clinical specimens, including, blood,
urine, sputum, wound, and lung tissue, were gathered
from July to September 2015 from two main general
hospitals affiliated toMashhadUniversity ofMedical Sci-
ences, Mashhad, Iran. All MRSA isolates were identified
by routine laboratory procedures, such as, Gram stain,
catalase test, oxidase test, coagulase activity, and man-
nitol salt fermentation (55). The antibiotic susceptibility
of isolated strains was explored using the disk-agar dif-
fusion method (56).

2.2 | Detection of mecA Gene in ClinicalMRSA Isolates
DNA extraction was conducted by Sinaclone DNA ex-
traction kit (Sinaclon, Iran). Bacterial pellet was resus-
pended in 100µl of G+ pre lysis buffer as well as 20µl
of lyzosyme, and subsequently mixed and incubated at
37 °C for 35 min. After adding 20µl of ributinase, the
solution underwent another incubation (at 55 °C for 35
min) for complete cell lysis. Thereafter, lysis buffer as
well as precipitation solution were added and the final
mixed solution was loaded into a spin column. Follow-
ing three wash steps, DNA was eluted by elution buffer
in 65 °C (57, 58). To amplify mecA gene, the follow-
ing forward and backward primers were respectively

Kidilactő Vitalactő Protexinő
Lactobacillus Casei Lactobacillus gasseri Lactobacillus Casei

Lactobacillus acidophilus Bifidobacterium bifidum Lactobacillus acidophilus
Lactobacillus rhamnosus Bifidobacterium longum Lactobacillus rhamnosus
Lactobacillus bulgaricus Lactobacillus bulgaricus
Bifidobacterium infantis Bifidobacterium infantis
Bifidobacterium breve Bifidobacterium breve

Streptococcus thermophilus Streptococcus thermophilus
TABLE 1 The bacterial strains in each synbiotic supplement.
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selected: 5’-AAAATCGATGGTAAAGGTTGGC and 5’-
AGTTCTGCAGTACCGGATTTGC). Genomic DNA was
analyzed for the presence of the mecA gene employing
the PCR system (Astec, Japan). The PCR products were
visualized (UV duct, USA) under the UV transillumina-
tion after electrophoresis on 1.5% agarose gel contain-
ing Green viewer.

2.3 | Probiotic Strains and GrowthConditions

Synbiotics in the form of Kidilactő, Vitalactő (Zisttakhmir
Company, Iran), and Protexinő (Science and Nature in
Balance Company, UK) sachets were purchased. Each
sachet contained 109 CFU probiotic strains. The bac-
teria used for the synbiotic supplements are shown in
Table 1.

The pre-culture preparation is of utmost importance
for providing optimal conditions for the bacteria to show
their ability of releasing anti-MRSA components. Prior
to analyses of anti-MRSA activity, these sachets were
dissolved in normal saline (2 mL), added to brain-heart
infusion broth (BHI; 5 mL), and then incubated at 37 °C
for 24 h. Afterwards, a 9 mL of each synbiotic sup-
plement was subcultured onMan-Rogosa-Sharpe (MRS)
broth to adapt them to the growth conditions during
incubation for 24 h at 37 °C. Routine laboratory proce-
dures (i.e., Gram stain, catalase test, coagulase activity,
and motility) were carried out for these strains, as well.
Cell-free culture supernatant was obtained by centrifu-
gation at 5000 rpm for 15min at 4 °C, as well as filtration
using a 0.2µm syringe filter.

2.4 | Assessment of BacteriaAntagonistic Activities as Probiotics
Disk diffusion. Initially, the supernatants at pH 4.0 were
neutralized to pH 7.0 by NaOH (0.1 N). Then, four test
pathogens cultured in BHI agar were used. Spread cul-
ture of the bacterial suspensionswere subsequently pre-
pared on an agar plate using a turbidity equivalent to 0.5
McFarland standards. The plates were allowed to incu-
bate for 30min at 37 °C. A 20µl of each supernatant was
loaded onto a 6 mm sterile disk. Three disks were sep-
arately put on the plate and maintained at 4 °C for 30
min to facilitate the diffusion of the loaded compounds.
Another disk loaded bywaterwas considered as the neg-
ative control. They were transferred into an incubation
at 37 °C for 24 h, afterwards. Finally, the inhibition zone
diameters were evaluated in triplicate.

Well diffusion. After neutralizing the supernatants
as described in disk diffusion method, MRSA cultures
were diluted to a suitable turbidity. The bacterial inocu-
lum suspension was spread by swabbing on a BHI agar
plate, which was subsequently allowed to dry at 37 °C
for 30 min. A sterile Pasture pipette was applied to
punch three wells, 9 mm in diameter, on the surface of
agar. 130µl of each supernatant was poured inside the
wells before incubation at 37 °C for 24 h. A vancomycin
disk served as the positive control. The antimicrobial ef-
fect of each supernatant was expressed as the inhibition
zone diameter in millimeter around the wells.

2.5 | Penicillin-Susceptibility Testing
Disk diffusion test was carried out on Mueller–Hinton
agar plates with a penicillin disk (Padtan Teb, Iran).
MRSA strains were incubated for 24 h at 37 °C. This test
was iterated for 48, 72, 96, 120 h. The zone diameter
was measured in triplicate. Strains with the most sus-

Length 5’ −→ 3’ Gene
199 bp ACTCCTACGGGAGGCAGCAGTGTATTACCGCGGCTGCTGGCA 16s rRNA
273 bp GATAAAAAAGAACCTCTGCTACTGCCTAATTCGAGTG mecA

TABLE 2 mecA and 16s rRNA primers
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ceptibility to penicillin were used for further analyses by
real time PCR.

2.6 | Real Time PCR
The bacterial RNA was extracted by the RNX-plus kit
(Sinagene, Iran) as described by Morin et al (59). Purity
and quality of the extracted RNAwere assessed by Nan-
oDrop spectrophotometer (Ipoch, China). Then, RNA
underwent electrophoresis in a 2% agarose gel. Follow-
ing purification steps, RNA was examined for the ab-
sence of protein, phenol, and genomic DNA through
electrophoresis in a 1.5% agarose gel. Thereafter, com-
plementaryDNA (cDNA)was synthesized fromRNAem-
ploying Easy cDNA Synthesis Kit (Parstoos, Iran) accord-
ing to the manufacturer’s instructions. The quality of
cDNAwas confirmed by PCR using mecA and 16s rRNA
primers (Table 2). Quantitative analyses were carried
out by means of SYBR Green Real Time PCRMasterMix
(Parstoos, Iran) and Real-Time PCR System (ABIverity,
USA). Each reaction mixture included 5µl of master mix
(2X), 1µl of cDNA, 6µl of dH2O, 0.2µl of ROXReference
Dye (50X), and 1µl of primer (0.02µM). The condition
of PCR amplification contained an initial denaturation
at 95 °C for 7 minutes, followed by 40 cycles of denatu-
ration for 30 seconds at 94 °C, annealing for 35 seconds
at 45 °C, and extension for 40 seconds at 72 °C. The 2-Ct
method was applied to calculate the relative expression
of mecA gene with 16s rRNA as a housekeeping gene.

3 | RESULTS
3.1 | Collection of MRSA isolates
The presence of S. aureus in all the clinical specimens
was verified using a number of routine laboratory tests
(Figures 1). A total of eight MRSA strains was isolated
from various clinical specimens. As can be seen in Table
3, these strains were shown to be resistant against most
common antibiotics, including, ampicillin, oxacillin, ery-
thromycin, cefoxitin, tetracycline, penicillin, gentamicin,
and clindamycin. All strains developed sensitivity to van-
comycin and ofloxacin, but resistance to ciprofloxacin.

Only two samples (B and C) were sensitive to almost all
antibiotics, thus they were excluded from the next ex-
periments.

F IGURE 1 Identification of S. aureus by Gram stain
(a), catalase test (b), coagulase activity (c), and monitol
salt agar (d).

The genomic identity of the clinical MRSA isolates
was substantiated through amplifying a 533 bp frag-
ment of the mecA gene by the PCR analysis. Figure 2
demonstrated that six clinical isolates (A, D, E, F, G, and
H) were PCR positive for mecA.

3.2 | Probiotic strains and theiranti-MRSA properties
The identification of probiotic strains in the commer-
cial synbiotics was performed applying Gram stain (Fig-
ure 3a), coagulase test (Figure 3b), oxidase test (Figure
3c), and motility (Figure 3d). It appeared that these
strains were Gram-positive, catalase-negative, oxidase-
negative, and non-motile.

The antimicrobial activity of the supernatants pro-
duced by the commercial synbiotics is shown in Figure
4. Two different methods were used to test the anti-
MRSA potential of probiotics at pH 7.0, wherein the lac-



87 Abbasi et al.

F IGURE 2 Agarose gel electrophoresis showing
ladder (1), negative control (2), and samples D (3), E (4),
F (5), G (6) and H (7).

tic acid effects of components that may exist in the su-
pernatants were removed. It was found that the disk
diffusion method failed to indicate the inhibitory im-
pacts of free-cell supernatants on MRSA isolates. There
was no obvious inhibitory zone and slight decreases oc-
curred in the pathogen growth only on the surface of
the plate (Figure 4a). On the contrary, the well diffu-
sion method could obviously exhibit the anti-bacterial
properties of the supernatants; the growth of MRSA in
all sex isolates was inhibited as exposed to the super-
natants (Figure 4b). Of note, the inhibition zone diame-

F IGURE 3 Identification of probiotics by Gram
stain (a), coagulase test (b), oxidase test (c), and motility
(d).

ters of Protexin supernatant were greater than those of
vancomycin. Table 4 summarizes the zone diameters of
growth inhibition by the supernatants.

The inhibitory effects of the supernatants were also
quantified using the following equation:

x =

(
r2

2 − r12
)
× 100

r12

This denotes the comparative inhibition caused by
the supernatants versus vancomycin. The positive val-
ues are indicative of the additional inhibition. Accord-
ingly, Protexin supernatant induced an additional inhibi-
tion as opposed to vancomycin (Table 5).

* AM OX V OFX E FOX TE P GM CC CP
A R R S S R R R R R R R
B S S S S S S S S S S R
C S S S S S S S S S S R
D R R S S R R R R S R R
E R R S S R R R R S R R
F R R S S R R R R S R R
G R R S S R R R R S R R
H R R S S R R R R S R R

TABLE 3 The inhibition zone of growth for MRSA strains by antibiotics. R: Resistance, S: Sensitive, AM:
Ampicilin, OX: Oxacillin, V: Vancomycin, OFX: Ofloxacin, E: Erythromycin, FOX: Cefoxitin, TE: Tetracycline, P:
Penicillin, GM: Gentamicin, CC: Clindamycin, CP:Ciprofloxacin.
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F IGURE 4 Different responses to antibiotics using
the disk (a) and well (b) diffusion methods.

Kidilactő Vitalactő Protexinő Vanco-
mycin (C+)

A 22 21 24 23
B 15 13 18 18
D 21 24 24 23
E 12 22 28 22
F 16 20 28 20
G 16 19 29 19
H 15 22 26 20

TABLE 4 Different responses to antibiotics using
the disk (a) and well (b) diffusion methods

3.3 | Penicillin susceptibility testing
The results of penicillin-susceptibility testing presented
that the supernatant produced by synbiotics can afford
to confer penicillin susceptibility in MRSA isolates at 72,
96, and 120 h (Figure 5). Therefore, the supernatants
were observed to possess either bactericidal or bacte-
riostatic activities in a time-dependent fashion.

The penicillin zone diameters in MRSA isolates fol-
lowing 96 and 120 h co-culture with the supernatants

Kidilactő Vitalactő Protexinő
A -8.5066 -16.6351 +8.8846
D -16.6351 +8.8846 +8.8846
E -70.2479 0 +61.9833
F -36.00 0 +96.00
G -29.0858 0 +132.9639
H -0.4375 +21.00 +69.00

TABLE 5 The comparative inhibition caused by the
supernatants versus vancomycin

F IGURE 5 Penicillin susceptibility of MRSA isolates
at different time points (72hrs,96hrs and 120hrs).

are presented in Table 6. It was revealed that isolates
A, D, and E were the most susceptible samples at 120
h, while differently the other three isolates (F, G, and H)
had the highest susceptibility at 96 h. Moreover, the
levels of susceptibility to penicillin caused by the super-
natants are shown in Table 7. The neutralized super-
natant of all three symbiotic supplements showed no ac-
tivity against MRSA in isolates G and H after 120 h. Un-
expectedly, the neutralized supernatant of Kidilactő was
active againstMRSA in isolate F after 120 h, whereas no
activity was observed for that of Protexinő.

4 | DISCUSSION
Commercial probiotics packed in one tablet or capsule
are largely consumed across the globe. Considering
the growing effects of antibiotic resistance, these di-
etary supplements have garnered more attention due to
their potential against the spread of resistant determi-
nants (60). This study aimed at elucidating whether cell-
free supernatant from such dietary supplements can in-
hibit the growth of MRSA and affect their susceptibility
to penicillin. The findings of this study indicated that
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F IGURE 6 The expression level of mecA in
different MRSA isolates following treatment with the
supernatants of probiotics. A,D,E,H : MRSA isolates,
K,V,P : Kidilact, Vitalact, Protexin.

the commercial synbiotics, including Kidilactő, Vitalactő,
and Protexinő, produced components with antimicro-
bial properties that can impede the growth of multi-
antibiotic resistance MRSA. This event was only mani-
fest in the results of the well diffusion test. Moreover,
the supernatant produced by synbiotics can afford to
confer penicillin susceptibility in the MRSA isolates in a
time-dependent fashion, whichmight be partly ascribed
to the decreased expression of mecA gene. Indeed, two
third of susceptible MRSA isolates carried declined lev-
els of mecA gene expression. This is the first research
study providing the in vitro evidence that supported
the ability of the supernatant produced by commer-
cial synbiotics not only to counteract against the MRSA
isolates collected from clinical specimens, but also to
induce penicillin susceptibility in these samples. The
supernatant-reduced susceptibility mechanism of multi-
antibiotic resistanceMRSA can be regulated through the
expression of mecA gene. These findings were corrob-
orated by Karska-Wysocki et al., whose study showed

* 96 h 120 h * 96 h 120 hA-K 9 6 F-K 7 6A-V 8 8 F-V 8 7A-P 7 6 F-P 10 0D-K 5 8 G-K 9 0D-V 8 6 G-V 0 0D-P 7 12 G-P 6 0E-K 13 13 H-K 7 0E-V 7 14 H-V 10 0E-P 8 9 H-P 7 0
TABLE 6 The inhibition zone of growth for MRSA strains at different time points after co-culture with the
supernatants.

* The levels of susceptibility to
penicillin

* The levels of susceptibility to
penicillin

A-K 244.89 F-K 300
A-V 359.18 F-V 359.18
A-P 244.89 F-P 489.79
D-K 359.18 G-K 422.44
D-V 244.89 G-V 0
D-P 636.73 G-P 244.89
E-K 716.32 H-K 300
E-V 800 H-V 489.79
E-P 422.44 H-P 300

TABLE 7 The levels of susceptibility to penicillin caused by the supernatants.
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the bactericidal impact of mixed lactic acid bacteria
(LAB) against MRSA. They concluded that the mixed cul-
ture of LAB strains contains several antibacterial com-
ponents, which are not found in pure monoculture (50).
Also, Matto et al. observed that a probiotic mixture
containing several strains with distinct characteristics
possessed the ability to effectively prevent infections
caused by pathogenic bacteria (61). In addition to the
production of organic acids (e.g., lactic acid), which has
a lowering effect on pH, certain strains can synthe-
size and secrete bioactive molecules, including ethanol,
formic acid, fatty acids, hydrogen peroxide, and bacteri-
ocins with marked antimicrobial actions (62). The gen-
era Lactobacillus and Bifidobacterium along with their
by-products have appeared to be effective for multi-
ple conditions. Their antimicrobial activities arise from
the inhibition of cellular functions through undesirable
changes in the intracellular pH (63). The lack of activ-
ity against MRSA in isolates G and H could be justi-
fied by the effect of neutralized pH on the antagonistic
activity of these probiotic bacteria in vitro. Therefore,
the inhibition zones found despite the removal of lactic
acid effects suggest the possible influences of other in-
hibitory by-products, namely hydrogen peroxide, bacte-
riocin and bacteriocin-like components (64). Given the
findings of the present study, it was concluded that syn-
biotics are effective for reducing MRSA growth and an-
tibiotic resistance through suppression of mecA.
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AB S T R AC T
Study of the history of medical inadmissibility and deportation of

Canadian immigrants uncovers three important themes as criteria for im-
migration selection and control: sanitation, sanity, and moral suitability.
As the understanding of human health changed with history, so too did
the basis for exclusion and deportation of Canadian immigrants for medi-
cal purposes. Immigration policy mirrored then current notions of health
and disease, growing in complexity as immigration policy increased its
selectivity contemporaneous to increasing immigration rates. Immigra-
tion control developed from simple quarantine measures to prevent the
transmission of infectious diseases from other continents, to physical and
mental health inspections to prevent the propagation of hereditary dys-
function, to selection of morally fit immigrants resembling Canadian val-
ues for easy assimilation into society. Physical, mental, and moral health
were key criteria in the first century of Canadian immigration policy, high-
lighting Canada’s history of antiimmigrant sentiment through themedical-
ization of specific ethnic groups.

K E YWORD S
history of medicine, immigration, policy

1 | INTRODUCTION

Canadian history of the medical inadmissibility of im-
migrants introduces the fluid concepts of health and
medicine to the study of immigration policy. Among
many new scientific innovations, rapid development in

the field of medicine aligned with the increasing accep-
tance of the germ theory of disease in the nineteenth
century, the emerging notions of heredity and eugenics
at the turn of the twentieth century, and the legitimiza-
tion of psychiatry in the early-to-mid-twentieth century.
As understanding of human health transformedwith his-
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tory, so too did the basis for exclusion and deportation
of Canadian immigrants for medical purposes. Indeed,
immigration policy mirrored then current concepts of
health and disease, growing in complexity as Canadian
immigration policy increased its selectivity contempora-
neous to increasing immigration rates. Immigration con-
trol developed from simple quarantine measures to pre-
vent the transmission of infectious diseases from other
continents, to physical and mental health inspections to
prevent the propagation of hereditary dysfunction and
disease, to selection of morally fit immigrants resem-
bling Canadian values for easy assimilation into society
(1,2,3). Over the course of the first century of Cana-
dian immigration policy, notions of physical, mental, and
moral health were inextricably intertwined (4).

This paper aims to provide a comprehensive study of
the history of medical inadmissibility and deportation
of Canadian immigrants from the 1840s to the 1950s,
addressing three important themes as criteria for im-
migration selection and control: sanitation, sanity, and
(moral) suitability. While scholarship in this field gener-
ally focuses on quarantine to prevent the entry of in-
fectious disease, the mission of Canadian immigration
policy stretched beyond the control of cholera and ty-
phus as medical inspectors surveyed for physical disabil-
ity, mental illness, and moral depravity (5). Indeed, the
health inspection of immigrants was used as a principal
tool for selecting members of an ideal Canadian society.
As a result, themedicalization of the newly arrived immi-
grant contributed greatly to discrimination against spe-
cific races and ethnicities, ultimately manifesting as an
anti-immigrant social environment throughout much of
Canadian history.

2 | SANITATION: QUARANTINEAND EARLY IMMIGRATION CON-TROL
The years 1846 to 1854 marked the peak of Cana-
dian immigration prior to the twentieth century,
as the massive influx of 400,000 British—primarily,
Irish—immigrants set sail to North America. Many im-

migrants were starving and impoverished, bringing with
them a multitude of infectious diseases including ty-
phus and dysentery (6). Furthermore, sporadic cholera
outbreaks that swept through British North America
from 1832 onward seriously affected Canadian mortal-
ity rates (1). To meet the threat of spreading infectious
diseases, all cargo and passengers of incoming ships un-
derwent extensive quarantine and inspection before al-
lowed to dock at the mainland ports, a practice first es-
tablished in the 1830s (7).

The Act to Consolidate the Laws Relative to Emi-
grants and Quarantine of 1853 standardized quaran-
tine regulations for all ships arriving in the Province of
Canada and set the foundation for systematicmedical in-
spection in immigration policy (8). Immigrant ships were
processed at the quarantine station at Grosse Île in the
St. Lawrence River before continuing to Québec City
and eventually moving on to Montreal, Kingston, and
Toronto. The passengers, cargo, and vessels stationed
at quarantine underwent inspection by one or several
medical officers searching for signs of infectious disease,
including “Asiatic Cholera, Fever, Small Pox, Scarlatina,
Measles, or any other infectious and dangerous disease”.
The medical superintendent was charged with inspect-
ing the vessel by asking a list of eleven specific ques-
tions, such as, “Was such place or places, or any and
which of them, infection with the cholera, plague, or any
pestilential fever or disease?” (8). If the answers to these
questions were satisfactory, the person in charge of the
vessel was given a “Clean Bill of Health”, while unsatis-
factory answers merited placement under “Quarantine
of Observation” as the passengers and crew were sub-
jected to a “strict purification” (8). The medical super-
intendent sent any passengers who required treatment
for “pestilential or infectious diseases” to the hospital
located on the island, and passengers showing less se-
vere illness were treated on board of the vessel. Simi-
larly, upon arrival at the Port of Quebec after passing
Grosse Île, a secondary screening was performed by an
inspecting physician. If no sickness was found on board,
the master of the vessel was granted a Certificate veri-
fying the healthy state of all passengers. If sickness was
found, the inspecting physician sent the vessel back to
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be detained in quarantine for further inspection (8).

By April 1866, the threat of an incoming cholera
outbreak brought the Minister of Agriculture, Thomas
D’Arcy McGee, to propose new quarantine regulations
in an attempt to close loopholes in past practice (1).
Ships to undergo quarantine now included all vessels
from outside the colony, and inspection was further sys-
tematized through a more thorough questionnaire and
record-keeping process. Personnel at the quarantine
stations were also awarded more power; the superin-
tendent or his deputy was to be a justice of the peace
with a jurisdiction extending for a mile in all directions
around the island (1). The Quarantine Health Act of
1868, incorporated into Canada’s first Immigration Act
in 1869, expanded “regular quarantine ports” to Halifax
and St. John in addition to Grosse Île, as the creation
of the Intercolonial Railway rendered New Brunswick
and Nova Scotia increasingly important for the disem-
barkation of immigrants (7,9,10). As the Canadian pop-
ulation grew towards the end of the nineteenth century,
immigration law became increasingly more scrupulous,
no longer simply excluding the diseased but also select-
ing for the “desirables” (11). Indeed, pressure to control
the influx of immigrants increasedwith fear of infectious
diseases, and specific immigrant groups were blamed
for outbreaks. Reports that smallpox arrived on an im-
migrant train in Winnipeg in 1876, and measles, scar-
let fever, diphtheria and leprosy outbreaks throughout
Canadian cities brought in by immigrants in the 1890s,
all increased antagonism towards immigration, despite
no statistical evidence directly relating these groups to
the outbreaks. These “loathsome” diseases were often
linked to already unpopular groups, confirming suspi-
cions they were not “suitable” for Canada (11).

Infectious diseases were not seen as the only threat
to Canadian society during this period, as concern that
Europe was sending its unwanted residents to Canada
influenced immigration policy as well (11). Quarantine
stations were also designed to identify all passengers
deemed “Lunatic, Idiotic, Deaf and Dumb, Blind or In-
firm, not belonging to any Immigrant family, and such
person in, in the opinion of the medical superinten-
dent, likely to become permanently a public charge” (9).

Pauperism and disability were viewed as an increasing
threat to Canadian society, and fears that immigrants
were becoming a public burden shaped the Immigration
Act of 1869 (10). The Governor General was charged
to “prohibit the landing of pauper or destitute immi-
grants”, while in 1880, an Order in Council barred pau-
pers from entry. Unhealthy children were also viewed
as a threat to the public, as many poor immigrant chil-
dren were described as the “offal of the most depraved
characters of the cities of the old country”. The House
of Commons Select Standing Committee for Agriculture
and Colonization thus resolved “to prevent the importa-
tion of immigrants, either children or adults, who would
be likely to become a burden on our charitable institu-
tions” (11). The Committee recommended a strict med-
ical inspection and certificate of healthiness for all im-
migrant children, ensuring none suffered from problems
related to cardiac disease, vision, hearing, and small-
pox, and even went as far as to assess whether chil-
dren seemed “intellectual” (11). By 1902, the Depart-
ment of the Interior began to examine all immigrants af-
ter passing through quarantine in order to deport those
with “loathsome, dangerous, or contagious diseases”. By
1904, immigrants were also being examined before they
left Britain (11). Indeed, the increasing Canadian popu-
lation rendered policy more selective of its immigrants’
overall health, a trend that was to compound with the
growing discourse on eugenic theory (12).

3 | SANITY: EUGENICS, RACE ANDTHE MENTAL HYGIENE MOVE-MENT
Eugenics emerged across theWestern world at the turn
of the twentieth century, embedded in ideas of na-
tionalism and fear of “social suicide” (5). Nineteenth-
century industrialization led to the urbanization of so-
cieties, creating chaotic, densely populated city envi-
ronments. Large waves of immigrants entering Canada
in the early twentieth century inspired fear that “infe-
rior” families were overtaking the Canadian population
as conditions of the First World War allowed Europe to
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“dump” its diseased and degenerate classes onto Cana-
dian soil (13). With high urban mortality rates and over-
crowded asylums increasing public expenditure, as well
as the loss of Canada’s young and healthy in the First
WorldWar, immigration policy began to mirror the fears
of the social and intellectual elite regarding the mas-
sive influx of immigrants (12). The solution appeared
to be stricter immigration laws barring entry or deport-
ing immigrants from specific countries, assisting migra-
tion from Britain to preserve Canada’s British character,
performingmore thoroughmedical inspections, and pre-
venting entry of the “feeble-minded” in order to ensure
the propagation of a physically, intellectually, and men-
tally fit society (13).

Supported by eugenic theory, the concept of “racial
origin” was a major consideration in the selection of im-
migrants during the early twentieth century. Prior to the
1890s, nearly all immigrants were of British and Irish de-
cent; by the 1920s, these countries accounted for only
54.5 per cent of immigrants (12). Origin statistics in the
nineteenth century were primarily used to assess the
population numbers of the two founding races—French
and English. During the inter-war period, however,
racial origin statistics were used as a means to evalu-
ate efforts to attract immigrants from “preferred” coun-
tries. Preferred immigrants were considered those bet-
ter fit to adapt to Canadian society: the British, Dutch,
and Nordic over those from Southeast Europe and Asia
(12). In addition to being more easily subject to “Cana-
dianization”, those of Germanic and Scandinavian ances-
try were believed to be of superior physical and mental
health (3). As issues of race and degeneracy became in-
creasingly connected, the immigration system was de-
signed to both select immigrants of desirable national-
ities and races and deselect those of undesirable ones
(14).

The Immigration Act of 1906 contributed to the med-
icalization of social “fitness”, barring entry of the feeble-
minded, idiot, epileptic, insane, or pauper immigrant
“likely to become a public charge” (4). Individuals of cer-
tain nationalities and races were understood to be dis-
proportionately prone to these deficiencies. Italians, for
example, were considered more prone to emotional in-

stability and violent outbursts, while Slavs were more
susceptible to feeblemindedness (14). Similarly, it was
believed that Jews were physically inferior and even
harmful to society (5). Canadian psychiatrist Charles
Kirk Clarke—a central member of the “mental hygiene”
movement in the early twentieth century—was largely
influenced by the eugenics movement, and thus sought
to reduce the hereditary transmission of mental, phys-
ical, and behavioural defects (5). As immigrants were
believed to contribute disproportionately to the insane
and feebleminded populations, Clarke described the bar-
ring of “defect immigrants” as a “preventative medicine”
for Canadian society (4). Supported by the theory of de-
generacy, immigration restriction of certain nationalities
and races thus seemed the solution to this problem.

Proponents of the degeneracy theory and the men-
tal hygiene movement argued that present immigration
restrictions were failing, as increasingly larger propor-
tions of asylum and hospital patients were immigrants
(4). Asylums consumed almost 20 per cent of Ontario’s
provincial budget by the turn of the twentieth century,
rendering economic efficiency an increasing concern in
public policy debate (5). However, those occupying
beds in these public institutions were not only from non-
preferred countries; the majority of hospital and asylum
inmates were British paupers, thus supporting the Act’s
exclusion of the poor and destitute. British newcomers
were recognized as representing the greatest percent-
age of mentally defective immigrants. Fearing that their
“hereditary taint” would increase asylum admission rates
and negatively impact the Canadian race, Clarke and col-
leagues pushed for limitations on the influx of “diseased”
newcomers (5).

Thus, the Immigration Act of 1906 provided for the
deportation of immigrants proven to be a “charge upon
public funds” within two years of Canadian residency.
Medical inspectors “skilled in assessing mental health
problems” were assigned to inspect asylums and hos-
pitals for resident immigrants, as the systematization
and formalization of deportation procedures improved
during the first and second decades of the twentieth
century (5). From 1906 onwards, the medical depor-
tation of new residents within the first two years in
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Canada required evidence that the medical problem
was also present upon arrival. To avoid this clause,
deportations were often explained as due to “public
charge”—representing more than one-third of all depor-
tations from 1907 until 1926—thus allowing for the de-
portation of hospital and asylum inmates without the
difficulty of proving medical reasons (15).

4 | MORAL SUITABILITY: MORALREGULATION AND THE FOREIGNTHREAT
As immigrant populations rose in Canadian cities and no-
tions of eugenics arose in public discourse, social issues
such as crime and moral degeneracy gained prominence
in the immigration debate. The Immigration Act of 1910
included provisions allowing deportation for moral and
political unsuitability; the 1910s and 1920s therefore
saw a period of deportation and immigration restriction
of individuals considered undesirable on the basis of
their political beliefs. Furthermore, the “Red scare” anti-
Communist hysteria during this period promoted the in-
spection of incoming immigrants to detect possible en-
emy intelligence as well as exclude socialists, leftists,
and union activists (15). These illegal activities were suf-
ficient to convict individuals of crime, which was seen
as a form of degeneracy due to genealogy (5). In order
to deport the “undesirables and communists”, political
radicals were often charged as vagrants—cases built by
officials’ personal impressions of the accused would-be
immigrant (15). Political radicals were therefore often
barred from entering as immigrants to Canada out of
fear that their ideas threatened not only the safety of
Canadian society, but also the moral stability of the gen-
erations to come (5).

In addition to exclusion for political beliefs or per-
ceived criminal tendencies, a vast number of Canadian
immigrants were targeted for “sexual immorality”, the
majority of which were women (4). Prostitutes, for ex-
ample, were believed to pose a great threat to Canadian
society, both as perpetrators of degenerating immorality
as well as reservoirs of sexually transmitted infections

(14). Immigrants charged with prostitution were consid-
ered undesirable and thus candidates for deportation,
forced to undergo medical inspection for a doctor’s cer-
tificate to support the case. Despite being often found
“healthy enough”, prostitutes were considered “likely to
spread sexual disorder” and were thus charged as va-
grants for deportation (4). Prostitutes were blamed for
bringing venereal disease into the homes of Canadian
families; in contrast, men seemed immune to charges of
sexual immorality, but were instead measured as desir-
able citizens based on their bread-winning capacity (4).
Furthermore, women found unable to align with their
female roles were rejected from entry for sexually im-
moral tendencies, including “hermaphrodites” and “ho-
mosexuals”. “Feminism” was viewed as a hormonal de-
ficiency resulting in underdeveloped sexual organs—an
explanation for rejection of gender norms and domes-
ticity (14). These conditions were believed to threaten
the well-being of Canadian society and were thus used
as criteria for immigrant exclusion.

The admission of war brides and displaced persons
into Canada after the SecondWorldWar exposed a new
cohort of women to prejudices in immigration law, as
female immigrants were far more likely to be charged
with “deviance”, committed to an asylum, or deported
on moral grounds (3). By the 1950s, 82 per cent of asy-
lum inmates in British Columbia were deviant women
who rejected norms of femininity, heterosexuality, and
domesticity. Deviance threatened women’s ability to
conform to Canadian standards of domestic life, and
women were instead labelled with psychiatric patholo-
gies treatable by electroshock therapy, insulin-induced
comas, cold baths, pills, and lobotomies (3). Pressure
from the Immigration Branch to deport inmates and free
beds for Canadian citizens promoted more thorough in-
spection; approximately 600 immigrant inmates were
estimated to have been deported between 1946 and
1956, the majority of which were women. Women’s
commitment to asylums, treatment as mentally ill, and
deportation for moral deviance served as methods of
“gender regulation” and “moral quarantine” for the bet-
terment of Canadian society (3).

The exclusion and deportation of Canadian immi-
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grants for moral indigence was largely intertwined with
eugenic notions of heredity and racial inferiority, fear of
political radicals, and the threat of sexual deviance. Po-
litical turmoil during and between the First and Second
WorldWars promoted hostility towards immigrantswith
diverging political views, while convicted immigrants
were believed to menace Canadian society through the
permeating power of their immorality. Similarly, sexu-
ally deviant immigrants threatened the natural order of
domesticity and health of Canadian families and were
pathologized through commitment to asylums and reg-
ulated through deportation. By the 1950s, immigra-
tion law had developed into a highly restrictive process
through selecting immigrants not only deemed phys-
ically and mentally fit for Canadian society, but also
whose morals appeared to align with Canadian ideals.

5 | CONCLUSION
The history of immigration policy is evidently suscepti-
ble to changes in the Canadian social milieu, with laws
often driven by racist sentiments, fear of political radi-
cals, and the perceived threat of the “outsider”. Further-
more, the transforming understanding of human health
has also greatly influenced immigration policy. Early
fears of the introduction of deadly infectious diseases
from other continents drove the establishment of quar-
antine sites and medical inspections, while developing
ideas of the heredity of physical, mental, and moral defi-
ciencies influenced criteria for immigrant exclusion and
deportation. It would be difficult to attempt the study
of Canadian immigration policy without reference to the
complex and intertwined concepts of sanitation, sanity,
and (moral) suitability as standards for immigrant accep-
tance. As immigration rates continued to rise with the
development of Canadian society, so did the use of med-
ical inspection as a central tool for selecting ideal im-
migrants worthy of “Canadianization”, resulting in the
overall medicalization of and discrimination against spe-
cific ethnic groups. It thus remains important to rec-
ognize Canada’s history of anti-immigrant sentiment in
future policy making. While Canadian policies have in-

deed improved in recent decades, social discrepancies
between Canadian-born citizens and new immigrants
and refugees continue to plague modern society, em-
phasizing the importance of extending justice and equal-
ity for new citizens beyond fair admission standards into
Canada.
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S UMMARY
Electronic health records have limited humanistic aspects of

medicine while further increasing redundancy and are often perceived
as counterproductive. Artificial intelligence has the potential to address
the gaps by creating a practice of evidence-based, personalized, and cost-
effective medicine. It will augment efforts to make electronic health
records more streamlined, accessible, and, ironically, less computerized.
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1 | THE PROBLEM
Since its origins, medicine has always been regarded as
a patient-centered enterprise. The ethical basis of the
Hippocratic Oath values humanism such that the pa-
tient’s interest has always been put first. (1) But, do
these principles hold in the digital age of medicine? The
humanistic practice of medicine requires the physician
to have two things: adequate time and prime focus af-
forded to the patient. (2) Unfortunately, the fashion
in which medicine is delivered today, in a “distraction-
filled environment”, makes it difficult to provide either
of these. (2) Meaningful interactions with patients have
become limited, and as a result, the humanistic element
of medicine has diminished.

The Electronic Health record (EHR), a “lauded inno-
vation”, arrived with both opportunity and limitations.
Looking at its implications from a humanism-focused
lens, the EHR does more harm than good. Although
widely thought to be transformative of the paper record,
the EHR is a greater distraction than note taking be-
cause it diverts the attention away from the patient in-
evitably reducing quality of care. (3) As many physicians
argue, the framework compels one to give the “com-
puter complete attention, the kind of attention (physi-
cians) reserved for a patient.” (4) Numerous patients
have also complained that doctors “seems more inter-
ested in looking at the computer screen than (them)”.
(5) Research has shown that one-third of the time used
during a patient visit is spent navigating and inputting
data into the EHR. (6) More alarming, the distraction of
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the EHR presents a barrier to the indispensable personal
connection that dictates a functional patient-physician
relationship. (2) The rapid changes in digitizing medicine
have led to a focus on refining methods for billing, ad-
ministration, and regulatory issues yet have excluded
the core value of capturing the patient’s narrative. (3)
The healthcare field as a whole has unknowingly shifted
the focus towards “clinical productivity.” (7)

The design and implementation of EHRs nationwide
has been inconsistent and ineffective resulting in many
technical and usability flaws. Because of the increased
system complexity, the user interface has been compro-
mised and made even more confusing. (8) A staggering
92% of nurses in the US are dissatisfied with the use of
technology, a concern mainly stemming from the convo-
luted interface of the EHR. (9) Another study showed
the increased probability of system failures and main-
tenance harms patients in events of technical difficul-
ties, such as muddling patients’ allergies or medications
between numerous medical records. (10) Additional er-
rors arise from the redundancy of data, prompting clin-
icians to cut and paste data from previous, potentially
outdated, encounters contributing to malpractice and
hurting the necessary integrity of the EHR. (11) As a re-
sult of irrelevant information, some clinicians assert that
“EHRs are cluttered making it difficult to locate and com-
prehend important details” of the patient. (8)

Not only does the structure of the EHR make find-
ing information difficult, but also has a grave impact on
clinical reasoning skills and decision-making abilities of
both current and future physicians. Certain characteris-
tics of the record eliminate the need to interact directly
with the patient which encourages “superficial clinical
thinking” in a virtual environment where medical rea-
soning is limited. (3) Research has shown that medical
students now use a flawed method of information ac-
quisition where questions are asked as they appear on
the computer screen. (12) Making matters worse, the
physician cannot effectively demonstrate their thought
process as they are inclined to pick the “best option in
a drop-down list” instead of typing, and are distracted
by many irrelevant fields or prompts. (12) Altogether,
the development of vital reasoning and communication

skills are disrupted as medical students become accus-
tomed to the inflexible and redundant data entry meth-
ods. (3) In addition to impeding the doctor’s develop-
ment of good judgement, EHRs themselves have poor
usability and employ linear decision making - linear in
the sense that it is difficult for EHRs to produce help-
ful recommendations in novel situations and emulate
the “flexible and fluid ways in which healthcare is pro-
vided in real life.” (13) The non-intuitive clinical deci-
sion support systems, unable to handle all possibilities,
present uniform recommendations or redundant alerts
which remind the physician of a recommended treat-
ment or warn of a possible medical risk associated with
a treatment. (14) Clinical decision practice, in its cur-
rent state, is founded on preliminary decision support
rules, major design flaws andmisuse of systems conflict-
ing with developer expectations. (14) Additionally, the
physician may not understand which clinical factors or
relevant premises have been taken into consideration by
the computer and these systems are perceived to be in-
terruptive.(8)

Last but not least, EHRs add increased responsibil-
ity and redundancy to a physician’s already busy sched-
ule, making the use of the EHR counterproductive. The
EHR has been held responsible for physician burnout
because of the increased documentation of nonclinical
data. (19) Furthermore, the unsystematic purposes ag-
gravate physician mental health and increases frustra-
tion. (15) Similarly, the rising pressure of capturing accu-
rate and structured data adds to the negative impact of
EHRs on the physician’s wellbeing. For example, work-
flow incompatibility is an added concern to a poorly de-
signed EHR infrastructure. (8) EHR data varies widely
across entities such that “building an insightful, granular
database is next to impossible.” (43)Many physicians are
dissatisfied by the fact that exchanging records is a de-
manding process, and are thereby forced to fall back on
the conventional method of faxing medical documents.
(16) When a simple task such as generating a referral
or prescription becomes tedious, addressing the issue
is of essence as the “care of patients also requires at-
tention to the care of clinicians.” (17) The irony of elec-
tronic records in improving the practice ofmedicine now
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becomes evident as they “break care” for both patient
and physician. (18) Overall, the present-day dilapidated
EHR system is “enough to make old Hippocrates roll
over in his grave!” for themany reasons discussed above.
(2) Having discussed the complications of the EHR, in
the next section we will present what is believed to be
the needs of the clinical community and detail essen-
tial considerations in restricting the use of technology
in medicine.

2 | WHAT IS NEEDED?
Although the EHR systems have streamlined the ways
healthcare is delivered, they have given rise to unantic-
ipated usability issues. Research from Stanford Medical
School reports 9 out of 10 physicians want the EHR to
be more responsive, intuitive and have an improved in-
terface. (19) Furthermore, 38% of physicians hoped for
highly accurate voice recording technology that acts as
a scribe during patient visits, while six out of ten physi-
cians (59%) think EHRs need a complete overhaul. The
scribe profession may help lower the burden for the
need of data entry, but they prove to be expensive in the
long run. (20) David Blumenthal, M.D., M.P.P., president
of The Commonwealth Fund, envisions natural language
processing and artificial intelligence as a long-term solu-
tion to the tribulation. It may not be enough to redesign
the EHRwith an improved interface. Indeed, novel func-
tionalities tominimize EHR-associated errors and a “fun-
damental redesign” is needed. (8,15) As a result of this
change, clinicians will have greater control of the sys-
tem’s customization aligning well with their needs, flex-
ibility and realistic prospect.

The improvement of the one-dimensional decision-
making capabilities endemic to the EHR must also be
addressed. There is a need for using clinical data to
build more predictive models and a more efficient Clini-
cal Decision Support System (CDSS). (21) The utilization
of big data and large databases are therefore encour-
aged. Improved support and ease of use of such systems
make clinicians’ lives better and allow them to focus on
patient-centered communication and participate in con-

fident decision making. (22) With the advent of artificial
intelligence, machine learning and “big data”, the EHR
can be wisely used for increased adaptability in improv-
ing diagnostics, personalizing care and discovering dis-
ease associations. (23) Only when we step outside of
“paper-chart thinking”¬–EHRs as simply a replacement
for paper charts–can these systems allow the natural
recording of a physician’s thinking focused on a patient’s
unique story and experience. (4) Several studies have
hinted that EHRs should support data analysis/mining
with “intelligent stimulus” and “goal-oriented function-
ality” to allow a holistic view of patient data. (15) Con-
sequently, these systems should also employ the idea
of machine learning where the computer learns from its
mistakes and tailors itself to the physician it assists.

3 | THE SOLUTION – ARTIFICIALINTELLIGENCE
Artificial Intelligence (AI) has the potential to create
a way of practicing evidence-based, personalized and
cost-effectivemedicine. Since humanism is becoming in-
creasingly important in a changing healthcare landscape,
artificial intelligence (AI) is a possible solution to the var-
ious shortfalls of the EHR we have so far discussed. But
what is AI? AI is the term used to describe the use of
computers and technology to simulate intelligent behav-
ior and critical thinking comparable to a human being.
(24) The broad benefits of AI such as efficiency, moni-
toring and reasoning may help tame the growing discon-
nect between the physician and patient by providing in-
creased patient-physician face time. As Dr. Eric Topol,
cardiologist and director of the Scripps Research Transla-
tional Institute in California, said “The greatest gift that
AI can give us is to go back to the future, to get us to
the humanity in medicine, which is presence.” (25) Pro-
fessors at the University of Stanford have argued that
AI is an overlooked opportunity that can “help clinicians
deliver better and more humanistic care.” (26) But how
exactly can AI be used to refocus our attention on the
patient-doctor relationship? Here we present four ways
which can make this possible.
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First is increasing physician-patient engagement by

assisting the doctor in capturing patient data more effi-
ciently. As an alternate to dictation, most hospitals now
have scribes to help physicians document the visit while
the physician interacts with the patient. Indeed, medi-
cal dictation has been the standard method to take the
verbal notes of a physician and convert them into writ-
ten notes. However, as we mentioned above, there are
several problems with scribing and dictation, namely be-
ing expensive and inaccurate. Compared to these tra-
ditional methods, AI has its advantages in easing the
healthcare documentation burden. For example, AI will
help with automatic charting through speech recogni-
tion during a patient visit. This would be valuable and
could free clinicians to return to facing the patient rather
than spending almost twice as much time on computer.
(27) Capturing clinical notes with natural language pro-
cessing allows clinicians to focus on their patients rather
than keyboards and screens. While AI is being applied in
EHR systems principally to improve data discovery and
extraction and personalize treatment recommendations,
it has great potential to make EHRs more user friendly
and easy to understand. This is a basic objective, as
EHRs are confounded and difficult to utilize and are fre-
quently referred to as adding to clinician burnout. (28)

Because of this, several companies are working on
digital scribes, machine-learning algorithms that can
take a conversation between a doctor and a patient,
parse the content and use it to fill in the applicable data
in the patient’s EHR. (29) This may seem far-fetched
but Kara, a 2017 iOS application, uses machine learn-
ing, voice recognition and language processing to cap-
ture conversations between patients and physicians and
turn them into notes, diagnoses and orders in the EHR.
Past renditions of the application required prompts from
the doctor—much like Apple’s Siri—however the present
form can be placed in "ambient mode," in which it essen-
tially tunes in to the whole conservation and afterward
chooses the important data filling in as a smart, profi-
cient colleague. Since AI would have access to health
data sets similar to current technologies, it would need
to adhere to the same regulations.

Second is the use of machine learning to facilitate

the physician’s task in a more personalized and flexi-
ble manner. Machine learning is a subset of AI where
the computer systems can learn from data, identify pat-
terns and make decisions with minimal human inter-
vention. Machine learning can be supervised or un-
supervised. Supervised learning starts with the goal
of predicting a known output or target while unsuper-
vised learning tries to find naturally occurring patterns
or groupings within the data. (42) The key distinction
between traditional approaches and machine learning is
that in machine learning, a model learns from examples
rather than being programmed with rules. (30) In ap-
plications where predictive accuracy is critically impor-
tant, the ability of a model to find patterns across mil-
lions of features and examples is what enables superhu-
man performance. This is particularly helpful in making
clinical decisions since the algorithms can help expose
relevant information in a patient’s chart for a clinician
without multiple clicks or arduous searching. Data en-
try of forms and text fields can be improvedwith the use
of machine-learning techniques such as predictive typ-
ing, voice dictation, and automatic summarization. Au-
tomation of chart documentation also makes it easier
to prevent improper payments by authorizing payments
based on information already recorded in the patient’s
chart. (40) An AI could search through the large amount
of EHR data to find the most important information for
the situation. Furthermore, AI systems learn to recog-
nize key terms and pull out data from clinical notes and
other patient data. (31) For example, Amazon Web Ser-
vices recently launched a service where AI pulls out and
indexes data from clinical notes. (32) The capability of
AIs can also produce material beyond the rote medical
and family or environmental history, “digested in a vivid
useable form with graphics and animation equivalent to
what is readily available in other spheres of the digital
world.” (26) This can help clinicians get a more accurate
picture of their patient’s health, help diagnose and, treat
more accurately, and better set up appointments.

Third, AI can help drive down the expanding costs
of healthcare by having financial implications in multi-
ple areas. For example, AI will enable clinicians to make
better, more sophisticated decisions since a more com-
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plex and robust systemmight list the likelihood of a side
effect with drug option A versus drug option B and pro-
vide a cost comparison. (29) AI applications can be uti-
lized to reduce unnecessary testing, decrease the dis-
parities, discrepancies and reduce hospital admissions
and length of stay. (33) With the integration of AI, clin-
icians could use a virtual assistant to make phone calls,
place prescription orders, take notes, and better nav-
igate the EHR system allowing staff to perform their
tasks faster and more efficiently. (31) AI applications
in medical workflowmanagement are estimated to save
$18 billion per year for the healthcare industry by 2026.
(41) Further, costly errors in clinical documentation are
reduced since AI streamlines the tedious clinical docu-
mentation process and can automatically generate ac-
curate and complete reports.

Lastly, AI can increase insights from unstructured
data by providing more precise, pertinent data and
highly intuitive systems. Currently, customizing EHRs to
make them easier for clinicians is largely a manual pro-
cess, and the systems’ rigidity is a real obstacle to im-
provement. AI, and machine learning specifically, could
help EHRs continuously adapt to users’ preferences, im-
proving both clinical outcomes and clinicians’ quality of
life. (28) Machine learning and predictive analytics mod-
els also furnish healthcare providers with analytics on
patient satisfaction or help foresee patient risk. (34) The
potential to create a graphical synthesis of patient data
using a combination of natural language processing and
AI technology is exciting because AI systems perform
a rapid and thorough search of single or multiple pa-
tient electronic medical records, the Internet, textbooks,
and journals for data. (33) It is worth mentioning that
AI would help differentiate between the importance “to
know what sort of patient has a disease than what sort
of a disease a patient has” –the former attainable by the
power of AI. (26) Further, this technology could also be
utilized to cross correlate data from a patient’s family
history, find patients similar to that patient, and evalu-
ate ultimate diagnoses and treatment responses. Over-
all, the benefits of AI are numerous and by streamlining
the healthcare field, humanism might be restored.

4 | CONSIDERATIONS AND THEFUTURE OF AI IN MEDICINE
The wide applicability of machine learning will require
a sophisticated structure of regulatory oversight, legal
frameworks, and local practices to ensure the safe devel-
opment, use, and monitoring of systems. (35) Critically,
clinicianswho usemachine-learning systems need to un-
derstand their limitations, including instances in which
a model is not designed to be generalized to a differ-
ent particular scenario. (36) Another major challenge
involves concerns about patient data privacy breaches.
This is especially true for AI, as hospitals will most likely
rely on third-party providers of AI software to provide
highly integrated EMR solutions. (33) Crucially, since
AI’s predictive prowess comes from sifting large data
sets, we must be careful to use representative data sets
of society which are not biased by sex, race, ethnic-
ity, socioeconomic status, age, ability, and geography.
(37) Not only will an unrepresentative sample build a
bad model, it will raise a moral question in the absence
of equal representation whose disastrous effects are al-
ready evident in inequitable criminal justice sentencing,
unfair hiring practices, and many other injustices. (38)

Lastly, the use of AI raises specific medicolegal con-
cerns–who should be blamed if the system provides
an incorrect diagnosis. Is it the “authors of the soft-
ware, the technology provider, the hospital who pro-
vided the technology, the doctor or all of the above”?
For widespread adoption to take place, AI frameworks
must be endorsed by regulators, integrated with EHR
systems, standardized to a sufficient degree that simi-
lar products work in a similar fashion, taught to clini-
cians and updated over time. (39) It is becoming progres-
sively evident that AI frameworks won’t fully replace
clinicians, but rather will augment their efforts to care
for patients and enlarge their endeavors to focus on pa-
tients. (39) As a result, clinicians will be able draw on
remarkable human aptitudes like empathy, social intelli-
gence and patient-level connections that machines can-
not replicate. Patients not only must be placed at the fo-
cal point of care, but also at the center of health technol-
ogy. All in all, wemust empower clinicians to help us nav-
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igate through the technological jungle and re-establish
humanism in the age of digital health.
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AB S T R AC T
In May of 2017, myself and five other first and second year McGill

Medical students embarked on a cultural exchange with Harvard medi-
cal students. This is an annual program run by Dr. Semaan, professor at
Harvard Medical School, and McGill Medicine graduate. During the ex-
change, we had the opportunity to attend some pointed lectures which
had the goal of illustrating some of the realities of the health care system
in the Cambridge-Boston area. This article is a reflection on the talk given
by Dr. David Bor of the Cambridge Health Alliance titled “Cambridge
Health Alliance: A Public, Academic Community-Responsive Health Care
System”, wherein he provided inspiring personal stories of institutional
and policy change pursuits he was involved in in response to needs of
the local population.

K E YWORD S
advocacy, policy change, institutional change, public engagement

Social Accountability has been defined by theWorld
Health Organization as “the obligation [of health pro-
fessionals and institutions] to direct their education, re-
search and service activities towards addressing the pri-
ority health concerns of the community, region, and/or
nation they have a mandate to serve.” (World Health
Organization’s World Health Report, 1995). I was priv-
ileged to attend an inspiring lecture on social account-
ability in the context of community health delivered by
Dr. David Bor, Associate Dean for Undergraduate Medi-
cal Education, Head of theDepartment ofMedicine, and
Charles S. Davidson Professor of Medicine at the Cam-
bridge Health Alliance (CHA ) in May of 2017 during a

medical-student exchange betweenMcGill and Harvard
Universities. His lecture was titled, “Cambridge Health
Alliance: A Public, Academic Community-Responsive
Health Care System.” I found Dr. Bor’s recounting of
his years with the Cambridge Health Alliance fascinat-
ing, highly educational, and above all, inspiring. In this
piece I will be reflecting on concepts such as possible
approaches to responding to the needs of a changing
population, holding institutions and governing bodies re-
sponsible, and building support for social projects, all
through examples given by Dr. Bor from his personal
experiences.

The first example of social accountability presented
109
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was the history of the development of the Cambridge
City Hospital as it grew and evolved to become a part
of the multicentered Cambridge Health Alliance. The
CHA is a multicentered integrated health care system
with a focus on primary care. The rise of the institution
occurred as a response to the needs of the vulnerable
population in Cambridge city, and later its surrounding
areas. Originally, Cambridge was inhabited by an immi-
grant populationwhowere labourers within the commu-
nity. The hospital was founded with a charitable man-
date: to keep these workers healthy. Over time, Cam-
bridge grew in population, and soon the City Hospital
became over capacitated with patients. This overbur-
den leading to limited resources left the poor, uninsured
population behind, both in terms of hospital services
and their place in the growing, thriving community. As a
result, this vulnerable population became marginalized,
and were pushed out of Cambridge to the surrounding
areas. The Cambridge City Hospital saw the opportu-
nity to fulfill their mandate to serve the population by
expanding their reach beyond Cambridge. They accom-
plished this by collaborating with other hospitals in the
surrounding areas, creating the CHA.

These individual centres were originally culturally ori-
ented to serve the population who lived in their respec-
tive local areas. This focus evolved in response to the
social need for cultural understanding with regards to
how health care is approached. For example, a large Por-
tuguese population was in the area served and thus one
of the Hospitals was largely staffed by individuals from
within the Portuguese community. This meant patients
could be served in their mother tongue and receive care
from individuals who were more likely to understood
their cultural values. The cultural specificity served the
community in some ways, however soon anonymity be-
came an issue as the patients would be recognized by
their neighbors and peers when seeking care.

The story of the evolution of the Cambridge Health
Alliance and the challenges faced along the way pro-
vide an excellent illustration of similar challenges Mon-
trealers, and more broadly, Canadians, are facing still to-
day in our own communities. The combined priorities
of cultural understanding, a sense of community, and

the need for anonymity create a complex issue not eas-
ily managed. This is especially true in small communi-
ties. There is also the issue of alienating individuals from
other cultures when institutions are geared toward one
specific cultural group. To deal with these challenge of
providing both inclusive and culturally sensitive care to
all and to better serve the multicultural populations in
our communities today, I think that what is needed are
multicultural centres (i.e. centres open to all cultures
with clearly identified and accessible resources for those
desiring more cultural or linguistic specificity in their
care) with healthcare professionals and support staff
who excel in their cultural competency. This should go
hand in hand with in-place institutional policies that pro-
mote access to cultural and language interpreters in or-
der to ensure that patients feel heard. Though training in
cultural awareness and sensitivity is already integrated
in the undergraduate medical curriculum, as we see in
our first-year courses in at McGill, institutional changes,
including access to interpreters, is still lacking. Special-
ized community centres exist, such as the CLSC Parc-
Extension in Montreal, which is catered toward specific
populations, such as asylum seekers, for primary care de-
livery. An example of analogous programs offered at the
CHA include culturally specific mental health programs
for the Asian, Haitian, Latino and Portuguese communi-
ties respectively. At the CLSC, some of the specialized
services offered include health assessments for asylum
seekers newly arrived to Canada, Punjabi interpreters
available on site, as well as interpretation services read-
ily available at any time for any language via telephone.
Despite the availability of such specialized resources on
a primary care level, for higher levels of care in hospi-
tals, these efforts need to be improved upon - especially
as the populations of Montreal and Quebec grow more
multicultural and diverse. For example, interpretation
services are not standard in Quebec Hospitals.

The Cambridge Health Alliance’s history is an excel-
lent example of how a public institution recognized the
needs of the population and took action on their own
to achieve a healthier, better served population, as well
as a working toward improving the effective running of
an institution/set of institutions. Other examples of so-
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cial accountability Dr. Bor discussed involved instances
when the public sector was not taking the actions re-
quired to best serve the public, and physician-led advo-
cacy projects were undertaken in order to make the de-
sired changes happen. These exampleswill be discussed
next.

How does onemake change in a community? Accord-
ing to Dr. Bor, change in a community is accomplished
by forming a constituency that will demand the services
they want. For example, during the AIDS epidemic in
the 1980’s, physicians struggled to help their AIDS in-
flicted patients given the lack of an effective treatment,
and as a result they sought opportunity to help by other
means. In order to have the greatest impact, the physi-
cians made effort to find out the needs of this popula-
tion of patients, and what community services would
most contribute to their health and wellbeing. To dis-
cover the priorities of the population, Dr. Bor turned to
the constituency and asked them. This particular con-
stituency group decided that availability of housing dur-
ing times of illness was the biggest issue they faced.
With the collective voice of this group, Dr. Bor and
his colleagues were able to change policy , which gave
those affected by AIDS top priority for publicly available
housing.

Amongst those presented by Dr. Bor, I found this
story particularly inspiring. Not only was an important
change effected to improve the wellbeing of a vulner-
able group, but this group was able to prioritize and
voice the changes theywanted to see. This story demon-
strates that one voice can grow louder through the build-
ing of a community of like-minded individuals, and that
once the collective voice is loud enough, change can and
will be made. That being said, I would like to acknowl-
edge that my recounting of the story may misleadingly
suggest that making such impact is simply a matter of
asking. In many cases, I’m certain that enacting such
change is not so simple. In this case, Dr. Bor was well
placed with the right connections to bring his project
in front of those in a position of power more readily
than the average person. Physicians, as highly respected
members of the community, are privileged to have a
powerful voice with respect to influencing health policy.

It is my hope that as a medical student, while I progress
in my career, that I may expand my own network of al-
lies and be well placed to enact change on behalf of the
groups I serve.

A final story from Dr. Bor I would like to share is a
beautiful illustration of how one can successfully over-
come obstacles to make change in a community. In this
story, Dr. Bor struggled to get the patient population in
need to become engaged in demanding social account-
ability from the governing institutions to provide the
care they needed. The population in question were the
African-American men in the area around Cambridge - a
group which had been under-reached through the medi-
cal strategies in place. Not only were these men seeking
care less frequently, they were also among those who
were less healthy. Dr. Bor sought to create a task force
of African-Americanmen to once again understand their
priorities and advocate with them their needs to the city
for change of policy and program implementation. Un-
fortunately, this population was not drawn to being en-
gaged in this discussion, which was incidentally at the
root of the problem being addressed. In order to inspire
participation in the community, the task force reached
out to the grandmothers of the African-American com-
munity - a group who were thought to have the time for
and interest in protecting and improving the health of
their families. This strategy indeed proved effective, as
in the African-American community the grandmothers
were valued and respected by their sons and grandsons.
Thus, through this creative seeding, the men’s health
was prioritized in the community.

It is my hope that these three stories might illustrate
how social accountability is an important concept to
bear in mind – not only from the point of view of pub-
lic institutions, but also from the point of view of mem-
bers of the general public. Institutions should be seek-
ing ways to better serve and reach the communities that
utilize their services in order to continue growing and
evolving along-side the changing needs of the diversi-
fying population. When the institutions are unable to
identify the needs of the population on their own, it
is important for the public to become involved in voic-
ing their needs and priorities to those who can enact
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change. Finally, obstacles are plentiful in the course of
striving for social accountability, whether in the form of
addressing challenging issues or in garnering support to
present the importance of an issue. In the face of these
obstacles, one must be creative, and seek collaboration.
The louder the voice behind a project, the broader the
potential reach.

A quote from Dr. Bor in response to this article:
“Social accountability is not just an ideal. It’s a neces-
sary component of successful democracy. The beauty of
democracy’s potential is that resulting policies and initia-
tives should be unique to a particular place and moment,
and should mature with time. Sadly, our national demo-
cratic institutions are too susceptible to corruption and in-
fluence by moneyed interests. However, at the local level,
the ideal can work well. Health professionals have surpris-
ing influence, partly by our status in society, but mainly
through our ability to listen and explain. You’ve got those
skills. Use them well.”
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AB S T R AC T
Communication, whether it be verbal or non-verbal, is a key ele-

ment in establishing trust and comfort in a physician-patient relation-
ship. In the time of COVID-19, we have seen that non-verbal com-
munication, which is conveyed through facial expression, gestures,
and other signs that a person is engaged in the conversation, is lost,
largely due to the use of Personal Protective Equipment (PPE). It has
become important during these times to find ways to surmount this
obstacle to keep providing professional and meaningful care to our
patients. This article will discuss the definition and the importance of
non-verbal communication in physician-patient care, as well as why
effective communication is crucial to good patient outcomes. Finally,
this article will present several strategies to overcome the communi-
cation obstacles we are currently facing, in order to continue offer-
ing elevated levels of care in this time when communication is most
needed.

K E YWORD S
COVID-19, Communication, PPE, Physician-patient relationship

1 | OVERVIEW OF THE PROBLEM
It is undeniable that communication is of vital impor-
tance to complete and excellent patient care. Communi-
cation is a complex science, with many of the important
cues being non-verbal. With our return to patient care,
the limitations imposed by (Personal Protective Equip-
ment) PPEs are evident in that many of our non-verbal

cueswill bemore difficult, if not impossible, to convey. It
has been shown that patients perceive physicians wear-
ing masks as less caring and less empathetic than those
without, (1) and in a time where uncertainty and worry
is so high among the general public, “concealing social
smiles behind masks may contribute to. . . danger, iso-
lation, or paranoia.” (2) We must now figure out how
to overcome our lack of nonverbal cues, while contin-
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uing to show warmth and compassion. This will be a
time in history where we will need to be at our most
compassionate, and at the same time, we may have the
most difficulty conveying it. In the time of COVID-19,
aside from the fact that patients are struggling physi-
cally, there has also been a negative impact to patients’
mental well-being, as well as lifestyle and financial well-
being. This article will first define non-verbal communi-
cation and explain why it is of vital importance in health-
care. Next, it will address the importance of effective
communication in doctor-patient relations and will be
exemplified through two fields of scientific studies. Fi-
nally, it will discuss potential strategies that we can em-
ploy in the healthcare field, to encourage empathic pa-
tient relations during these times.

2 | THE IMPORTANCE OF NON-VERBAL COMMUNICATION
OnMarch 13th, 2020, upon the designation of the Que-
bec government, all non-essential medical serviceswere
halted, and medical students were relegated to learn-
ing from home. Upon my return to the hospital after a
COVID-enforced 2 month-hiatus, I quickly realized that
my traditional reflex to smile would be ineffectual as
my face was hidden by a mask and visor. I was struck
by the fact that patients were unable see the gesture,
a reflex that comes so naturally to us to help patients
feel at ease. Equally importantly, I could not easily as-
certain whether they were at ease, uncomfortable, or
terrified, because the lower half of their faces, which
were now covered by masks, usually convey a large pro-
portion of important emotions. Non-verbal communica-
tion is described by the American Psychological Associ-
ation (APA) as “the act of conveying information with-
out the use of words,” and lists examples of the con-
cept such as facial expressions, body language, hand
gestures, and any other movements we make to con-
vey our emotions or opinions. (3) Nonverbal communi-
cation has several key uses. It has been proven that clini-
cians who showmore engagement and caring character-
istics through nonverbal cues are ones that can expect

a quicker and more complete recovery in their patients,
(4) as well as various improvements in physiological val-
ues such as blood glucose and cholesterol control, lead-
ing to an overall improvement in patient health. (5) In a
study done in 2017, it was found that having a warmer
interpersonal style, one involving eye contact and use
of facial expressions, resulted in increased expectations
of patient outcomes as well as patient perception of im-
provement. (6) In addition, different cultures and differ-
ent languages largely share the same facial expressions,
so being able to see and understand nonverbal commu-
nication also allows for inter-cultural and inter-lingual
communication.

3 | HOW COMMUNICATIONHELPS IN PATIENT CARE
In general, when physicians communicate effectively,
patients respond in kind and thereby contribute more
effectively towards their own care, and the overall sat-
isfaction of the doctor’s care improves. Physicians who
display true empathy have consistently been shown to
have better medical outcomes for their patients; by al-
lowing patients to feel more comfortable, they are bet-
ter able to express their concerns, which allows doctors
to treat them more effectively. (7) Establishing this em-
pathy requires many elements: one, the doctor must be
able to show through verbal communication as well as
facial expressions that they are there to listen; two, the
patient has to understand that message; and three, the
patient has to respond to it, and this mutual connection
often leads to greater exchange of information. Unfor-
tunately, roadblocks to efficient communication can oc-
cur at any one of these steps. Carter Hardy writes in
Empathizing with patients: the role of interaction and nar-
ratives in providing better patient care, “Much of the infor-
mation given by a patient is hinted at nonverbally,” (7)
and for us to be able to receive these nonverbal clues,
understand them, and then implement this new knowl-
edge to reach the correct diagnosis, we have to be able
to see them, which is in part impossible due to the mask
every doctor and patient must now wear. Further, as
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Malcolm Gladwell recounted in his book Blink after ana-
lyzing articles by Ambady et al. (8) and Levinson et al., (9)
doctors are more likely to be sued due to bad communi-
cation skills over doctors who administered/performed
the wrong treatment. (10) What this means is that if a
patient does not feel the doctor is listening to them, or
does not form the proper connection with the patient,
he/she is more likely to complain than if they had a doc-
tor who did have the communication skills, but did not
treat their problem correctly. These two examples show
that communication is of vital importance in the health-
care field, and that a lack of communication can lead to
significant problems in the relationship between patient
and physician, as well as poorer treatment outcomes.

4 | WHAT ARE OUR OPTIONS?
Fortunately, there are ways to overcome the obstacle
of the mask and PPE when it comes to connecting with
patients. Firstly, it can be helpful to use more gestures
when communicating, such as becoming more expres-
sive with your eyes and your eyebrows and adding more
eye contact. As well, hand movements such as thumbs
up as well as more head movements, such as nodding
to encourage patients, can also be effective in establish-
ing a meaningful connection. (2) As the famous Ameri-
can model Tyra Banks so famously described, when you
can’t smile with your mouth, you should instead smile
with your eyes, otherwise known as “smizing.” Next, the
facemasks you wear can help ease tension, rather than
elicit fear. Physicians can wear interesting masks to ex-
press their individuality, or even draw a smiley face on
their mask to show patients that even though they can’t
physically smile at them, they are still expressing the
feeling. Inspiring messages, quotes, or sayings, such
as the oft-used “Ça va bien aller,” can also be written
or integrated into the face masks, to help put a smile
and distract potentially stressed patients. Another po-
tential idea could be to create and utilize clear masks
with the same protective level as the ones used in hos-
pitals, so that patients will still be able to see the facial
expressions of their physicians, and will then be able to

see the smiles that can be so comforting to a suffering
or worried patient. This strategy also offers the bene-
fit of helping hearing-impaired patients that rely on lip-
reading for communication. Finally, an interesting op-
tion that healthcare workers in San Diego started was
to wear photos of themselves smiling on their scrubs or
PPE to help put patients more at ease and make them
feel comfortable, even when they can’t see the full face
of their doctor. (11) These suggestions are an excellent
starting point, but wemust keepworking on finding new
solutions to better enable effective and compassionate
communication.

5 | CONCLUSIONS
In conclusion, communication, and more specifi-
cally nonverbal communication, is key to successful
physician-patient relationships, to establish empathy,
trust, and to work towards better patient outcomes.
Unfortunately, the masks that are worn in pandemic
situations, such as COVID-19, inhibit these types
of connections from forming, which can cause fear,
distrust, and worry in the patient population. Fortu-
nately, solutions exist, such as compensating by using
other non-verbal cues such as gestures, “smizing,”
individualizing and creating reassuring masks, and even
using images to diminish the relationship gap that
masks and other PPE can cause. In the future, we
will have to rely on each other’s creativity in order to
establish more and more nonverbal cues towards a goal
of maintaining positive doctor-patient relations.
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AB S T R AC T
Facial anatomy and function are wildly impressive

examples of the intricate nature of the human body.
Here, the author reflects on two clinical scenarios in-
volving facial reconstruction and facial transplantation
in the field of plastic surgery. A commentary on soci-
etal interpretations of facial plastic surgery is included,
highlighting the importance of reconstructive surgery
in advancing patient functioning, self-confidence, and
overall psychological well-being

K E YWORD S
facial plastic surgery, facial transplantation, reconstruction,
anatomy, ethics, society

"The face is a picture of the mind with eyes as
its interpreter.

- Marcus Tullius Cicero

"Gussie, a glutton for punishment, stared at
himself in the mirror."

- P.G. Wodehouse, Right Ho, Jeeves

"First principles, Clarice. Simplcity. Read
Marcus Aurelius. Of each particular thing, ask:
What is it, in itself, what is its nature...? What
does he do, this man you seek?"

- Hannibal Lecter, The Silence of the Lambs
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The marvels of medicine are numerous and of-

ten awe-inspiring when properly appreciated. Facial
anatomy and function are wildly impressive examples
of the human body’s intricate nature. The facial skele-
ton consists of fourteen bones in total, with their size
and shape determining the structure on which the sub-
sequent soft tissue rests. The elaborate nature of this
soft tissue is remarkable, includingmore than twenty dif-
ferent muscles, as well as a handful of vitally important
blood vessels and functionally paramount nerves. Injury
to these structures can be devastating to facial function
and all that relies on it.

Cicero’s quote above bundles up the importance of
the face eloquently and at the same time, incompletely.
Beyond a picture of the mind in any one moment, the
face defines us in innumerable ways. Regardless of any
state of mind, the face, for better or worse, always takes
center stage. When we see the world, we do so from a
space behind our face. When we view the faces of oth-
ers, the tendency to react is hard-wired. Whether it be
a first impression during a job interview, or the way a
smile or smirk is carefully released on a first date, per-
ceptions of facial anatomy, contour, and expression can
be consequential.

As medical practitioners, we often find ourselves in
the position of seeing patients at their most vulnerable.
When patients suffer facial disfigurement, this vulner-
ability tends to invade realms far beyond the clinic or
operating room. Whether at the hands of trauma or
disease, the prospects of facial disfigurement can fuel
feelings of uncertainty, anxiety, and anger. In these sce-
narios, given that the literal means by which one inter-
faces with the world is being jeopardized, this range of
experience is both unsurprising and understandable. In
these cases, the role of the surgeon to counsel patients,
by providing options and advice, as well as managing ex-
pectations, is critical andmust be achievedwith care and
precision.

In 2018, a Montréal-based team fulfilled this respon-
sibility in a unique way after completing the first facial
transplant in Canada. The case was one that I was not
especially familiar with, despite the media attention it
garnered at the time. As a medical student, one tends

to vacillate between states of appreciable fatigue and
unrelenting exhilaration, and during this maze of experi-
ence, unplanned opportunities can present themselves.
During my core surgery rotation, I had the opportunity
to observe a facial transplant skills session, which was
organized for otolaryngology and plastic surgery resi-
dents and directed by Dr. Daniel Borsuk, the lead sur-
geon who orchestrated the Montréal facial transplant.
Following his Grand Rounds lecture at my home univer-
sity, residents made their way to the university’s skills
lab. The entrance to the lab was memorable. After
gowning and gloving, residents entered the roomand ap-
proachedDr. Borsuk, who asked their specialty and rank
before dispatching them to competing tables. My turn
came, and I stated, “Third year medical student, here
to observe”. Dr. Borsuk, almost amused, replied “No
observation today, you can join team six!” As Dr. Bor-
suk circulated the room, observing and teaching learn-
ers about key aspects of the transplant procedure, I was
able to speak with him personally. I inquired whether
there had been any deviation from the stepwise plan
outlined during his talk, which had been posted on the
operating room wall in Montréal during the surgery. He
commented that facial transplant surgery was a domain
in which improvisation was not heavily relied upon, re-
marking that they had treated the surgery like a space-
walk. Second thoughts, it turned out, were truly a last re-
sort during the 30-hour operation. This interaction cer-
tainly had the effect of focusing my mind when it came
time to select a specialty to pursue. The intense attrac-
tion that I had been developing to surgery, and to the
theatre of the theatre over the past 18 months, were
only strengthened by this brief but meaningful interac-
tion. The stakes were high, and the consequences as-
sociated with error were as appreciable as the meticu-
lous planning and work required to make the procedure
a success. For some reason, I felt very much drawn in
by this combination of circumstances and the idea that
one could build a career around the concept of surgery
of this kind.

The transplant skills session was certainly interest-
ing enough, however, a second experience also proved
to be formative for a medical student with a keen eye



Curry 119
for the face and its wonders. The setting was a plas-
tic surgery clinic and I was the third-year clerk. I was
assigned to interview and examine a post-operative re-
check and then report back to the staff physician. The
patient spent the previous four weeks recovering from a
right-sided alar-facial basal cell carcinoma excision and
reconstruction. After reading the patient’s chart, I was
able to gain an appreciation for the lead up to the discov-
ery of the lesion and the details of the procedure. As I
walked into the room and began talking to and exam-
ining the patient, I suddenly found myself unable to dis-
cern where the lesion had in fact been located. The heal-
ing process was indeed underway, but I had expected a
more obvious presentation. As I quietly observed, my
eyes wandering over his face, he soon became aware
of what was happening, and he smirked almost uncon-
trollably. We had agreed that the outcome of the pro-
cedure was successful and left little in the way of de-
sire. This simple and seemingly unremarkable moment
had in turn left its mark on me. It was not that the af-
fected area was difficult for my untrained eyes to see,
but rather his reaction to this outcome and the satis-
faction that came with it. This patient was fortunate to
have a relatively small lesion and the luxury of negative
margins. Cancers of this kind virtually never undergo
metastatic spread but are known to be quite locally de-
structive as they eat away surrounding soft tissue. He
had been lucky in several ways from a medical perspec-
tive, and I had also been lucky when it came to his smirk
and the interaction we shared, through the meaning it
held for me. It was a moment I will not forget as it drove
home just how consequential facial plastic surgery was
for the undergoing patients. As doctors, all of us enter
the field of medicine with the goal of improving the lives
of our patients. While this specific case did not involve
life and death per se, and the extent of the insult was rel-
atively limited, the power of reassurance and improve-
ment was both shared, powerful, tangible, and perhaps,
habit-forming.

These experiences represent part of the fundamen-
tal privilege associated with choosing medicine as a ca-
reer. This memorable interaction, along with many oth-
ers I have experienced thus far, have greatly stimulated

both personal reflection and clinical development by ce-
menting my interests, establishing patient connections,
and allowing me to better understand their point of
view. Importantly, these interactions have also nurtured
an awareness of the related philosophical and ethical
facets involved at times. In considering the growing
field of facial transplantation, we are beginning to place
more importance on the psychological implications as-
sociated with the procedure. There are many areas of
intrigue within this type of transplant ethics. Psycho-
logical screening for potential recipients is robust and
for good reason. Conceptualizing what being a facial
transplant recipient would be like post-operatively must
be complicated, self-altering and at the same time im-
mensely intimate and intimidating. In the case of a
patient who has suffered facial trauma through a self-
inflicted gunshot wound, for example, and who now
wishes to become a transplant recipient, questions gaug-
ing psychological well-being and fitness as a recipient
must be answered. Moreover, beyond screening for
suitability, dilemmas still exist. In cases where facial or-
gans are scarce, should victims of accidental or disease-
related trauma take precedence over those who have
self-inflicted wounds? Over time, other concerns have
been raised regarding the intensive immunosuppressive
therapy required following transplant. In some jurisdic-
tions, the patient’s ability to pay for what amounts to
a lifelong and life-sustaining therapy may unfortunately
become important.

Such questions meaningfully challenge physicians,
ethicists, and societies who are responsible for deciding
eligibility criteria and the level of investment in these
procedures and their downstream management, given
the staggering costs. As our transplant science and tech-
niques advance, the ethical difficulties in thesemore del-
icate cases will be no less apparent, but as medical pro-
fessionals, we must keep our eye on the ball that is bet-
tering the lives of our patients. The advent of several
facial transplants in the mid 2000’s led to an increased
acceptance of the procedure, its utility in appropriate
cases, and a heightened interest in advancing the sci-
ence and technology of transplant itself. Assuming that
issues related to cost can be mitigated, and they can
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be by enhancing understanding of the procedure’s im-
portance to societies and governments, it seems that
the consenting patient, with their understanding of risks
and benefits firmly in hand, should be able to pursue the
surgery in a more unhindered manner as time goes on.
This can only be expected given the advances thus far,
as well as the paradigm shift witnessed over the past
two decades in respect to acceptance of the procedure
in medicine and society.

More generally, these experiences have grantedme a
refined lens through which to view perceptions related
to plastic surgery in society. The power of aesthetics in
medicine can be underappreciated and, in some cases,
mischaracterized outright. There does exist a certain
stigma associated with reconstructive surgery in popu-
lar culture and society. This is a notion that aims to char-
acterize plastic surgery as unnecessary or, in its worst
forms, existing only as a pursuit in vanity and image
rather than the more conventional and accepted medi-
cal themes of health andwellness. A fixation on physical
image or aesthetic outcome can have deleterious effects
in some circumstances and, of course, can be realized as
pathological. However, our collective fascinations or

infatuations with aesthetics, outcomes, and image are
simply part of the social web in which we are tan-
gled. Once that state of play is accepted and acknowl-
edged, the obvious benefits associated with bettering
perceived image should be as well. The importance of
self-image to the individual and to their self-confidence,
no matter how critical our stance is on an increasingly
image-driven society, is hard to discount outright.

In cases of facial disfigurement, a spectrum of the de-
gree of insult certainly exists, with the need for com-
plete facial transplantation on one end, and less in-
volved or necessary procedures on the other. Nonethe-
less, the successful restoration to some semblance of
the desired tissue structure is a meaningful and worth-
while goal in most cases. Here, success can give much
to our patients in terms of their identity, confidence, in-
terpersonal interactions, and in the best cases, overall
psychological well-being. These kinds of successes, the
unique relationships they engender between surgeon
and patient, and the impacts they have on both are read-
ily appreciable, and to me, worth chasing.
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S YNOP S I S
Hannibal Lecter, Malcolm Crowe, and Arthur

Fleck are three cinematic characters that relentlessly
captivate viewers for different but powerful reasons. A
common thread between these characters is their ex-
plicit connection to psychiatric illness or its treatment.
The author explains how these characters obtain the
audience’s attention through the lens of mental illness
and how the viewer’s reservoir for compassion stands
to deepen during this process. The author concludes
with a social commentary on Todd Phillips’ Joker (2019)
and the controversy surrounding its depiction of men-
tal illness on the silver screen. (1)

K E YWORD S
Psychiatry, cinema, society, responsibility, joker

“We live in a primitive time—don’t we, Will?
—neither savage nor wise. Half measures are
the curse of it. Any rational society would
either kill me or put me to some use.”

- Hannibal Lecter, Red Dragon

“When people ask me if I went to film school, I
tell them, ’no, I went to films.’”

- Quentin Tarantino

“How about another joke, Murray? What do
you get when you cross a mentally ill loner
with a society that abandons him and treats
him like trash? I’ll tell you what you get!”

- Arthur Fleck, Joker
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Artistic expression at its very best, moves. In cinema,

medical themes are often used to effectively paint char-
acters, build atmospheres, and emotionally provoke au-
diences. The very nature of the human experience that
these themes are derived from allows for a special and
highly variable kind of creativity to find its way to the
screen. Few areas in medicine provide as much depth to
both on screen character and plot development as psy-
chiatric illness. The struggles, successes, and setbacks
inherent to mental illness urge the viewer to invest emo-
tionally in the film, often via connecting empathetically
to the involved characters. Given that it is quite likely
virtually every viewer has had either exposure to or ex-
perience with mental illness, either directly or indirectly,
this investment doubles as an inherent artistry-driven
phenomenon and experience.

1 | BOTH SIDES OF THE SO-CALLED “GURNEY”
Astute audiences of modern-day cinema are likely famil-
iar with the powerful amalgam formed when medicine
and theatre collide. The cannibalistic serial killer and
psychiatrist, Dr. Hannibal Lecter1 in The Silence of the
Lambs (1991), serves as an intriguing example of this. (2)
Prior to even appearing on screen, Lecter is introduced
in a terrifying and quasi-mythical way by his physician
handler, Dr. Frederick Chilton, in the basement-level
depths of the Baltimore State Hospital for the Criminally
Insane. While escorting FBI agent Clarice Starling to in-
terview the menacing psychiatrist, Chilton enthusiasti-
cally describes in vivid detail how Lecter savagely and
gruesomely attacked a nurse after faking chest pains
and finding a gap in prison security2: “the doctors man-
aged to reset her jaw more or less. Saved one of her
eyes. His pulse never got above 85, even when he ate

1Lecter is played by the renowned actor Anthony Hopkins in the film
and despite being on screen for just over 16 minutes, captured the
academy award for best actor.

2Lecter pounced after healthcare workers removed his restraints to
complete an electrocardiogram (ECG).

her tongue3”. The scene is juxtaposed immediately with
the introduction of Lecter in the flesh. He poses as a
thoughtful and extremely well-mannered inmate during
his initial interactions with Starling. As has been pointed
out elsewhere more generally, this timid and unassum-
ing outward demeanor when combined with the charac-
ter’s ruthless tendency to physically harm, torment, and
eat others, proves extremely unsettling. However, this
dynamic also serves as a major point of intrigue from
the perspective of the audience. As viewers, we do not
necessarily find ourselves rooting for Lecter at any one
point in time, but we do find ourselves yearning to wit-
ness his hypnotic interactions and crisp intellect increas-
ingly as the story unfolds. This encapsulates the power
of great character development and, importantly, the
utility of intrigue in cinema. This is especially true in
portrayals ofmental illness – at times, one can find them-
self at ease and unguarded when faced with a character
or situation normally regarded as the personification of
capricious evil. It is true that we often fear what we do
not understand and the kind of cinema presented in The
Silence of the Lambs offers us the ability to let that fear
slowly slip away given the invitation to be empathetic
towards Lecter. This is true despite its meaning we will
becomemore comfortable in the presence of something
that does tend to terrify us in real life.

There is some irony to be found in this fact, given the
potential risks of such portrayals supporting the famil-
iar stigmas associated with mental illness. Because the
filmmakers and actors had the fortitude to tell the story
in light of these risks, we are more likely to become in-
timately familiar with the person behind the pathology,
their life-story, and all the ins and outs that led to them
to where they stand today. In Lecter, we do not become
familiar with his origin story per se in The Silence of the
Lambs, but we are able to see things from his point of
view in a way that shifts our perception of his capacity
to in fact, be vulnerable. His mistreatment and abuse
at the hands of the hospital administrator is likely the
best example of this in the film. A line that perhaps sum-
marizes the injustice and cruelty of solitary confinement

3To the best of the author’s knowledge, this serves as the most
prominent description of hemiglossectomy in the history of cinema.
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best is delivered by Lecter, quoting fromWilliam Blake’s
Auguries of Innocence (1863) in Red Dragon (2002): “A
robin red breast in a cage puts all heaven in a rage”. (3,
4) Despite the robust depiction of his psycho- or socio-
pathic tendencies throughout the film, we are given the
opportunity to realize and understand a character as a
patient and as a person first and foremost, and that is
a meaningful thought experience audiences would do
well to lean into more. That is to say that part of the
value of the cinematic experience in these cases comes
from viewing the character beyond the superficial im-
pressions we are initially offered and returning to reflect
on a more fundamental ethic. In the case of Lecter, this
would mean viewing him as both a patient with a psychi-
atric illness as well as a jailed cannibalistic killer, while at
the same time not forgetting that he is a human being
who can and does suffer in ways we should care about.4

Suffering, aswe have seen, can become a centerpiece
in a character’s story. Suffering itself and the role of
those tasked with mitigating it in psychiatric contexts
provide much in the way for fascinating plot develop-
ment on screen. Despite the popular appeal of the vil-
lainous in film, there are also several powerful examples
of characters who treat the mentally ill, giving us the
unique perspective of the healthcare professional. M.
Night Shyamalan’s classic The Sixth Sense (1996) offers
the viewer an interesting parallel to The Silence of the
Lambs. (5) We become acquainted with the child psy-
chologist, Malcolm Crowe, who, in contrast to Lecter,
still has a medical license, patients under his care, and
the will to help rather than to eat them. His charac-
ter follows and treats a disturbed young boy who har-
bors the uncanny supernatural ability to see the dead in
ghost form. Crowe appears as someone earnest in his
work and commitment to the child’s well-being. It is en-
tirely likely that child and adolescent mental health pro-
fessionals stand to create the most change for patients
in healthcare systems, given the nature and timing of

4Interesting, some may argue that Lecter in fact stands to suffer
more in solitary confinement than most others given his wide-
reaching and appreciable intelligence. We see this preyed upon in
the film with punishment involving removal of his books or draw-
ings from his jail cell.

their illness.5 Many factors impact the plight of these pa-
tients, such as brain plasticity, stress response, time, and
luck, as well as the impacts of successful and timely in-
tervention on life trajectory. Moreover, considering tra-
jectory here briefly, the polemicist ChristopherHitchens
once used a visceral analogy for life as akin to being “ex-
pelled from your mother’s uterus as if shot from a can-
non toward a barn door studded with old nail files and
rusty hooks”. He went on to say that “it’s a matter of
how you use up the intervening time in an intelligent and
ironic way”. Bleak and cold as this analogy may seem6,
there is an undeniable truth to the fact that life trajec-
tories are consequential, and that we are all headed to-
wards the same end at a rather startlingly steady pace.
In this context, psychologists like Crowe work hard to
pour a stable foundation to provide support for the rest
of their young patients’ lives. Crowe’s commitment to
his patient and the sheer complexity that the boy pro-
vides are immensely satisfying. This film is particularly
unique as it offers a realistic perspective of the experi-
ence of caring for sick patients while suffering in one’s
own personal life, a perspective that few lay viewers will
have encountered.

2 | JOKER: THE TRANSFORMA-TION AND THE SETUP
One criticism that The Sixth Sense endures is the blur-
ring of the lines between reality and the supernatural in
preparation for the breathtaking and truly unbelievable
twist ending Shyamalan serves us. In contrast to this, a
recent film that blows the doors to realistic depictions
of mental illness wide open is Todd Phillip’s Joker (2019),
starring Joaquin Phoenix as themakeup-laden villain. (1)

5Such comparisons between medical specialties are fraught with
complexity. It seems uncontroversial, however, to say that child and
adolescent mental healthcare workers are providing interventions
at a time and with an illness that will, for better or worse, dictate
the terms of the next decades (at least in an appreciable number of
cases).

6Hitchens was celebrated for his ability to turn a clever phrase and
did indeed end the point (during an impromptu street corner inter-
view) by saying that one should also “try not to do anything ghastly
to your fellow creatures”.
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What sets the film apart from previous incarnations of
the character is the focus on amore realistic and lengthy
transformation into depravity. We are first introduced
to the timid and relatively unassuming Arthur Fleck, a
mentally ill, impoverished, and unsuccessful stand-up
comedian. During the film’s first act, we come to real-
ize Fleck is a hard-working and committed caretaker and
early on, his intentions provide little cause for concern.
Comfort begins to set in, despite the viewer being some-
what aware of the twisting road they are travelling and
an inkling of the final destination it portends. This com-
fort with the player, if not the stage, or this calm feeling
before the storm, is a full credit not only to Phoenix and
his command of the screen, but to the vision of writer
director Todd Phillips.

Joker is set in a turbulent time for the city and society.
An ominous garbage collector’s strike and the build-up
of trash and debris symbolize the decay of normal in-
terpersonal relations. Over the course of the film, the
insults to Fleck, his dignity, and his health steadily ac-
cumulate. His story, over time, becomes one of suffer-
ing, and his prospects continue to steadily worsen. In
all tragedies, we can identify a breaking point; in Joker,
there are perhapsmultiple. The loss of Fleck’s job, his so-
cial supports, and prescription medications in the face
of mental illness prove to be devastating. Frustrations
in both romantic, social, and familial life plague him al-
most continuously. Physical and emotional traumas are
revealed to be driving forces behind the character’s de-
velopment, both those in the past and in that unfolded
on screen.

This storm of events culminates in two defining mo-
ments in the character’s transformation. The first, on
the subway when three corporate employees intimidate
and harass a lone female passenger. Fleck is perhaps as
tortured by inaction as we are, and this moment unfortu-
nately becomes overtaken by a symptom of one of his
illnesses, emotional incontinence, otherwise known as
pseudobulbar affect. His unrelenting laughter draws the
attention of the men and a physical assault ensues, cul-
minating in his ruthless execution of one of the attackers.
In this scene, Fleck transitions from a clown down on his
luck into a dark and unforgiving character. As the mas-

terful Hildur Guðnadóttir’s Bathroom Dance plays omi-
nously, Joker dances hypnotically, accepting the role of
someone no longer shackled to the rules of a society
that he has carefully obeyed for so long. We begin to
appreciate the destruction and caprice he is suddenly
capable of, and of which he develops an unquenchable
thirst for. The dramatization of the transformation is im-
pressive by any standard, but so too is the story-telling
and screenwriting itself. It is perhaps the cumulative na-
ture of the insults and the breaking points we anticipate
that allows us to reflect on how easily such a person
could be abandoned by society and how such evil may
result.

The second seminal moment takes place near the end
of the film, when Fleck appears on The Murray Franklin
Show. The late-night host, with his clearly corrupt in-
tentions, invites Fleck on presumably as a freak show
attraction. Again, a calmer and seemingly benign Fleck
presents himself initially. Had we watched this scene
as a standalone without knowledge of his newfound
homicidal tendencies and suicidal ideation, we may not
make much of the initially bizarre interactions. Franklin,
however, was unaware of just how sick his guest was,
and after chastising him for misplaced jokes, the tempo
of the scene shifts dramatically. Quickly, after admit-
ting his misdeeds, Fleck questions the worth of the cor-
porate rats in relation to his own and those in similar
socio-economic positions. Almost childlike in the way
he morally evaluates the society that he believes has in
part created him, he admonishes its baseline etiquette
and defends his killing spree. After forceful pushback
fromMurray, that which the viewer is tempted to see as
irritating or at least ironic given the host’s transgressions,
Fleck transforms into Joker amid the roar of the score.
His eyes liquify, and he seems to tear up as his grin
becomes more and more unstoppable; we are owned
by Phoenix in this moment. Without any sense of con-
cordance between emotion and expression, he revels in
both the chaos he has created and the attention he is
about to ensure. A yelling match and lecture on men-
tal health and society occurs before Murray himself is
executed on live television.
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3 | ON VIOLENCE, STIGMA, ANDMEDICAL ADVOCACY IN JOKER
Much analysis of the themes and violence put forth by
Joker has been completed by audiences and critics. Both
Phoenix and Phillips have been criticized for attempting
to normalize or glorify the actions of the homicidal char-
acter. Some have remarked that the movie makers and
studio behind its release are acting immorally given the
possibility of copycat attacks in an era of gun violence.
In response, they have claimed that it is simply not up
to artists, writers, or directors to decide levels of moral-
ity for the general population or viewers of their work.
Of course, they are right. Movies are not real, in the
same way that books and television shows are also fic-
tion. Free expression, as with free speech, should be
viewed as an absolute if it is going to be called free at
all. It is no matter that the film is exceedingly dark, and
a viewer may spend most of the two hours sitting some-
what uncomfortably. The arts are supposed to move us,
and what a bore it would be if these moves were always
in one concerted, predicable, comfortable, and uncon-
troversial direction.

Others have also taken issue with the film’s portrayal
of mental illness and the unfounded link it makes to
violence. Some have even commented on the elusive-
ness of an actual diagnosis in the case of Fleck. These
criticisms land glancing blows at best. Those suffering
from mental illness are no more likely to commit crime
compared to members of the general public, but this
does not make the population exempt from misbehav-
ing. Implicit in such criticism is the idea that these sto-
ries should not be told, given the risks of glorification or
stigmatization. There are several issues with this sort of
criticism. First, outlawing stories of this kind would be
a clear and present affront to the cherished sentiment
of free expression in the arts, and for that reason, inde-
fensible. Second, this line of thought willingly ignores
the obvious benefits of adapting the story to serve pur-
poses of self-reflection and societal reflection. Themain
point the film attempts to underscore is that the charac-
ter is ill and has, over time, succumbed to several dev-
astating insults. Joker, in essence, asks us to question

whether the society Fleck lives in, or the reservoir hold-
ing these insults, shares any of the burden of his transfor-
mation. Indeed, some viewers may extrapolate certain
stereotypes aboutmental illness and violence, but this is
a very small price to pay for the larger seminar on com-
passion and introspection that the film provides to au-
diences intent on listening. Further, whether Fleck por-
trays an authentic medical presentation related to any
of his illnesses seems beside the point if the filmmaker’s
aim was to force viewers to ponder their own decency
and compassion, and the impact of society on the vul-
nerable. A useful analogy here may be the case of films
related to space or time travel. While not always based
in the most accurate versions of our physical or scien-
tific understanding of theworld, these narratives are still
valuable to viewers because they invite audiences to be-
gin thinking about big scientific ideas, the future, or the
point of life or existence itself. The science behind the
depictions need not be wholly true for the film to meet
these objectives.

Joker, at the end of the day, is a rollercoaster of expe-
rience. In terms of the violence or potential glorification
of evil doers in cinema, the film is not unique; Hanni-
bal Lecter also demonstrates these themes, as well as
Michael Corleone in The Godfather Part I (1972) and Part
II (1974) and Jack Torrance in The Shining (1980).7 (6-
8) Joker sets new heights in both the quality of presen-
tation of the subject matter and the discomfort it cre-
ates, by forcing us to turn a critical eye on our own soci-
ety and medical systems. The realistic and progressive
nature of the transformation is surely unsettling, how-
ever this is a result of the potential for viewers to see
it as a disturbing reality, not because it is immoral, per
se. Similar to Lecter, we also find ourselves alternating
between feeling sympathetic for, and then horrified by,
Fleck; this is an artistic accomplishment on the part of
the filmmakers. Additionally, the film has promoted dis-

7While we may find ourselves rooting for these characters more or
less at different times throughout the respective movies, they have
all, to some extent, become adored and glorified by film audiences
and pop culture. The point here is that this is despite the clear
issues they provide from a moralistic standpoint whether derived
from illness, the supernatural or their own worldly nature.
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cussion via controversy at times, around the topics of
the disenfranchised in society, mental illness, and access
to healthcare; this is perhaps ironic, but valuable and im-
portant. Moreover, this depiction is the role of the arts
as perfectly intended, and a powerful example of effec-
tive medical advocacy in film.

4 | CONCLUSION
In discussing the appeal of cinema as a medium in a
2009 broadcast interview for Inglourious Basterds, the
writer-director Quentin Tarantino quipped that as an art
form, movie making was singular in its ability to bring
stories to life: “and music doesn’t quite do that on its
own. And novels don’t quite do it and a painting doesn’t
quite do it. It does – they do it their way, but in cin-
ema, especially if you are in a theater and you are shar-
ing the experience with a bunch of other people, so it’s
this mass thing going on, it is just – it’s just truly, truly
thrilling”.8 (9) Tarantino here, was in effect articulating
the idea that cinema has the unique ability to take the
best parts of these mediums and package them in a way
that defines storytelling in its purest andmost reachable
form. When faced with a hard-hitting screenplay, under-
lying message, and the right players on the stage, the
thoughtful audience has no choice but to reflect deeply
on the authenticity of the content.

In terms of its ability to convey medical themes and
experiences in art, cinema is unmatched. An exhilarating
and intense example of this lies in the onscreen adap-
tions of psychiatric illness and its treatment. Characters
who deal with mental illness, whether they are viewed
as good or bad, have something special to offer to us.
They bequeath an emotional experience, a window into

8Tarantino went on to say: “And if the movie is more than that, if
there is a lot underneath, if there is more there, and you go out and
you have a piece of pie and coffee and you talk about it and you find
that there is more to talk about – I mean, one of the things that is
actually fun is if you go with somebody and they don’t like a movie
and you do and you start talking about it. And yet they start digging
deeper and deeper in the movie, you are not really talking about a
movie – this is not like you don’t like it – you’re realizing there is a
lot there. I love – that is one of the things I love about film criticism
when it is really good, is just the digging deep.”

the very depths of a torturedmind, as well as the human
experience that comeswith that torture and its potential
resolution. However sick or disturbing we may find it,
perceiving these experiences can unlock doors to com-
passion, understanding, and self-reflection. Importantly,
such experience may also allow us an appreciation for
the great art, that maybe, just maybe, we did not know
existed within us.
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AB S T R AC T
Where communication is a cornerstone of the re-

lationship and therapeutic alliance between the patient
and the healthcare provider, language barriers are a
serious obstacle in a medical setting. Ji et al. iden-
tify the essential barriers to providing medical care to
non-English, non-French speaking populations through
their experiences with Dr. Juan-Carlos Chirgwin in
Montreal’s Parc-Extension community, the founding
of MedComm to address language barriers within the
McGill University Health Network, and the larger im-
portance of trained medical interpreters in the circle of
care. K E YWORD S
Language barriers, medical interpretation, medical students

As the most ethnically diverse metropolitan of the
most multicultural country in the world, Montreal’s
2016 census profile found its immigrant population to
be at a staggering rate of 23.4%, which does not include
its second and third generation immigrant population
(1). While this diversity undoubtedly gives Montreal its
unique charm, it can create social, political, as well as
healthcare challenges. Indeed, a majority of our most
vulnerable patients include immigrants and refugees.

Dr. Juan-Carlos Chirgwin is a name you can mention

in any community centre or school in the Parc-Extension
neighbourhood of Montreal and expect people to rec-
ognize with a smile. Over the past years, Dr. Chrigwin
has done extensive work reaching out to the local resi-
dents, comprised mostly of asylum seekers and new im-
migrants. In fact, a demographics analysis shows that
this small neighbourhood of 1.6 km2 hosts 32.9% of
Montreal’s visible minorities (1). In collaboration with
medical student interpreter volunteers from McGill Uni-
versity, Dr. Chirgwin’s advocacy includes making effort

128



129 Ji et al.
to break the language barrier he faced with his patients
from the Parc-Extension community

Language barriers in healthcare services are common,
but unfortunately, professional medical interpreters are
often unavailable. This problem is not just limited to
the Parc-Extension community. In a city as diverse as
Montreal, this issue impacts all healthcare institutions,
including hospitals and medical clinics. In 2018 alone,
at just 4 of the McGill University Health Centre (MUHC)
sites, over 500 layman interpreter requests were made
through overhead intercom announcements. In fact,
as medical students completing clerkship rotations, we
have the privilege of circulating through various special-
ties and institutions, which provides uswith an overview
of the healthcare network. In every rotation, without
fail, there would be at least one allophone (non-English
and non-French speaking) patient for which the health-
care provider struggles to find an interpreter

It is the elephant in the room: interpreters can be
just as essential to patient care as a stethoscope, if not
more. These barriers, unaddressed, impede the physi-
cian’s ability to fulfill the Hippocratic Oath. As Dr. Chirg-
win so candidly explains:

“History is everything,” we are told in med-
ical school, and yet a glaring blind spot in
our medical system is the lack of trained
interpreters in large cities with inhabitants
from different regions of the world. We
are asked to be “patient-centered” in our
interview style yet are given no tools to
address a patient who cannot understand
either French or English. Quality control in
our hospitals would frown upon any type
of practice that represented an avoidable
risk for a patient; however, it is customary
to hear hospital overhead announcements
requesting any person who speaks such
and such a language to assist for inter-
pretation in the emergency room. We are
asked to depend upon friends or relatives
of patients to gather details of medical
complaints, which may be embarrassing

to describe or simply “taboo” subjects.
The assumption is that it is the patient’s
responsibility to provide an interpreter,
although we are not asking them to bring
a stethoscope, gauze or an IV bag.

Where communication is a cornerstone of the relation-
ship and therapeutic alliance between the patient and
the healthcare provider, language barriers are a serious
obstacle in a medical setting.

Ample evidence in the literature speaks for the impor-
tance of linguistic concordance in provider-patient com-
munication and the negative consequence of language
barriers in healthcare: increased diagnostic testing, de-
creased quality of management, increased medical er-
rors, etc. (2-5). Further evidence suggests that medical
errors with potential consequences are highest when an
untrained, ad hoc interpreter is utilized for medical inter-
pretation—as compared to no interpreter intervention at
all (6). Currently, in the context of urgent care, commu-
nication between the health professional and the allo-
phone patient relies largely on layperson interpretation
through a friend or family member, or a volunteer re-
cruited through the hospital intercom. In these circum-
stances, the layperson, often untrained in interpretation
and inexperienced with medical terminology, does not
transmit fully or accurately all the necessary information.
In the context of scheduled appointments, interpreta-
tion services are occasionally requested from profes-
sional agencies, which are often costly (45−150/hour),
scarce, and complicated to arrange. As expressed by
the hospital administration, major current barriers to ac-
cessing professional medical interpreters include cost,
time availability, variety of languages requested, coor-
dination with interpretation services, and quality of in-
terpretation

The need for more adequate and more accessible
interpretation services is, however, ever so significant.
To reiterate, barrier to quality communication increases
chances of misunderstanding, negatively impacts the
thoroughness of health investigations, and can undoubt-
edly lead patients to lose control of their health. These
issues are mainly due to poor patient education, poor
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compliance, lower patient satisfaction, lack of safety,
and negative clinical experiences (7, 8). Consequently,
there is a stark increase in health disparities, and this al-
readymarginalized population is at a heightened level of
vulnerability. With this in mind, healthcare workers and
administrators must strive to meet the need. We must
be reminded that the need to provide adequate interpre-
tation is reinforced by provincial regulations: Quebec’s
Act Respecting Health Services and Social Services es-
tablishes a structure “to foster, to the extent allowed by
the resources, access to health services and social ser-
vices in their own languages for members of the various
cultural communities of Québec (9).”

Current alternative “leading practices” to on-site pro-
fessional medical interpretation services can be found
in Manitoba and Toronto, where remote professional in-
terpreter services in over 200 languages are available
by phone 24/7. However, many of these companies
are US-based and interpret only to English as the ref-
erence language. In Quebec, where both French and
English are regularly used in our working environment,
the necessity to provide an additional service in French
translates to a greater budget need. The use of mo-
bile translation applications, such as Google Translate,
is another avenue that is already widely used. However,
this practice has its own caveats, such as user friend-
liness and patient familiarity with the technology. Im-
portantly, there are dangers associated with inaccurate
application translations, which can be particularly inap-
propriate during medico-legal discussions, such as ob-
taining informed consent (10).

Dr. Chrigwin is not alone in his frustration: “This
issue is not restricted to one hospital or even to one
city. It is a phenomenon being played across the coun-
try and across borders.” A brief survey of physicians in
any MUHC hospital site would reveal a dearth of inter-
preters to meet their patients’ language needs. This is
of course also shared by all healthcare professionals, in-
cluding nurses who are in most contact with patients,
as well medical trainees who may have their teaching in-
hibited by those language barriers. Fortunately, the cul-
tural and linguistic diversity of Montreal is not only re-
flected in the patient population but also in the cohorts

of medical students. In McGill’s Class of 2021, for exam-
ple, 35.36% of the students declared having a mother
tongue other than English or French. This begs the ques-
tion, what role can multilingual medical students play in
breaking the language barrier in the healthcare setting?
A simple call to action for medical student volunteers
showed over 100 students that expressed interest in of-
fering their interpretation services. As such, with appro-
priate medical training etiquette, there is, in fact, a po-
tentially important role formultilingual medical students
to facilitate both clinical encounters as well as commu-
nity outreach events—introducing MedComm.

MedComm is a student-founded and student-led out-
reach initiative that aims to 1) train medical student
volunteers who speak different languages in medical
interpretation, and 2) develop an online platform to
connect volunteering interpreters with healthcare pro-
fessionals requesting interpretation services across the
MUHC network. MedComm believes that medical stu-
dents are in a unique position to bridge this gap for
medical interpretation. Students have sufficient medical
training to communicate the nuances in history taking
with professionalism, and they carry an innate cultural
competence to respectfully build patient rapport. To op-
timally harvest this potential resource (multilingual med-
ical students), it needs to be collectively recognized and
training needs to be organized through the curriculum.
It is only with faculty support and physician recognition
of the potential that this change can be in effect. Med-
ical student interpreters can play an important role and
significantly benefit countless families in our ever so di-
verse community.

It is the responsibility of physicians and students in
training to provide the highest quality of care for pa-
tients, which means breaking the language barrier. To
achieve this, action must be made at an institutional
level. With an urban population as diverse as the one in
Montreal, interpretation services should always be avail-
able and easily accessible, and all healthcare providers,
including allied health professionals, should be comfort-
able in requesting, booking and interacting with inter-
preters.
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To support the initiative and learn more
about MedComm, visit our Facebook page:
https://www.facebook.com/MedComm-Medical-
Interpretation-107488790739458/
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AB S T R AC T
The Canadian government recently announced, to much fanfare,

that they have begun procuring the supplies that will be essential for
mass vaccination against COVID-19, beginning with an agreement for
75 million syringes, alcohol swabs, and bandages. This is certainly good
news, and it is absolutely worthwhile to think about these potentially
overlooked items when planning to vaccinate the population. But what
will we vaccinate them with? Dankner and Michell-Robinson argue that
in the current political climate, the Canadian Government must act now
to invest in securing early vaccine doses from promising trials as well as
make long term plans to bolster the Canadian biomedical sector in order
to avoid future issues with drug development in times of international
crisis.
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The Canadian government recently announced, to
much fanfare, that they have begun procuring the
supplies that will be essential for mass vaccination
against COVID-19, beginning with an agreement for 75
million syringes, alcohol swabs, and bandages. (1) This
is certainly good news, and it is absolutely worthwhile
to think about these potentially overlooked items when
planning to vaccinate the population.
But what will we vaccinate them with?

The United States has “Operation Warp Speed,”,
an initiative to rapidly test and manufacture multiple

vaccine candidates in clinical trials that they expect to
be ready by the end of 2020 or early 2021. (2) Early
data suggests that this timeline may be realistic. (3)
Given that manufacturing of any effective vaccine will
be initially limited, European nations have lined up
contracts with AstraZeneca and Pfizer to distribute
their vaccine candidates, which are already approach-
ing final-phase clinical trials, with negotiations with
Johnson & Johnson in the works as well. (4, 5) Asian
countries also have a number of candidates that are
rapidly progressing through clinical trials in China. (6,
7) Even Australia and Russia have vaccine candidates
in advanced human clinical trials, (7) and nations such
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as Israel, Egypt, and India, among others, have signed
agreements for early doses of promising vaccines.
(8-10)
Where does this leave Canada?

There are a number of promising Canadian COVID-
19 vaccine candidates, but they are all much further be-
hind. Manitoba-based researchers are testing a candi-
date in animals, University of Laval has a vaccine can-
didate in the preclinical stages, and the Quebec-based
biotech firm Medicago has just recently begun testing
humans with its candidate that does not have the finan-
cial backing required to move as quickly as international
candidates. (7, 11) Together, this means that it is unlikely
for a made-in-Canada COVID-19 vaccine to be proven
safe and effective before the fall of 2021 at the earliest.
If international vaccine candidates are indeed success-
ful and begin mass vaccination in the next 6 months,
where will that leave Canadians? There is roundabout
talk of sharing of vaccines between nations, but it seems
increasingly likely that countries will vaccinate their own
first in order to restore their economies and way of life.
Canada missing the boat on being an early country to
vaccinate could result in thousands of Canadian deaths
and more economic turmoil caused by a prolonged pan-
demic. Enduring a cold Canadian winter indoors while
being unable to see friends and family will be particu-
larly difficult for Canadianswatching their neighbours to
the south getting vaccinated and resuming a newnormal
way of life.

The Canadian government has reached an agreement
with the Chinese company CanSino Biologics to develop
and eventually manufacture its vaccine candidate that
just published results from its phase 2 clinical trials in
China and was approved for emergency use in the Chi-
nese military in the absence of phase 3 trial data. (6,
12) This agreement was announced in the press on May
12th, but according to updated trial information on clin-
icaltrials.gov, the Canadian phase 1/2 trial has yet to
begin enrolling patients. (13, 14) It has been recently
reported that the hold-up is due to the Chinese gov-
ernment preventing shipments of vaccines coming to

Canada. (15) This emphasizes the issues inherent to
partnering with the Chinese government to ensure ac-
cess to a vaccine and the importance of having multi-
ple “shots on goal”–increasing our odds of success by
having multiple vaccine candidates in the pipeline at the
same time. This is the recipe being pushed by theUnited
States, Europe, and China, and will likely be successful
in one way or another.

Prime Minister Justin Trudeau recently published an
op-ed with leaders of several other countries that have
also failed to procure early doses of promising vaccine
candidates, including Ethiopia, Sweden, and South Ko-
rea, wherein they argue that COVID-19 vaccines should
be a global good not subject to hoarding. (16, 17) This
may be true, but the reality is that the US, the Euro-
peanUnion, China, India et al. have already accumulated
these early doses, so such a strategy is already an impos-
sibility and a moot point.

Certainly, the aggressiveness of the American ap-
proach to both the negotiations and clinical develop-
ment of vaccines has invited criticism from Canadian
pundits. Even the name “OperationWarp Speed” seems
satirical, given the Trump administration’s undermining
of scientific authorities and simultaneous demands for
a humanity-saving intervention from them in time for
the November election. Yet, Warp Speed’s multi-billion-
dollar investment program looks poised to deliver a vac-
cine product to US citizens far sooner than anyone
would have initially thought possible. And in this con-
text, we must dare to ask ourselves: what can Canadian
science learn from the international response to COVID-
19?

Among themany opining aboutmasks, pandemic pre-
paredness, and the role and importance of public health
in our national response to transmissible illness, there is
a larger point about Canadian innovation that few peo-
ple have set their critical sights on. WeCanadians are en-
tirely reliant on international investment for clinical de-
velopment of the numerous vaccines, drugs, and other
types of medical inventions that originate here. Like
many of our natural resources, Canada extracts a pri-
mary intellectual resource and sells it to be refined, only
to buy the final product back at a premium in order to
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supply it to Canadians. We have never developed the
type of robust biomedical science sector that would see
translational medicine flourish outside of academia, and
see our own inventions developed within its infrastruc-
ture.

Until now, that hasn’t been a very big problem. Our
proximity to the US–the largest economy and innova-
tion engine in the world–has always guaranteed a level
of interest in Canadian inventions. So, our clinical devel-
opment strategy has always relied upon US investment
and industry to purchase or license the rights to develop
those inventions. The idea that Canadian medicines will
be invented here and developed for the US market is so
ingrained in us that we rarely question it. But, in times of
crisis the importance of supply chains is magnified and
our reliance on other nations to provide resources has
a higher cost. Now, Canada is facing an unprecedented
intellectual property supply chain problem, and its cost
may transcend mere dollars and cents.

While we may provide a great deal of intellectual
property to the international scientific community, we
cannot rely on others to give back as freely in the midst
of pandemics. However, it seems as though our govern-
ment’s current plan for a COVID-19 vaccine relies en-
tirely upon generosity of other nations given that we are
not investing in advance doses of any therapeutic candi-
dates. Furthermore, the option to do somay not even be
on the table for a prolonged period of time, given our al-
lies’ accountability to their own voters. Eliminating the
risk of the pandemic and restoring their economies as
soon as possible is an important priority indeed.

In our current situation, Prime Minister Trudeau has
left us hoping that the terms of the agreement with
CanSino Biologics will be honored by the Chinese gov-
ernment despite discouraging early warnings. Since this
is our only agreement for rapidly obtaining a vaccine can-
didate, a failure of any kind means we could be left with
little more than hope until we come together to accom-
plish testing a Canadian vaccine in Canada. However,
this will come at the cost of thousands of Canadian lives
and livelihoods given the prolonged timeline.

Had we prioritized developing our biomedical sci-
ence sector prior to the pandemic, perhaps our own

vaccine development response would have been able to
ramp up and meet the challenge of the pandemic more
effectively. Maybewewould have been able to establish
timely access to multiple vaccine candidates (including
our own) as other leading scientific nations have done.
In this series of hypotheticals, perhaps Canada would
have even taken a leadership role in rapidly distributing
vaccines to less advantaged nations, rather than writing
about it in the Washington Post. (17)

It is clear that Canada is behind the rest of the de-
veloped world in the search for securing doses of an
effective COVID-19 vaccine, while it is becoming in-
creasingly likely that the endgame of the pandemic will
be vaccination. COVID-19 has taught us that now is
the time to strengthen our scientific infrastructure, so
that we can more effectively bring therapeutics from
bench to bedside in case other nations–our supposed
partners–turn inward in times of crisis. Given that it is
too late to strengthen this infrastructure for a COVID re-
sponse, we call upon the Canadian government to make
the required investments in vaccine candidates and in-
crease our likelihood of securing the health of Canadi-
ans beginning in 2020, and onward. Wemust make sure
that we do not cause unnecessary Canadian deaths by
extending the pandemic, while ensuring that we are not
left behind as the rest of the world restores normalcy in
the post-pandemic period. Strengthening the Canadian
biomedical science sector will guarantee that Canada
has the infrastructure to more effectively safeguard its
own population, and even those of other countries, in fu-
ture health crises. 75million syringes are fine and dandy,
but only if there is an effective vaccine to put in them.
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